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Abstract 

 

Previous research has suggested that testosterone is negatively associated 

with empathic abilities. This observation refers to both prenatal testosterone 

exposure as well as basal testosterone levels. Further, pharmacological treatment 

studies have shown that administration of testosterone leads to an impairment in 

socio-cognitive abilities related to empathy. Besides, stress has also been shown to 

have effects on empathy and related social phenomena. The assumption that 

testosterone and cortisol interact with each other in regard to behavioral outcome in 

social interactions is supported by the observation that cortisol and testosterone are 

intrinsically co-regulated.  

Here, using a double-blind, placebo-controlled between-subject design, we 

aimed to assess how a single dose of testosterone impacts cognitive processes 

related to cognitive empathy in healthy young men (N = 120). Cognitive empathy was 

assessed by the use of the Reading the mind in the eyes task, an emotion 

recognition task, a perspective-taking task and an imitation-inhibition task. Further, 

using the Cold Pressor Test (CPT) and the Socially Evaluative Cold Pressor Test 

(SECPT) for stress induction, we looked into possible interactive effects of stress and 

testosterone administration. In addition, we investigated whether the second-to-fourth 

digit ratio (2D:4D) – a proxy of fetal testosterone levels – moderated the effect of 

testosterone administration on cognitive empathy. Lastly, we examined possible 

direct links between 2D:4D ratios, basal testosterone levels and performance in the 

tasks.  

Our results indicate that testosterone administration did not have a negative 

impact on performance in the tasks. Further, our data did not provide any evidence 

for an interactive effect between testosterone administration and stress. We did 

however find partial evidence for a relationship between the 2D:4D ratio and 

performance in the task. In line with previous research, we found that in in the REMT 

and in the perspective-taking task, lower 2D:4D ratio, indicating higher fetal 

testosterone, was associated with poorer performance. Furthermore,  higher basal 

levels of testosterone predicted poorer performance in the perspective-taking task. 

While we did find evidence that testosterone might modulate adult behavior 

through prenatal organizational effects, our main hypotheses investigating causal 

effects of testosterone and stress were not confirmed. The study provides a 
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theoretical and methodological insight that might be of value for future research on 

the topic of neuroendocrinological mechanisms underlying socio-cognitive processes.  
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Zusammenfassung  
 

 Frühere Forschung hat gezeigt, dass Testosteron negativ mit empathischen 

Fähigkeiten in Verbindung steht. Diese Beobachtung bezieht sich sowohl auf  

pränatale Testosteronbelastung als auch auf den basalen Testosteronspiegel. 

Darüber hinaus haben pharmakologische Studien gezeigt, dass die Verabreichung 

von Testosteron zu einer Beeinträchtigung sozio-kognitiver Fähigkeiten führt, die mit 

Empathie in Verbindung gebracht werden. Außerdem hat sich gezeigt, dass auch 

Stress Auswirkungen auf Empathie und damit einhergehende soziale Phänomene 

haben kann. Die Annahme, dass Testosteron und Cortisol in Bezug auf 

Verhaltensweisen in sozialen Interaktionen miteinander interagieren, wird durch die 

Beobachtung gestützt, dass Cortisol und Testosteron intrinsisch ko-reguliert sind.  

In der vorliegenden Arbeit wollten wir anhand einer doppelverblindeten, Placebo-

kontrollierten between-subject Studie untersuchen, wie eine einzelne Dosis 

Testosteron kognitive Prozesse bei gesunden jungen Männern (N = 120) beeinflusst, 

die im Zusammenhang mit kognitiver Empathie stehen. Kognitive Empathie wurde 

erhoben mittels des "Reading the mind in the eye" Tests, einer Aufgabe zur 

Emotionserkennung, einer Aufgabe zur Perspektivübernahme und einer Aufgabe zur 

Inhibition imitierender Tendenzen. Weiterhin haben wir unter Verwendung des Cold 

Pressor Test (CPT) und dem Socially Evaluative Cold Pressor Test (SECPT) zur 

Stressinduktion, mögliche interaktive Effekte von Stress und 

Testosteronverabreichung untersucht. Darüber hinaus haben wir untersucht, ob das 

Verhältnis des zweiten und vierten Fingers (2D:4D) - ein Mittel pränatale 

Testosteronbelastung zu erfassen - die Wirkung der Testosteronverabreichung auf 

kognitive Empathie mildert. Schließlich untersuchten wir mögliche direkte 

Zusammenhänge zwischen 2D:4D-Verhältnis, basalem Testosteronspiegel und der 

Leistung in den Aufgaben.  

Unsere Ergebnisse deuten darauf hin, dass die Testosteronverabreichung keinen 

negativen Einfluss auf die Leistung in den Aufgaben hatte. Darüber hinaus lieferten 

unsere Daten keine Hinweise auf einen interaktiven Effekt zwischen 

Testosterongabe und Stress. Wir fanden jedoch partielle Beweise für einen 

Zusammenhang zwischen dem 2D:4D-Verhältnis und der Leistung in den Aufgaben. 

Im Einklang mit früheren Forschungen fanden wir, dass in dem REMT und in der 

Aufgabe zur Perspektivübernahme, kleinere 2D:4D-Verhältnisse mit einer 

schlechteren Leistung assoziiert waren. Darüber hinaus prognostizierten höhere 
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basale Testosteronwerte eine schlechtere Leistung bei der Aufgabe zur 

Perspektivübernahme. 

Während wir Beweise dafür fanden, dass Testosteron das Verhalten von 

Erwachsenen durch pränatale organisatorische Effekte modulieren könnte, wurden 

unsere Haupthypothesen zur Untersuchung der kausalen Effekte von Testosteron 

und Stress nicht bestätigt. Die vorliegende Studie liefert theoretische und 

methodische Erkenntnisse, die für die zukünftige Forschung zum Thema 

neuroendokrinologische Mechanismen, die soziokognitiven Prozessen zugrunde 

liegen, von Nutzen sein könnten.  
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1. Introduction 

 

1.1. Empathy  

 In general, empathy, as a multidimensional phenomenon, describes the 

reaction to the observed experience of another individual (Davis, 1983). It refers to 

the ability to understand and to react to the emotional experience of another (Lamm 

et al., 2007). In the field of empathy research, often a distinction between two classes 

of empathy is drawn. Two different kinds of empathy that are mainly being referred to 

are emotional and cognitive empathy. In terms of emotional empathy, empathy can 

be described as an affective reaction to another individual’s affective state (Singer & 

Lamm, 2009) by being fully aware of the fact that the other individual is the source of 

one’s affective reaction (de Vignemont & Singer, 2006). This affective reaction may 

arise by directly perceiving, imagining or inferring the affective state of another and is 

characterized by being similar (isomorphic) to the affective state of the observed 

other and being oriented towards the direction of the other (de Vignemont & Singer, 

2006). 

In terms of cognitive empathy, empathy can be described as simply being able 

to accurately infer emotions, thoughts, motives and intentions of another (Bos et al., 

2015). While emotion recognition is one basic prerequisite of cognitive empathy, 

necessarily for interacting adequately with the environment, cognitive perspective-

taking is another mechanism that enables us to represent the mental state of others 

(Duesenberg et al., 2016). According to de Vignemont and Singer (2006), cognitive 

perspective-taking goes along with not being emotionally involved, since it does not 

necessarily result in an affective reaction. However, it can also be seen as a 

precursor of an affective empathic response, by being a regulatory strategy with the 

help of which one can increase or decrease affective empathic responses (Engen & 

Singer, 2013).  

Emotional and cognitive empathy can be seen as two distinct components of 

the empathic response. While in the emotional domain, an empathic response has 

been suggested as an automatic process, in the cognitive domain such a response 

seems to be based on an effortful process of stepping “into” the experience of 

another (Davis, 2006). While the former refers to an automatic (bottom-up) tendency 

to mimic the emotions of another, the latter refers to an effortful (top-down) 

imaginative process of putting oneself into the mental state of another. Those two 
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components of an empathic response jointly contribute to the holistic experience of 

empathy and seem to interact with each other. Literature suggests that sharing 

another person’s feelings relates to the cognitive ability to understand the emotional 

and mental state of another and to get into their perspective (Vigenmont & Singer, 

2006). The present work will  focus on the cognitive component of empathy by 

targeting two important mechanisms involved. First the ability to recognize emotions 

and to infer thoughts and intentions of an interacting other, which is a necessary 

precursor for successfully getting into the perspective of another. The second crucial 

mechanism when stepping into the experience of another is the ability to determine 

whether the source of one’s own affective reaction lies in the affective state of 

another individual or within oneself. This mechanism is referred to as self-other 

distinction. Self-other distinction describes the ability to distinguish between affective 

representations within oneself and those that are related to another (Lamm et al., 

2016). Depending on the social situation and context, it can be important to either 

engage more with the representations of another individual while putting aside one’s 

own perspective, or to distance oneself from representations of another individual 

while focusing more on the own perspective. In the emotional domain, it is important 

to focus on the emotional representation of the other and keep the boundaries 

between self and other-related affective states. Failing to keep those boundaries can 

result in both, personal distress and a self-centered response. This can lead to a 

reduced ability to response empathic and other-oriented (Tomova et al., 2017). In 

higher-level cognitive processes such as perspective-taking, it is likewise important to 

set aside one’s own mental representations and perspective and focus on those of 

the interacting other. On a basic perceptual-action domain however, it can be 

beneficial to focus more on the own mental representations in order to control 

automatic imitative tendencies and to ensure a smooth cooperative interaction 

(Tomova et al., 2017). Self-other distinction represents a crucial mechanism of 

empathy and can be captured on the emotional and cognitive domain with various 

behavioral tasks.  

 

1.2. The relationship between testosterone and empathy   

Testosterone, a steroid hormone released by the hypothalamic-pituitary-

gonadal (HPG) axis, is often associated with different kinds of social behaviors. 

Multiple studies have found that testosterone plays an important role in dominant 
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behaviors that are related to status seeking (Archer, 1991; Eisenegger, 2011; Mazur 

& Booth, 1998). The hypothesis that testosterone might also be related to empathy 

comes partially from the observation that men seem to show less cognitive and 

affective empathic behavior than women (Baron-Cohen, 2005; Goldenfeld et 

al.,2005; Rueckert & Naybar, 2008). It has been shown that women tend to outdo 

men in tasks of cognitive and emotional empathy (Baron-Cohen et al., 2001; Derntl et 

al., 2010). Also, Women seem to report higher values of empathy in self-reports than 

men (Davis, 1983; Derntl et al., 2010). Men in general have higher levels of natural 

occurring testosterone than women, so it is possible that testosterone is reversely 

related to empathy and that gender differences in empathy can be explained at least 

partly by gender differences in testosterone levels. Further, male fetuses are 

exposed to higher levels of testosterone than are female fetuses, which in turn might 

have an influence on developmental differences in structure and function of the brain 

(Chapmen et al., 2006). Fetal testosterone exposure has also been linked to 

empathic abilities. One way to determine fetal testosterone exposure is through the 

examination of amniotic fluid. Studies have shown that higher amniotic testosterone 

is negatively correlated with empathic abilities. Lutchmaya et al. (2002) for instance 

found that 12-month old infants with more amniotic testosterone made less eye 

contact with their parents, which in turn might be an indicator for impaired affective 

empathy. Amniotic testosterone has also been negatively related to scores in the 

“Reading the Mind in the Eyes” Task (RMET) and the Empathy Quotient (EQ), which 

captures both cognitive and affective aspects of empathy (Chapmen et al., 2006). 

