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NEUROENDOCRINOLOGICAL 
ASPECTS OF SOCIAL ANXIETY 
AND AGGRESSION-RELATED 

DISORDERS

Dorien Enter, Moniek H. M. Hutschemaekers, and Karin Roelofs

Steroid hormones, like cortisol and testosterone, play an important role in the regulation of social 
motivational behavior. Whereas testosterone facilitates threat approach, presumably by facilitat-
ing dopaminergic projections from the amygdala to the striatum (de Souza Silva, Mattern, Topic, 
Buddenberg, & Huston, 2009; Hermans et al., 2010; Radke et al., 2015), cortisol increases threat 
avoidance, particularly in highly socially anxious individuals (van Peer et al., 2007; van Peer, 
Spinhoven, Dijk, & Roelofs, 2009). Interestingly, social motivational disorders, such as social anx-
iety and aggression-related disorders, show an imbalance in these steroid hormones: social anxi-
ety has been associated with increased cortisol stress-responses and decreased testosterone levels 
(Gerra et al., 2000; Giltay et al., 2012; Roelofs, Minelli, Mars, van Peer, & Toni, 2009), while 
aggressive psychopathologies have been linked to increased testosterone levels (Glenn, Raine, 
Schug, Gao, & Granger, 2011; Montoya, Terburg, Bos, & van Honk, 2012; Volman et al., 2016). 
In this chapter, we discuss the role of these steroid hormones and the neuropeptide oxytocin in 
social psychopathologies, especially social anxiety and psychopathy. First, we will give a descrip-
tion of the neuroendocrine aspects of social motivational behavior, including social approach 
and avoidance behaviors. Then we will focus on the neuroendocrine aspects of social anxiety 
and aggression-related disorders. Finally, motivational and psychiatric findings will be integrated, 
followed by a research agenda, aiming to provide starting points for clinical applications.

Social motivational action

The term motivation reflects a broad concept related to anything that may prompt the person 
to act in a certain way, or to develop an inclination for specific behavior. In this chapter though, 
we will focus largely on social motivational actions that can be roughly divided into social 
approach and social avoidance (Davidson, Ekman, Saron, Senulis, & Friesen, 1990; Gray, 1994). 
These action tendencies involve a basic response to stimulus valence. They are mediated by 
primary motivational systems of the brain -whereby reward potentiates behavioral activation, 
while punishment promotes behavioral inhibition or avoidance - and are thought to underlie 
every complex emotional responding (Carver & White, 1994; Gray & MacNaughton, 2000). 
Successful social functioning depends on adaptive regulation of these social approach and avoid-
ance responses.
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Both automatic defensive action tendencies and more instrumental (or goal-directed) 
mechanisms shape an individual’s behavior. When an individual encounters a social stimulus 
(e.g., an angry facial expression directed at him/her), he/she will engage in an automatic 
defensive freeze and flight-or-fight response, a quick and automatic sequence of defensive 
responses stages (Bradley, Codispoti, Cuthbert, & Lang, 2001). During threat exposure in par-
ticular, an initial freezing response is activated during which the individual ceases all ongoing 
activity and perception is enhanced to quickly assess the situation in order to optimize sub-
sequent fight-or-flight responses (Blanchard, Griebel, Pobbe, & Blanchard, 2011; Lojowska, 
Gladwin, Hermans, & Roelofs, 2015; Roelofs, Hagenaars, & Stins, 2010). This is an automatic 
process, and the evaluation directly results in a behavioral disposition towards the stimulus: 
aversive stimuli generally elicit the tendency to move away from the stimulus and appeti-
tive stimuli will elicit a tendency to move towards the stimulus (Lang, Bradley, & Cuthbert, 
1997). Such automatic tendencies can also influence more complex, instrumental approach–
avoidance decision making (Geurts, Huys, den Ouden, & Cools, 2013; Guitart-Masip, Duzel, 
Dolan, & Dayan, 2014). For instance, Ly and colleagues (2014) tested such influence in 45 
healthy human individuals using an experimental set-up in which automatic freezing reactions 
towards negatively (versus positively) valenced stimuli were disentangled from instrumental 
approach–avoidance decisions (guided by monetary rewards and punishments). Critically, the 
transfer of valence (and related automatic reactions) to the instrumental approach–avoidance 
actions were systematically tested. The valence of angry (versus happy) faces was indeed found 
to transfer to instrumental decision making, in such a way that it induced an instrumental 
avoidance bias. The extent of freezing elicited by the angry faces was significantly correlated 
to the instrumental avoidance bias.

Both automatic freeze–fight–flight tendencies and more instrumental approach and avoid-
ance biases have been suggested to play a prominent role in the maintenance and perhaps 
even cause of psychopathology (Blanchard et al., 2011; Rudaz, Ledermann, Margraf, Becker, & 
Craske, 2017; Turk, Lerner, Heimberg, & Rapee, 2001; Wong & Moulds, 2011). Aggression, 
for instance, has been conceptualized as a defensive response system in which automatic fight-
responses are triggered too easily and in which instrumental threat–approach tendencies become 
well-learned and rewarded (Blair, 2013; Blanchard et al., 2011; Ly et al., 2016). On the contrary, 
persistent avoidance in anxiety disorders has been thought of as a defensive response system in 
which automatic flight–responses are easily triggered and in which instrumental threat–avoidance 
tendencies become rewarded and well-learned (Blanchard et al., 2011).

