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1. Introduction  
 

Empathy has been defined as the “ability to understand and share in another’s emotional 

state or context’’ (Cohen & Strayer 1996). The variability of empathic skills and dispositions 

has been associated with individual differences in emotional intelligence and social 

competence among healthy populations (Knafo et al. 2008). In psychiatric conditions, 

specific empathic deficits are the hallmark of Autism Spectrum Disorders (ASD, Baron-

Cohen et al. 1985) and Antisocial Personality Disorders (APD, Dolan et al. 2004). Empathic 

deficits also occur as secondary symptoms in other conditions like the Attention Deficit and 

Hyperactivity Disorder (ADHD, Maoz et al. 2014), depression (Cusi et al. 2011) and 

schizophrenia (Shamay-Tsoory et al. 2007).  

 

The clinical relevance of empathy has resulted in a growing body of empirical research into 

the biological substrates of individual differences in trait empathy. Neuroimaging studies 

have identified neural endophenotypes associated with the empathic phenotypes measured 

by psychometric tests (Banissy et al. 2012, Haas et al. 2013). Genetic variations have been 

found to interact with an individual’s social environment by influencing the neuroplastic 

processes involved in the emergence of such neural endophenotypes (Tost et al. 2010, 

Brüne 2012).  

 

Studies with monozygotic and dizygotic twins found a heritability of trait empathy between 

one third and just below 50% (Zahn-Waxler et al. 1992), suggesting a considerable 

influence of disposition. Due to the abundant evidence linking the oxytocin system to 

attachment and social affiliation in humans, polymorphisms of the oxytocin receptor (OXTR) 

gene have been in the focus of interest in studies exploring genetic determinants of empathy 

(Feldman et al. 2012).  

 

This thesis presents a published study associating a common OXTR gene polymorphism 

(rs53576) with dispositional empathy (Huetter et al. 2016) in the context of a comprehensive 

review of neuropsychological and genetic empathy research.  

 

It was the objective of the review and of the critical analysis of the genetic association study 

to identify research gaps and methodological challenges of current genetic empathy 

research and to derive suggestions for possible future directions concerning research topics 

and methodology.  
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1.1. Psychological construct, measures and relevance of empathy 

As empirical research and meta-analytic studies on empathy are presently impeded by 

inconsistent definitions of the tested empathy construct (Cuff et al. 2014), the historical 

development and the current consensus concerning the semantic scope of empathy are 

first elaborated. On this basis, the Interpersonal Reactivity Index (IRI, Davis 1980, 1983), 

which was the psychometric measure of empathy used in the genetic association study, is 

analysed for compatibility with the current state of research. Furthermore, the relevance of 

empathy for explaining normal and pathological variations in social emotion and behaviour 

is outlined.   

 

1.1.1 Development of the psychological construct of empathy 

Although the Greek root of the word empathy, ἐμ-πάθεια, meaning feeling into, suggests a 

long history of the term, the current psychological usage of empathy is of comparatively 

young origin. The concept goes back to the German verb sich einfühlen, which was first 

used in a technical sense as an aesthetic category in the epoch of Romanticism (Stueber 

2017). It designated a non-analytic way of comprehending the beauty of nature or of an 

artwork and was used to delineate the difference of such an emotional understanding of 

aesthetic objects to the empirical approach to nature and art emerging at that time. Based 

on this verb, German aestheticians Rudolf Hermann Lotze (1817-1881) and Robert Vischer 

(1847-1933) coined the noun Einfühlung, which was first transformed into a psychological 

concept by German philosopher and psychologist Theodor Lipps (1851-1914). Lipps 

extended the meaning of the word from the concept of projecting one’s feeling into 

inanimate aesthetic objects to the process of projecting these feelings into fellow human 

beings. In this sense, Einfühlung was thought to promote interpersonal understanding by 

an act of ‘inner imitation’ of the perceived state of another person (Lipps 1907). This early 

psychological concept of Einfühlung thus bears a striking resemblance to the current 

simulation theory of empathy (Stueber 2017) postulated by the proponents of the mirror 

neuron theory (Iacoboni et al. 1999). In 1909, American experimental psychologist Edward 

Bradford Titchener (1867-1927) took up this meaning and coined the psychological term 

em-pathy as a loan translation of the German Ein-fühlung. This introduction of the term 

marked the entry of the empathy concept into academic psychology and empirical research 

(Stueber 2017).  

 

Hence, two major strands of research emerged: One group of researchers conceived of 

empathy as a predominantly cognitive capacity. For example, Hogan defines empathy as 
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“the intellectual or imaginative apprehension of another’s conditional state of mind” (Hogan 

1969). Although tests of dispositional cognitive empathy like the Hogan Empathy Scale 

(ibid.) were developed within this research direction, the main methodological emphasis lay 

on defining variables such as sex, intelligence and environment as influencing factors of 

empathy and on measuring empathic performance (Stueber 2017). A commonly used test 

of cognitive empathic performance is the Reading the Mind in the Eyes Test (RMET, Baron-

Cohen et al. 1997) developed in the context of ASD research. The test measures the degree 

of accuracy with which individuals identify emotional expressions in pictures of persons’ eye 

regions. Performance in the RMET is considered to be an instance of the cognitive empathic 

process of forming a Theory-of-Mind (Baron-Cohen et al. 1985) rather than of emotional 

empathic resonance. The term Theory-of-Mind was coined by Premack and Woodruff 

(1978) and denotes the metarepresentational capacity of attributing mental states to oneself 

and to other persons, while understanding that one’s own internal states are not identical 

with those of the other persons. This so called mentalizing activity, which appears in the 

course of the second year of a child’s life and is found to be deficient in ASD patients (Baron-

Cohen et al. 1985), has been shown to be a constitutive part of empathy and empathy-

related neural networks (Schnell et al. 2011).   

 

Another strand of research focused on empathy as a predominantly emotional process. 

Stotland defines empathy as “an observer’s reacting emotionally because he perceives that 

another is experiencing or is about to experience an emotion” (Stotland 1969). A commonly 

used test of emotional empathy is the Questionnaire Measure of Emotional Empathy 

(QMEE) by Merhabian & Epstein (1972). Traditionally, this research tradition was more 

concerned with dispositional traits, developmental influences and behavioural outcomes 

such as prosocial actions and compliance with social norms (Stueber 2017).  

 

Since the 1980s, these research trends were increasingly unified under an emerging 

multidimensional construct of empathy, represented by Davis’ Interpersonal Reactivity 

Index (IRI, Davis 1980, 1983). The IRI measures four distinct aspects of self-reported 

cognitive and emotional empathy which are conceived to be personality traits based on 

distinct internal processes.  

 

In the NCBI Medical Subjects Headings (MeSH) ontology (MESH 2017), Empathy belongs 

to the superordinate Psychiatry and Psychology category of Behavior and Behavior 

Mechanisms. Here, it is listed as a subcategory of the Personality trait of Intelligence, more 

specifically of Emotional Intelligence, which is comprised of the three entries Empathy, 

Emotional Adjustment and Motivation. While empathy had previously (1966-1970) been 
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indexed as an instance of Emotions in the MeSH ontology, the new allocation reflects the 

research-based development of the empathy construct as a multidimensional mechanism 

involving aspects of cognition and emotion, personality and social behaviour. This 

differentiation of empathy into several distinct domains has become the basis of research 

into specific empathic deficits in different psychiatric conditions (see chapter 1.1.4) and into 

the identification of distinct neural (see chapter 3.1) and genetic substrates (see chapter 

3.2) of the various subdomains of empathic disposition. 

 

1.1.2 Definition of empathy for empirical research 

Notwithstanding the progress that has been made in the differentiation of the empathy 

construct, empirical research currently uses partly inconsistent definitions of empathy. 

Moreover, the comparability of results is limited due to a frequent conceptual confusion with 

neighbouring terms such as sympathy, compassion and emotional contagion (Cuff et al. 

2014). Especially considering the growing body of research into biological substrates of 

empathy, a precise understanding of the constructs associated with the respective 

biological differences is the basis of further meta-analyses.  

 
Cuff et al. (2014) analysed 43 different definitions of empathy used in empirical research 

and identified scientific consensus in the following seven dimensions: 

 

1. Cognitive and affective empathy: supported by evidence from neuroimaging 

studies, cognitive and affective aspects of empathy are commonly seen as 

functionally different, but overlapping processes. 

 
2. Congruence of experience: empathy is seen to imply a certain degree of 

identification of the observer with the observed, resulting in the subjective 

experience of “feeling with” another person. This quality of resonance distinguishes 

empathy from the neighbouring concept of sympathy which is characterised by the 

lack of congruent feelings, based on the perception that the other person's situation 

is clearly distinct from one's own (“feeling for” instead of “feeling with”). As empathy, 

sympathy is, however, also associated with an inclination to help, for example by 

making a donation to a charity. It is often used similarly to the concept of compassion 

which also denotes a wish to help others without being emotionally identified with 

their situation.  
 
3. Empathy eliciting stimuli: the elicitation of empathic reactions is seen to be 

potentially independent of the presence or existence of the object of empathy. 



 

 

11 

Empathic reactions have been shown to be elicitable intentionally by imagining the 

situation of remote other persons or of fictional characters. Empathy is, therefore, 

seen as a predominantly internal process, relying on personal memories, personality 

and other factors. While most of the research on empathy focuses on negative 

experiences of others, empathic reactions have been shown to comprise reactions 

to positive situations of others as well (Eisenberg 1986). This is also a limitation of 

the IRI test used in the genetic association study, which exclusively refers to 

negative situations of others.  

 

4. Distinction between self and others: Although empathy, in contrast to sympathy, 

requires a certain degree of identification, the awareness of the external source of 

the feelings caused by it is seen to be constitutive to empathy. This criterion sets 

empathy apart from the neigbouring concept of emotional contagion, which a person 

experiences who is infected by the mood of other persons, without noticing the 

external source of his feelings. While empathy and emotional contagion seem to rely 

on the same neural circuits, marked differences in the degree of activation of the 

involved structures have been shown, with empathy resulting in a weaker activation 

(Jackson et al. 2006). 
 
5. State and trait empathy: empathic reactions of an individual are considered to be 

influenced both by factors of current state and dispositional trait. Morphological 

studies (Bainissy et al. 2012) have provided evidence for the existence of neural 

endophenotypes (Haas et al. 2013) representing individually different empathic 

dispositions. However, situational states arising from factors such as the degree of 

similarity (Eklund et al. 2009) and the valuation of the perceived person (Batson et 

al. 2007) have also been shown to influence empathic reactions considerably.  

 

6. Behavioural outcome of empathy: behavioural outcome in the sense of 

supportive action for others is commonly considered to be an optional feature of 

empathy. Especially personal distress, described as the self-oriented feeling of 

stress caused by the perception of another person's misfortune is reported to result 

in a tendency to avoid the unpleasant situation rather than to help another person 

(Davis 1983).  

 

7. Automaticity and consciousness: empathy is considered to consist of both 

automatic embodied reactions, especially in the case of emotional empathy, and of 

cognitive processes, enabling an understanding of the situation of others and of 
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one's own reactions to it. This cognitive appraisal modulates emotional resonance 

by exerting executive top-down control. 

 

Summarizing these seven consensus concepts of empathy in current research, Cuff et al. 

suggest the following definition for empirical studies: 

 

“Empathy is an emotional response (affective), dependent upon the interaction between 

trait capacities and state influences. Empathic processes are automatically elicited but are 

also shaped by top-down control processes. The resulting emotion is similar to one’s 

perception (directly experienced or imagined) and understanding (cognitive empathy) of the 

stimulus emotion, with recognition that the source of the emotion is not one’s own" (Cuff et 

al. 2014, p. 150). 

 

1.1.3 Empathy psychometrics: the Interpersonal Reactivity Index (IRI) 

Davis’ Interpersonal Reactivity Index IRI (Davis 1980, 1983) is a psychological measure of 

self-reported empathy. It consists of a 28-item questionnaire containing seven items for 

each of the four dimensions of empathy tested. In line with the consensus criteria of 

empathy formulated by Cuff et al. (2014), the four dimensions comprise of cognitive as well 

as emotional aspects of empathy (criterion 1).  

 

The main subscale of cognitive empathy is perspective taking (PT), describing a 

dispositional “tendency or ability of the respondent to adopt the perspective, or point of view 

of other people” (Davis 1980, p.6). A perspective taking item is: “I try to look at everybody's 

side of a disagreement before I make a decision.” This dimension reflects the criterion of 

partial identification between the observer and the observed (criterion 2) and of the 

distinction between self and others (criterion 4).  

 

The fantasy (FT) scale denotes “a tendency of the respondent to identify strongly with 

fictitious characters in books, movies, or plays” (Davis 1980, p.6). Davis attributes it to the 

emotional dimensions of empathy due to its stronger correlations with the QMEE, 

(Merhabian & Epstein 1972) and its comparatively weak correlations with the cognitive 

Hogan Empathy Scale (Hogan 1999, Davis 1983). In current research, however, fantasy is 

frequently considered to be the second cognitive dimension of empathy, although reasons 

for this attribution have not been discussed (Rogers et al. 2007, Wu et al. 2012). As the FT 

items clearly contain questions with a perspective taking focus (“When I watch a good 

movie, I can very easily put myself in the place of a leading character”) and with an 
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emotional focus (“I really get involved with the feelings of the characters in a novel”), both 

cognitive and emotional empathic responses are intermingled in this dimension. Evidence 

form a neuroimaging study that found a significant positive correlation between FT scores 

and grey matter volume (GMV) in the dorsolateral prefrontal cortex (dlPFC, Bainissy et al. 