Another indicator for fetal testosterone exposure is the second-to-fourth (2D:4D) digit 

ratio. The 2D:4D digit ratio is a measure calculated by dividing the length of the 

second by the length of the fourth digit. This ratio has been proposed to be a 

biomarker for the balance between fetal testosterone and fetal estrogen exposure, 

whereby low 2D:4D ratios indicate high fetal testosterone and low fetal estrogen 

exposure (Manning et al., 2014). The 2D:4D ratio displays a sexual dysmorphism 

insofar men on average show smaller digit ratios than women, suggesting that male 

fetuses are under higher fetal testosterone exposure than women. Previous research 

has found moderating effects of the 2D:4D ratio, in that testosterone administration 

impaired empathy in participants with relatively low ratios (Careé et al., 2015; Van 

Honk et al., 2011). Moreover, there might be a direct link between prenatal 

testosterone exposure and empathy, as lower digit ratios, indicating higher prenatal 
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testosterone exposure, has shown to be negatively associated with empathic 

accuracy (Manning et al., 2010; Nitschke et al, 2019). Others, however, claim that 

there is a lack of correlation between the 2D:4D ratio and socio-cognitive abilities 

(Voracek et al., 2010). As from the literature derived, the ratio of the right hand is 

rather considered for analysis than the ratio of the left hand because it has been 

suggested that the 2D:4D ratio of the right hand is a better indicator for prenatal 

androgenization (Hönekopp & Watson, 2010; Williams et al., 2000). 

Testosterone’s effect on the brain can be both, organizational – by 

preprogramming the brain during early development – and activational – by 

selectively modifying brain processing in order to inhibit or facilitate behavior 

according to social context (Nelson & Kriegsfeld, 1995) .Previous research had a 

strong focus on the organizational role of testosterone and its developmental 

consequences on social behavior such as empathy. There is a growing body of 

studies investigating activational effects of testosterone in the context of 

neuroendocrine functioning and interpersonal differences in socio-cognitive 

processes and skills. It has been proposed that there is a connection between 

salivary testosterone and empathy, as well as other social skills such as prosocial 

behavior or altruism, respectively for both sexes. Empathic abilities have shown to be 

related to naturally occurring levels of testosterone, in that individuals with higher 

levels of endogenous testosterone showed less empathic abilities than those with 

lower levels (Ronay & Carney, 2012). In a correlational study, Harris et al. (1996) 

found negative correlations between salivary testosterone levels and prosocial 

behavior for both sexes, whereby prosocial behavior was captured by means of 

different scales assessing multiple dimensions within the prosocial personality 

domain such as altruism, emotional empathy and nurturance.  

The first study to examine the causal relationship between testosterone 

administration and empathy was by Hermans et al. (2006b). In their study, only 

female participants were tested and as an indicator for empathy they considered the 

tendency to mimic others emotional expressions, as this has been proposed to be a 

predictor of affective empathy (Sonnby-Borgström, 2002). They found an effect of 

testosterone administration, insofar as participants who received a dose of 

testosterone showed reduced facial mimicry compared to participants who received a 

placebo. Further, there is evidence that testosterone administration might also have 

effect on cognitive empathy. Van Honk et al. (2011) found that cognitive empathic 
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abilities in women – measured in terms of emotion recognition – were impaired in 

participants who received testosterone compared to placebo. Interestingly, this effect 

was strongly modulated by prenatal testosterone exposure, captured by the 2D:4D 

ratio. More specifically, more than 50% of the variance in the effect of testosterone 

administration on accuracy in the RMET was predicted by the 2D:4D ratio: Negative 

effects of testosterone on cognitive empathy were only evident for participants with 

low 2D:4D ratios (Van Honk et al., 2011). These results indicate that the activational 

effects of testosterone might depend on organizational effects of fetal testosterone 

exposure. Carré et al. (2015) were the first to examine the causal effects of 

testosterone on empathy in a sample of only male participants and presented similar 

results. Exogenous administered testosterone impaired socio-cognitive performance 

– measured by the RMET – but only in men with relatively low 2D:4D ratio.  

As testosterone’s effect on the brain is both, organizational and activational, it 

is important to focus on both respectively. Moreover, it is necessarily to note that 

most studies investigating the effects of testosterone administration on social 

behavior and underlying affective and cognitive processes use unisex designs, 

because men differ significantly from women regarding fetal testosterone exposure 

and circulating testosterone levels. Assuming that effects of testosterone 

administration interact with fetal testosterone (van Honk. et al., 2011), men might 

also react differently to an acute increase in testosterone levels than women. 

Besides, different methods of testosterone administration are available for men and 

for women. The method of choice for women is often a sublingual intake of 

testosterone or application of topical gel on inner thighs  (Bos et al., 2016; Kopsida et 

al. (2016); Van Honk et al., 2011), while in men it is mainly the application of topical 

gel on the upper body, such as arms or chest (Carré et al. (2015); Cueva et al. 

(2016)).  

 

1.3. The effect of stress on empathy  

Stressful events can lead to an activation of the two main stress systems of 

the body, the sympathetic nervous system and the hypothalamus-pituitary-adrenal 

(HPA) axis (Schwabe et al., 2008). While activation of the former leads to elevated 

blood pressure, increase in heart and skin conduction, activation of the latter leads to 

increased secretion of glucocorticoids such as cortisol (Duesenberg et al., 2016; 

Schwabe et al., 2008). The release of cortisol, the end product of the HPA axis, is 
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considered to modulate physiological adaptive responses, needed for recruiting 

additional resources in order to react to difficult or demanding circumstances 

(Sapolsky et al., 2000). It has been shown that those responses can also have a 

great impact on cognition. With regard to higher-level cognitive functions, stress can 

lead to a deterioration of those functions while in other cognitive functions 

improvements can be observed. More specific, stress might impair higher-level 

cognitive functions like self-control or decision making (Maier et al., 2015; Starcke & 

Brand, 2012), while cognitive processes like attention (Chajut & Algom, 2003), 

memory, and learning (Buchanan et al., 2001; Vedhara et al., 2000) have shown to 

improve under stress. Taken together, research has shown that stress results in an 

enhancement of cognitive processes that are less resource demanding while leading 

to a decline of other, more effortful cognitive functions (Starcke & Brand, 2012).  

In the context of stress and its influence on cognition and behavior, research 

of the relationship between stress and social phenomena and its underlying neural 

mechanisms has also grown. However, the way in which stress can impact empathy 

and related social phenomena is not yet very clear. There is evidence that stress can 

lead to both improvement and impairment of those under stress.  

For the affective domain of empathy, there is evidence that acute stress leads 

to decreased affect sharing. Buruck et al. (2014) could show that in the context of an 

empathy for pain paradigm, participants under acute psychosocial stress scored 

significantly lower on the appraisal of painful situations when seeing others in pain 

than the control group. Another important process related to the experience of 

empathy is emotional contagion, which describes the automatic tendency to “catch” 

another person’s emotion (Tomova & Lamm, 2018).There is evidence that stress 

induction reduces emotional contagion when watching familiar individuals in pain, 

while stress reduction elicits emotional contagion as a response to watching 

strangers in pain (Martin et al., 2015).  

Being stressed might not only have an impact on automatic affective 

responses in the context of empathy, it might also impact cognitive processes 

underlying empathic responses. Starting with a necessarily precursor of empathic 

responses, acute stress has shown do lead to an impairment of emotion-recognition. 

Hänggi (2004) reports that the decoding accuracy of emotions in facial expressions 

was significantly lower in participants with higher stress arousal than in controls. 

Being stressed also seems to have an influence on higher level cognitive processes 
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involved in empathy such as perspective-taking, as Nedg et al. (2011) for instance 

found that in a perspective-taking task, participants, scoring higher in levels of 

anxiety, performed worse in the task. Using various behavioral paradigms, Tomova 

et al. (2014) showed that self-other distinction was also modulated during acute 

stress. They report effects of stress on self-other distinction in the affective and 

cognitive domain respectively. However, the results show an effect going in both 

directions – impairment and improvement of self-other distinction – depending on 

gender. While men showed diminished self-other distinction when put under acute 

psychosocial stress, women showed an increase. This effect was present across 

different domains: Women showed reduced emotional egocentricity, less automatic 

imitative tendencies and better performance regarding cognitive perspective-taking. 

Conversely, men under acute stress scored significantly lower than controls in all 

three domain: They showed enhanced emotional egocentricity, poorer performance 

in the imitation-inhibition and reduced abilities to take another’s perspective (Tomova 

et al., 2014). These gender differences reflect the way women and men might react 

to stress, providing evidence for the tend-and-befriend hypothesis by Taylor et al. 

(2000). According to this hypothesis, women react in a sensitive and empathetic 

manner under stress, while men in comparable situations are more oriented towards 

the principle of fight-or-flight. Contradictory to the tend-and-befriend hypothesis, 

however, other studies found that men show an increase in prosocial behavior under 

stress (Buchanan & Preston, 2014; von Dawans et al., 2012; Takahashi et al.,2007). 

It is still not very clear how this relates to the evidence of decreased self-other 

distinction in men undergoing psychosocial stress. This is especially interesting in the 

light of the seemingly contradictory finding that women are also more prosocial under 

stress (Taylor, 2000) while showing increased self-other distinction. Importantly, in 

their paper, Tomova et al. (2014) refer to the limitation that directly comparing men 

and women in the stress and control group with each other did not show significant 

gender differences in responses in the self-other distinction tasks. Their results are 

limited to differences between stressed and non-stressed women and stressed and 

non-stressed men and therefore only allow to make conclusions about reactions to 

stress within one gender. The present work included male participants only and will 

therefore also focus on the differences in stress reactivity between stressed and non-

stressed men.  
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1.4. Empathy and the dual-hormone hypothesis  

As outlined in the previous two chapters, both the HPA and the HPG axis 

seem to be involved in the neuroendocrinological regulation of empathy. Do 

testosterone and cortisol influence empathy jointly or independently from each other? 

This question arises in the context of the so-called dual-hormone hypothesis. This 

hypothesis, first described by Mehta and Josephs (2010), posits that testosterone’s 

role in status-relevant behavior, such as competitive behavior, dominance, 

aggression, or risk-taking, depends on concentrations of cortisol. This theory came 

out of the observation that some studies found an effect of testosterone on such 

behavior (Dabbs, Carr, Frady, & Riad, 1995; Denson et al. 2013; Mazur & Booth, 

1998; Newman et al., 2005), while other studies reported null or weak effects 

regarding this relationship (Johnson et al., 2007; Mehta and Josephs, 2006). One 

possible explanation for those inconsistent findings is that testosterone does not 

enhance behavior relevant for maintaining social status independently, but that its 

impact on such behavior depends on concentrations of cortisol. More specific, 

testosterone should interact with cortisol in a way that testosterone shows its effect 

on such behavior only when concentrations of cortisol are low. In contrast, when 

concentrations of cortisol are high, the theory proposes that testosterones role in 

status-relevant behavior should be inhibited or weakened (Mehta & Josephs, 2010). 