Rolls (2000) emphasized the importance of facial expressions as input for these systems, 
as they convey social information. When applied in social approach–avoidance tasks (AATs), 
healthy people show a general tendency to move away from angry expressions and to approach 
happy faces (Bradley et al., 2001; Chen & Bargh, 1999; Heuer, Rinck, & Becker, 2007; Roelofs, 
Minelli et al., 2009; Volman, Toni, Verhagen, & Roelofs, 2011). Social AATs using emotional 
faces have therefore been used to objectively measure the motor responses that are brought 
about by the automatic and instrumentally driven tendency to approach or avoid a certain stim-
ulus (Chen & Bargh, 1999; Heuer et al., 2007; Roelofs, Elzinga, & Rotteveel, 2005; Rotteveel & 
Phaf, 2004). A commonly used type is a manual reaction time task which requires participants 
to approach and to avoid socially appetitive and aversive visually presented stimuli (happy and 
angry faces, respectively) by pulling (approach) or pushing away (avoidance) a joystick (see 
Figure 34.2E). In zooming versions of the AAT, pulling or pushing the joystick increases or 
decreases the size of the picture respectively, giving the impression of moving towards or moving 
away from the participant (Heuer et al., 2007). Affect–behavior congruence (i.e., approaching 
happy or avoiding angry faces) leads to quicker responses than when automatic tendencies need 
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to be overridden, as is the case with affect–behavior incongruence (i.e., approaching angry or 
avoiding happy faces). Highly socially anxious individuals have been shown to avoid socially 
threatening (i.e., angry) faces, compared to low anxious controls (Heuer et al., 2007; Roelofs, 
Putman et al., 2010), while psychopathic offenders show diminished avoidance tendencies of 
angry faces, compared to controls (von Borries et al., 2012).

Neurobiology underlying social motivational behavior

Approach and avoidance-related behaviors are mediated by complex interacting neural networks, 
which can be categorized in the so-called emotional network, reward network, and cognitive 
control network (Cremers & Roelofs, 2016), which will be broadly described hereafter. The 
amygdala plays a central role in the emotional network; its subnuclei process salient information 
from the environment, such as emotional facial expressions, and trigger behavioral responses in 
response to these environmental stimuli. The basolateral amygdala (BLA) receives input from 
the thalamus and sensory cortices (such as fusiform gyrus, involved in face processing), whereas 
the central amygdala (CeA) orchestrates autonomic responses by projections to the periaque-
ductal gray (PAG) initiating freeze, to brainstem nuclei for release of neurotransmitters, and the 
hypothalamus for release of oxytocin, corticotropin releasing hormone (CRH), and gonado-
tropin releasing hormone (GnRH). This eventually leads to enhanced cortisol and testosterone 
levels, respectively. The amygdala is also connected to the reward network, which comprises the 
ventral tegmental area (VTA), striatum (including the nucleus accumbens (NAcc)), and medial 
prefrontal cortex (mPFC) (Haber & Knutson, 2010). Striatal dopamine transmission is essential 
for the adaptive regulation of social behavior as it is involved in reward learning (i.e., obtain-
ing social reward but also avoiding punishment; see Delgado, Jou, LeDoux, & Phelps, 2009), 
behavioral activation, and motivational behavior (Cools, 2008; Yacubian & Büchel, 2009). The 
anterior prefrontal cortex plays a crucial role in the cognitive control network as it is involved 
in the regulation of emotion (Damásio, 1994; Rolls, 1999). It also has a role in social motiva-
tional behavior as it inhibits the amygdala, making it possible to control and override automatic 
behavioral approach and avoidance tendencies (Roelofs, Minelli, Mars, van Peer, & Toni, 2009; 
Volman et al., 2011). Furthermore, it modulates mesolimbic striatal activity (Grace, Floresco, 
Goto, & Lodge, 2007; Wager, Davidson, Hughes, Lindquist, & Ochsner, 2008). Naturally, this 
description is a highly simplified one, and many other brain regions partake in these networks 
(Cremers & Roelofs, 2016).

Hormonal regulation of social motivational behavior

Testosterone

The hypothalamus–pituitary–gonadal (HPG) axis with its end product testosterone plays a key 
role in the neuroendocrine regulation of social motivational behavior in both sexes. Testoster-
one levels follow a pulsatile, seasonal, and diurnal cycle in which levels are highest upon waking 
and typically decline by 50% during the day (Dabbs, 1990). Gonadotropin-releasing hormone 
(GnRH) is secreted from the hypothalamus, which stimulates the production of luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH) in the pituitary gland, which in turn 
triggers production of testosterone and estradiol in the gonads (i.e., testes and ovaries). The 
secreted estradiol and testosterone in turn inhibit the hypothalamus and pituitary, thus forming 
a negative feedback loop. In addition, small amounts of testosterone are produced in the adrenal 
cortex and synthesized in the brain from cholesterol and other steroid precursors. Testosterone 
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is able to cross the blood–brain barrier, and besides having (epigenetic) organizational effects 
on brain structures during pre- and early postnatal development, testosterone also influences 
emotion, motivation, and behavior later in life (i.e., activational effects; Lombardo et al., 2012; 
McHenry, Carrier, Hull, & Kabbaj, 2014). Actions of testosterone are brought about directly via 
androgen receptors but also via metabolites such as estradiol, dihydrotestosterone, and 3α-diol, 
which binds to the γ-aminobutyric acid (GABA-A) receptor (Balthazart & Ball, 2006; Wood, 
2008). The effects can either be slow and long-lasting (i.e., hours–days) via a genomic pathway 
featuring intracellular steroid receptors, or rapid (i.e., seconds–minutes) via membrane-bound 
(steroid) receptors, which exert non-genomic actions in the cell. Importantly, testosterone acts 
through a steroid-responsive network which includes the amygdala, hypothalamus, hippocam-
pus, and PAG, among other limbic areas (Wood, 1996), and hence influences the flight–fight 
response.