2012), may, however, suggest a greater involvement of cognitive processes. The FT 

dimension is compatible with the notion that empathy eliciting stimuli are not restricted to 

the perception of other physically present persons, but are a predominantly arising from 

internal process which can also be elicited by imaginary stimuli (criterion 3).   

 

Clearly emotional dimensions of the IRI are empathic concern (EC) and personal distress 

(PD). The empathic concern scale represents other-oriented empathy in the sense of “a 

tendency for the respondent to experience feelings of warmth, compassion and concern for 

others undergoing negative experiences” (Davis 1980, p.6). Although the EC dimension has 

been shown to be associated with a tendency for prosocial action (see chapter 1.1.4), 

behavioural outcome is not queried in the EC items, which is compatible with the criterion 

of optional behavioural outcome (criterion 6). However, a weakness of the IRI is, that 

emotional empathy with positive experiences of others is not part of the construct (criterion 

3).  

 

Personal distress (PD) describes a tendency to experience “feelings of discomfort and 

anxiety when witnessing the negative experiences of others” (Davis 1980, p.6), resulting in 

a tendency of avoiding the unpleasant situation rather than providing help. In Davis’ (1980, 

1983) normative samples, PT is negatively correlated with PD. This suggests that the 

involved dissociation of first- and third-person perspective (criterion 4) modulates the 

degree of emotional involvement by inhibiting automatic emotional reactions (criterion 7).  

 

In summary, the IRI is still compatible with the current consensus definitions extracted from 

empirical empathy research by Cuff et al. (2014), with the exception that it does not test for 

empathy with positive emotions of others.  

 

1.1.4 Relevance of empathic phenotypes for psychology and psychiatry 

The relevance of empathy for individual and collective development has been shown in a 

number of studies. From an evolutionary perspective, empathy has been discussed as a 

key mechanism promoting the cooperative behaviours which are constitutive of the 

formation and survival of socially living species (de Waal et al. 2008). Research in human 
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developmental psychology has associated empathic abilities with positive outcomes such 

as altruistic behaviours and the observance of social standards in children (Aksan & 

Kochanska 2005, Knafo et al. 2008). Especially the degree of IRI empathic concern was 

found to correlate with cooperation and social competence in childhood and adolescence 

(Eisenberg & Miller 1987, Zhou et al. 2002). In adults, both empathic concern and 

perspective taking were shown to have a positive impact on relationship quality (Joireman 

et al. 2002), conflict resolution skills (de Wied et al. 2007) and other aspects of the 

psychosocial functioning level.  

 

While these studies show a considerable degree of normal variation in dispositional 

empathy in the general population, a number of medical conditions are characterised by 

specific deficits in social-emotional reciprocity. An understanding of disease-specific 

impairments in certain empathic subdomains are now seen to be essential for developing 

targeted psychotherapeutic and pharmacological treatments (Cuff et al. 2014). 

 

Deficits in dispositional empathy have been extensively studied in the context of ASD, 

especially in HFA and Asperger patients. Results of IRI based research suggest that 

empathic deficits in these populations mainly pertain to the cognitive empathy scale of 

perspective taking while the empathic concern scores do not significantly differ from healthy 

controls (Cuff et al. 2014). However, the personal distress score was found to be higher 

than average (Rogers et al. 2007). These results are compatible with the abovementioned 

negative correlation of perspective taking and personal distress reported by Davis (Davis 

1980, 1983). In contrast, general emotional arousability and socially desirable answer 

tendencies were reported to be unaffected in ASD patients (Dziobek et al. 2008).  

 

As opposed to ASD, conditions involving antisocial and aggressive personality traits are 

mostly associated with only subtle differences in the cognitive domain of empathy compared 

to healthy controls (Dolan et al. 2004), but are characterised by marked differences in 

affective and sympathetic responsiveness to other person’s negative emotions (Seidel et 

al. 2013). In children, low emotional responsiveness was associated with bullying behaviors 

(Gini et al. 2007). In parents classified as being at a high risk for child abuse, lower empathic 

concern and higher personal distress scores were found compared to low-risk parents 

(Perez-Albeniz et al. 2003). These results corroborate Davis’ (Davis 1980, 1983) distinction 

of empathic concern and personal distress as two functionally independent aspects of 

empathy.  
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Likewise, the understanding of characteristic empathic deficits in attention deficit disorders 

might contribute differential diagnostic information. Maoz et al. (2014), for example,  found 

that children suffering from Attention Deficit Hyperactiviy Disorder (ADHD) had lower total 

IRI scores and especially lower fantasy scores than patients with a simple Attention Deficit 

Disorder (ADD).  

 

In contrast, more global empathic deficits are found in depression and schizophrenia. 

Patients suffering from a Major Depressive Disorder (MDD) reported significantly reduced 

IRI empathy scores, both in the cognitive (perspective taking) and in the emotional 

(empathic concern) domain (Cusi et al. 2011). Schizophrenic patients also exhibited marked 

impairments in cognitive as well as emotional empathy, with an association of the degree 

of empathic deficits with the occurrence of negative symptoms (Shamay-Tsoory et al. 2007).  

 

1.2 Oxytocin as a prototypical biological determinant of empathy 

Genetic empathy research has mainly focused on variations in the genes associated with 

the neurohypophyseal nonapeptide hormone oxytocin (OT) and, to a lesser extent, 

arginine-vasopressin (AVP). Within the oxytocinergic variations, polymorphisms of the 

oxytocin receptor (OXTR) gene range most prominently. The OXTR rs53576 single 

nucleotid polymorphism (SNP) is the most frequently analysed genetic variation in empathy 

research (for details, please refer to chapter 3.2). In this chapter, the OT and OXTR genes 

and proteins, their physiological and psychological functions and their relevance for 

empathy and prosocial disposition will be described. The chapter will conclude with recent 

findings that suggest an overestimation of the role of oxytocin in the face of the emerging 

knowledge about a polygenetic determination of empathy and of gene by environment 

interactions.  

 

1.2.1 The nonapeptide hormones oxytocin and arginine-vasopressin 

Both oxytocin (OT) and arginine-vasopressin (AVP) are structurally similar, consisting of 

nine amino acids with two disulfide-linked Cystein residues and an amino acid sequence 

differing only at residues 3 and 8.  
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OT 
H- 

Cys Tyr Ile Gln Asn Cys Pro Leu Gly 
NH2 

AVP Cys Tyr Phe Gln Asn Cys Pro Arg Gly 
OT = oxytocin, AVP = arginine-vasopressin, H = hydrogen, Cys =Cysteine, Tyr = Tyrosine, Ile = Isoleucine, 
Phe = Phenylalanine, Gln = Glutamine, Asn = Asparagine, Pro = Proline, Leu = Leucine, Gly = Glycine,  
NH2 = amidogen of the amino group.  
 

While OT has a well-documented role in inciting labour and promoting milk ejection, AVP 

has antidiuretic and vasoconstrictive effects. Apart from these primary physiological 

functions, both hormones also function as neurotransmitters in the brain and have been 

associated with differences in social preferences and behaviour (Meyer-Lindberg et al. 

2011). With respect to empathy, current research suggests a complementary social function 

of the two hormones. Whereas intranasal OT administration leads to enhanced emotion 

recognition in the RMET and prolonged gazing time in the eye region (Bakermans-

Kranenburg et al. 2013, Meyer-Lindberg et al. 2011), intranasal AVP administration resulted 

in a significant, sex-specific reduction in the recognition of negative emotions in men 

(Uzefovsky et al. 2012). Moreover, Uzefovsky et al. (2015) found that common 

polymorphisms of the OT and AVP receptors were associated with emotional and cognitive 

and emotional empathy respectively.  

 

1.2.2 Oxytocin expression and functions  

The oxytocin gene is located on chromosome 20 (location: 20p13), spanning approximately 

3,6 kbp (NCBI Gene 2017). It encodes the oxytocin/neurophysin I prepropeptide (OXT), an 

inactive oxytocin precursor (Summar et al. 1990), including neurophysin I as its carrier 

protein. OXT is primarily expressed in the magnocellular neurons of the paraventricular and, 

to a lesser extent, the supraoptic nucleus of the brain's hypothalamus. The axonal 

projections of these neurons extend to the posterior pituitary gland (neurohypophysis), 

forming the hypothalamo-hypophyseal tract. Along this tract, OXT is axonally transported 

by it's carrier to the posterior pituitary. On this way, OXT's structure is modified by 

progressive enzymatic cleavage. The mature OT peptide product is stored, together with 

it's neurophysin I carrier, in dense-body vesicles (Hering bodies) at the axon terminals in 

the posterior pituitary and in glial pituicytes. Depolarization of the paraventricular neurons 

causes the release of the oxytocin-neurophysin dimer into the plasma by exocytosis. As the 

plasma is less acidic than the neurosecretory granulae in the axon terminals, OT-

neurophysin binding strength is reduced and neurophysin I is removed from OT by 

proteolysis. This way, the active nonapeptide reaches the pituitary capillaries and the 

systemic circulation (Gimpl & Fahrenholz 2001). 

S - S 
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OT concentration and OT receptor (OXTR) densities in various tissues. OT 

concentration in the hypothalamus has been shown to be between 100 and 1000 times 

higher than the peripheral plasma concentrations (Ludwig & Leng 2006). High 

concentrations of OT and OXTR, however, are found in a variety of peripheral tissues. In 

females, these tissues comprise the uterus, the ovary and the corpus luteum, the placenta, 

and mammary tissues (Wathes & Swann 1982, Fields et al. 1983). In males, OT and OXTRs 

are found in the testicular Leydig cells and in the prostate gland (Guldenaar & Pickering 

1985). In both sexes, they are also present in tissues outside the reproductive tract. Among 

them are the adrenal medulla, the pancreas, the heart, the thymus and abdominal 

adipocytes (Ang & Jenkins 1984, Amico et al. 1988).  

 

Physiological and psychological OT functions. OT's name (Greek ὠκύς = quick and 

τόκος = birth) goes back to it's uterotonic activity. OT concentrations in the amnion rise in 

the last trimenon of pregnancy. A physical stimulus for OT release is the stretching of the 

cervix and uterus, where OT causes the contraction of smooth muscles, finally inducing 

labour and parturition. Likewise, OT release is stimulated by breastfeeding, causing milk-

ejection from the mammary glands (Chiras 2012). In men, OT has been shown to play a 

part in the ejaculation reflex (Gimpl & Fahrenholz 2001). Furthermore, a variety of 

psychosocial stimuli has been associated with OT release. Among them are stress, 

maternal and other bonding behaviours, especially those involving mutual trust and the 

activation of empathic responses to others (see the references quoted below). 

 

1.2.3 Prosocial and proempathetic effects of oxytocin 

Evidence for the prosocial effect of OT mainly comes from studies applying intranasal OT 

administration, which has been shown to enter the central nervous system and, thus, to 

have an effect on OT-modulated signal transduction in the brain (Born et al. 2002). OT 

administration has shown significant associations with enhanced facial memory (Savaskan 

et al. 2008), perspective taking (Domes et al. 2007), interpersonal trust (Kosfeld et al. 2005) 

and generosity (Zak et al. 2007). Hurleman et al. (2010) found a differential effect of OT 

administration on emotional, but not on cognitive empathy. The authors report that OT 

administration raised emotional empathy scores of males to those commonly found in 

females. In a meta-analysis on intranasal OT application in clinical and nonclinical groups, 

Bakermans-Kranenburg (2013) found a significant combined effect size (d=0.57; N=68; 

95% CI: 0.15-0.99; P<0.01) of OT on empathy-related abilities in trials with autistic patients. 

Radke and Bruijn (2015) reported an interaction between empathic accuracy in the RMET 
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and the IRI empathic concern scale, with low empathic concern participants exhibiting 

greater improvements in empathic accuracy after OT compared to placebo administration.  

 

1.2.4 Oxytocin receptor (OXTR) expression and functions 

In humans, the OXTR is expressed in a number of structures, with the endometrium, the 

ovary and the brain being the most important structures concerning mRNA reads per 

kilobase per million mapped reads, i.e. the copy numbers, normalized by the length of each 

mRNA and the depth of sequencing (RPKM, Fagerberg et al. 2014). Expression sites in the 

brain include the hypothalamus as the key oxytocinergic region, the mesocorticolimbic 

pathways (Ross et al. 2009), the substantia nigra as well as attentional and sensory 

structures like the nucleus basalis Meynert, the superior colliculi and the trapezoid body, 

where OXTR activation is considered to induce visual and auditory attention to socially 

relevant cues (Freeman et al. 2014).  

 
The OXTR gene and OXTR-related signal transduction. The OXTR gene is located on 

chromosome 3 (gene locus 3p25–3p26.2). It is composed of four exons and three introns 

and spans approximately  21 kbp. The OXTR is a 389-amino acid polypepdide with 7 

transmembrane domains. It is functionally coupled to a heterotrimeric guanine-binding 

protein (G protein) with a Gαq/Gα11 family α-subunit (Gimpl & Fahrenholz 2001). This α-

subunit activates phospholipase C-b (PLCb) as its main effector of signal transduction. 