This observation can be supported by the finding that the HPA and the HPG axes are 

intrinsically co-regulated. While testosterone can inhibit the HPA functioning at the 

hypothalamic level, cortisol can inhibit the secretion of testosterone on all levels of 

the HPG axis (Terburg et al., 2009). Further, cortisol can inhibit the action of 

testosterone on target tissue and may downregulate androgen receptors (Mehta & 

Josephs, 2010). Those findings support the assumption that testosterone and cortisol 

jointly modulate behavior.  

While the dual-hormone hypothesis has been investigated in the context of 

status-seeking behavior, there is a lack of studies investigating whether 

testosterone’s role in social phenomena unrelated to status maintaining may also 

depend on concentrations of cortisol. One connection that has been established in 

regard to empathy is that high levels of testosterone and low levels of cortisol are 

associated with features of psychopathology, which in turn is partly characterized by 

a lack of empathic abilities (Terburg et al., 2009; Van Honk & Schutter, 2006; Welker 

et al., 2014). Zilioli and colleagues (2015) are the first and only so far to investigate 
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whether the dual-hormone hypothesis applies to empathy as a phenomenon 

independently of psychopathic traits. In a sample of male and female participants, 

they assessed empathy using the RMET and a short version of the David 

Interpersonal Reactivity Index (IRI). Latter is a questionnaire assessing different 

aspects of empathy: perspective-taking, empathic concern, personal distress and 

fantasy. Zilioli et al. (2015) used a shortened version of the IRI, choosing items from 

the Perspective Taking Scale and the Empathic Concern Scale. Basal testosterone 

and cortisol concentrations were assessed from saliva. Results support the 

hypothesized relationship between basal testosterone, cortisol and empathy, but only 

for empathy assessed by the IRI. Specifically, higher levels of testosterone were 

negatively related to self-reported empathy only in participants with low basal cortisol 

concentrations. In contrast, participants with both, high levels of testosterone and 

cortisol scored higher on the IRI (Zilioli et al., 2015). These results, however, only 

accounted for men. The authors further note that no such association could have 

been found for the RMET, suggesting that those effects might account for affective 

empathy rather than cognitive empathy. This conclusion arises out of the observation 

that the results of analysis of the IRI seemed to be impelled by the empathic concern 

scale, which captures affective empathy. Interpreting carefully, those results provide 

first evidence that a high-testosterone/low-cortisol profile might be negatively 

associated with empathic abilities, providing evidence that the dual-hormone 

hypothesis might also apply to empathy.  

Importantly, studies investigating the dual-hormone hypothesis are often 

correlational studies and mainly report the relationship between endogenous 

testosterone and cortisol levels. There is a lack of studies investigating whether 

effects of exogenous testosterone on behavior might be modulated by experimentally 

manipulated concentrations of cortisol. Though, investigating pharmacologically 

influenced patterns of hormone concentrations may contribute to a deeper 

understanding of how cortisol and testosterone interact with each other. Following 

the assumptions of the dual-hormone hypothesis, effects of testosterone 

administration on behavior should be more pronounced when concentrations of 

cortisol are low. Experimentally enhancing cortisol should therefore inhibit or weaken 

the effects of exogenous testosterone on the respective behavior. In order to make 

valid assumptions in this regard, experimental designs are necessary in which 

hormone concentrations of testosterone and cortisol are manipulated in 



    19 

pharmacological designs or through psychological manipulations. The latter can be 

accomplished by different experimental paradigms that evoke physiological or socio-

evaluative stress.  

 

1.5. Stress induction  

There are several methods that have been developed to elicit physiological or 

socio-evaluative stress responses in a laboratory setting. While physiological stress 

responses can be caused by physical challenging situations (Schwabe et al., 2008), 

stress can be also triggered by socio-evaluative threat situations like public speaking 

or completing cognitive challenging tasks in front of others (Kirschbaum et al. 1999). 

A method adapted in the present study and used to trigger both such responses is 

the Cold Pressor Test (CPT; Hines, 1940) and the extended version, the Socially 

Evaluated Cold Pressor Test (SECPT; Schwabe et al., 2008). The CPT is a method 

used to elicit a physiological stress response, leading to an increased activation of 

the sympathetic nervous system like heightened blood pressure and elevated heart 

rate. There has been evidence that the CPT is also capable of provoking the HPA 

axis, leading to a release of cortisol, however demonstrating a rather moderate 

increase of cortisol (Schwabe et al. 2008). The SECPT on the other hand has been 

shown to activate both stress pathways, the SNS and the HPA axis. Besides 

resulting in increased blood pressure and heightened heart rate, it leads to a release 

of cortisol which has been shown to be stronger compared to the CPT (Schwabe et 

al. 2008). An advantage of using the CPT and the SECPT as a stress induction 

method is that they only differ in one aspect – the presence of an observer – and 

therethrough, the effects of both, non-social physiological and socio-evaluative stress 

can be investigated and compared.  

 

1.5. Aim of the present work 

As can be deducted from the previous paragraphs, still more research has to 

be done to gain deeper knowledge and clarify inconsistencies about the relationship 

between neuroendocrinological mechanisms and cognitive empathic abilities. The 

present work wants to make an important contribution to a better understanding of 

the function of hormones like testosterone and cortisol in regard to social phenomena 

such as empathy. The aim of the present study is multifaceted: Since there is a small 

number of studies investigating the relationship between exogenous testosterone 
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and empathy and only one study up until now investigating causal effects of 

testosterone on empathy in men, the current work aims to extend the knowledge 

about how exogenous testosterone affects cognitive empathic abilities in men. The 

second aim is to examine whether acute physiological and social-evaluative stress, 

induced by use of the CPT and SECPT, might interact with the effects of testosterone 

administration. With regard to the inconsistencies in the literature about how cortisol 

and testosterone jointly influence social behavior, this interaction could go in different 

directions. According to the hypothesized negative association between testosterone 

and empathy and following Tomova et al. (2017), who found a decrease in empathic 

abilities under stress in men, the combination of stress and testosterone could lead to 

an even greater decrease in empathic abilities. On the other hand, referring to the 

assumptions of the dual-hormone hypothesis, an increase of cortisol under stress 

might have an inhibiting effect on the possible negative effects of testosterone on 

empathy (Zilioli et al., 2015). Accordingly, the effect of testosterone on empathic 

abilities might only be present in the absence of stress.  

Further, the possible moderating role of prenatal testosterone exposure in the 

effects of exogenous testosterone on empathy will be examined, as well as the mere 

effects of prenatal testosterone exposure and endogenous testosterone levels on 

empathic abilities.  

2. Hypotheses 

 

2.1. Main Hypotheses 

H1: Participants in the testosterone administration group will show less empathic 

abilities than participants in the placebo administration group.  

 

H2: There will be an interaction between testosterone and stress. Effects of 

testosterone administration on empathic abilities will depend on which stress 

condition participants belong to. Since the previous evidence is mixed, this 

hypothesis is exploratory.   

 

H3: There will be a difference in the physiological and the socio-biological stress 

condition regarding the interaction effect: The interaction effect is expected to be 

more pronounced in the socio-biological stress condition, since this condition is 

expected to lead to a bigger cortisol response.  
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2.2. Additional Analyses  

Besides investigating causal effects of exogenous testosterone and stress 

induced cortisol response, the effects of fetal testosterone exposure and endogenous 

hormone levels on empathy will also be investigated. Therefore, we formulated two 

additional hypotheses based on the following findings:  

 

Following Careé et al. (2015), the 2D:4D ratio should have a moderating effect on the 

effects of testosterone administration on empathy. 

H4: Testosterone administration will have a negative effect on empathy and this 

effect will be more pronounced among participants with relatively low 2D:4D ratios.  

 

Following Nitschke et al. (2019), both the 2D:4D ratio and endogenous testosterone 

levels should predict empathy.  

H5: In the placebo group, lower 2D:4D ratios and higher baseline testosterone levels 

will be negatively associated with empathic abilities. 

 

3. Materials and Methods 

 

3.1. Participants 

 All participants were recruited via printed flyers that were distributed and 

placed around the university campus areas and via online advertisement on social 

media. The sample consisted of 120 right handed men with a mean age of 23.88 

years (SD = 4.42), ranging from 18 to 40 years of age. Prior to the study, interested 

participants were screened for medical conditions that served as exclusion criteria for 

participation. Participants were screened for psychological illnesses like major 

depression, antisocial personality disorder, schizophrenia, bipolar disorder and 

neurological disorders. Further, participants were screened for physical health 

conditions like hormone disorders, autonomic disorders, liver, heart, lung and 

cerebrovascular diseases, obesity, and diabetes. Lastly, it has been determined 

whether there were any alcohol or drug dependencies present, including the use of 

anabolic steroids or corticosteroids. The Procedure was approved by the local 

research ethics board and pursuant to the Declaration of Helsinki.  
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3.2. Empathy Tasks  

In order to assess empathy, participants had to conduct four different empathy 

tasks. Those tasks aim to assess cognitive empathy by capturing the ability to infer 

the mental state of another and self-other distinction – the ability to discriminate 

between self- from other related mental representations. The latter will be assessed 

on the perceptual-motor and the cognitive level. The order of the tasks was 

counterbalanced between participants. All tasks were computerized and conducted 

with the use of the psychological experimental software E-Prime.  

 

3.2.1. “The Reading the Mind in the Eyes” Test  

The task used in the present study is a computerized adaptation of the original 

“Reading the Mind in the Eye” Test (REMT; Baron- Cohen et al., 2001). The REMT 

identifies and quantifies differences in social cognition regarding the processing of 

information from the eye region. It captures the ability to infer the states of minds of 

others and gives information about facial emotion recognition in adults. In this task, 

36 photographs are presented, showing only the eye region of a male or female face. 

Simultaneously, four mental-state descriptions are presented among which 

participants have to choose the one best describing what the person in the picture is 

feeling or thinking. Accuracy and response time (RT) was measured for all ratings. 

The REMT can be seen as a measure of cognitive empathy by giving information 

about the ability to recognize other people’s emotions and infer their thoughts or 

intentions.     

 

3.2.2. Emotion Recognition Task  

A task widely used to investigate the perception of facial expression is the 

Facial Expression of Emotion and Stimuli Test (FEEST) by Young et al. (2002). This 

task uses the well-known set of Ekman and Friesen (1997) often applied in both 

clinical practice and research settings. The set consists of six different basic 

emotions that have predominantly been used in studies investigating the perception 

of facial expressions: anger, disgust, fear, sadness, happiness and surprise. Further, 

the set includes neutral face expressions. For the task, morphed faces have been 

created with emotional expressions differing in their intensity. Video clips of real-time 

morphing between two facial expressions are shown to the participants, whereby the 

first image of a facial expression is always a neutral expression. The shown endpoint 
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image that followed the image of the neutral expression, ranged from 10% of the full 

emotion up to 50%. In total, for each emotion nine video clips were shown, with facial 

expressions ranging from a morph level of 10% to 15% to 20% to 25% to 30% to 

35% to 40% to 45% and finally to 50% of the respective emotion. This resulted in 9 

blocks of 24 trials. First, all six emotions from level 0% to 10% where presented, then 

from level 0% to 15% and so forth until the last block, showing emotional expressions 

from level 0% to 50%. In each block, every emotion was presented by four different 

actors, therefore resulting in 24 images of six emotions per block. For each morph 

level, participants had the option to choose which out of the six basic emotions 

described above was shown by the actor. Thereby, a total count of accuracy could be 

captured across all morph levels and emotions, but also per morph level and 

emotion.  