Naturally, testosterone interacts with other neurotransmitters and peptides, such as serotonin 
(probably via estradiol), vasopressin, oxytocin, and dopamine. With regard to the latter, testos-
terone enhances dopamine transmission in the mesolimbic system, which in turn can lead to 
increased reward sensitivity and augmented motivational behavior by promoting dopaminergic 
projections form the amygdala to the striatum (de Souza Silva, Mattern, Topic, Buddenberg, & 
Huston, 2009; Hermans et al., 2010; Welker, Gruber, & Mehta, 2015).

Baseline hormone levels are in general predictive of psychological traits and behavior (Wel-
ker et al., 2015), whereas social events are typically associated with a temporary surge or decline 
in hormone levels (Casto & Edwards, 2016; Maner, Miller, Schmidt, & Eckel, 2008; Sapolsky, 
1991). The social challenge hypothesis states that testosterone levels rise in preparation to a 
challenging encounter in which social status might be threatened, thereby initiating approach 
motivation and simultaneously reducing fear (Archer, 2006; Mazur & Booth, 1998; Wingfield, 
Hegner, Dufty Jr., & Ball, 1990). Several studies featuring single-dose testosterone administra-
tion, which leads to a transient increase in testosterone levels, to healthy female participants 
confirmed the causal relationship between testosterone and its effects on the social motivational 
system. The findings show that testosterone administration reduces fear and sensitivity to threat 
and punishment, enhances reward sensitivity, and promotes social approach motivation aimed at 
achieving social status (i.e., social reward; see for a review Bos, Panksepp, Bluthe, & van Honk, 
2012; Enter, Spinhoven, & Roelofs, 2014). These actions have been suggested to be brought 
about by anxiolytic effects (GABA, androgen receptors; McHenry et al., 2014) and upregulation 
of the dopaminergic system (de Souza Silva et al., 2009), in addition to biasing the amygdala 
towards threat approach (Radke et al., 2015) and reducing prefrontal control over the amyg-
dala (Schutter & van Honk, 2004; van Wingen, Mattern, Verkes, Buitelaar, & Fernández, 2010; 
Volman et al., 2011). Although associated with aggression (Montoya et al., 2012), the effects of 
testosterone on social motivational behavior depend on social context and individual differences 
and thus do not entail aggressive behavior per se, but could also lead to prosocial behavior when 
this is more appropriate to ensure an increase in social status (Boksem et al., 2013; Carré et al., 
2016; Eisenegger, Haushofer, & Fehr, 2011; Mehta & Josephs, 2010; Stanton & Schultheiss, 2009; 
van Honk, Terburg, & Bos, 2011; sample sizes in these studies ranged from n = 54 to n = 121).

Cortisol

For decades cortisol has been a popular biomarker to index acute and chronic social and psy-
chological stress (Hellhammer, Wüst, & Kudielka, 2009). Individual differences in the diurnal 
pattern are associated with psychopathology (Adam et al., 2017); however, most research has 
focused on stress-induced cortisol surges. Like testosterone, this hormone follows a pulsatile and 
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diurnal pattern, in which levels are high in the morning, surging within 30–40 minutes after 
waking, followed by a steep drop for a few hours and a steady decline until the lowest point at 
bedtime. Cortisol is the end product of the hypothalamus–pituitary–adrenal (HPA) axis. The 
hypothalamus secretes corticotropin-releasing hormone (CRH), which stimulates the anterior 
pituitary to release adrenocorticotropic hormone (ACH); this travels via the bloodstream to 
the adrenal cortex where it stimulates the production of cortisol. Cortisol in turn inhibits the 
pituitary and the hypothalamus, forming a negative feedback loop, and is able to exert both rapid 
non-genomic and slow genomic effects in the brain ( Joëls, Pu, Wiegert, Oitzl, & Krugers, 2006). 
Cortisol binds to glucocorticoid and mineralocorticoid receptors in brain areas important in 
regulating the fight–flight response, such as frontal areas, amygdala, and hippocampus (Lupien, 
Maheu, Tu, Fiocco, & Schramek, 2007). It has an important role in regulating homeostatic 
systems, affecting arousal, metabolic processes, and the immune system (Sapolsky, Romero, & 
Munck, 2000). During the initial phase of the stress response, epinephrine from the adrenal 
medulla triggers norepinephrine release in the basolateral amygdala, among other regions, 
which induces an increase in vigilance by prioritizing sensory processing and activation of the 
amygdala (Osborne, Pearson-Leary, & McNay, 2015). Subsequent cortisol release regulates the 
stress response by downregulating amygdala responsivity and decreasing anxiety-driven selective 
attention to threat (Henckens, Wingen, Joëls, & Fernández, 2010, n = 72; Putman & Roelofs, 
2011; van Peer et al., 2009, n = 21, small effect sizes), besides affecting activity in areas involved 
in the planning and execution of motor responses (Montoya, Bos, Terburg, Rosenberger, & van 
Honk, 2014, n = 20). Animal research has shown that higher cortisol levels are associated with 
social avoidance behavior (Sapolsky, 1990). Studies featuring stress-induced cortisol surges and 
cortisol administration in healthy humans extend these findings by showing that elevated levels 
of cortisol are associated with increased avoidance of social threat on the AAT (Roelofs et al., 
2005, n = 22, small to medium effect sizes; van Peer et al., 2007, n = 40, large effect sizes).