PLCb catalyzes the cleavage of phosphatidylinositol 4,5-biphosphate (PIP2) into 

inositol(1,4,5)trisphosphate (IP3) and diacylglycerol (DAG), which both function as second 

messengers. IP3 causes Ca2+ release by binding to IP3 receptors of intracellular stores 

such as the endoplasmatic reticulum and thus influences the calcium signaling in the 

neuron, modulating neuronal excitability and the release of neurotransmitters. The 

concurrent activation of Ca2+/calmodulin-dependent kinases (CAMKs) triggers 

phosphorylation of transcription factors and thus influences gene transcription and protein 

synthesis. In peripheral tissues, for example in the uterus, CAMKs lead to a contraction of 

smooth muscles by activation of myosin light-chain kinase. DAG activates protein kinase C 

(PKC). In the central nervous system, PKC activation has been especially associated with 

the excitation of specific serotonergic (5-HT2A, Barre et al. 2016) and glutamatergic 

(NMDA, Jalil et al. 2015) receptors, thus contributing to arousal, learning and memory 

formation.  
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1.2.5 The rs53576 SNP: the most frequently studied determinant of empathy 

A number of OXTR single nucleotid polymorphisms (SNPs) have been associated with 

empathy (for an overview, see chapter 2.2.2.8). Of the 229 studies reporting associations 

between OXTR SNPs with empathy-related phenotypes, 59 studies refer to the rs53576 

SNP, 40 to the rs2254298 SNP, 16 to the rs1042778 SNP and 11 to the rs237887 SNP. The 

other 28 OXTR SNPs that have been associated with empathy are reported by one to nine 

studies. In current empathy research, the rs53576 polymorphism is, therefore, the most 

extensively studied single genetic determinant of empathy.  

 

The rs53576 SNP is a silent guanine / adenine transition in the third intronic region of the 

OXTR gene at position 8762685 (GRCh38.p7): 

 
5’ -AAAGGTGTACGGGACATGCCCGAGG[A/G]TCCTCAGTCCCACAGAAACAGGGAG -3’ 

(sequence form from the NCBI VariationViewer, Homo sapiens:GRCh38.p7) 

 

A great number of studies have shown effects of rs53576 genotype on individual 

socioemotional differences in general and on differences in empathy in particular. In 

general, the 'strong' G-allele is linked with better performance with regard to empathy and 

other aspects of sociality compared to the A-allele (Li et al. 2015). It is, therefore, commonly 

assumed, that the G-homozygous genotype is the most efficient genotype concerning 

OXTR expression and OT sensitivity of the OXTR (Marsh et al. 2012, Chen et al. 2015, 

Feng et al. 2015), whereas the A-allele is considered to be the 'weak' allele, associated with 

a risk of less favourable outcomes in the development of empathy and with an increased 

vulnerability for empathy-related conditions by allele-dosage (for details, please refer to 

chapter 3.2.3.2).  

 

1.2.6 Beyond oxytocin: a polygenetic, multifactorial determination of 
empathy 

Recently, it has been suggested "that an overemphasis on one neuropeptide (oxytocin), 

combined with a failure to distinguish between different social domains, has obscured the 

complexity involved" in the determination of dispositional empathy (Pearce et al. 2017). In 

fact, a number of genetic variations, especially in the dopaminergic (Poletti et al. 2013, 

Uzefovsky et al. 2014, Ben-Israel et al. 2015) and serotonergic systems (Gyurak et al. 2013, 

Gong et al. 2015), but also in genes encoding b-endorphin (Pearce et al. 2017) and a variety 

of other molecules (see chapter 3.2) have been associated with empathy, some of which 
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interact with the rs53576 SNP (Bakermans-Kranenburg et al. 2008) and other oxytocinergic 

polymorphisms (Sauer et al. 2013). These findings, along with the small effect size 

correlations between zero and r=0.19 found in a meta-analysis by Bakermanns-Kranenburg 

(2014) for the two OXTR SNPs most prominently associated with empathy and other 

aspects of sociability (rs53576 and rs2254298), suggest a polygenetic determination, the 

extent of which might be partly obscured by the large body of research on oxytocinergic 

variations. Moreover, the fact that associations are frequently only observed for combined 

genotype effects within haplotypes (Wu et al. 2005) or gene by gene interaction clusters 

(Bakermans-Kranenburg et al. 2008, Sauer et al. 2013), constrains the etiological 

contribution of a single genetic variation to the emergence of empathic phenotypes. Another 

factor that adds complexity to the picture is the demonstrably strong influence of gene by 

environment interactions. These interactions, which mediate protective or adverse effects 

of genotype on empathy-related developmental outcomes have raised doubts on the 

applicability of the concept of 'strong' or 'weak' alleles in this context (Bürne et al. 2012). 

Finally, a number of studies associating OXTR SNPs with empathy have found sexually 

dimorphic genotype effects (Tost et al. 2010, Moons et al. 2014, Yim et al. 2016), which 

may be due to an interaction of the oxytocin system with male and female gonadal steroids 

(MacDonald et al. 2012). These results suggest that the understanding of genetic 

determinants of empathy is still in its infancy and that a systematic review of the current 

state of research is needed in order to derive sustainable conclusions for future research 

from an analysis of the genetic association study in the second part of this thesis.  

 

1.3 Necessity and objectives of a systematic research review  

This thesis presents a review of genetic and neuropsychological empathy research, 

preceding the analysis of an empirical study on the associations between the OXTR 

rs53576 SNP and self-reported empathy measured by the IRI. The necessity of the review 

became obvious from the specific methodological challenges of genetic empathy research 

which emerged in the course of the presented study and of a consecutive study at the 

Institute for Pharmacogenetics, which is currently awaiting publication.  

 

Among these challenges are the inconsistency of the empathy concept used in empirical 

research (see chapter 1.1.2) and a possible bias of genetic research towards frequently 

studied, especially oxytocinergic, variations, which may obscure the view on novel areas of 

genetic empathy research. It was, therefore, the objective of the review to explore the 

following perspectives, based on an analysis of the current state of research: 
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1. Perspectives towards objectifying psychological measures of empathy against 
neural correlates. Despite all efforts towards a clearer definition of the empathy 

construct and of the psychometry based on it, genetic empathy research associates 

genotypes as objective independent variables with empathy scores as dependent 

variables largely based on subjective self-assessment. Furthermore, this self-

assessment is elicited by questions derived from a psychological construct under 

continuous scholarly construction. Standardisation of empathy definitions for empirical 

research (see chapter 1.1.2) can only amend this unequal validity of associated 

variables to a limited extent. In this context, evidence on neural correlates of empathy 

could offer the perspective of increasing the degree of objectivity in empathy research 

by supplementing psychometric data or by modifying the underlying psychological 

constructs according to the current knowledge about neural endophenotypes. 

Moreover, the search for genetic determinants of empathy could become more targeted 

based on evidence about neural circuits of empathy and their predominant systems of 

neurotransmission. In chapter 3.1, research on neural correlates of empathic processes 

is evaluated. A special focus is placed on the distinction between cognitive and 

emotional empathic processes and on possible neural substrates of the four empathy 

dimensions of the IRI test used in the genetic association study presened in part 2 of 

this thesis. 
 
2. Perspectives towards completing the map of genetic determinants of empathy 

and their interactions. The identification of genetic variations associated with empathy 

largely progresses by accident. Clusters of research have formed around OXTR 

polymorphisms, with rs53576 and rs2254298 (59 and 40 empathy-related studies 

respectively) currently leading the charts of genetic empathy research. However, 30 

other OXTR polymorphisms have been associated with empathy and its related 

psychological constructs or psychiatric conditions and there are no reasonable grounds 

to assume that, among the 1.607 OXTR SNPs listed in the NCBI Variation Viewer, the 

most relevant empathy-related SNPs have already been identified. Known functional 

interactions between oxytocin and other molecules such as arginine-vasopressin, 

serotonin and dopamine are about to extend the focus of genetic empathy research 

beyond the OXTR. In chapter 3.2.2, 42 genes and 99 polymorphisms that have so far 

been associated with empathy, including 32 OXTR SNPs are presented as a result of a 

systematic query. These findings have implications for the interpretation of the small 

effect sizes of single variations and may make the search for white spots on the map of 

genetic determinants of empathy and their mutual interactions more targeted. 
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3. Perspectives towards a systematic control for confounding variables in genetic 
empathy research. In chapter 3.2.3, research on the association of OXTR rs53576 

genotype with socioemotional phenotypes is presented. Research on gene by 

environment interactions for phenotypic outcome is evaluated, especially concerning 

the influence of social experience in early life. As this research suggests that the 

common dichotomy of 'weak' and 'strong' alleles does not adequately reflect the 

outcomes associated with rs53576 genotype, these results can raise the awareness 

concerning the protective or pathogenic effects of a genotype-related heightened 

empathic sensitivity, depending on the quality of an individual's personal experience. 

This framework can help to explain contradictory results in association studies, to 

identify psychometric tests that can control for environment and thus to make research 

results more consistent in the future. In chapter 3.2.4, research on the influence of sex, 

which is another frequent source of inconsistent results in studies associating genotype 

with empathy, is analyzed. This research points to the moderating role of different levels 

of sex steroids on the genotype effects associated with individual differences in 

empathy.  
 
4. Perspectives towards the integration of epigenetic regulation into genetic 

empathy research. In chapter 3.2.5, research on associations between rs53576 

genotype and DNA-methylation is presented. This research addresses the unresolved 

question of the molecular effective mechanisms underlying the association of intronic 

polymorphisms, which leave the protein unaffected, on psychological and behavioural 

phenotypes as well as neural endophenotypes. The analysis of DNA-methylation along 

with genotypes is presented as an option for genetic empathy research.  
 

Implications of the research review are discussed in chapter 4. The genetic association 

study is presented and analysed in part 2 of this thesis (chapters 5 to 7).  
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PART 1: SYSTEMATIC RESEARCH REVIEW 
 

2. Materials and methods of the research review 

2.1 Research databases 

The material for the research review was acquired by searching the following databases:  

• PubMed (https://www.ncbi.nlm.nih.gov/PubMed/) 

• Gene (www.ncbi.nlm.nih.gov/gene/) 

• Variation Viewer (www.ncbi.nlm.nih.gov/variation/view/), with dbSNP as the 

Variation Viewer source database.  
 
PubMed search was the primary source of information. As PubMed search alone proved 

insufficiently reliable due to the fuzziness of the terms used to refer to empathy in research 

reports (see chapter 1.1.2), the other databases were used in a complementary way. In 

order to keep the focus on the association of genetic variations with dispositional empathy 

as the major topic of this thesis, the systematic queries concentrated on studies reporting 

gene by empathy associations. The corpus of research literature thus acquired already 

included most of the research concerning the other variables such as the neural correlates 

of empathy or gene by environment interactions. Additional queries for neural correlates, 

endocrine effects and epigenetic regulation were made where necessary. Other additional 

literature was acquired from the reference sections of the respective papers. 

 

2.2 Systematic search for genetic determinants of empathy 

Exploratory PubMed analysis and PubMed search targeting. A first rough PubMed 

search with the expression "empath*" (including empathy, empathic, empathize, empathise 

etc.) AND genetic*" (including genetic genetics, genetical, genetically etc.) was made, 

resulting in 469 records which were manually analyzed for relevance. On this basis, more 

precise search terms were defined for the concepts of "genetic variations" and for the 

"empathy" concept: 

 

Search terms for the concept of "genetic variations": The preliminary PubMed search 

had shown that the term "genetic*" was too broad and produced many irrelevant results, 

e.g. papers incidentally mentioning that genetic influences are assumed to be involved, but 

not specifying any genetic variations. The following terms were found to identify studies 
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examining genetic variations more reliably: allele, polymorphism, SNP, genotype, 

haplotype. 
 

Search terms for the concept of "empathy": In order to identify relevant studies as 

completely as possible despite of the fuzzy terminology used in research, a list of unique 

words was compiled from a text corpus comprising the titles, abstracts and keywords of the 

469 empathy-related studies found in the rough search and from the 43 definitions of 

empathy quoted by Cuff et al. (2014). The list was compiled with a public domain Visual 

Basic macro (Wyatt 2016). From this corpus, the terms most frequently used to refer to the 

concept of empathy were extracted. Ambiguous terms leading to irrelevant search results 

such as "affiliation" (mostly used for authors' institutional affiliation rather than denoting 

personal attachment) were excluded.  
 

Search syntax and results: Based on the corpus research, PubMed was searched with 

the following syntax:  
(altruism OR altruistic OR compassion OR compassionate OR compassionately OR empathetic OR 
empathic OR empathise OR empathize OR empathizing OR empathy OR mentalizing OR prosocial OR 
sociable OR sociality OR sociobehavioral OR sociocognitive OR socioemotional OR sympathy OR „theory 
of mind“ OR vicarious OR vicariously) AND (allele* OR genotype* OR SNP OR SNPs OR polymorphism* 
OR haplo*) 

 

Wildcard search was avoided in some cases, because the PubMed search engine truncates 

search results for frequently used terms such as "gene*" at 600 records, limiting the scope 

of raw data from which the intersection is created by the search engine. The search resulted 

in 608 records, which was almost six times the number of records found when using 

"empathy" (empath*) alone before the AND operator. The 608 records were exported to 

EndNote, manually evaluated for relevance and categorized according to the associated 

genes.  