Like the RMET, the emotion recognition task is a measure of cognitive 

empathy since it gives information about the ability to recognize and understand the 

emotional state of others.  

 

3.2.3. Imitation-inhibition Task  

The imitation-inhibition task (Brass et al., 2000) is a task capturing self-other 

distinction in the domain of perception and action. It follows the paradigm of stimulus-

response compatibility which implies that the response to a stimulus that is congruent 

to the respective response, follows a shorter RT than when stimulus and response 

are incongruent (Brass et al., 2000).  

In the imitation-inhibition task, participants are instructed to move their index or 

middle finger in response to a certain stimulus while watching a video-taped hand on 

the screen executing congruent or incongruent finger movements. Participants were 

asked to lift their index finger when the number 1 was presented and their middle 

finger when the number 2 was presented. In congruent trials, the video-taped hand 

executed the same finger movements that participants were instructed to execute as 

a response to the cue. More specific, if for instance the number 1 appears, the hand 

on the screen also lifts the index finger. In incongruent trials, the video-taped hand 

executes a different finger movement than the required one. More specific, if for 

instance the number 1 appears, the video-taped hand lifts the middle finger. 

Therefore, in incongruent trials, the instructed movement as a response to the cue 

does not match the executed movement by the video-taped hand. In those trials, 
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participants have to inhibit their automatic imitative tendency to execute the 

incongruent movement and focus on their own movement intention. In incongruent 

trials, the RT is expected to be longer than in congruent trials. Further, the task 

contained baseline trials, which did not require to disentangle one’s own perspective 

of that from the hand on the monitor. In those trials, participants had to respond to 

the cues while seeing a hand on the monitor that did not execute any movement at 

all. The task consisted of 20 congruent trials, 20 incongruent trials and 20 baseline 

trials. 

Accuracy and RT was measured in all trials. The imitation-inhibition task 

assesses self-other distinction by use of the interference-effect. This was calculated 

by subtracting accuracy and RTs of congruent trials from incongruent trials 

(incongruent – congruent). Higher interference was taken as an index for reduced 

self-other distinction.  

 

3.2.4. Perspective-taking task  

The perspective-taking task used in the current study was a computerized 

version of the task developed by Keysar et al. (2000). Participants were instructed to 

move objects on a shelve according to the instructions of a virtual “director”. In 

experimental trials, participants looked at a shelve in the form of a 4 x 4 grid, 

containing eight different objects. For the director, who stood on the other side of the 

shelve, some slots covered up so he was unable to see what object is located behind 

the cover. For participants on the other hand, all objects in the grid were visible. For 

example, if participants were presented the visual stimulus shown in Fig. 1 and were 

instructed to “move the smallest candle up”, they should not take the smallest candle 

they can see (since it is covered up for the director), but the smallest candle that is 

visible for the director. Therefore, in experimental trials, participants have to get into 

the perspective of the director in order to move the objects accordingly to the 

instruction. Further, the task contained a control condition. In the control trials, 

participants were instructed to move objects that were not covered up for the director  

thus not requiring to disentangle one’s own perspective of those of the director.  

Accuracy and RT was measured, respectively for selection and placement of 

the target object. The perspective-taking task captures self-other distinction on a 

higher-cognitive level.  
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Fig 1. The 4 x 4 grid depicting a distinct view for participants and the director  

 

3.3. Stress conditions  

CPT and SECPT were used to induce stress. In the CPT condition, 

participants were instructed to immerse their hand into ice-cold water (0-3 °C) and 

hold it in the water as long as possible, but for a maximal time of 5 minutes. During 

this period, a female experimenter was present, monitoring the blood pressure and 

heart rate but not looking directly at the participant. On average, participants kept 

their hand in the water for 141.98 seconds. Hereafter, this condition will be referred to 

as biological stress.  

During the SECPT, participants also had to immerse their hand in ice-cold 

water (0-3°C). Additionally, they have been observed by a female experimenter the 

whole time, who sat opposite the participants. Moreover, they were told that they will 

be videotaped and that the video-recordings will be used for a facial expression 

analysis. By this means, the CPT was extended by a socio-evaluative component. 

On average participants kept their hand in the water for 150.47 seconds. Further on, 

this condition will be referred to as socio-biological stress.  

Besides the two stress conditions, there was a third, non-stressful condition, 

the warm water test (WPT). In this control condition, participants were instructed to 

immerse their hand into warm water (30°C-33°C) for as long as possible but again for 

maximal 5 minutes. A female experimenter was present, monitoring blood pressure 

and heart rate, but not directly looking at the participants. On average, participants 

kept their hand in the water for 285.85 seconds. 

 



    26 

3.4. Procedure  

3.4.1. Time-course of the experiment 

As the experiment was planned as a between-subject design, participants 

were randomly divided into a testosterone administration and a placebo 

administration group, resulting in 60 participants in each group. Within the two 

administration groups, participants were further assigned to one of the three stress 

conditions, resulting in three between-subject conditions for both administration 

groups, each containing 20 participants.   

Participants arrived at the laboratory between 12:00 and 14:45 for a four-hour-

long protocol. First, they had to provide informed consent. Shortly after the arrival at 

the lab, participants were asked to drool approximately 2 ml of saliva into a 

polyethylene collection tube. The samples were frozen immediately at -30°C until 

they were analyzed. After the first saliva sample was taken, administration of 

testosterone or placebo took place. This was followed by a 120 minutes waiting 

period where participants were offered reading material but were not allowed to leave 

the laboratory facilities. After the 2-hour waiting period, directly before the stress 

induction, another sample was taken after which the stress induction followed, 

whereby participants underwent either the CPT, the SECPT or the WPT. Directly 

after the stress induction, another saliva sample was taken. 20 minutes after the 

stress induction – right before the empathy tasks – participants were asked to give 

another saliva sample, as well 60 minutes after the stress induction - after finishing 

the empathy tasks. Taken together, there were 5 different timepoints of 

measurements (T1-T5), where saliva samples for cortisol and testosterone 

measurement were taken (See Fig. 2).  
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Fig. 2. The experimental time course. Stress conditions are between-subject, 

containing 20 participants in each condition respectively for each administration 

group.  

 

3.4.2. Gel administration  

Testosterone administration took place with a topical cream containing a 150-

mg dose of testosterone (Euro OTC Pharma GmbH, Bönen, Germany). The 

administration procedure was randomized and double-blind. The testosterone and 

placebo gel were created in a local compounding pharmacy and were stored 

disposable plastic containers. The placebo cream differed from the testosterone only 

in that it did not contain any testosterone. Participants were instructed to rub the 

cream onto their upper arms and shoulders while wearing disposable latex gloves. 

They should do so, until the cream was fully rubbed into their skin.  

 

3.4.3. Saliva sampling and analysis  

Testosterone and cortisol were measured from the saliva samples by liquid 

chromatography tandem mass spectrometry (LC-MS/MS) using an Agilent 6460 with 

electrospray ionization coupled to a 1290 UHPLC system. 100 µl internal standards 

(5 ng/ml) were added to 500µl plasma or saliva and the steroids were extracted using 

4 ml MTBE. After ten minutes overhead shacking, the samples were centrifuged for 

five minutes at 3000 rpm and the top MTBE layer was transferred to a test tube. 

MTBE was evaporated using a centrivap concentrator (Labconco). The residual 

sample was then re-dissolved in 30% methanol and analyzed by LC-MS/MS. Agilent 

Poroshell 120 EC-C18 was used for chromatographic separation. 

4. Analysis 

 

Statistical analysis was conducted using IBM SPSS (Version 22.0). In order to 

test the described hypotheses, a significant threshold of p < 0.05 was determined for 

all computations respectively. Effect size will be reported using the partial eta-square 

(ηp²). Greenhouse-Geisser adjustment was used to correct in cases of violations of 

sphericity. 
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4.1. Hormone measures 

To determine hormone levels across the 5 timepoints of measurement (T1 – 

T5), testosterone and cortisol levels were analyzed. Prior analysis, hormone data 

was checked for normality of distribution by the use of the Shapiro-Wilk normality test 

(Shapiro & Wilk, 1965). Neither Testosterone (T1: Shapiro-Wilk = 0.530, p < .001; T2: 

Shapiro-Wilk = 0.088, p < .001; T3: Shapiro-Wilk = 0.136, p < .001; T4: Shapiro-Wilk 

= 0.249, p < .001; T5: Shapiro-Wilk = 0.189, p < .001), nor cortisol (T1: Shapiro-Wilk 

= 0.842, p < .001; T2: Shapiro-Wilk = 0.828, p < .001; T3: Shapiro-Wilk = 0.774, p < 

.001; T4: Shapiro-Wilk = 0.800, p < .001; T5: Shapiro-Wilk = 0.890, p < .001) was 

normally distributed, respectively for all time points of measurement. Thus, in order to 

make the distribution closer to Gaussian, testosterone and cortisol data was 

transformed using the natural log function and all analyses were conducted with log-

transformed hormone data.  

 

4.1.1. Testosterone measure  

In order to assure that testosterone administration indeed lead to an increase 

in testosterone levels compared to participants who received the placebo gel, a 

repeated-measures analysis of variance (ANOVA) with the within subject factor time 

(T1 – T5) and the between subject factor group (Testosterone/Placebo) was 

conducted. Further, five independent sample t-tests were conducted for T1 – T5, to 

test for differences in testosterone levels between the two treatment groups in each 

of the time points of measurement.   

 

4.1.2. Cortisol measure  

In order to assure the effectiveness of the stress induction and to test for 

differences between cortisol reactivity in the two stress conditions (CPT/SECPT) a 

repeated-measures ANOVA that included time (T1 – T5) as a within-subject factor 

and stress condition (CPT/SECPT/WPT) as a between-subject factor was computed. 

Further, the between-subject factor group was included, in order to test for possible 

differences in stress reactivity between the two treatment groups. To test for 

differences between cortisol reactivity in the three stress conditions for each of the 

five saliva samples, Bonferroni corrected multiple comparisons were made. 
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4.1.3. 2D:4D digit ratio  

Digit ratios were calculated by measuring the length of the fourth and the 

second digit from hand scans of the right and left hand respectively and then dividing 

the length of the fourth by that of the second digit. This was done by two independent 

raters and the average of these two values was calculated. For the present analysis 

only the calculated mean ratio of the right hand was used.  

 

4.2. Behavioral Data  

In the following section, analyses addressing hypothesis 1 and hypothesis 2 

are presented. In case of significant interaction effects in the respective analyses, 

post-hoc tests will be conducted to address hypothesis 3.  

 

4.2.1 RMET  

For each participant the total amount of correct responses and the mean RT 

out of all 36 trials was calculated. In order to test whether the testosterone 

administration group differed from the placebo administration group in accuracy and 

RT and whether there was an interaction between stress condition 

(CPT/SECPT/WPT) and group (T/P), two separate 2 x 3 ANOVAs were performed, 

with the accuracy and the RT being the dependent variable and group and stress 

condition the between-subject factors.  