The HPG axis works in antagonism with the hypothalamus–pituitary–adrenal (HPA) axis, 
in such a way that the end product of the latter (i.e., cortisol, released in response to stress) dis-
rupts production and inhibits actions of testosterone, which in turn inhibits the stress-induced 
activation of the HPA axis at the hypothalamus (Viau, 2002). Both neuroendocrine axes are 
important in the regulation of social–motivational behavior and show a complex interaction: 
basically, higher basal cortisol levels, and low testosterone, are associated with social subordina-
tion stress and avoidance behavior, whereas higher basal testosterone and low cortisol facilitate 
social dominance and approach behavior (Bedgood, Boggiano, & Turan, 2014; Mehta & Josephs, 
2010; Mehta, Lawless DesJardins, van Vugt, & Josephs, 2017; Sapolsky, 1990, 1991; van Honk 
et al., 1999).

Oxytocin

Originally considered as having a key role in labor and lactation, in the past decade the neu-
ropeptide oxytocin has gained more and more interest as a modulator of social cognition and 
behavior. Oxytocin has a very similar structure to vasopressin, and both neuropeptides are syn-
thesized in the supraoptic and paraventricular nuclei of the hypothalamus ( Johnson & Young, 
2017). From there they are released, via the anterior pituitary, in the bloodstream. In addi-
tion, there are projections to the amygdala, lateral septum, nucleus accumbens, hippocampus, 
and ventral tegmental area (Ross & Young, 2009), which are areas involved in the fight–flight 
response. Oxytocin inhibits the output of the central amygdala to the PAG, whereas vasopres-
sin excites this pathway (Huber, Veinante, & Stoop, 2005). There are indications that oxytocin 
attenuates the cortisol stress response (Cardoso, Kingdon, & Ellenbogen, 2014), and it is thought 
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to have anxiolytic effects (Heinrichs & Domes, 2008). In addition, oxytocin enhances the sali-
ence of social information by increasing attention towards social cues and also increases the 
reward value of social stimuli (see for a review Crespi, 2016). During the control of social 
approach–avoidance behavior, oxytocin decreases amygdala responses during threat approach 
as a result of its anxiolytic properties (Radke et al., 2017, n = 57, medium effect sizes). Also, 
oxytocin administration promotes threat approach in low socially anxious men (Radke, Roe-
lofs, & de Bruijn, 2013, n = 24, medium to large effect sizes). It has been proposed that oxytocin 
and testosterone have opposite effects on social cognition and behavior: where testosterone 
facilitates a  dominance-related approach strategy which serves individual status defense, oxy-
tocin promotes social exploration and in-group protection (Bos, Panksepp, Bluthe, & van Honk, 
2012; Reimers & Diekhof, 2015). It is important to note that the effects of oxytocin depend on 
social context and individual differences and can have both positive and negative social effects. 
Shamay-Tsoory and Abu-Akel (2016) argue that oxytocin increases the salience of safety signals 
in a positive and supportive context, but on the other hand triggers orienting responses to threat 
and enhances anxiety in an unpredictable and threatening situation. It is likely that interactions 
between phasic dopaminergic signaling and oxytocin in the ventral tegmental area, nucleus 
accumbens, and amygdala modulate the effects of context and individual differences. Interac-
tions of oxytocin and serotonin in the nucleus accumbens have been shown to be important in 
social interaction (Dölen, Darvishzadeh, Huang, & Malenka, 2013).

Before discussing the potential role of these hormones and peptides in social psychopatholo-
gies, we will introduce two types of pathologies that show marked alterations in social motiva-
tional processing: social anxiety and psychopathy.