 

Identification of empathy-related genes in the Gene database. A complementary search 

for empathy-related genes was conducted by searching the NCBI Gene database for the 

Medical Subjects Headings (MeSH) term "empathy". Using the search syntax defined for 

the PubMed query was not meaningful here, as most terms are not defined in the Gene 

search engine or are automatically substituted (e.g. "compassion" by "compression"). 20 

genes were found to be associated with empathy. Of note, these 20 genes did not contain 

all of the genes identified in the PubMed search, but showed seven genes that were not 

found in the PubMed search. The PubMed entries related to the 20 genes were retrieved 

from the bibliography section of the full report for the respective Homo Sapiens gene 

records. All 12.166 PubMed records related to the 20 genes were exported to EndNote and 
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then searched by the empathy-related search terms defined above, resulting in 115 

empathy-related records.  

 

Search for OXTR polymorphisms in the Variation Viewer. Due to the focus of this thesis 

on a common OXTR polymorphism, a more fine-grained analysis was conducted in order 

to identify other empathy-related OXTR SNPs. All known 1.607 OXTR SNPs were extracted 

from the dbSNP database within the NCBI Variation Viewer (Homo sapiens:GRCh38.p7, 

GCF_000001405.33) and exported to MS Excel together with their PubMed entries. 44 of 

1.607 OXTR SNPs were linked to PubMed references. The linked 328 studies were 

exported to EndNote and manually evaluated for associations with the empathy concept. 

32 of 44 OXTR SNPs had been associated with empathy-related concepts in research. All 

SNPs were localized and mapped to a true-to-sequence model of the OXTR gene and its 

exons and introns. 95 relevant PubMed studies were exported to an Endnote Database.  

Merging of search results, data consolidation and selection. EndNote databases of all 

searches were merged, duplicates were removed, and records were manually analyzed 

and categorized according to their genetic associations. This resulted in a total of 652 

records, which were manually analyzed for relevance. All papers exclusively studying 

empathy-like behaviours in animals such as maternal care in mammals were excluded. 

Likewise, genetic variations exclusively linked to rare conditions like the Angelman 

Syndrome were excluded.  

 

As a result, 187 studies containing 348 references to empathy-related genotypes 
were analyzed. Variations in 42 genes and 99 genetic variations were found to be 
associated with empathy-related phenotypes or neural endophenotypes.  
 

All analyses are based on the complete PubMed, Gene, and Variation Viewer datapools as 

of 31st August 2017.  
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3. Results of the research review 

3.1 Neural correlates of empathy and the influence of genetic 
variations on the emergence of neural endophenotypes 

3.1.1 Neural networks involved in empathy 

So far, neuroscientific empathy research has identified two distinct processes as probable 

neural correlates of empathy. While emotional empathy circuits largely consist of 

viscerosensitive and visceromotor brain structures and show a strong functional 

intercorrelation with the activity of the autonomous nervous system, cognitive processes 

greatly rely on higher cortical structures of the brain (Raz et al. 2014).  

 

Autonomous nervous system. More specifically, emotional empathy has been associated 

with automatic processes based on the visceromotor reaction to the perceived situation of 

others, thus leading to an automatic embodied simulation of their putative emotional states 

(Raz et al. 2014). In this context, the role of individual differences in sympathetic excitability 

is receiving increased attention as a biomarker of empathic disposition (Critchley et al. 

2009).  

 

Anterior insular cortex (AIC). The automatic interoceptive processing of largely implicit, 

early-stage perceptions is effected by viscerosensitive afferences into the anterior insular 

cortex (AIC). Meta-analyses of 40 (Fan et al. 2011) and of 47 (Gu et al. 2013) empathy-

related fMRI studies revealed a consistent bilateral activation of the AIC. Gu et al. found 

bilateral AIC activation under the conditions of empathy for pain, empathy for negative 

emotions and empathy for positive emotions. Furthermore, the analysis revealed a 

distinctive activation pattern of left and right AIC, differentiating the valence of perceived 

emotions. While the right AIC was activated by the perception of other persons’ pain or 

negative emotions only, the left AIC was activated by the perception of emotions of either 

valence. The AIC thus functions as a limbic sensory area mediating between autonomous 

and emotional arousal (Medford & Critchley 2010). It projects to the anterior cingulate cortex 

(ACC), from where information is selectively forwarded to higher order cognitive and 

executive networks (Raz et al. 2014).  

 

Fronto-Cingulate-Network. Along with the bilateral AIC activation, the abovementioned 

meta-analysis by Fan et al. (2011) also found an activation of a network consisting of the 

dorsal anterior cingulate cortex (dACC), the anterior mid-cingulate cortex (aMCC), the 

adjacent dorsomedial prefrontal cortex (dmPFC) and the supplementary motor area (SMA). 
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These networks connect evaluative appraisal of other people’s situations with executive 

functions and action preparation. Within this process, the anterior cingulate cortex (ACC) 

has been described to constitute a switch between the automatic, default-mode processing 

of information and the explicit processing on the level of the central executive network (CEN, 

Siridharan et al. 2008, Gu et al. 2013). As opposed to the immediate emotional resonance 

enabled by the first stages of the empathic process, the executive processing steps are 

associated with mentalizing activities, cognitive top-down control moderating the emotional 

empathic reaction and by the emergence of a stimulus for possible prosocial action. In this 

sense, the ACC functions a s limbic motor structure, translating emotional arousal into 

cognitive awareness and executive action planning (Craig 2009).  

 

Empathy as a function of the automaticity of signal transduction. Of note, Rameson 

et al. (2012) actually found associations between medial prefrontal cortex (mPFC) activity, 

self-reported empathic experience and helping activity documented in a diary of helping 

behaviours. Moreover, high cognitive load, which reduced empathic feelings and actions 

along with mPFC activation in participants with low dispositional empathy, left these 

parameters unaffected in participants with high dispositional empathy. These results 

suggest, that the bottom-up transmission of empathy-related information via AIC-ACC-PFC 

projections might be characterised by a somewhat greater automaticity in persons with 

higher trait empathy (Rameson et al. 2012).  

 

Functionally coupled, but independent networks of emotional and cognitive 
empathy. In contrast with previous results, Gu et al. (2013) did not find a consistent co-

activation of the ACC with the AIC, corroborating the hypothesis of two distinct circuits of 

cognitive and emotional empathy, which are co-active at times, but not automatically linked 

with regard to their neural activity. While the insular activity seems to be a prerequisite of 

empathic responses, with AIC lesions leading to a marked empathic insensitivity (Gu et al. 

2013), ACC activity has been shown to be causally dependent on left AIC afferences 

(Siridharan et al. 2008).  

 

Validation of empathy tests on the basis of neural endophenotypes. The identification 

of neural correlates of empathy has been the basis of association studies correlating 

individual differences in psychometrically tested empathy with individual measures of neural 

activity, morphology and connectivity. This also allows to validate tests like the IRI against 

measured data. For example, a voxel-based-morphometry (VBM) study (Eres et al. 2015) 

found differences in grey matter volume (GMV) associated with cognitive and emotional 

empathy respectively, measured by the Questionnaire of Cognitive and Affective Empathy 
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(QCAE). Singer et al. (2004, 2006) showed associations between the IRI empathic concern 

score and insular activation in two fMRI studies. Motomura et al. (2015) studied associations 

between participants’ IRI scores and feedback-related negativity (FRN), an event-related 

potential (ERP) arising from the ACC. They found a significant negative correlation between 

FRN and personal distress and a marginal positive correlation between FRN and empathic 

concern in a feedback task. These studies contribute to an emerging neural endophenotype 

approach to empathy. 

 

3.1.2 Neural endophenotypes associated with individual differences in 
empathy 

Neural endophenotypes related to dispositional empathy (Haas et al.  2013) have been 

found to involve individual differences in local neurotransmitter concentrations, regional 

cerebral blood flow, grey matter density, local functional connectivity and wide-range resting 

state functional connectivity.  

 

Local differences in neurotransmitter concentrations associated with IRI empathy 
scores. Consistent with the role of the AIC as a neural substrate of empathy, Wang et al. 

(2014) found significant correlations between the emotional IRI scores of empathic concern 

as well as personal distress and gamma-aminobutyric acid (GABA) concentrations in the 

AIC in a proton magnetic resonance spectroscopy (PMRS) study. Likewise, Montag et al. 

(2008) found significant correlations between glutamate concentrations in the dorsolateral 

prefrontal cortex (dlPFC) and the cognitive IRI perspective taking scores.  

 

Morphological differences associated with IRI empathy scores. Interestingly, Banissy 

et al. (2012)  found differences in grey matter density associated with the individual IRI 

scores. In line with the established role of the ACC as a switch between implicit and the 

explicit processing, higher grey matter volume (GMV) in the ACC was positively correlated 

with perspective taking scores. The fantasy score was positively correlated with GMV in the 

right dorsolateral prefrontal cortex (r dlPFC), supporting the practice of classifying fantasy 

as an instance of cognitive empathy in recent research (Rogers et al. 2007, Wu et al. 2012) 

as opposed to Davis (1980, 1983) original classification. The emotional personal distress 

score was positively correlated with left AIC GMV and negatively correlated with GMV in 

the somatosensory cortex, corroborating its attribution to highly automatic viscerosensitive 

processes. Surprisingly, empathic concern scores showed a negative correlation with GMV 

in the left AIC, the left precuneus and the left ACC. Although the questions loading on 
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empathic concern in the IRI exclusively target reactions to negative emotions of others, 

which are predominantly correlated with right AIC activation (Gu et al. 2013), these results 

suggest a more complex mechanism underlying empathic differences, which cannot be 

sufficiently explained by individual differences in local morphology alone.  

 

Differences in connectivity associated with IRI empathy scores. Of note, empathic 

concern has already been associated with differences in wide-range brain connectivity, thus 

extending the focus of research from local morphological correlates of empathy to 

differences in neural network properties. Parkinson & Wheatley (2014) studied associations 

of IRI scores with individual differences in white matter microstructure. Results showed that 

empathic concern scores positively correlated with high levels of fractional anisotropy (FA) 

in infralimbic pathways which connect perceptional, emotional and behavioral structures. 

Other structures exhibiting associations of FA with empathic concern include the superior 

longitudinal fasciculus which connects perceptive regions in the superior temporal lobe with 

action-related structures of the inferior frontal lobe and the corticospinal tract (CST) which 

connects the cortex with the somatic motor system. Interestingly, the CST has been shown 

to exhibit increases in excitability through the experience of emotions and through action 

observation in persons with high dispositional empathy (Lepage et al. 2010). These findings 

add further plausibility to the above mentioned concept of a visceral simulation process 

implied in emotional empathy.  

 

Electrophysiological differences associated with IRI empathy scores. Electro-

physiological correlates of dispositional empathy have been found in studies using event-

related potentials (ERPs) and electroencephalography (EEG). In a ERP study, Choi & 

Watanuki (2014) found that total IRI score correlated with the early and the late portions of 

the late positive potential (LPP) in reaction to human faces as opposed to inanimate objects, 

indicating that higher trait empathy is associated with more attention two human faces. 

These results are compatible with research that has linked genotypes associated with more 

dispositional empathy to better empathic accuracy in the RMET (Lucht et al. 2013). The 

LPP, which is mainly derived from central and parietal structures, has been shown to be 

indicative of the emotional salience of negative and positive stimuli (Keil et al. 2002). It has 

also been associated with an interaction of bottom-up with top-down processes (Moratti et 

al. 2011) consistent with those postulated for the neural networks of empathy. While the 

early portion of the LPP (300 to 600 ms after stimulus onset) reflects obligatory automatic 

information processing as it is found in the viscero-insular emotional empathy circuit, the 

later portion of the LPP (600 to 800 ms after stimulus onset) reflects more elaborate, 
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conscious processes as they are involved in the fronto-cingulate networks enabling 

perspective taking and other cognitive aspects of empathy (Choi & Watanuki 2014). 

 

3.1.3 Mirror neurons: links between empathy and oxytocin-dependent brain 
activity 

A theory of inner simulation akin to the embodied simulation theory of empathy. The 

concept of mirror neurons has been proposed by Rizzolatti and colleagues in the 1990s 

(Rizzolatti 2001) and has hence become a popular theory both in scientific research and in 

the general public. Rizzolatti and colleagues had identified neurons in the F5 premotor 

region of the macaque brain which was found to be responsive to motor actions of the 

animal as well as to the observation of these actions in other individuals. While the F5 area 

is known to be involved in action planning, similar biresponsive neurons were later identified 

in other brain structures such as the intraparietal sulcus, encoding sets of possible 

interactions with objects (ibid.). It has been proposed that mirror neurons are a neural 

substrate of the internal simulation of the external world. This makes the concept of mirror 

neurons akin to the concept of automatic embodied-simulation postulated by current 

neuroscientific empathy research (Raz et al. 2014). In fact, a considerable part of empathy 

research has embraced the concept of mirror neurons as a framework for explaining 

empathy (Gallese & Goldman 1998, Preston & de Waal 2002, Decety 2002, Decety 2004).  

 

Imaging studies associate the activity of mirror neuron areas with IRI scores. Indirect 

evidence of mirror neuronal activity in humans is often found in fMRI and MEG studies of 

empathy-related structures, including the AIC, the ACC and the ventral prefrontal cortex. 