 

4.2.2. Emotion recognition task  

In the Emotion recognition task, the amount of accurate responses for all of 

the trials together and for each of the nine morph levels was calculated. A 9 x 2 x 3 

within subject repeated measures ANOVA with the within subject factor morph level 

(10/15/20/25/30/35/40/45/50) and the between subject factor group and stress 

condition was conducted to test for differences in accuracy between the different 

morph levels. Further, a 2 x 3 ANOVA with the between-subject factors group and 

stress condition was calculated for the total number of accurate responses across all 

morph levels.  

 

4.2.3. Imitation Inhibition task  

For each participant the number of total correct responses and mean RT for 

baseline, congruent and incongruent trials was calculated. To assure that the 
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experimental manipulation worked and, as expected, accuracy was lower and RTs 

longer in incongruent trials compared to baseline and congruent trials, a repeated-

measures ANOVA was conducted with the within subject factor trial type. In order to 

calculate the interference effect, the total amount of accurate responses in congruent 

trials was subtracted from the total amount of accurate responses in incongruent 

trials. The interference effect was also calculated for RTs in the same way. To test 

whether the testosterone administration group differed significantly from the placebo 

administration group regarding the interference effect, and whether there was an 

interaction between group and stress condition, two separate 2 x 3 ANOVAs were 

performed for interference in accuracy and interference in RTs respectively.  

 

4.2.4. Perspective-taking task  

The perspective-taking task consisted of one experimental condition and two 

control conditions (C1 and C2). In each condition, accuracy and RT was measured 

respectively for selection and placement of the target object. RTs were averaged 

across all trials. Dependent t-test for accuracy and RT were conducted to test 

whether C1 and C2 differed regarding those variables. Since they did not differ 

significantly from each other – results of the analysis will be reported further below – 

C1 and C2 were put together as one control condition. This was done by calculating 

the mean value of the accuracy and RT from C1 and C2. In a total, this resulted in 8 

variables: Selection and placement accuracy for experimental and control condition 

and selection and placement RT for experimental and control condition. To check 

whether the experimental trials differed from the control trials, dependent t-tests were 

conducted with the dependent variables accuracy and RT – for selection and 

placement – from the experimental condition and the control condition. Placement 

accuracy in the experimental condition was compared to placement accuracy in the 

control condition and selection accuracy in the experimental condition was compared 

to selection accuracy in the control condition. RTs were analyzed the same way.  

Next, a 2 x 3 ANOVA was conducted with the between-subject factors group and 

stress condition. Accuracy and RT in the experimental condition for both, placement 

and selection, was taken as the dependent variable.  
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4.3. Additional Analyses  

Besides looking into the main and interacting effects of testosterone 

administration and stress on empathy, described by the hypotheses 1-3, we also 

examined the relationship between 2D:4D ratio and testosterone treatment on 

empathy (hypothesis 4). We further investigated the direct relationship between 

prenatal testosterone exposure, endogenous testosterone levels and empathic 

abilities (hypothesis 5).  

 

4.3.1. Testosterone administration and 2D:4D ratio  

In order to test whether the 2D:4D ratio has moderating effects on the effects 

of testosterone administration (hypothesis 4) as Careé et al. (2015) reported, values 

of the variables in all tasks were regressed against testosterone treatment and 2D:4D 

ratio using a linear regression model. In this model, group (T/P), the 2D:4D ratio of 

the right hand and the interaction between these two were entered as fixed factors. 

For each task and each variable this linear regression model was conducted. In case 

of significant interaction, a median split was applied in order to differentiate between 

the group effects among participants with high and low fetal testosterone exposure.  

 

4.3.2. 2D:4D ratio and baseline testosterone  

In order to address hypothesis 5 – main effects of prenatal testosterone 

exposure and endogenous testosterone levels on empathy – we conducted a 

regression analysis only analyzing the placebo group. We did so in order to 

investigate the pure effect of endogenous testosterone levels and prenatal 

testosterone exposure on empathy regardless of interaction with exogenous 

testosterone. To assess endogenous testosterone levels we took the first baseline 

saliva measurement (T1), taken at the beginning of the experimental procedure. For 

each task and each variable we conducted two separate linear regression models, in 

which measures of testosterone levels and 2D:4D ratios of the right hand were 

entered as fixed factors.  

 

5. Results 
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5.1. Hormone measures  

The original sample consisted of 120 participants. For the analysis of 

testosterone levels, three participants were excluded: One participant from the 

placebo group was excluded because of missing values of testosterone levels for all 

timepoints of measurements. From the testosterone group, one participant was 

excluded from the hormone analysis because of missing values in T3 and another 

was excluded because of missing values in T5. This resulted in a total of 117 

participants for the testosterone levels analysis. For the analysis of cortisol, in total 

six participants were excluded: In the placebo group, one was excluded because of 

missing values of cortisol for all timepoints of measurement and two participants 

were excluded because of missing values in T3 and T5. From the testosterone 

group, three participants were excluded due to missing values in T3 and T5. In total, 

the cortisol levels of 114 participants were analyzed. The described values of 

testosterone and cortisol levels were missing because the participants were unable 

to provide sufficient saliva amount for the lc-ms/ms analysis. 

 

5.1.1. Testosterone measure  

Analysis of testosterone revealed a significant interaction between time and 

group (F(3.37, 384.59) = 29,93, p < 0.001, ηp² = 0.20), indicating that mean levels of 

testosterone were unequal across measuring points and administration group. 

Comparing testosterone levels between the two administration groups at each 

timepoint of measurement (T1 – T5) revealed a non-significant difference for the first 

baseline measurement (t(117) = 0.20, p = .836). A significant difference between the 

groups was found however in the second (t(117) = 8.32, p < .001), in the third (t(115) 

= 8.15, p < .001), in the fourth (t(117) = 8.18, p < .001) and in the fifth (t(116) = 9.25, 

p < .001) time point of measurement, revealing significantly higher levels of 

testosterone levels in the administration group compared to placebo (See Fig. 3). 

Those results provide a successful manipulation check regarding the 

pharmacological testosterone treatment.  
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Fig.3. Timeline of testosterone response in testosterone and placebo administration 

group. 

 

5.1.2. Cortisol measure  

Repeated-measures ANOVA revealed a significant interaction between time 

and stress condition (F(6.70, 361.82) = 8.42, p < 0.001, ηp² = 0.13) and no significant 

interaction between time and group (F(3.35, 361,82) = 0.20, p = 0.910, ηp² = 0.00). 

Those results indicate unequal means of cortisol concentrations across the different 

time points of measurement and stress conditions, but no difference in cortisol 

reactivity between administration groups. Bonferroni corrected multiple comparisons 

revealed no significant differences in cortisol levels between the no stress condition, 

the biological stress condition and the socio-biological stress condition prior stress 

induction in T1 and T2 (all p-values > .073). In T3, that is right after stress induction, 

the no-stress condition differed significantly from the biological stress condition 

(mean diff. ± SEM = .33 ± 0.07, p < .001) and from the socio-biological stress 

condition (mean diff. ± SEM = .33 ± 0.07, p < .001). In T4 there was a difference 

between the no-stress and the biological-stress condition (mean diff. ± SEM = .60 ± 

0.08, p < .001) and between the no-stress and the socio-biological stress condition 
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(mean diff. ± SEM = .69 ± 0.08, p < .001). Same pattern shows for differences in no-

stress and biological stress (mean diff. ± SEM = .43 ± 0.07, p < .001) and no-stress 

and socio-biological stress (mean diff. ± SEM = .45 ± 0.07, p < .001) in T5. 

Interestingly, no difference was found in cortisol concentrations between the 

biological and the socio-biological stress condition in T3 (mean diff. ± SEM = 0.00 ± 

0.07, p = 1.000), T4 (mean diff. ± SEM = 0.08 ± 0.08, p = .982) and T5 (mean diff. ± 

SEM = 0.02 ± 0.07, p = 1.000). Interestingly, as can be seen in Fig. 4., across all 

conditions and groups, cortisol concentrations seem to be higher for the baseline 

measurement then after stress induction. A paired sample t-test comparing cortisol 

concentrations from T1 with concentrations from T3 (the timepoint of measurement 

right after stress induction) revealed that cortisol concentrations were significantly 

higher in the baseline measurement compared to the measurement right after stress 

induction (t(116) = 10.262, p < .001). This seemingly counterintuitive results will be 

further discussed below.  

 

 
Fig. 4. Timeline of cortisol response in different stress conditions divided by 

administration group. 
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5.2. Behavioral Data  

For the main analysis, one participant was excluded from all analyses of the 

REMT due to missing data. As mentioned above, there was one participant in the 

placebo group lacking testosterone data for all timepoints of measurement. This 

participant was therefore excluded from all computations analyzing baseline 

testosterone levels.  

 

5.2.1. RMET  

2 x 3 ANOVA for accuracy showed no significant main effect of group (F(1, 

113) = 1.19, p = .276, ηp² = 0.01) significant main effect of condition (F(2, 113) = 

0.36, p = .694, ηp² = 0.00) and no significant interaction group x condition (F(2, 113) 

= 0.02, p = .974, ηp² = 0.00). Analysis of RTs revealed no significant main effect of 

group (F(1, 113) = 1.04, p = .308, ηp² = 0.00), no significant main effect of condition 

(F(2, 113) = 0.08, p = .922, ηp² = 0.00) and interaction of group x condition (F(2, 113) 

= 2.88, p = .060, ηp² = 0.04) also failed to reach significance.  

 

5.2.2. Emotion recognition task  

The 9 x 2 x 3 within subject repeated measures ANOVA revealed a significant 

main effect of morph level (F(6.72, 766.63) = 150.22, p < .001, ηp² =0.56) but no 

significant interaction of morph level x group (F(6.72, 766.63) = 1.00, p = .426, ηp² = 

0.00) nor morph level x condition (F(13.45, 766.63) = 1.44, p = .130), ηp² =0.02). 

Those results indicate that mean values of accuracy were unequal across the 

different morph levels for both, testosterone and placebo administration group, as 

well as the three stress conditions. Results show a trend in the direction of better 

recognition ability for faces with higher intensity of the shown emotion (See Fig. 5). 

Analysis of summed up accuracy across all morph revealed no significant main effect 

of group (F(1, 114) = 0.00, p = .962, ηp² = 0.00), no significant main effect of 

condition (F(2, 114) = 0.40, p = .667, ηp² = 0.00) and no interaction of group x 

condition (F(2, 114) = 0.03, p = .966, ηp² = 0.00).  
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Fig. 5. Mean accuracy across morph levels  

 

5.2.3. Imitation-inhibition task  

Repeated measures ANOVA revealed a significant main effect of trial type  

(F(1.43, 170.92) = 66.31, p < .001, ηp² =0.35). Pairwise comparisons revealed a 

significant difference between baseline and incongruent trials (p = <.001) and 

between congruent and incongruent trials (p = <.001), indicating a successful 

experimental manipulation. 2 x 3 ANOVA with interference effect in accuracy as 

dependent variable revealed no significant main effect of group (F(1, 114) = 1.08, p = 

.30, ηp² = 0.00), no significant main effect of condition (F(2, 117) = 0.03, p = .971, ηp² 

= 0.00) and no significant group x condition interaction (F(2,14) = 0.73, p =.48, ηp² = 

0.01) Analysis of the interference effect in RTs resulted in no significant main effect 

of group (F(1, 114) = 0.81, p = .367, ηp² = 0.00), no significant main effect of 

condition (F(2, 117) = 0.16, p = .202, ηp² = 0.02) and no significant interaction of 

group x condition (F(2,14) = 0.84, p =.43, ηp² = 0.01).  