Social psychopathology

Social anxiety disorder

Social anxiety disorder (SAD) is one of the most common mental health disorders (e.g., Ban-
delow & Michaelis, 2015). SAD is characterized by an intense fear of social situations in which 
the individual may be scrutinized by others (American Psychiatric Association, 2013). The 
affected individual fears that he/she will behave, or show anxiety symptoms, in a way that will be 
negatively evaluated and will lead to rejection by others. Social situations, such as social interac-
tions, are therefore avoided or endured with intense fear or anxiety. Avoidance behavior plays a 
crucial role in the persistence of the disorder and hinders extinction of fear in social situations 
as it reduces the opportunity for accommodation to and reevaluation of the situation (Clark & 
Wells, 1995). In addition, when engaging in social interaction, someone with SAD typically 
tends to avoid eye contact (Stein & Stein, 2008). As eye contact is important in social commu-
nication, this characteristic hinders social interactions and influences how others respond to the 
person with SAD, reinforcing the social fear–avoidance cycle. Furthermore, there is evidence 
that SAD persists because of biased processing of social information, favoring disorder-relevant 
information, which leads to interpretation of the situation as more negative than it was in real-
ity (Heeren, Lange, Philippot, & Wong, 2014; Stein & Stein, 2008). With a lifetime prevalence 
rate of 7–12%, SAD is the most common anxiety disorder and among the most common 
psychiatric disorders (Kessler et al., 2005). Onset occurs in childhood or early adolescence, and 
SAD affects more women than men. The disorder typically leads to significant distress and, 
when left untreated, tends to follow a chronic, unremitting course leading to substantial impair-
ments in vocational and social functioning. Treatment of SAD consist of pharmacotherapy and/
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or psychotherapy, mainly cognitive behavioral therapy aiming at acquiring the behavioral and 
cognitive skills to function effectively. Exposure therapy is part of the latter and aims at fear 
extinction by repeated or prolonged exposure to feared social situations, leading to a reduction 
of anxiety and avoidance behavior. Notwithstanding the efficacy of current evidence-based 
psychological and pharmacological treatments in SAD, nonresponse rates in large clinical trials 
have been up to 50% (Hofmann & Bögels, 2006; Stein & Stein, 2008), leaving considerable room 
for improvement.

Neuroendocrinology of social anxiety disorder

Social anxiety disorder (SAD) is associated with deviations in the neuroendocrine brain circuits 
underlying social motivational behavior. Unfortunately, evidence is inconsistent, and may be 
due to relatively small sample sizes (averaging 12 patients per group) and differences in methods 
and analyses. Nevertheless, several meta-analytic studies have consistently shown a hyperactive 
amygdala in response to social threat, probably reflecting enhanced processing of and atten-
tion to threat (Brühl, Delsignore, Komossa, & Weidt, 2014; Cremers & Roelofs, 2016; Fouche, 
van Der Wee, Roelofs, & Stein, 2013). In addition, prefrontal structures are also more active 
than in healthy controls; however, prefrontal–amygdala connectivity seems to be reduced (Brühl 
et al., 2014; Cremers & Roelofs, 2016; Fouche et al., 2013), indicating an inability to regulate 
subcortical regions. Interestingly, pharmaco- and psychotherapy seem to “normalize” deviating 
activation patterns in SAD (Fouche et al., 2013; Freitas-Ferrari et al., 2010). Studies also show 
alterations in striatal functioning in SAD, but findings are mixed (Freitas-Ferrari et al., 2010). 
A recent fMRI study in patients with SAD (n = 20), compared to healthy controls (n = 20) 
reported reduced striatal activity in anticipation of social reward and relative increased stri-
atal activity for avoiding social punishment (Cremers, Veer, Spinhoven, Rombouts, & Roelofs, 
2014). These findings suggest that patients with SAD show a reduced motivation to obtain 
social reward and relative increased motivation to avoid social punishment compared to healthy 
controls. In addition, patients with SAD showed a reduced pattern of fronto-striatal connectivity 
during reward and punishment anticipation, relative to healthy controls.

Patients with SAD (n = 18) show an increased cortisol response to social stress, compared to 
healthy participants (n = 22) and patients with Post-Traumatic Stress Disorder (PTSD; n = 17; 
small to medium effect sizes), and this response was associated with social avoidance behav-
ior (large effect sizes) (Roelofs, van Peer et al., 2009). Studies combining cortisol administra-
tion with electroencephalography (EEG) in patients with SAD confirmed a causal relationship 
between cortisol and increased early processing of emotional faces during social avoidance (Van 
Peer, Spinhoven, & Roelofs, 2009, n = 21, large effect size), and modulation of early threat 
processing depending on motivational context and symptom severity (van Peer, Spinhoven, & 
Roelofs, 2010, n = 18). In addition, both higher baseline levels of cortisol and exogenous corti-
sol are associated with EEG wave activity patterns related to anxiety and behavioral inhibition 
(Schutter & van Honk, 2005, n = 28; van Peer, Roelofs, & Spinhoven, 2008, n = 40), whereas 
testosterone has an opposite effect (Schutter & van Honk, 2004, n = 16).

Studies on testosterone in SAD are scarce, and although previous results on the relation 
between SAD and baseline testosterone levels show no differences (Gerra et al., 2000, n = 40; 
Maner et al., 2008, n = 64), recent findings from a large cohort study show reduced testosterone 
levels in women with SAD compared to women without a lifetime history of anxiety or depres-
sive disorders. (Giltay et al., 2012, n = 2102, small–medium effect size). Interestingly, testosterone 
administration to women with SAD promotes social threat approach on the AAT (Enter et al., 
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2014, n = 24, medium effect size) and socially dominant gaze behavior. For example, patients 
with SAD have been shown to display reduced fixations on the eye-regions of angry (versus 
neutral) faces (Enter, Terburg, Harrewijn, Spinhoven, & Roelofs, 2016, SAD n = 18, HC n = 
19; Horley, Williams, Gonsalvez, & Gordon, 2004, SAD n = 22, HC n = 22). Administration 
of 0.5 mg testosterone in 18 patients with SAD resulted in normalization of the gaze pattern, 
increasing the number of first fixations to the eye-region of angry faces (see Figure 34.1). These 
results suggest that testosterone is able to promote social dominant behavior by its anxiolytic and 
reward-promoting properties, presumably by influencing early automatic mechanisms (van Peer, 
Enter, van Steenbergen, Spinhoven, & Roelofs, 2017, SAD n = 19, HC n = 19).