These structures show a concordant activation when participants experience actions and 

emotions or observe the same actions and emotions in others (Morrison 2004, Botvinick et 

al. 2005, Jabbi et al. 2007, Gazzola et al. 2006, Molenberghs 2012). Two fMRI studies found 

associations between IRI scores and putative mirror neuron activity. In an object grasping 

task, Kaplan and Iacoboni (2006) found associations between the IRI empathic concern 

score and the activity in the inferior frontal gyrus (IFG) which is considered to be a major 

component of the mirror neuron system. In an fMRI study, Gazzaola et al. (2006) searched 

for brain structures that respond both to the execution of an action and to listening to the 

sound of that action. They found auditory mirror neuron activity in a multimodal left 

hemispheric circuit involving parietal, temporal and premotor areas. The activity in this 

circuit was the strongest in persons with the highest scores in IRI perspective taking.  
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Inner imitation and emotional resonance measured by deep electrodes in humans. 
As opposed to imaging studies, which define particular brain regions as a putative 

component of the mirror neuron system, only studies employing depth electrodes, for 

example conducted during epilepsy surgery, make a direct observation of mirror neuron 

activity possible. To date, the most direct evidence of simulation and empathy-related mirror 

neuron activity was found by Mukamel et al. (2010) who sourced extracellular activity from 

1177 neurons in midline frontal and temporal areas from patients watching or executing 

hand grasping actions and emotional expressions. They found that a significant part of the 

neurons in these structures responded both to the execution and the observation condition. 

Apart from the fact that these results were the first direct evidence of mirror neuron activity 

in humans, they suggest that mirror neurons might not only be a correlate of action 

simulation but also of the emotion simulation involved by empathic reactions to other 

people.  

 

Sensitivity to mu suppression in the EEG as a possible biomarker of empathy. Mirror 

neuron-related individual differences in empathy have also been studied by applying 

electrophysiological measurement. In EEG studies, especially the suppression of mu 

oscillations (8-13 Hz) over sensory and motor areas has been associated with both mirror 

neuron activity and trait empathy. Mu power is usually suppressed when individuals execute 

an action themselves and also when they observe the execution of the action by another 

person, which suggests that mu suppression is an indicator of the internal simulation 

processes concordantly postulated mirror neuron and empathy theorists. In line with these 

assumptions, Oberman et al. (2005) found that patients with high-functioning autism 

exhibited mu suppression in the execution, but not in an observation condition, while healthy 

controls showed mu suppression in both conditions.  

 
Oxytocin application enhances mu suppression. In a study applying intranasal oxytocin 

(OT) administration, Perry et al. (2010) found that mu suppression could be enhanced in 

participants receiving OT as opposed to placebo. These results suggest that mu 

responsiveness may be an indicator of empathy and that there is a probable link between 

mirror neurons, empathy and the oxytocin system. In fact, OT treatment has been 

suggested for conditions characterised by empathy deficits such as ASDs (Bakermans-

Kranenburg 2013) and the OT system has been a prominent subject of research into the 

genetic correlates of individual differences in trait empathy.  
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3.1.4 Empathy-related neural endophenotypes associated with the rs53576 
SNP 

Haas et al. (2013) presented evidence that the phenotypic effects of variations in the OXTR 

gene may be due to the impact of these variations on the individual development of brain 

structures involved in empathy such as the ACC. They propose an endophenotype 

approach conceptualising genetic variations as factors influencing the plasticity of brain 

structures involved in empathic perception, emotional reaction, perspective taking and 

prosocial behaviour. This approach is supported by research associating the rs53576 

polymorphism with individual differences in brain activation and morphology. Table 1 shows 

a summary of research on associations between rs53576 genotype and neural 

endophenotypes.  

 
Table 1: Associations between OXTR rs53576 genotype and neural endophenotypes 

Structure Endophenotype Study 

ACC and OFC 
Associations between rs53576 and rs1042778 genotypes, 
positive parenting and hemodynamic response to child 
stimuli in the anterior cingulate cortex (ACC) and in the 
orbitofrontal cortex (OFC) in an fMRI study. 

Michalska et al. 2014 

Reward circuits, 
ventral striatum 

Lower striatal dopamine transporter (DAT) availability in 
rs53576 G-allele carriers in a Single Photon Emission 
Computed Tomography (SPECT) study. Higher DAT 
availability in A-homozygotes with low peripheral OT levels 
was correlated with high neuroticism scores in the Maudsley 
Personality Inventroy (MPI). 

Chang et al. 2014 

Association between Childhood Trauma Questionnaire 
(CTQ)  scores and grey matter volume (GMV) reductions in 
the ventral striatum in GG-homozygotes, but not in A-allele 
carriers. The GMV reductions correlated with decreased 
(prosocial) reward dependence.  

Dannlowski et al. 2016   

amygdala and 
PFC-amygdala 
top-down 
inhibition 

G-allele carriers as opposed to A-homozygotes with a high 
childhood trauma score showed an enhanced amygdala 
reactivity to emotional faces. 

Dannlowski et al. 2016   

In G-homozygotes as opposed to A-allele carriers, low 
childhood attachment security was associated with higher 
attachment-related anxiety and alexithymia, higher 
amygdala GMV and lower GMV in bilateral frontal lobes and 
other structures involved in cognition and executive 
regulation. 

Schneider-Hassloff et 
al. 2016 

Increased harm avoidance, lower bilateral amygdala volume 
and reduced resting state functional connectivity between 
the amygdala and the prefrontal cortex in A-homozygotic 
women compared to female G-allele carriers. 

Wang et al. 2014 

hypothalamus 
morphology and 
hypothalamic 
connectivity. 

Increased functional correlation between the amygdala and 
the hypothalamus in male A-allele carriers. Higher 
hypothalamus GMV in G-homozygotes and an allele-load 
dependent decrease in hyothalamic GMV in A-allele 
carriers, which in turn predicted lower prosocial 
temperament scores in men in the Tridimensional 
Personality Questionnaire (TPQ) 

Tost et al. 2010 

ACC: anterior cingulate cortex. OFC: orbitofrontal cortex. PFC: prefrontal cortex.  
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rs53576 Genotype effects in the circuit of emotional empathy. These results indicate 

that the rs53576 polymorphism may preferentially affect the circuit of embodied emotional 

empathy. The amygdala, whose capsular and central portions have a high density of 

OXTRs (Tost 2010, Inoue 2015) is closely interconnected with the hypothalamus. While 

excitatory efferents from the amygdala to the hypothalamus translate aversive emotional 

arousal into autonomous and endocrinal activation, oxytocinergic stimulation of the 

amygdala inhibits these efferences (Tost et al. 2010). Notably, neurons of the anterior 

insular cortex (AIC) innervate the viscera through projections via the amygdala to the 

hypothalamus (Gu et al. 2013), thus connecting higher order viscerosensitive structures 

with autonomous visceromotor and endocrine structures of the brain. Moreover, rs53576 

genotype may affect inhibitory top-down control of the emotional empathy circuit by central 

executive structures such as the PFC.   

 

 

3.2 Genetic determination of empathy 

3.2.1 Heritability of dispositional empathy 

Notwithstanding the strong impact of developmental conditions throughout childhood, 

adolescence and later adult life, genetic disposition is of considerable influence on the 

emergence of empathic phenotypes (McDonald & Messinger 2011). Longitudinal studies 

with monozygotic and dizygotic twins found a heritability of empathy trait between one third 

and just below 50% (Zahn-Waxler et al. 1992, Knafo et al. 2008, Pełka-Wysiecka et al. 

2012.) These studies found that the association between the variance of empathy and 

heritability increased with age, suggesting a predominance of dispositional factors with the 

diminishing influence of socialization. However, affective aspects of empathy such as 

empathic concern or unresponsive emotional indifference proved to be more heritable than 

cognitive aspects of empathy like perspective taking (Parkinson & Wheatley 2014). These 

findings are compatible with the association of affective empathy with more automatic 

processes in the limbic system and the association of cognitive empathy with conscious, 

executive processes in cortical structures (see chapter 3.1.1), which are more amenable to 

neuroplastic changes throughout the lifespan. 
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3.2.2 Genetic variations associated with individual differecnes in trait 
empathy 

The following genes and variations with an influence on dispositional empathy have been 

identified by the systematic search procedure defined in chapter 2. Figure 1 shows a 

summary of references to empathy-related genotypes for the respective substance classes:  

 

 
Fig 1: Number references to empathy-related genotypes reported across 187 studies.   
5-HT: elements of the serotonergic system. DA: elements of the dopaminergic system.  
AVP: arginine-vasopressin related genes, OT: oxytocin related genes 
 

3.2.2.1 Variations in amino acid neurotransmitters  

Table 2 shows variations in the glutamatergic and GABAergic system. Of note, glutamate 

availability in the dlPFC and GABA availability in the AIC have been linked with individual 

differences in cognitive and emotional empathy respectively (see chapter 3.1.2). GABA and 

glutamate receptor polymorphisms might contribute to these differences by influencing 

receptor expression and sensitivity.  
 
Table 2: Empathy-related glutamatergic and GABAergic variations 
gene variant associations 

GRIK3 Ser310Ala Temperament and Character Inventory (TCI) scores in helpfulness, compassion 
and cooperativeness (Minelli et al. 2009).  

GABRA6  rs13183266  Baron-Cohen Empathy Quotient (Chakrabarti et al. 2009) 

GABRB2 rs187269 Psychosis in schizophrenia and altruism in healthy individuals (Tsang et al. 
2013) 

GABRB3 rs2873027  Baron-Cohen Empathy Quotient (Chakrabarti et al. 2009). Asperger syndrome 
(Warrier et al. 2013) 

GRIK3 is the gene encoding the glutamate ionotropic receptor kainate type subunit 3, a ligand activated 
glutamate receptor of the kainate family. GABRA6, GABRB2 and GABRB3 are gamma-aminobutyric acid type 
A receptors with an alpha 6, beta 2 and beta 3 subunit.1  

                                                

 
1 Information in the legends of tables 2-10 were retrieved and summarized from the respective records of the NCBI 
Gene database (www.ncbi.nlm.nih.gov/gene/).  
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3.2.2.2 Variations in monoamine neuromodulators and oxidases  

Variations within the serotonergic system are shown in Table 3. The most extensively 

studied variation is a polymorphic region (5-HTTLPR) of the serotonin transporter gene 

(SLC6A4). The short allele, which is associated with lower serotonin uptake levels and lower 

transcriptional efficiency of the serotonin transporter has been associated with individual 

sensitivity to the social environment and, specifically, to facial expressions, which points to 

a moderating role of this variation in social perception. 

  
Table 3: Empathy-related serotonergic variations 
gene variant associations 

HTR1A C(-1019)G Theory of Mind (ToM) in schizophrenia (Bosia et al. 2011) 

HTR2A T102C  Perspective taking, personal distress (IRI) and autistic-like traits (Gong et al. 
2015) 

HTR2C Cys23Ser Machiavellianism in schizophrenics and healthy controls (Alfimova et al. 2015)  

SLC6A4 5-HTTLPR 

Maternal sensitivity (Bakermans-Kranenburg & van Ijzendoorn 2008). ERP-
reaction (FRN) to and punishment of perceived unfairness (Enge et al. 2017). 
Personal distress reacting to empathy-inducing video clips (Gyurak et al. 2013). 
Moderation of the effect of maternal sensitivity on childrens' academic and 
social competence (Kochanska et al. 2011). Recognition of negative facial 
expressions and risk of depression (Kruijt et al. 2014). Attention bias to positive 
vs. negative facial expressions (Perez-Edgar et al. 2010). Imitation behaviours 
in toddlers (Schroeder et al. 2016). Prosocial behaviour vs. avoiding to help due 
to social anxiety (Stoltenberg et al. 2013). Susceptibility to parental caregiving 
styles (Sturge-Apple et al. 2012).  

The 5-hydroxytryptamine receptor 1A, 2A, 2C genes (HTR1A, HTR2A, HTR2C ) encode G-protein-coupled 
serotonin receptors. The solute carrier family 6 member 4 (SLC6A4) gene encodes a sodium-dependent 
serotonin transporter, recycling serotonin from the synaptic space to the presynaptic neuron. The 5-HTTLPR is 
a polymorphic region within the SLC6A4 gene. ERP: event related potential. FRN: feedback related negativity, 
an ERP sourced from the ACC.  
 

Table 4 shows empathy-related variations in the dopaminergic system. The most 

extensively studied variations are a common valine to methionine mutation at position 158 

of the gene encoding the catechol-o-methyl-transferase (COMT), an enzyme involved in 

the degradation of dopamine, and a 7-repeat allele in the dopamine receptor D4. Moreover, 

Gong et al. (2014) found that the -1021 C/T polymorphism of the gene encoding Dopamine-

beta-hydoxylase (DBH), an enzyme catalyzing the conversion of dopamine to 

norepinephrine, is both associated with empathic accuracy measured in the RMET and with 

the empathic concern scale of the IRI. These results add plausibility to the hypothesis, that 

individual differences in empathic concern might originate in a dispositionally increased 

attention to the eye region, thus enhancing empathic accuracy (Meyer-Lindberg et al. 2011). 