 

5.2.4. Perspective-taking task  

Paired sample t-tests for accuracy showed no difference between control 

condition C1 and C2, respectively for selection (t(119) = 1.10, p = .270) and 
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placement (t(119) = 1.48, p = .141) of objects. Also there was no difference between 

the control conditions regarding the RTs for selection (t(119) = -1.00, p = .318) and 

placement (t(119) = 0.90, p = .369) of objects. Further calculations were therefore 

conducted with a mean of C1 and C2. To test for successful experimental 

manipulation, dependent t-test were conducted to compare the control condition to 

the experimental condition, respectively for all dependent variables. For accuracy 

following results emerged: Accuracy in selection of an object in the experimental 

condition was significantly lower than in the control condition (t(119) = -7.72, p < 

.001). The same pattern was found for placement of objects (t(119) = -7.58, p < 

.001). As for RTs, RTs in selection of objects were significantly shorter in the control 

compared to experimental condition (t(119) = 8.09, p < .001). Descriptively, the same 

pattern was found for RTs in placement of objects. Mean RT for placement of objects 

was 601,57ms in the control and 611,91ms in the experimental condition. However, 

this difference was not statistically significant (t(119) = 0.81, p = .416).  

Next, a 2 x 3 ANOVA was conducted with the between-subject factors group 

and stress condition. Analysis of accuracy revealed following results: For selection of 

objects there was no main effect of group (F(1, 114) = 0.06, p = .79, ηp² = 0.00), 

significant main effect of condition (F(2, 117) = 20.41, p < .001, ηp² = 0.25) and no 

significant interaction of group x condition (F(2, 114) = 0.98, p = .377, ηp² = 0.01). For 

placement of objects there was no significant main effect of group (F(1, 114) = 0.28, 

p = .592, ηp² = 0.00) no interaction of group x condition (F(2, 114) = 0.95, p = .389, 

ηp² = 0.01) either, but again a significant main effect of condition (F(2, 117) = 21.04, 

p < .001, ηp² = 0.26). Bonferroni corrected post-hoc comparisons revealed that 

participants in the no-stress condition were significantly less accurate in selecting 

and placing objects than participants in both, the biological and socio-biological 

stress condition (p < .001). For RTs following pattern was found: For selection of 

objects, there was no significant main effect of group (F(1, 114) = 0.00, p =.939, ηp² 

= 0.00), no main effect of condition (F(2, 117) = 2.20, p = .115, ηp² = 0.03)  and no 

interaction (F(2, 114) = 1.26, p = .286, ηp² = 0.02). For placement of objects no 

significant main effect of group (F(1, 114) = 0.07, p = .789, ηp² = 0.00), no main effect 

of condition (F(2, 117) = 0.09, p = .909, ηp² = 0.00), and no significant interaction 

(F(2, 114) = 0.74, p = .479, ηp² = 0.01) was found.  
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5.3. Additional Analyses  

5.3.1. Testosterone administration and 2D:4D ratio  

RMET  

The overall linear regression model for the RMET with the dependent variable 

accuracy reached significance (R² = 0.26, F(3, 15) = 2.80, p = .043), however looking 

at the predictors, neither group (β = .09, p = .278) nor 2D:4D ratio (β = .23, p = .909) 

nor the interaction of group x 2D:4D ratio (β = .00, p = .998) did. This result of an 

overall significant F-Test but insignificant independent t-tests for the predictors seem 

somewhat conflicting and might occur due to high correlations between the predictors 

and the therefrom resulting multicollinearity (Akinwande et al., 2015). Table. 1 shows 

the correlational matrix of the dependent variable and all of the predictors included in 

the regression model. It is evident that there is a very high correlation between 2D:4D 

ratio and interaction of group x 2D:4D ratio (r(120) = .99, p = < .001). Further, 2D:4D 

ratio and accuracy also correlate with each other (r(119) = .24, p = .008). The 

multiple linear regression analysis reveals a very large variance of inflation factor 

(VIF) – a measure using to detect multicollinearity of predictors in a model – for both, 

2D:4D ratio (513.38) and the interaction term (513.38). Considering that this 

regression model contains an interaction term of two predictors, it makes sense that 

the VIF is of such a high value. However, multicollinearity leads to an inflation of the 

standard errors of the coefficients. In turn, increased standard errors mean that for 

some predictors the coefficients may not be significantly different from zero. Thus, 

multicollinearity can make some independent variables statistically insignificant, 

although they might be significant (Akinwande et al., 2015). Excluding the interaction 

of 2D:4D ratio x group from the model increased significance of the overall model (R² 

= 0.26, F(2, 116)= 4.23, p = .017) and lead to a significant main effect of 2D:4D ratio 

(β = .240, p = .008). The main effect of group remained non-significant (β = .089, p = 

.276). As shown in Table 2. and Table 3., the amount of variance explained in the 

first model is the same as in the second model, in which the interaction was 

excluded. However, the adjusted R² is higher in the second model, indicating that the 

simpler model without the interaction has a better model fit.  
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 Group 

2D:4D 

ratio 

Group x 

2D:4D Accuracy 

Group Pearson 

Correlation 

1 ,011 ,011 ,102 

Sig. (2-tailed)  ,907 ,905 ,272 

N 120 120 120 119 

2D:4D 

ratio 

Pearson 

Correlation 

,011 1 ,999** ,242** 

Sig. (2-tailed) ,907  ,000 ,008 

N 120 120 120 119 

Group x 

2D:4D 

ratio 

Pearson 

Correlation 

,011 ,999** 1 ,242** 

Sig. (2-tailed) ,905 ,000  ,008 

N 120 120 120 119 

Accuracy Pearson 

Correlation 

,102 ,242** ,242** 1 

Sig. (2-tailed) ,272 ,008 ,008  

N 119 119 119 119 

 

Table1. Correlations of predictors and dependent variable accuracy 

in the RMET. **Correlation is significant at the 0.01 level (2-tailed). 

 

 

The overall linear regression model for RTs was not significant 

(R² = 0.11, F(3, 115) = 0.47, p = .070). There was no significant main 

effect of group (β = .09, p = .322), 2D:4D ratio (β = 1.38, p = .511) 

and no significant interaction of group x 2D:4D ratio (β = -1.38, p = 

.510). 
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Emotion recognition task  

The overall linear regression model for the emotion recognition task with the 

dependent variable accuracy (summed up across all trials) showed no significance 

(R² = 0.01, F(3, 116) = 0.60, p = .610. Further, the main effect of group did not reach 

significance (β = -0.00, p = .953), nor did the main effect of 2D:4D ratio (β = -2.63, p 

= .209) or the interaction between these two (β = 2.67, p = .202).  

Imitation inhibition task  

The overall linear regression model for the imitation inhibition task with the 

dependent variable interference in accuracy showed no significance (= 0.01, F(3, 

116) = 0.44, p = .720). Further, the main effect of group did not reach significance (β 

= 0.096, p = .301), nor did the main effect of 2D:4D ratio (β = 0.07, p = .971) or the 

interaction between these two (β = -0.02, p = .989). The regression equation of the 

regression model with interference in RT as the dependent variable also was not 

significant (R² = 0.00, F(3, 116) = 0.30, p = .819). The fixed factors group (β = 0.08, p 

 

 

Model R 
R 

Square 
Adjusted R 

Square 

Std. Error 
of the 

Estimate 

Change Statistics 
R Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 ,261a ,068 ,044 3,935 ,068 2,801 2 115 ,043 
 

Table 2. Model summary of the regression analysis for accuracy with the predictors group, 2D:4D and 

group x 2D:4D 

 
 

Model R 

R 

Square 

Adjusted R 

Square 

Std. Error 

of the 

Estimate 

Change Statistics 

R Square 

Change 

F 

Change df1 df2 

Sig. F 

Change 

2 ,261a ,068 ,052 3,918 ,068 4,239 2 116 ,017 

 

Table 3.  Model summary of the regression analysis for accuracy with the predictors group and 2D:4D. 

Significance of the overall model increased after exclusion of the interaction group x 2D:4D but the 

explained variance remained the same.  
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= .375), 2D:4D ratio (β = -0.35, p = .866) and their interaction (β = 0.38, p = .855) 

were not significant predictors of the interference in RTs in the task.  

Perspective-taking task  

For the perspective-taking task, four separate analyses were run with the 

dependent variables accuracy for selection/placement and RTs for 

selection/placement.  

The first model included accuracy for selection as the dependent variable and 

was not significant (R² = 0.00, F(3, 116) = 0.16, p = .920). The fixed factors group (β 

= -0,02, p = .822), 2D:4D ratio (β = 1.36, p = .517), and interaction of group x 2D:4D 

ratio (β = -1.35, p = .521) were no significant predictors of accuracy for the placement 

of objects.  

The second model included accuracy for placement as the dependent variable 

did not reach significance either (R² = 0.00, F(3, 116) = 0.26, p = .853). There was no 

main effect of group (β = 0.04, p = .643), 2D:4D ratio (β = 1.58, p = .452) and no 

significant interaction of group x 2D:4D ratio (β = -1.58, p = .452). 

The third model had RTs for selection as the dependent variable and also 

showed no significance (R² = 0.00, F(3, 116) = 0.06, p = .977). Group (β = -0.00, p = 

.940), 2D:4D ratio (β = -0.86, p = .682) and their interaction (β = 0.84, p = .688) could 

not significantly predict performance in the task regarding the RTs for selection of 

objects.  

The fourth model, analyzing RTs for placement, was not significant (R² = 0.01, 

F(3, 116) = 0.45, p = .713). Neither the fixed factor group (β = 1.58, p = .452), nor the 

2D:4D ratio (β = 1.58, p = .452), nor their interaction (β = 1.58, p = .452) could 

significantly predict the outcome in the dependent variable.  

 

4.3.2. 2D:4D ratio and baseline testosterone  

RMET  

Analysis of accuracy revealed a marginally significant main effect of basal 

testosterone (β = -0.25, p = .052) and a significant main effect of 2D:4D ratio (β = 

0.28, p = .027) (Fig. 6). Analysis of RTs revealed no main effect of basal testosterone 

(β = -.011, p = .394) and no main effect of 2D:4D ratio (β = 0.05, p = .690). 
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Fig.6. The effect of 2D:4D ratio on accuracy in the RMET. Higher ratios (lower 

prenatal testosterone exposure) are associated with more accuracy in the task.  

 

Emotion recognition task  

Neither basal testosterone (β = -.0.02, p = .854), nor 2D:4D ratio (β = -.04, p = 

.725) could significantly predict performance in the emotion recognition task.  

 

Imitation inhibition task  

The linear regression analysis of the interference effect for accuracy revealed 

no significant main effect of basal testosterone (β = -0.14, p = .266) nor 2D:4D ratio 

(β = 0.05, p = .652). Further, basal testosterone (β = -0.14, p = .285) and 2D:4D ratio 

(β = 0.06, p = .641) did not significantly predict the interference effect for RTs. 