Quite a few studies have focused on the role of oxytocin in SAD, but the results should be 
interpreted with caution, as statistical power tends to be low (Walum, Waldman, & Young, 
2016). There is no evidence of altered baseline levels in SAD compared to healthy controls, 
although higher levels of oxytocin were associated with more severe social anxiety symptoma-
tology and less satisfaction in social relationships in one study (n = 46) (Hoge, Pollack, Kauf-
man, Zak, & Simon, 2008). Oxytocin administration studies in SAD (18 SAD patients versus 18 
healthy controls) have shown that this neuropeptide is able to dampen heightened amygdala and 
prefrontal responses (Labuschagne et al., 2010, 2011) and to normalize amygdala–frontal con-
nectivity during resting state (Dodhia et al., 2014, n = 36). Interestingly, oxytocin administration 
promotes other-oriented reward motivation, but only in patients with generalized SAD who 
have less severe social interaction anxiety (Fang, Treadway, & Hofmann, 2017, n = 52).

In sum, individuals with SAD show alterations in the regulation of social motivational behav-
ior characterized by persistent social avoidance, reduced testosterone levels, increased cortisol 
responses, enhanced threat sensitivity, and probably reduced reward processing, a pattern that is 
associated with socially submissive behavior. Results on the role of oxytocin in SAD are incon-
clusive and need to be elucidated in future research.

Psychopathy

Psychopathy is a multidimensional personality condition which overlaps partly with anti-social 
personality disorder, sharing an anti-social lifestyle, but distinguished by affective–interpersonal 
impairments (Brazil, van Dongen, Maes, Mars, & Baskin-Sommers, 2016). The full clinical man-
ifestation affects less than 1% of the general population, and approximately 15–25% of the prison 
population. Characterization in the literature is inconsistent, but psychopathy has often been 
defined based on the Hare Psychopathy Checklist, which describes psychopathy along two dis-
tinct dimensions: Factor 1 (comprising lack of guilt and empathy, shallow affect, and pathological 
lying), and Factor 2 (including impulsivity, anti-social behavior, and sensation-seeking) (Hare & 
Neumann, 2008). Alternatively, a distinction between primary and secondary psychopathy has 
been made, with similar symptoms but a difference in anxiety levels (Anderson & Kiehl, 2012; 
Brazil et al., 2016; van Honk & Schutter, 2006). Whereas primary psychopathy is characterized 
by low anxiety, secondary psychopathy is defined by higher anxiety levels. Both show pro-
nounced problems in emotional processing (e.g., reduced guilt, empathy, etc.), increased goal-
directed behavior, instrumental aggression (i.e., goal-oriented self-serving aggression), and an 
increase in impulsive behavior and uncontrolled aggression after emotional provocation.

Psychological and behavioral interventions give mixed results in effectiveness, depending on 
different types of anti-social individuals (Brazil et al., 2016). In general, psychopathic individuals 
are not responsive to treatment due to the specific characteristics of the disorder and a lack of 
motivation to seek treatment.
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Neuroendocrinology of psychopathy

Research on the neuroendocrinological underpinnings of psychopathy suffers from small sam-
ple sizes, especially for individuals scoring high on the psychopathy checklist, and also from lack 
of one clear definition of the different subtypes of psychopathy (Brazil et al., 2016; Koenigs, 
Baskin-Sommers, Zeier, & Newman, 2011). One of the few studies with psychopathic offend-
ers (n = 17) featuring the AAT indicates that this maladaptive behavior already stems from early 
automatic mechanisms by showing reduced avoidance tendencies towards angry faces compared 
to healthy control participants (n = 15) (von Borries et al., 2012). In addition, this effect was 
related to higher levels of instrumental aggression and reduced feelings of discomfort when 
observing another’s negative experiences. Neuroimaging studies of psychopathic offenders show 
structural deviations in several brain areas, including reduced amygdala and prefrontal volume, 
increased striatal volume, and an abnormal shape of the hippocampus (Koenigs et al., 2011). In 
addition, psychopathy is associated with impaired amygdala–prefrontal connections in a rela-
tively small sample (n = 22) and a larger sample (n = 147; Hoppenbrouwers et al., 2013; Wolf 
et al., 2015, respectively). On a functional level, the amygdala seems to respond less to aversive 
stimuli, fearful faces, and pictures of moral violations (Anderson & Kiehl, 2012; Decety, Chen, 
Harenski, & Kiehl, 2015, n = 155), in addition to atypical activity of the aPFC during various 
tasks. Interestingly, striatal activity is enhanced, suggesting an increase in reward sensitivity (van 
Honk & Schutter, 2006). During the control of social approach–avoidance behavior, psycho-
pathic offenders (n = 15) show reduced anterior prefrontal cortex activity and less anterior 
prefrontal cortex–amygdala connectivity (versus 19 healthy controls), and this was modulated by 
endogenous testosterone levels (Volman et al., 2016). These findings suggest that higher testos-
terone levels are associated with less prefrontal control over amygdala-driven actions.