Moreover, these results underline the important role of the dopaminergic system in 

empathy-related processes. Even the pro-empathetic effects of oxytocin can be partly 

explained with reference to the considerable functional interconnections of dopaminergic 

and oxytocinergic pathways in the brain. Collaterals of paraventricular oxytocinergic 

neurons innervate neurons in the mesocorticolimbic pathway, including the ventral 
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tegmental area (VTA) in the brainstem, and the nucleus accumbens in the ventral striatum. 

This functional coupling of the oxytocinergic and dopaminergic systems is considered to 

add motivational salience and reward value to empathic responses and affiliative 

behaviours (Ross et al. 2009). 
 
Table 4: Empathy-related dopaminergic variations 
gene variant associations 

COMT rs4680, 
Val158Met 

ToM dysfunction in schizophrenia (Alfimova et al. 2013). Cooperativeness 
(Baeken et al. 2014). Dopaminergic midbrain activation by prediction errors 
concerning trustworthiness (Diaconescu et al. 2017). ToM, communication and 
social functioning in schizophrenia (Bassett et al. 2007). Interpersonal distress 
and empathy processing in the ACC in schizophrenia (Poletti et al. 2013). 
Altruism and donation to a charity in healthy individuals (Reuter et al. 2011). 
Epistasis effect on CD38 genotype on amygdala activation by social stimuli, 
eliminated by intranasal OT (Sauer et al. 2013). Emotional deficits in 
schizophrenia (Tylec et al. 2010). Reduced fear empathy and increased 
aggression in ADHD patients (van Goozen 2016) 

 rs2020917 Cognitive ToM performance (Xia et al. 2012)  rs737865 
 rs5993883 Affective empathy (Xia et al. 2012) 

DAT DAT VNTR 

Learning of other persons' prosocial preferences after 300 mg L-DOPA 
improved in 10/10R with lower endogenous striatal dopamine and impaired in 
9/10R with higher striatal dopamine (Eisenegger et al. 2013). RMET 
performance (Tadmor et al. 2016, Zahavi et al. 2016). Compassion and 
cooperativeness measured by the Temperament and Character Inventory (TCI) 
(Pelka-Wysiecka et al. 2012)  

DBH -1021C/T  Empathic concern (IRI) and response (Gong et al. 2014) 
DRD2 rs1800497 Empathy Quotient and RMET performance (Pearce et al. 2017),  

DRD3 rs6280 
(Ser9Gly) 

Cooperativeness and compassion in the Temperament and Character Inventory 
(TCI) (Jonsson et al. 2003) 

DRD4 7-repeat 
allele 

Donated amount in securely attached children and susceptibility to both 
negative and positive developmental environments (Bakernamns-Kranenburg 
2011). Sexually dimorphic effect on childrens' affective knowledge (Ben-Israel 
et al. 2015). Association of conduct problems in individuals with low acceptance 
by their peer groups (Buil et al. 2015). Sharing behaviours of children and 
parental sensitivity (DiLalla et al. 2009). Maternal sensitivity, interacting with an 
AVPR1 SNP (Leerkes et al. 2017). Gender-dependent association with 
cognitive empathy (Uzefovsky et al. 2014). Less disorganized attachment at 36 
months after insensitive maternal care (Wazana et al. 2015). 

catechol-O-methyltransferase (COMT) is an enzyme involved in catecholamine degradation. The dopamine 
transporter (DAT) is involved in dopamine re-uptake. The dopamine beta-hydroxylase (DBH) converts dopamine 
to norepinephrine in the adrenal medulla. DRD2-4: dopamine receptor D2, D3, D4.  
 
Monoamine oxidase polymorphisms. Moreover, the common 30 bp upstream variable 

number of tandem repeat (uVNTR) polymorphism in the gene encoding monoamine 

oxidase A (MAOA), a mitochondrial enzyme catalyzing the deamination of dopamine, 

norepinephrine and serotonin, was associated with individual differences in 

cooperativeness (Mertins et al. 2011) and ToM deficits in schizophrenia (Tylec et al. 2010). 

In addition, more than 70 studies associating MAOA polymorphisms with aggression, 

psychopathy and dissocial behaviour were found in PubMed. The papers are not listed here 

as these conditions, though being linked with empathic deficits, go beyond the scope of this 

thesis.  
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3.2.2.3 Variations in nitric oxide, endocannabinoid and opioid related genes 

As shown in Table 5, variations in the genes encoding nitric oxide (NO) synthase and in 

cannabinoid and opioid receptors have been associated with empathy. NO is involved in 

the activation of a variety of other neurotransmitters and their receptors, including 

catecholamines and the glutamatergic N-Methyl-D-Aspartate (NMDA) channel (Kuriyama & 

Ohkuma 1995). Endocannabinoids function as a retrograd messenger downregulating the 

excitability of the respective neurotransmitter system (Freund et al. 2003). Opioid peptides 

play an important part in the reward circuit and the opioid mu 1 receptor (OPRM1) seems 

to be functionally interconnected with the oxytocinergic system. In the mouse model, 

OPRM1 knockout mice showed a compensatory upregulation of OXTR expression in the 

nucleus accumbens and other socio-emotional brain areas as well as severe social 

impairments, which could be cured by a single dose of intranasal OT (Gigliucci et al. 2014).  
 

Table 5: Empathy-related variations in nitric oxide, cannabinoid and opioid receptors 
gene variant associations 
NOS1  Ex1f-VNTR Impulsiveness vs. empathy in male offenders (Retz et al. 2010) 

CNR1  rs1049353  

Baron-Cohen Empathy Quotient (Chakrabarti et al. 2009). Processing of facial 
expressions (Ewald et al. 2006). Emotion response in depression (Domschke et 
al. 2008). Socio-emotional reaction to childhood adversity (Mota et al. 2015, 
Buchmann et al. 2015) 

OPRM1 
rs3778151 Baron-Cohen Empathy Quotient and RMET performance (Pearce et al. 2017) 
rs2075572 Relationship quality (Pearce et al. 2017) 
rs648893 

The nitric oxide synthase 1 (NOS1) effects the synthesis of nitric oxide from L-arginine. CNR1: cannabinoid 
receptor 1. OPRM1: opioid receptor mu 1. 
 

 

3.2.2.4 Variations in steroid hormone systems 

Genetic variations in steroid hormone systems, including corticosteroids and sex steroids, 

have been extensively associated with empathy (see Table 6). The CRHR1 receptor binds 

the corticotropin-releasing factor (CRF) and thus plays an important part in the activation of 

the hypothalamic-pituitary-adrenal (HPA) stress axis via adenocorticotropic hormone 

(ACTH). In the context of empathy and prosocial interactions, a stress-buffering effect of 

social support and of oxytocin release have been described (Chen et al. 2011). In humans, 

OT seems to inhibit ACTH responses to the CRF, resulting in a decrease in cortisol secretion 

(Meyer-Lindberg et al. 2011). These effects were seen following OT infusion, but also as a 

result of increased OT levels during suckling and breast stimulation (Gimpl & Fahrenholz 

2001). Among the sex steroids, the androgen receptor (AR), which binds testosterone and 

dihydrotestosterone, and estrogen receptors 1 and 2 have been associated with empathy-

related phenotypes. Especially estrogen has been shown to interact with the oxytocin 

system and has been linked with frequently observed sexually dimorphic effects of OXTR 

genotypes (see chapter 3.2.5). Moreover, polymorphisms in genes encoding a P450 family 
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monooxygenase enzyme involved in cortisol synthesis (CYP11B1) and a dehydrogenase 

which inactivates gonadal steroids (HSD12B2) showed associations with empathy.  

 
Table 6: Empathy-related variations in corticosteroid and sex steroid hormone systems 
gene variant associations 
CRHR1 rs110402 Decreased implicit emotional empathy (MET, EQ) following early life stress, 

measured by the Childhood Trauma Questionnaire (CTQ) (Grimm et al. 2017)  rs242924 
CYP11B1  rs5288  Baron-Cohen Empathy Quotient (Chakrabarti et al. 2009) 

AR 
CAG 
trinucleotide 
repeats 

Paternal reaction and neural response in empathy-related networks (AIC and 
IFG) to infant crying (Mascaro et al. 2014). Antisocial traits in men (Prichard et 
al. 2007). 

ESR1 
rs2504063 Identity recognition through vocal sounds, especially in women (Karlsson et al. 

2016) 
-6470 ESR1 
(TG)8_25 Antisocial traits in men (Prichard et al. 2007) 

ESR2 
rs928554 

Superior face recognition, especially in women (Karlsson et al. 2016) rs1271572  
rs1256030 

HSD17B2  
  

rs2873459  
Baron-Cohen Empathy Quotient (Chakrabarti et al. 2009) rs4398102  

rs4497679  

The corticotropin releasing hormone receptor 1 (CRHR1) is a G-protein coupled CRH receptor. The cytochrome 
P450 family 11 subfamily B member 1 (CYP11B1) is a mitochondrial P 450 superfamily monooxygenase 
enzyme involved in the conversion of progesterone to cortisol in the adrenal cortex. The androgen receptor 
(AR), which is mainly activated by testosterone, functions as a transcription factor stimulating the transcription 
of androgen responsive genes. The estrogen receptors (ESR1-2) function as transcription factors stimulating 
the transcription of estrogen responsive genes. The -6470 ESR1 (TG)8_25 polymorphism of the ESR1 gene is 
a simple sequence repeat variant (Prichard & Easteal 2005). The hydroxysteroid 17-beta dehydrogenase 2 
(HSD17B2) inactivates androgens and, to a lesser extent, estrogens by reduction of testosterone to 
androstenedione, of androstenediol to dehydroepiandrosterone (DHEA) and of estradiol to estrone.  
 

 

3.2.2.5 Variations in general transcription factors 

Interestingly, the transcription factors, for which associations with empathy have been found 

(see Table 7), are functionally linked with the oxytocinergic system. Ci et al. (2014) found 

interactions between two OXTR SNPs (rs1042778, rs237887), one AVP receptor 

(AVPR1B) SNP (rs28373064) and two SNPs of the clock circadian regulator (CLOCK) gene 

(rs1801260, rs6832769) with prosociality measured by the Prosocial Tendencies Measure 

(PTM-R) in 436 healthy male Han Chinese college students. Likewise, the General 

Transcription Factor 2I (GTF2I) has been linked with OT-sensitivity (Procyshyn et al. 2017).  
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Table 7: Empathy-related variations in transcription factors 
gene variant associations 

CLOCK 
rs1801260 Moderating effect on the association of AVPR1b (rs28373064) and OXTR 

(rs1042778, rs237887) SNPs with emotional prosocial tendencies in the 
Prosocial Tendencies Measure (PTM-R), (Ci et al. 2014).  rs6832769 

GTF2I rs13227433 

Reduced social anxiety in general and higher increase in salivary OT after an 
empathy-inducing video in carriers of the OT-reactive GTF2I genotype in 
healthy individuals (Procyshyn et al. 2017), decreased threat-related amygdala 
reactivity to fearful and angry faces, mediating an association between 
genotype and the 'warmth' dimension of extraversion in the Revised NEO 
Personality Inventory (Swartz et al. 2017) 

The clock circadian regulator (CLOCK) is a transcription factor regulating the circadian pacemaker. The general 
transcription factor Iii (GTF2I) is a promotor binding phosphoprotein involved in transcription regulation and has 
been linked with oxytocin reactivity, prosociality and reduced social anxiety in the Williams syndrome.  
 

 

3.2.2.6 Variations in growth and development factors 

Variations of genes involved in neural growth and development have been associated with 

empathic phenotypes. While it would be logical to assume that variations in these 

morphogenetic genes are predominantly found in pervasive developmental disorders, 

research has found them to account for variability in empathic disposition in pathological 

conditions as well as in healthy populations (see Table 8).  
 
Table 8: Empathy-related variations in growth and development factors 
gene variant associations 

BDNF Val66Met 

Higher emotional warmth scores of Met fathers and associations between 
paternal warmth and child prosociality (Avinun 2017). Empathy Quotient 
(Chakrabarti 2009). Total IRI empathy score (Taschereau-Dumouchel 2016). 
Risk of oppositional defiant disorder and callous-unemotional behaviours in 
childhood after harsh and intrusive parenting in infancy (Willoughby et al. 
2013) 

CNTNAP2 rs35753505 Sociality in ASD patients (Yoo et al. 2015, 2017) 
rs6994992 

EFHC2 rs7055196 Facial fear recognition and ToM in men (Startin et al. 2015) 
EN2 rs1861972 

Baron-Cohen Empathy Quotient (Chakrabarti et al. 2009).  NTRK1  rs6337  

NTRK3  

rs920069  

rs7176429  
Baron-Cohen Empathy Quotient (Chakrabarti et al. 2009). Also associated with 
white matter integrity in healthy young adults (Braskie et al. 2013) and with 
obsessive-compulsive hoarding (Alonso et al. 2008) 

TFAP2B 
c. 507+11 
TFAP2B 
(ACAA)4_6 

Antisocial traits in women (Prichard et al. 2007) 

ZNF804A rs1344706 
Neural activity and functional connectivity in mirror neuron networks, including 
the medial prefrontal cortex (mPFC), the left temporo-parietal cortex (l. TPC), 
the inferior parietal cortex (IPC) and the left inferior frontal cortex (l. IFC) 
(Walter et al. 2011) 

The brain derived neurotrophic factor (BDNF) is important for synaptogenesis and neurogenesis throughout the 
lifespan. The contactin associated protein like 2 (CNTNAP2) is a neurexin-family cell adhesion molecule. The 
EF-hand domain containing 2 (EFHC2) gene is a x-chromosomal gene (p11.3) which escapes x-inactivation. It 
encodes a protein, whose variations are associated with fear recognition in the Turner syndrome. The engrailed 
homebox 2 (EN2) gene is involved in the development and differentiation of the central nervous system. The 
neurotrophic receptor tyrosine kinases (NRTK1 and NRTK3) are responsible for the phosphorylisation of 
elements of the mitogen activated protein kinase (MAPK) pathway upon neurotrophin binding and contribute to 
the intracellular signaling from cell-surface receptors to the DNA through the kinase cascade and to 
transcriptional and translational regulation. Mutations in these genes have been associated with nociceptive 
insensitivity. The transcription factor AP-2 beta (TFAP2B) is a transcriptional activator and repressor, involved 
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both in cell proliferation and in the suppression of terminal differentiation in embryonic development. The zinc 
finger protein 804A (ZNF804A) gene encodes a DNA binding protein involved in gene expression and is 
probably also important in early neurodevelopment.  
 