 

Perspective taking task  

There was no main effect of basal testosterone regarding the accuracy in 

selection (β = 0.00, p = .983) and placement (β = 0.09, p = .475) of objects. As can 

be seen in Fig. 7, there was a significant main effect of 2D:4D ratio for accuracy in 

selection (β = 0.31, p = .013) and placement (β = 0.29, p = .021). Further, there was 

a main effect of basal testosterone for RTs in selection (β = 0.29, p = .022). Higher 

testosterone levels were associated with longer RTs when selecting an object. The 

direction of the relationship between basal testosterone levels and RTs when placing 

an object was the same but it was not significant (β = 0.22, p = .082). The main effect 

of 2D:4D ratio remained not significant, respectively for RTs in selection (β = -0.06, p 

= .602) and placement (β = -0.05, p = .689). 
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Fig. 7. (A) Effects of 2D:4D ratio on accuracy in selection of objects in the 

perspective-taking task. (B) Effects of 2D:4D ratio on accuracy in placement of 

objects in perspective-taking task. In both cases, higher 2D:4D ratio (lower prenatal 

testosterone exposure) is associated with better performance in the task.  

 

6. Discussion 

 

The first part of the present study investigated how exogenous testosterone 

influences empathic abilities and whether stress interacts with those effects. As an 

additional part, it aimed to shed light on how endogenous levels of naturally occurring 

testosterone as well as prenatal testosterone exposure might be associated with 

empathic abilities. It was expected that administration of a single dose of 

testosterone would lead to an impairment of empathy. Further, it was expected that 

biological and socio-biological stress would interact with those effects. However, 

since there were multiple possible directions in which this interaction might go, this 

part of the study was rather exploratory than confirmatory. Also, since the socio-

biological stress condition was expected to lead to a higher cortisol response, we 

assumed that the biological and socio-biological stressor would differ in their strength 

of interaction, in that the interaction might be more pronounced in the socio-biological 

stress condition. 

Regarding endogenous levels of testosterone, it was expected that higher 

concentrations would be associated with less empathic abilities. As for prenatal 

A B 
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exposure, lower 2D:4D ratios – indicating higher prenatal testosterone exposure – 

were expected to predict lower empathic abilities. Addressing this matter, the way of 

analyzing the data was inspired by two papers described above.  

Hereinafter, results of the hormonal and behavioral analysis will be discussed 

and methodological limitations that could have affected the results will be addressed. 

Ultimately, suggested directions for future research examining the association 

between testosterone, stress and empathy will be discussed. 

 

6.1. Hormone measures 

In line with our expectations, participants in the testosterone administration 

group showed significantly higher levels of testosterone after a single dose of 

testosterone administration at all four time points compared to the ones who received 

a placebo. These results indicate a successful manipulation check to the 

pharmacological testosterone treatment. Concerning stress induction, subjects in the 

biological and socio-biological stress condition showed significantly higher levels of 

cortisol compared to those in the no stress condition. Those results indicate a 

successful experimental manipulation. However, it seems counterintuitive that 

cortisol concentrations of the baseline measurement were higher than concentrations 

during and after the stress induction. This pertains to both, placebo and testosterone 

group, as well as all stress conditions. An explanation for this finding refers to the 

possibility that participants had elevated concentrations of cortisol at the beginning of 

the experiment due to higher arousal on account of the arrival to a hospital spatiality, 

which for most individuals might be a rather unfamiliar or uncomfortable environment. 

The second saliva measurement, taken approximately two hours after the arrival at 

the lab, revealed lower cortisol levels then the baseline measurement, most likely 

due to habituation of the participants to the environment. Nevertheless, it is evident 

that cortisol concentrations elevated significantly in participants that got confronted 

with a stressful stimulus compared to non-stressed participants. Interestingly, 

concentrations of cortisol did not significantly differ in the biological compared to the 

socio-biological stress condition. Contrary to our expectations, the addition of a 

socio-evaluative element did not lead to a significant increased HPA axis response. 

This leads to the assumption that in case of a present interaction between 

administration group and stress condition, the biological and socio-biological stress 

conditions would not necessarily differ in their strength of interaction, as originally 
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postulated through hypothesis 3. However, this assumption would have to be 

confirmed by the behavioral data, discussed in the following.  

 

6.2. Behavioral data 

Results of the analysis of control and experimental trials of the tasks 

measuring self-other distinction – the imitation-inhibition task and the perspective 

taking task – indicate that the experimental manipulation was successful. Both in the 

imitation-inhibition task, as well as in the perspective taking task, the experimental 

conditions significantly differed from the control conditions. One exception was that 

RTs for placement of items in the perspective-taking task were not significantly 

different between the experimental condition and the control condition, however a 

trend in the predicted direction was present. Further, results of the emotion 

recognition task indicate a successful experimental manipulation by showing that 

emotion recognition improved with increased intensity of presented emotion.  

Unlike expected and postulated by hypothesis 1, there was no difference 

between the testosterone and placebo administration group regarding the behavioral 

outcome in the tasks. In the REMT, participants in the testosterone group did not 

differ significantly from participants in the placebo group regarding accuracy and 

RTs. In the emotion recognition task, there was no significant difference in accuracy 

of emotion recognition between the administration groups either. The expected 

negative effects of testosterone administration were also not present in regard to the 

interference effect for accuracy and RTs in the imitation inhibition task. Lastly, there 

was no difference between groups regarding accuracy and RTs in the perspective-

taking task. Those results indicate that, contrary to the expected outcome, 

testosterone administration did not have a negative influence on empathic accuracy 

in the present sample.  

Furthermore, in one of the tasks – the perspective-taking task – we found a 

main effect of stress condition. Stressed men in our sample, both in in the biological 

and in the socio-biological condition, showed better performance in the task than 

non-stressed men in regard to how accurate they selected and placed the objects. 

These results seem contradictory regarding the findings of Tomova et al. (2017), who 

report that stress impaired self-other distinction in men. Our opposing results can be 

carefully interpreted in accordance with statements of the tend-and-befriend 

hypothesis, positing that stress facilitates affiliative behavior. Past research has 
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shown that this behavioral outcome is not only evident in women, but might account 

for men as well (von Dawans et al., 2012). However, since we found this effect only 

in one task, such interpretations should be treated carefully.  

Hypothesis 2 addressed the assumption that cortisol might modulate 

testosterone’s role in empathic behavior. This assumption derives from the 

observation that stress has been shown to have an impact on empathic abilities. 

Following Tomova et al. (2017), stress should lead to a decrease in self-other 

distinction. One assumption derived from this finding is that, following hypothesis 1, 

stress and testosterone together might lead to an even bigger decrease in empathy 

than testosterone alone. On the other hand, literature on the topic of the dual-

hormone hypothesis shows that testosterone and cortisol might jointly modulate 

social behavior, in that testosterone’s influence on behavior is more pronounced if 

concentrations of cortisol are low. This would mean that testosterone would have a 

stronger impact on empathy in the absence of stress. In the present work it was 

expected that a moderating effect of stress on testosterone’s effect on empathy will 

be present while initially being unaware of the direction of the effect. Our data 

however provides no evidence for a present interaction between administration group 

and stress condition, respectively for all tasks and all variables. The data therefore 

neither supplies proof for a stacked up effect of stress and testosterone, nor for the 

dual-hormone hypothesis.  

Since there was no interaction between administration group and stress 

condition, hypothesis 3 can be seen as redundant. Results of the analysis of cortisol 

suggested that, unlike expected, there was no difference between the biological and 

the socio-biological stress condition regarding the cortisol reactivity. Due to this 

finding, the initial assumption that the interaction between group and condition will be 

more pronounced in the socio-biological stress condition – proposed by hypothesis 3 

– might not account after all. Thus, unlike initially proposed by hypothesis 3, it has 

been suggested that the two stress conditions might not differ after all regarding their 

strength of interaction. However, the assumptions about differences in the strength of 

interaction between the stress conditions became superfluous, since no interaction 

was present after all.  

Taken together, our data provided no evidence for an effect of exogenous 

testosterone on empathic abilities and no evidence for an interaction effect between 
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testosterone and stress, therefore neither hypothesis 1 nor hypothesis 2 and 3 were 

confirmed.  

 

6.3. Additional analyses  

The second part of this master’s thesis was inspired by the findings of a study 

by Careé et al., (2015) and a conference contribution by Nitschke et al. (2019). 

Following Careé et al., (2015), the 2D:4D ratio should have a moderating effect on 

the effect of exogenous testosterone on empathy. In their study, they investigated 

this by use of the RMET and found that testosterone administration lead to an 

impairment of accuracy in the task but only in participants with low 2D:4D ratios. The 

analysis of 2D:4D ratio and interaction between 2D:4D ratio and administration group 

in the present study revealed no interaction in any of the tasks but a significant main 

effect of 2D:4D ratio in the REMT. More specifically, the first model that included 

group, 2D:4D ratio and the interaction term as predictors revealed no main effect of 

2D:4D ratio and no significant interaction. Excluding the interaction term in a second 

model, however, lead to a significant main effect of 2D:4D ratio.  

Analyzing the placebo group and including only the 2D:4D ratio as an 

independent variable in a univariate simple regression analysis – as has been done 

in 4.3.2. – caused the 2D:4D to represent a significant predictor for accuracy in the 

REMT and in the perspective-taking task. More specific, in the REMT higher 2D:4D 

ratios, indicating lower prenatal testosterone exposure, were associated with higher 

accuracy in the task. In the perspective-taking task, higher 2D:4D ratios were 

associated with better performance in the task regarding the accuracy for selection 

and placement of objects. In regard to RTs, such an association was not present. As 

for emotion recognition- and the imitation-inhibition task, the 2D:4D ratio did not 

predict performance in the tasks. Taken these results together, participants with 

higher prenatal testosterone exposure seem to have more difficulties inferring an 

emotion, thought, or intention out of the eye region of a face compared to participants 

with lower prenatal testosterone exposure. Further, higher prenatal testosterone 

exposure seems to have a negative influence on how accurate someone can 

disentangle their own perspective from this of another. 

Besides the relationship of prenatal testosterone, Nitschke et al. (2019) also 

refer to a connection between endogenous testosterone levels and empathic abilities. 

Such a connection was in the present investigation only found for RTs in the 
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perspective-taking task, whereby higher levels of testosterone were associated with 

longer RTs for selecting and placing an object. RTs in the perspective-taking task are 

an indicator for how fast someone manages to get in the perspective of the director. 

Slow RTs could therefore stand for impaired self-other distinction, since more time is 

needed to disentangle one’s own view from this of another. Since testosterone is 

expected to have a negative impact on self-other distinction, findings of the present 

work are in line with those expectations, in that higher levels of endogenous 

testosterone were associated with longer time needed to select and place an object. 

However, testosterone levels were not predictive of how accurate participants placed 

the objects. Participants with higher levels of testosterone seem to take longer to 

disentangle their perspective from the director and therefore need longer to select 

and place the object but are not necessarily less accurate in doing so then 

participants with lower testosterone levels.  

To sum up the results from the additional analyses, the findings by Careé et al. 