Because of its social dominance-promoting effects, including dampening of punishment sen-
sitivity and increasing reward sensitivity, testosterone has been in the picture with regard to 
the biological underpinnings of psychopathy. Psychopathy is associated with social dominance 
(Lobbestael, Arntz, Voncken, & Potegal, 2018). Studies yielded mixed results in trying to relate 
endogenous testosterone to psychopathy scores (e.g., Glenn, Raine, Schug, Gao, & Granger, 
2011, n = 178; Welker, Lozoya, Campbell, Neumann, & Carré, 2014), and rather found relation-
ships with typical personality traits associated with psychopathy, such as impulsivity and anti-
social aspects (Stålenheim, Eriksson, von Knorring, & Wide, 1998, n = 61). Importantly, several 
studies showed that the relation between testosterone and psychopathy was modulated by corti-
sol (Glenn et al., 2011; Loomans, Tulen, de Rijke, & van Marle, 2016; Welker et al., 2014, sample 
sizes were respectively 178, 166, and 237). A combination of high testosterone levels and low 
cortisol levels tends to be associated with psychopathy (Loomans et al., 2016), which predis-
poses individuals to aggressive behavior (Montoya et al., 2012; Terburg, Morgan, & van Honk, 
2009). However, Welker et al. (2014) showed a different pattern of results in which the positive 
relationship between testosterone and psychopathy only emerged when cortisol was high. High 
testosterone levels in utero, during adolescence, and in response to stress might predispose to 
psychopathy, in combination with individual and environmental risk factors (Yildirim & Derk-
sen, 2012). Testosterone likely dampens oxytocinergic effects on social empathy (see Yildirim & 
Derksen, 2012 for a review). Both lower oxytocin levels and certain variations in oxytocin 
receptor polymorphisms are related to risk factors for developing psychopathy (e.g., callous–
unemotional traits and conduct problems) in children and adolescents (Dadds et al., 2014; Levy 
et al., 2015). Taken together, the pattern that emerges is that psychopathy is associated with 
structural and functional brain deviations. Alterations in social approach–avoidance behavior, 
such as decreased social threat avoidance, are likely associated with reduced prefrontal control 
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over limbic structures. Testosterone plays a role in modulation of prefrontal–amygdala connec-
tivity, and is associated with psychopathic tendencies, a relationship that seems to be modulated 
by cortisol. Lower oxytocin seems to be related to psychopathy as well. However these findings 
should be considered with caution, due to small sample sizes and differences in definitions of 
psychopathy.

Clinical implications and future directions

The above-described neuroendocrine aspects and effects on social motivational behavior in 
social anxiety and psychopathy give rise to various directions for future research aiming to pro-
vide starting points for the enhancement of interventions into these persistent disorders.

It would be of theoretical and clinical interest to test whether hormone administration could 
benefit the treatment of SAD. Exposure therapy is part of first-line treatment of SAD and aims at 
fear extinction by repeated or prolonged exposure to feared social situations, which should lead 
to a reduction in fear and avoidance behavior. Although exposure therapy has proven effective, 
nonresponse rates in large clinical trials have been 50% or higher (Hofmann & Bögels, 2006), 
and many patients do not achieve remission. In an attempt to enhance exposure therapy efficacy, 
research has explored the augmentation effects of pharmacological agents thought to enhance 
the underlying mechanisms of action (e.g., extinction learning) of exposure therapy, for example 
using D-cycloserine, yohimbine hydrochloride, glucocorticoids, and cortisol and brain-derived 
neurotrophic factor. This approach has potential, as was shown by studies featuring a variety 
of pharmacological agents (e.g., Hofmann, Fang, & Gutner, 2014; McGuire, Lewin, & Storch, 
2014). Despite initially promising findings, the working mechanisms are still not entirely clear 
and studies yield mixed findings. It is possible that these cognitive enhancers do not target the 
most optimal mechanism for enhancement of exposure therapy, and an alternative approach 
targeting social motivational mechanisms directly might provide a more effective solution. Con-
sidering the alleviating effects of testosterone on actual social avoidance behavior in SAD, and 
considering that exposure therapy is also aimed at reduction of avoidance behavior, it would be 
of relevance to test whether single-dose testosterone administration – applied only a few times 
to enhance efficacy of the first few exposure sessions – can enhance therapy efficacy for SAD. 
Nevertheless, it should be noted that there is still much unclear about the working mechanisms 
of testosterone and of pharmacological add-ons in exposure therapy. Testosterone could have 
beneficial effects on dopamine transmission and glucocorticoid mechanisms, but its effects on 
the GABA system might, apart from being anxiolytic, also potentially interfere with extinction 
learning, which should be elucidated in future research (Singewald, Schmuckermair, Whittle, 
Holmes, & Ressler, 2015).

The anxiolytic effects of oxytocin administration have prompted research on its suitability 
for SAD treatment (Kirsch, 2015). It should be noted that there is still controversy around the 
effects of intranasal oxytocin, and that there is likely a publication bias (Lane, Luminet, Nave, & 
Mikolajczak, 2016; Leng & Ludwig, 2016). Intranasal oxytocin administration improved self-
evaluation of performance during exposure therapy sessions, and thus was able to counteract the 
typical exaggerated negative mental representations after social performance in SAD; however, 
no long-term effects could be established, which warrants further research (Guastella, Howard, 
Dadds, Mitchell, & Carson, 2009, n = 25). In addition, intranasal oxytocin administration seemed 
to reduce “physical discomfort” in patients with SAD during a Trier Social Stress Test (Hein-
richs et al., 2006). The ability of oxytocin to make social interactions more rewarding might 
be beneficial for certain subtypes of SAD patients who lack the motivation to engage in social 
interaction (van Honk, Bos, Terburg, Heany, & Stein, 2015).