 

3.2.2.7 Variations in transmembrane glycoproteins 

Variations in transmembrane glycoproteins are shown in Table 9. The gene encoding the 

transmembrane glycoprotein CD38 and its contiguous paralogue on chromosome 4p15, 

CD157, are receiving increasing attention in oxytocin-related empathy research due to their 

role in the secretion of OT. Moreover, polymorphisms in the wolframin endoplasmatic 

reticulum transmembrane glycoprotein (WFS1) have been linked with individual differences 

in empathy. Mutations in this gene have mainly been associated with the Wolfram syndrome 

which, apart from the glucose regulation, also affects visual and auditory structures which 

might overlap with structures involved in visual and auditory attention to socially relevant 

cues (cf. chapter 1.3.4 and Freeman et al. 2014). Possible interactions with the OT system 

remain to be explored.  
 
Table 9: Empathy-related variations in transmembrane glycoproteins 
gene variant associations 

CD38 

rs12644506 Long-term social integration in a sample of 11.000 individuals from two large 
prospective U.S. cohorts (Chang et al. 2014) 

rs3796863 

Affiliation and sociality (Feldman et al. 2016). Stress-buffering effect of 
sensitive care in children at risk for PTSD (Feldman et al. 2014). Fusiform 
gyrus activation and processing of social stimuli (Sauer et al. 2012). Amygdala 
activation by social stimuli and epistasis effect of the rs3796863 CD38 SNP 
and the COMT val158met polymorphism on bilateral amygdala activation by 
watching social stimuli, eliminated by intranasal OT administration (Sauer et al. 
2013) 

rs6449197 Affiliation and sociality (Feldman et al. 2016) 

CD157 
rs4698415 

Sociality and friendship (Chong et al. 2017) rs10001565 
rs997250 

WFS1  rs734312  Baron-Cohen Empathy Quotient (Chakrabarti et al. 2009) rs4234730  

The CD38 transmembrane glycoprotein mobilises intracellular calcium ions by synthesizing and hydrolising 
cyclic adenosine 5'-diphosphate-ribose. The CD157 is a CD38 paralogue contiguous with the CD38 gene on 
chromosome 4p15. The wolframin ER transmembrane glycoprotein (WFS1) is a transmembrane protein located 
in the endoplasmatic reticulum.  
 

 

3.2.2.8 Variations in the nonapeptidergic system   

Variations in nonapeptidergic genes have received special attention in genetic empathy 

research. While only few studies have identified associations between variations in the 

genes encoding the AVP and OXT/OT proteins, ample evidence has been found concerning 

AVP receptor 1A and 1B (AVPRA1, AVPR1B) as well as OXTR polymorphisms.  
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AVP and AVP receptor polymorphisms are shown in Table 10.  
 

Table 10: Empathy-related variations in AVP and AVP receptor genes 
gene variant associations 

AVP 

rs1887854 Externalizing problems, ToM and executive function in children (Wade et al. 
2016) 

rs3761249 Externalizing problems, ToM and executive function in children (Wade et al. 
2016), Childhood onset aggression in males (Malik et al. 2014) 

AVPR1A 
  
  
  
  

rs11174811 Baron-Cohen Empathy Quotient and RMET performance (Pearce et al. 2017), 
Childhood onset aggression in females (Malik et al. 2014) 

rs7298346 Preschoolers' executive functioning (Wade et al. 2014), ASD (Yang et al. 2017) 
rs10877969 ASD (Yang et al. 2017) 
RS1 allele 
320 

Poststressor anger (Moons et al. 2014). Commitment to civic duty after 
perceived threat (Poulin et al. 2012), ASD (Yang et al. 2017) 

RS3 allele 
334 

Degree of altruistic behaviour of prescoolers (Avinun et al. 2011). Interaction 
with self-reported empathy and OXTR rs53576 genotype as a predictor of 
aggression against someone who threatens a close other person (Buffone et 
al. 2014). Altruism, prosocial fund allocation and higher hippocampal AVPR1 
mRNA (Knafo et al. 2008). Sensitive parenting (Leerkes et al. 2017). Prepulse 
inhibition (Levin et al. 2009). Autistic-like traits in healthy individuals 
(Procyshyn et al. 2017). Cognitive empathy (Uzefovsky et al. 2015). Prosocial 
fund allocation and grey matter volume in the right fusiform face area (Wang et 
al. 2016) 

AVPR1B  rs28405931  Baron-Cohen Empathy Quotient (Chakrabarti et al. 2009) 
rs28373064 Emotional empathy and prosociality (Wu et al. 2015) 

AVP: gene encoding the arginine vasopressin molecule. AVPR1A, AVPR1B: genes encoding arginine 
vasopressin receptors 
 

OXT polymorphisms. Surprisingly, only one study found associations between 

polymorphisms of the OXT gene (rs2740210, rs2770378) with empathy, specifically with 

theory of mind function in children (Wade et al. 2016). Only three other studies have so far 

examined associations of OXT polymorphisms with psychological differences. Costa et al. 

(2009) found no significant associations of the OXT polymorphisms rs17339677 and 

rs34097556 with adult separation anxiety. Montag et al. (2013) did not find associations 

between the OXT polymorphisms rs2740204 and rs2740210 and schizophrenia. Jonas et 

al. (2013) found an interaction between the OXT polymorphism rs2740210 and early life 

adversity as a predictor of breastfeeding duration and depression. 

 
Oxytocin receptor polymorphisms. By far the most significant associations with empathy, 

however, have been found for polymorphisms of the OXTR. Figure 2 shows the locations 

of OXTR polymorphisms that have been associated with empathy-related constructs and 

psychiatric conditions.  
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Fig 2: True-to-sequence model of exons, introns and variant locations within the OXTR gene. The scale is 
slightly distorted due to reasons of space. Bold type is used for variants which have been associated with 
empathy-related psychological constructs or psychiatric conditions. The variant positions were extracted from 
the NCBI VariationViewer, Homo sapiens:GRCh38.p7 (GCF_000001405.33 ) and are given in brackets under 
each variant. Variant type is mentioned for all non-intronic polymorphisms. ATG-TGA: transcription start codon 
in the third and stop codon in the fourth exon. UTR: untranslated regions at the 5' and 3' ends of the gene. 
Colours refer to the location of the variant. Grey: located within the 5' or 3' untranslated region of exon 1 and 
exon 4. Brown: located within the translated region of an exon. Blue: located within one of the three introns. The 
chomosome map in the upper part of the picture was copied from the Variation Viewer.  
 

Table 11 shows a summary of phenotypes associated with the 32 OXTR SNPs that have 

been associated with empathy-related psychological constructs or psychiatric conditions 

(SNPs formatted in bold type in Fig. 1). For easier reference to domain-specific 

associations, the associations were clustered into categories.  

 
Table 11: Association of OXTR polymorphisms with empathy-related psychological concepts and 
psychiatric conditions 
 
Phenotypes OXTR 

polymorphism 
Studies 

general empathic disposition 

trait empathy 

rs13316193 Lerer et al. 2008 
rs2254298 Wu et al. 2012, Taschereau-Dumouchel et al. 2016 
rs2268491 

Wu et al. 2012 rs237887 
rs4686302 

prosocial temperament 
rs237887 Chi et al. 2014 
rs1042778 Chi et al. 2014, Creswell et al. 2015 
rs53576 Kogan et al. 2011, Tost et al. 2010 
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development of empathy 

young childrens' theory of 
mind 

rs11131149 

Wade et al. 2014 
rs237899 
rs237897 
rs1042778 
rs2254298 
social and psychological phenotypes 

attachment style, attachment 
security and trust 

rs53576 
 

Gillath et al. 2008 
Raby et al. 2015 
Nishina et al. 2015 
Luijk et al. 2011 

rs2254298 Luijk et al. 2011, Raby et al. 2015 

social integration or 
loneliness, sensitivity to social 
exclusion and evaluation or 
social anxiety 

rs4686302 Chang et al. 2014 
rs2228485 Lucht et al. 2009 

rs53576 Chang et al. 2014, Lucht et al. 2009, McQuaid et al. 
2015, Notzon et al. 2016, Kanthak et al. 2016 

rs2254298 Lucht et al. 2009 
perceived social support and 
its stress-modulating effects 

rs53576 Chen et al. 2011 
Hostinar at al. 2014 

reaction to perceived 
unempathetic behaviour of 
others, e.g. social exclusion, 
betrayal etc. 

rs2268490 
Tabak et al. 2014 rs2268494 

rs237887 
rs9840864  
rs53576 McQuaid et al. 2015 

moral judgements rs2268498 Walter et al. 2012 
racial ingroup-bias rs53576 Luo et al. 2015 

behavioural phenotypes 

parental sensitivity 

rs53576 
 

Marsh et al. 2012, Sturge-Apple et al. 2012, 
Bakermans-Kranenburg & van Ijzendoorn 2014, 
Connelly et al. 2014, Peltola et al. 2014, Kim et al. 
2010, Massey et al. 2015, Bhandari et al. 2014 

rs1042778 Feldman et al. 2012 

rs2254298 
 

Bakermans-Kranenburg & van Ijzendoorn 2008, 
Feldman et al. 2012, Tharner et al. 2012, Connelly et 
al. 2014, Massey et al. 2015 

affiliative cues in body 
language rs53576 Kogan et al. 2011 

empathic communication in 
couples 

rs1042778 

Schneiderman et al. 2014 
rs13316193 
rs2254298 
rs2268490 
rs2268494 

pair-bonding and relationship 
quality 

rs4564970 

Walum et al. 2012 
rs237887 
rs237897 
rs1042778 
rs763228 
rs4686302 Pearce et al. 2017, Walum et al. 2012 
rs2268490 Pearce et al. 2017 
rs2254298 Walum et al. 2012 
rs53576 Walum et al. 2012 

social bonding and sociality 

rs2268494 

Lieberwirth & Wang 2014 

rs7632287 
rs2268490 
rs13316193 
rs1042778 
rs2254298 
rs53576 Lieberwirth & Wang 2014, Li et al.  2015 

prosocial fund allocations in 
behavioural economic games 

rs1042778 

Israel et al. 2009 
rs13316193 
rs2254298 
rs2268490 
rs2268494 
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rs237885 
rs237887 
rs237888 
rs237889 
rs237897 
rs4564970 
rs2139184 
rs9872310 
rs6770632 

sensory processing of social cues 

visual and auditory social 
perception, empathic face 
processing and cognitive 
emotion recognition 

rs53576 Rodrigues et al. 2009, Slane et al. 2014, Lucht et al. 
2013, Tops et al. 2011, Burkhouse et al. 2016 

rs237887 Skuse et al. 2014 

rs2254298 Slane et al. 2014, Lucht et al. 2013, Massey et al. 
2015, Jack et al. 2012 

rs2228485 Lucht et al. 2013 
rs2268498 Melchers et al. 2013 

empathy-related physiological endophenotypes 
arousability by social stress or 
empathy-inducing perceptions rs53576 Smith et al. 2014, Rodrigues et al. 2009, Auer et al. 