(2015), suggesting that the amount of prenatal testosterone exposure might have a 

moderating effect on the activational effects of exogenous testosterone on empathic 

abilities was not supported by the present data, therefore hypothesis 4 could not be 

confirmed. Unlike expected, out data provides no evidence for the assumption that 

activational effects of testosterone administration may be influenced by prenatal 

organizational effects of the same hormone. However, qualitatively similar to findings 

of Nitschke et al. (2019), our data provides partial evidence for a direct link between 

the amount of prenatal testosterone exposure and empathic abilities: More prenatal 

testosterone exposure is associated with impaired emotion recognition ability and 

self-other-distinction on the cognitive level. Further, endogenous levels of 

testosterone have been found to be negatively associated with the time needed to 

disentangle one’s own view from this of another.  

 

6.4. Limitations  

Since this work has failed to find the significant effects that would confirm the 

main hypotheses, it is worth looking into possible reasons that might have caused the 

absence of effects of exogenous testosterone and stress on empathic abilities. 

One general limitation of experimental studies in the laboratory is that 

participants know that they are taking part in an experiment. It cannot be entirely 
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ruled out that such knowledge might bias behavior which in turn might interact with 

the treatment.  

In the literature p > .05 is often interpreted as “no effect”. The first part of the 

present work, analyzing the effects of exogenous testosterone and stress on 

empathy failed to reach the significant threshold in all of the tasks. Such a null-finding 

could be interpreted as the absence of the investigated effect. However, an absence 

of the effect in the present sample does not necessarily mean an absence of the 

effect in the population. It is possible that a significant finding was not obtained due to 

the lack of statistical power of the experimental design. In this case, a very large 

effect or more participants in the sample would have been needed for potential 

positive results. Further, in the present work only male subjects were examined, 

leading to the assumption that different results could have been obtained in a female 

sample. Looking back on already existing literature on the topic, most studies up to 

date found causal effects of testosterone on empathy in female samples (Bos et al., 

2016; Van Honk et al., 2011) and only one study found those effects in men (Careé 

et al., 2015), but the fact that we did not find any effects of testosterone 

administration does not necessarily rule out the relationship between exogenous 

administered testosterone and empathy in men. Participants in our study completed 

the empathy tasks approximately three hours after administration. In a report by 

Eisenegger et al. (2013) about the pharmacokinetics of testosterone, a clear 

elevation of hormone concentrations could be registered between three to seven 

hours after administration. While Eisenegger et al. (2013) note that the peak of 

testosterone levels were at 3 hours after administration, they recommend that the 

optimal time point for testing behavioral effects of testosterone are at four and seven 

hours after administration. This leads to the assumption that behavioral effects of 

testosterone in our study might perhaps have been quantifiable after a longer loading 

period of testosterone.  

As for the stress induction, there is no study yet testing whether an elevated 

stress response through the use of the CPT/SECPT has an impact on empathy or 

related social phenomena. Schwabe et al. (2018) state that the cortisol response in 

the CPT/SECPT is typically less pronounced than in more frequently used stress 

induction methods like the Trier Social Stress Test (TSST; Kirschbaum et al., 1993). 

Studies showing significant effects of stress on empathy and related phenomena 

often relate to the TSST as the method of choice (von Dawans et al., 2012; Tomova 
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et al., 2014). Analysis of the stress measure of the present work showed a significant 

difference between stressed and non-stressed participants in cortisol concentrations, 

yet this difference may not have been big enough to show effects on the HPG axis 

that are large enough to have an impact on the behavioral outcome.  

One general concern in research of social neuroscience is the use of tasks 

such as the ones used in the current study for investigating complex phenomena like 

empathy. Empathy, both in the cognitive and the affective domain, requires active 

interaction and participation in social situations with another individual. Tasks like the 

REMT or the perspective-taking task only measure isolated mechanisms of cognitive 

empathy and therefore fail to capture holistic real-life empathic responses. 

Experiments like the present merely give insights in how the neuroendocrine system 

is related to isolated cognitive processes that can be seen as a precursor of social 

behavior. Therefore, more naturalistic approaches are necessarily to draw valid 

conclusions about how neuroendocrine mechanisms are related to empathy in face-

to-face interactions.  

 

6.4. General discussion  

The present study is the first to examine the causal effects of both, 

testosterone and stress on empathic abilities. Most studies thus far have separately 

tested for effects of testosterone and stress on empathic behavior. As for 

testosterone, the majority of studies are correlational, investigating the relationship 

between endogenous testosterone levels and empathic abilities, showing that higher 

levels of testosterone are negatively associated with empathic abilities (Harris et al. 

1996; Ronay & Carney, 2012) . There are fewer studies looking into activational 

effects that testosterone may have on empathy using placebo controlled drug 

administration designs. Those studies reported negative effects of testosterone on 

empathy and mainly included female participants (Bos et al., 2016; Van Honk et al., 

2011). The present work aimed to extend the knowledge about the causal role 

between exogenous testosterone and cognitive empathy in men. Cognitive empathy 

was assessed by using tasks that measure socio-cognitive processes believed to be 

important aspects of cognitive empathic abilities. Contrary to our expectations, none 

of the tasks suggested the hypothesized causal effect of testosterone administration 

on socio-cognitive processes such as emotion recognition and self-other distinction.  
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As for stress, there is a growing body of research showing both positive and 

negative effects of stress on empathy and related social phenomena. However, there 

is no study yet investigating whether those effects might interact with the 

hypothesized negative effects of testosterone on empathy. Therefore, the present 

work represents a try to deepen the knowledge about how testosterone and cortisol 

might jointly modulate behavior through experimentally enhancing concentrations of 

both hormones and observing how they interact with each other with regard to 

empathic behavior. However, the results of the present study could not provide any 

evidence for an interaction effect between cortisol and testosterone. There may be 

other approaches to consider when investigating such interactions. One possibility is 

to look into interactive effects of cortisol and testosterone by considering baseline 

testosterone and baseline cortisol levels as predictors. While this has already been 

considered in the past, a newer approach can be derived from Prasad et al. (2019), 

who investigated the dual-hormone hypothesis in the context of decision making. 

Following their approach, another possibility is to look into possible moderating 

effects of cortisol change – as a response to the stressor – on testosterone’s 

relationship with empathic abilities.  

In terms of naturally occurring levels of testosterone, the only connection that 

was found was regarding RTs in the perspective-taking task, indicating that 

participants with higher basal testosterone needed more time to get into the 

perspective of the other. Nevertheless, interpretations of those findings should be 

treated carefully, since this effect did not account for accuracy in the task and since 

we could not find such an effect in any of the other tasks. Analysis of the 2D:4D ratio 

revealed a relationship between higher fetal testosterone exposure and impaired 

empathic abilities. According to the data, it can be inferred that fetal testosterone 

exposure has an influence on how accurate someone can infer emotions, thoughts 

and intentions of another and how well someone can get into the perspective of 

another. But also in regard to those findings, the interpretation should be treated with 

caution, since these results could be registered only in two out of four tasks. Further, 

it seems peculiar that prenatal testosterone seems to have an influence on emotion 

recognition in the RMET but not in the emotion recognition task and on self-other 

distinction in the perspective-taking task but not in the imitation-inhibition task. Also, 

previous research on the relationship between the prenatal testosterone exposure 

and empathic abilities yielded inconsistent results. While some showed that the 
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2D:4D ratio was negatively associated with empathic abilities such as perspective-

taking and (Manning et al., 2010, Nitschke, 2019), others found positive (Honekopp, 

2012) or no effects (Voracek & Dressler, 2006). Thus, more research on this topic is 

needed to establish how prenatal testosterone relates to different socio-cognitive 

processes involved in empathic behavior.  

One assumption that can be supported by our data is that organizational 

effects and natural levels of testosterone might have a greater impact on modulating 

social behavior than short-time fluctuations in its circulating level (Cueva, 2016). 

Those effects may therefore be stronger and easier to detect in a relatively small 

sample then effects of exogenous testosterone. Exogenous administered 

testosterone is surely useful for drawing causal conclusions, however, it neither gives 

information about long term consequences of naturally higher levels of testosterone 

nor about prenatally organizational effects of testosterone, which has shown to have 

an impact on the early development of the brain, which in turn is related to adult 

female or male typical behaviors (Phoenix et al., 1959). More specifically, literature 

has proposed that exposure to higher levels of prenatal androgens may lead to 

masculinized behavior. The ability to infer emotions or thoughts of another and 

emotionally empathizing with others are shown to be gender dysmorphic, as women 

tend to outperform men in tasks measuring those processes (Baron-Cohen et al., 

2001; Davis 1983). But there might not only be gender differences between men and 

women regarding those abilities, but also interindividual differences within one 

gender. Men and women who were prenatally exposed to higher levels of 

testosterone might show different manifestations of social behavior such as empathy 

then those with lower prenatal testosterone exposure. Carefully interpreting, our 

results yield partial evidence for such a link between prenatal testosterone and 

empathy.  

7. Conclusion 

 

The present master’s thesis sought to contribute to the understanding of the 

neuroendocrinological mechanisms underlying cognitive empathy.  

This study is one of the few studies examining the potential causal role of 

testosterone in modulating processes involved in cognitive empathy in men and it is 

the first to include stress as another factor. First, it was expected that a single dose of 

testosterone will lead to impaired cognitive empathic abilities and that stress will have 
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an impact on this effect. Inferred from our data, it can be concluded that exogenous 

testosterone might not have an impact on mechanisms of cognitive empathy such as 

emotion recognition and self-other distinction and that induced stress does not 

interact with those kind of effects. The main hypothesis of this study therefore could 

not be confirmed. However, these results might be due to methodological limitations 

such as the lack of statistical power or possible deficiency in the experimental 

manipulation of hormone levels. Future research could address those limitations by 

using larger samples, considering other methods to induce stress and choose 

different time-lags between testosterone administration and measurement of 

performance in the tasks.  

Second, cognitive empathy was expected to be associated with prenatal 

testosterone exposure and endogenous testosterone levels. Our study partly 

confirmed this expectation by revealing a positive association between higher 2D:4D 

ratios and better performance in the RMET and in the perspective-taking task and a 

negative relationship between higher endogenous testosterone levels and RTs in the 

perspective-taking task. Results of this thesis indicate that indirect measurements of 

prenatal testosterone exposure should be considered when investigating the 

relationship between neuroendocrinological mechanisms and cognitive processes 

underlying social phenomena such as empathy.  

Socio-cognitive abilities as the one investigated in the present work represent 

only one aspect of the complex phenomenon empathy. It is up to further research to 

determine whether activational and organizational effects of hormones such as 

testosterone and cortisol also account for the affective domain of empathy. For a 

broader understanding of neuroendocrine mechanisms underlying individual 

differences in empathic behavior, future research needs to consider conducting 

studies that capture different aspects of empathy. This is especially important in 

regard to social cognition disorders that are characterized by a lack of empathic 

abilities, both in the cognitive and affective domain, such as psychopathology or 

Autism Spectrum Disorder. It has been observed that those kind of 

neurodevelopmental disorders disproportionately affects males. While it has been 

proposed that fetal testosterone is crucial for the development of many observed sex 

differences, it is still poorly understood what exact mechanisms underlie the gender 

dysmorphic observation of male vulnerability and female protection in regard to 

neurodevelopmental disorders. In order to understand the etiology and in a next step 
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find proper treatments for such disorder it is crucial to determine neurophysiological 

processes involved. 
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