Social anxiety, aggression-related disorders

647

Finally, an initial study with cortisol administration to promote extinction learning during 
exposure sessions in 40 patients with SAD led to reduced heart rate and self-reported anxiety 
during the sessions (Soravia et al., 2006). However, long-term effects of cortisol on persistent 
avoidance tendencies in SAD have not been investigated.

Another interesting approach would be to explore whether the automatic avoidance tenden-
cies in SAD and psychopathy could be diminished by approach–avoidance training on the AAT. 
Research on this topic across various disciplines has shown positive results (e.g., Wiers, Eberl, 
Rinck, Becker, & Lindemeyer, 2011; for review see Woud & Becker, 2014). Two studies featur-
ing socially anxious participants showed that, after being required to approach positive social 
stimuli on the AAT (e.g., smiling faces), they subsequently showed more approach behavior dur-
ing social interactions, elicited more positive reactions by their interaction partners (Taylor & 
Amir, 2012, n = 47, large effect sizes), and reported better mood and less anxiety after a social 
challenge (Rinck et al., 2013, n = 40, medium to large effect sizes). A study featuring approach–
avoidance training in alcoholism (20 alcohol dependents versus 17 healthy controls) showed 
that amygdala activity reduced in response to alcohol-related stimuli (Wiers et al., 2014). This 
finding suggests that the affective evaluation of the stimulus was altered by the training; however, 
the mechanisms behind approach–avoidance training are not clear to date. It is also possible that 
the training increases prefrontal control over amygdala-driven approach–avoidance responses. 
Single-dose testosterone administration in SAD might aid the training process by biasing the 
brain towards social approach, although this effect is likely specific for social threat faces.

All these studies would be helped by increased clarity on the neuroendocrine mechanisms 
underlying deviations in social motivational behavior in SAD. Research featuring neuroimag-
ing techniques should shed more light on this matter. Future studies could combine social 
approach and avoidance tasks with fMRI, endogenous hormone/neuropeptide measurements 
(e.g., Volman,et al., 2011), and/or testosterone/oxytocin administration to find out how these 
neuroendocrine agents modulate social approach/avoidance behavior in SAD. In addition, it 
would be interesting to try to probe the functioning of the emotion-network (e.g., fear reduc-
tion by GABA-ergic mechanisms) and the reward network (dopaminergic mechanisms) in SAD, 
by using single photon emission computed tomography (SPECT) or positron emission tomog-
raphy (PET) scanning (e.g., van der Wee et al., 2008; Schneier, Kent, Star, & Hirsch, 2009), in 
combination with testosterone administration. It would be particularly interesting to add geno-
typing for androgen and dopaminergic receptor genes. Furthermore, future research featuring 
EEG or magnetoencephalography (MEG) should further elucidate the temporal dynamics of 
these processes in both healthy individuals and those with SAD.

The same line of reasoning holds for aggression-related disorders, such as psychopathy, for 
which identification of biological underpinnings of subtypes and adaptive treatment is still in its 
infancy (e.g., Brazil et al., 2016). More research is needed to obtain starting points for studying the 
effects of hormone manipulations on the management of social aggression. Pioneering evidence 
in autism spectrum disorders, where aggression plays an important role as well, suggests that oxy-
tocin has the potential to enhance motivation and attention to social cues in patients with autism 
spectrum disorder (Yamasue, 2016). A recent review and meta analyses concluded that studies on 
autism did show significant effect sizes (combined effect size of d = 57, e.g., medium effect); how-
ever, oxytocin seemed less effective in other psychopathologies (Bakermans-Kranenburg & van 
IJzendoorn, 2013; Guastella & Hickie, 2016). On the other hand, no significant meta-analytic effect 
of oxytocin on the social domain in autism was found by Ooi and colleagues (2017). More sophis-
ticated and targeted clinical trials are required, due to a limited number of studies and small sam-
ple sizes. Whether similar interventions may be effective for aggression-related disorders, such as  
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psychopathy, remains to be determined. It is conceivable that the social salience enhancing effects 
of oxytocin could make matters worse in psychopathy.

Finally, increasing evidence suggests that the effects of testosterone, cortisol, and oxytocin 
on social motivational behavior are modulated by individual differences and social context. For 
example, the effects of testosterone and oxytocin on social motivational behavior in healthy 
individuals were modulated by social anxiety scores (Enter et al., 2014; Radke et al., 2013). 
Future research should address these influences in order to optimize indications for potential 
hormonal interventions.

Conclusion

Steroid hormones, like cortisol and testosterone, and neuropeptides such as oxytocin, play a role 
in the regulation of social motivational behavior. Both social anxiety and aggression-related dis-
orders show an imbalance in these steroid hormones. Given the important interaction between 
steroid hormones and the main motivational systems in healthy individuals as well as individuals 
with social psychopathologies, future studies should explore the potential role of hormones in 
enhancing therapy efficacy.
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