2015 

responses to social cues in 
and morphology of empathy-
related neural networks 

rs2254298 Marusak et al. 2015, Furman et al. 2012, Inoue et al. 
2010,  Tost et al. 2011,  Waller et al. 2016 

rs53576 
 

Wang et al. 2013, Tost et al. 2010, Jack et al. 2012,  
Luo et al. 2015 

rs2268493 Damiano et al. 2014 rs237887 
rs237915 Loth et al. 2014 
rs1042778 Waller et al. 2016 

responsivity to effects of OT 
administration, OT sensitivity 

rs53576 Feng et al. 2015, Chen et al. 2015 
rs1042778 Feldman et al. 2013 rs2254298 
rs4564970 Chen et al. 2015 rs237897 

psychiatric conditions 

empathy deficits in childhood-
onset aggression and conduct 
disorders / disruptive 
disorders 

rs237898 Malik et al. 2014, Sakai et al. 2012 
rs6770632 

Malik et al. 2014 rs237902 
rs1042778 
rs53576 Malik et al. 2014, Adrian et al. 2015 

empathy deficits in antisocial 
behaviour / psychopathy 

rs4564970 Hovey et al. 2016, Johansson et al. 2012 
rs7632287 Hovey et al. 2016 
rs1042778 Waller et al. 2016, Johansson et al. 2012 
rs2254298 Waller et al. 2016 
rs53576 Smearman et al. 2015, Waller et al. 2016 
rs237889 

Dadds et al. 2014 
rs2268490 
rs13316193 
rs1042778 
rs2254298 

empathy deficits in AD(H)D 
rs2268493 Ayaz et al. 2015 
rs13316193 Park et al. 2010, Ayaz et al. 2015 rs53576 

empathy deficits in depression 

rs237885 Jonas et al. 2013 
rs2254298 Costa et al. 2009 

rs53576 Adrian et al. 2015, Costa et al. 2009, McInnis et al. 
2015, Mendlewicz et al. 2012, Windle & Mrug 2015 

empathy deficits in 
schizophrenia 

rs2254298 
Montag et al. 2012 rs237899 

rs4686301 
rs2268493 Davis et al. 2014 

empathy deficits in autism / 
ASD 

rs237884 Harrison et al. 2015 
rs2268495 Warrier et al. 2015 
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The overview shows a consistent image of several OXTR polymorphisms contributing to a 

phenotypic cluster and might be found useful for a targeted construction of haplotypes in 

association studies. 

 

3.2.3 The OXTR rs53576 polymorphism 

3.2.3.1 Gene by gene interactions: the rs53576 SNP and other empathy-related SNPs 

There is a growing body of evidence for the cumulative effect of and interactions between 

polymorphisms of the OT system and other genotypes. An increasing number of papers 

report haplotype instead of genotype effects (Chen et al. 2015, Wade et al. 2014, Tabak et 

al. 2014) including a variety of OXTR genotypes. Other studies have shown gene by gene 

interactions of oxytocinergic genotypes, including the rs53576 SNP, with variations of 

serotonergic (Bakermans-Kranenburg et al. 2008) and dopaminergic (Sauer et al. 2013) 

system and with variations in other genes like the BDNF (Taschereau-Dumouchel et al. 

2016) and the CLOCK (Ci et al. 2014) gene.  

 

rs2301261 

Campbell et al. 2011, Warrier  et al. 2015 

rs2268492 
rs9872310 
rs237888 
rs9872310 
rs237888 
rs11706648 
rs6770632 

rs2268491 Campbell et al. 2011, LoParo & Waldman 2015, 
Warrier et al. 2015 

rs4686302 Campbell et al. 2011 
rs2228485 Kelemenova et al. 2010 
rs2268494 Lerer et al. 2008, Warrier et al. 2015 

rs237889 Campbell et al. 2011, Kranz et al. 2016, Lerer et al. 
2008 

rs7632287 Campbell et al. 2011, Harrison et al. 2015, LoParo & 
Waldman 2015 

rs2268493 Campbell et al. 2011, Warrier et al. 2015, Yrigollen et 
al. 2008 

rs237885 Campbell et al. 2011, Warrier et al. 2015, Yrigollen et 
al. 2008 

rs2268490 Campbell et al. 2011, Warrier et al. 2015 

rs237897 Lerer et al. 2008, Tansey et al. 2010, Campbell et al. 
2011, Kranz et al. 2016 

rs237887 Campbell et al. 2011, LoParo & Waldman 2015, 
Warrier et al. 2015 

rs1042778 Campbell et al. 2011,  Warrier et al. 2015 
rs1042778 Campbell et al. 2011, Warrier et al. 2015 

rs2254298 

Wu et al. 2005, Warrier et al. 2015, Ameis et al. 
2012, Campbell et al. 2011, Jacob et al. 2007, Lerer 
et al. 2008, Yrigollen et al. 2008, Liu et al. 2010, 
LoParo & Waldman 2015, Mcdonald et al. 2016,  
Parker et al. 2014 

rs53576 Campbell et al. 2011, Jacob et al. 2007, Mcdonald et 
al. 2016,  Parker et al. 2014 
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The interaction between oxytocinergic and serotonergic variations is in line with results in 

animal models. In the mouse, it has been shown that OT influences affect processing via 

OT receptors expressed in serotonergic neurons (Yoshida et al. 2009). In prairie vole pups, 

an OT injection on postnatal day 1 resulted in an increase in axon density of serotonergic 

neurons in the hypothalamus and the amygdala (Acevedo-Rodriguez et al. 2015). Equally, 

interactions of oxytocinergic with dopaminergic variants are not surprising, considering the 

fact that oxytocinergic neurons in the hypothalamus express dopamine receptors 

(Baskerville et al. 2009) and that oxytocinergic and dopaminergic projections converge in 

the ventral striatum and the medial prefrontal cortex (Meyer-Lindenberg et al. 2011, 

Smeltzer et al. 2006). Interaction with BDNF and CLOCK polymorphisms and, possibly with 

a variety of other transcription factors, growth factors and steroid hormones, point to 

interactions of the oxytocinergic system with a more fundamental level of organization 

involving molecular agents of neural development, neuroplasticity and signal transduction.  
 

 

3.2.3.2 Research confirming the risk allele hypothesis of the OXTR rs53576 SNP  

A large body of research (see Table 12 for an overview) confirms the common view that 

the rs53576 A-allele confers a risk of less favourable outcomes concerning psychological 

functions based on a pro-empathetic and pro-social disposition. 

 
Table 12: OXTR rs53576-SNP related phenotypes  
 

Domain Phenotype Study 

General sociality 
G-allele homozygotes displayed more gerneral sociality, 
including characteristics such as empathy, extraversion and 
trust compared to A-allele carriers.  

Li et al.  2015 
meta-analysis 
(N=4955, 24 samples) 

Parental 
sensitivity 

GG-genotype was associated with more sensitive parenting 
styles observed in a standardized parent-child interaction 
paradigm 

Bakermans-
Kranenburg et al. 2008 

mothers and nulliparous G-homozygotes showed an early 
latency frontal differential ERP response at approximately 
100 ms elicited by strongly emotional faces, associated with 
faster emotion recognition 

Peltola et al. 2014 

preference for infant faces was increased by intranasal OT 
administration in G-homozygotes only Marsh et al. (2012) 
association between empathic accuracy in identifying 
distress in other people’s faces and empathic smoking 
cessation during pregnancy in OXTR rs53576(GG) and 
rs2254298(A) genotypes 

Massey et al. 2015 

association between difficult preadolescent temperament, 
exposure to harsh parenting in adolescence and pathogenic 
allostatic load only when children and parents were A-allele  
carriers.. 

Brody et al. 2016 

A-allele carriers show more depressive symptoms and 
emotion-focused coping strategies as a reaction to 
unsupportive parenting 

McInnis et al. 2015 

Empathic 
accuracy and 
social 
perception 

GG-genotype made 22.7% less mistakes in the RMET and 
reported higher dispositional empathy in the IRI  Rodrigues et al. 2009 

associations between rs53576 genotype and RMET 
performance Lucht et al. 2013 
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GG-genotype associated with improved efficiency in social 
auditory processing and less self-reported difficulty in 
understanding another person against a level of background 
noise. 

Tops et al. 2011 

Non-verbal 
intelligence 

higher non-verbal intelligence scores in G-allele 
homozygotes Lucht et al. (2009) 

A-allele carriers judged less prosocial by observers related 
to reduced expression affiliative cues in their body language  Kogan et al. (2010) 

Attitudinal and 
behavioural trust 

GG-genotype associated with more trust behavior in a male 
sample 

Krueger et al. 2012) 
sex-specific effect 

more attitudinal and behavioural trust participants in 
experimental trust games in male participants only 

Nishina et al. 2015 
sex-specific effect 

Empathic 
reaction and 
prosocial action 

higher IRI empathic concern scores of GG-homozygous 
men related to more subjective arousal and higher 
electrodermal activity when seeing others in pain 

Smith et al. 2014 

willingness to engage in charitable actions decreased with 
the level of subjectively experienced threat in A-allele 
carriers only 

Poulin et al. 2012 

affective 
temperament 

higher levels of state loneliness in adolescent girls with an 
A-allele 

van Roekel et al. 2013 
sex-specific effect 

lower positive affect scores in A-allele- homozygotes Lucht et al. 2009 
lower measures of self-esteem, optimism and life mastery in 
A-allele carriers 

Saphire-Bernstein et al. 
2011 

social anxiety 
disorders 

A-allele associated with stronger effects of an insecure 
attachment style on social anxiety Notzon et al. 2016 

autism 

haplotypes containing the rs53576 SNP associated with 
autism Wu et al. 2005 

serotonergic and oxytocinergic variations, including the 
rs53576 SNP, combined to confer a significant risk of HFA Nyffeler et al. (2014) 

rs53576-A genotype had a negative effect on the efficiency 
of OT treatment in autistic patients Watanabe et al. 2016 

Schizophrenia 
associations between the rs53576 SNP, a diagnosis of 
schizophrenia and general psychopathology scores Montag et al. 2013 

A-allele associated with emotional withdrawal in 735 
psychotic patients and 420 healthy controls Haram et al. 2015 

Depression 

A-allele carriers with a history of maternal Major Depressive 
Disorder (MDD) during their early childhood exhibited the 
most severe depressive symptoms 

Thompson et al. 2014 

A-allele associated with increased risk of comorbid 
depressive and disruptive disorders Adrian et al. 2015 

Stress reactivity 
and arousability 

A-allele carriers develop posttraumatic stress symptoms 
following the 9/11 attacks under lower allostatic load than 
GG-homozygotes 

Lucas-Thompson & 
Holman 2013 

higher resting sympathetic cardiac control, higher 
awakening cortisol levels and an increased diurnal cortisol 
fluctuation in male A-allele carriers, but G-homozygotes 
showed the strongest sympathetic reactions to social stress 

Norman et al. 2012 
sex-specific effect 

male G-allele carriers receiving social support in a Trier 
Stress Test paradigm showed lower salivary cortisol levels 
compared to unaccompanied participants 

Chen et al. 2011 
sex-specific effect 

 

3.2.3.3 Gene by environment interactions: modifications of the risk allele hypothesis 

While most studies suggest a protective effect of the G allele, positive or negative effects of 

either genotype have also been shown to be considerably dependent on developmental 

factors, especially the social environment during childhood. Table 13 shows research that 

reveals an environment-dependent risk conferred by the G allele and protective effects of 

the A allele in the event of adverse social experience, especially during childhood and 

adolescence.  
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Table 13: Gene by environment interactions with protective effects of the rs53576 minor allele 
 

Domain Phenotype Study 

Sensitivity to 
social stress 

Female G-allele carriers are more sensitive to social 
exclusion 

McQuaid et al. 2015 
sex-specific effect 

G-allele of individuals experiencing high levels of social 
stress associated with more conduct problems and 
antisocial behavior at the ages of 15 and 20 years 

Smearman et al. 2015 

Effects of child 
abuse and 
maltreatment 

Increased emotional dysregulation and disorganized adult 
attachment style in G-homozygotes with a history of child 
abuse 

Bradley et al. 2011 

More depressive symptoms in persons exposed to childhood 
maltreatment in G-allele carriers McQuaid et al. 2013 

G-homozygous adolescents maltreated in their childhood 
perceived significantly lower levels of social support and 
showed more internalizing symptoms 

Hostinar et al. 2014 

Effects of 
separation and 
unsensitive 
parenting 

Association between rs53576-GG genotype, unipolar 
depression and high levels of adult separation anxiety Costa et al. 2009 

Young adult female G-homozygotes with a history of 
parental divorce during their adolescence reported twice as 
many depressive symptoms than A-allele carriers 

Windle & Mrug 2015 
sex-specific effect 

G-homozygous children exposed to unsupportive parenting 
who had not been included in a family-based intervention 
program (control group) showed the highest increase in 
chronic anger over five years. Increased anger scores 
covaried with greater telomere shortening as a marker of 
cumulative lifetime stress. 

Smearman et al. 2016 

Reduced right amygdala reaction to maternal criticism and a 
higher right amygdala reaction to maternal praise in A-allele 
carriers 

Aupperle et al. 2016 

Effects of a 
family history of 
depression 

In children with a maternal history of depression,  G 
homozygotes only exhibited an increased sensitivity to the 
detection of sad faces and a reduced sensitivity in the 
detection of happy faces 

Burkhouse et al. 2016 

Aggression 
against outgroup 
members 

In rs53576-GG carriers only, dispositional empathy 
predicted higher levels of aggression against a person who 
threatened a close other person 

Buffone et al. 2014 

Stronger activation of the ACC and the supplementary moror 
area (SMA) as a reaction to ingroup members’ pain in G-
homozygotes compared to A- allele carriers, predicting a 
racial ingroup bias measured by implicit attitudes 

Luo et al. 2015 

 

Considering the research on gene by environment interactions, Brüne et al. (2012) 

challenged the diathesis-stress model view of the rs53576 SNP, with the A-allele conferring 

vulnerability for clinical and non-clinical deficiencies. They rather suggest conceiving of this 

and other OXTR variations as plasticity factors, leading to a differential susceptibility to a 

person’s social environment, thus resulting in favourable or unfavourable developmental 

outcomes depending on the quality of the social experience.  

 
3.2.4 Sexually dimorphic genotype effects and gene by hormone interactions 

Interactions of oxytocinergic variations with sexual steroids are receiving increasing 

attention in empathy research. As indicated in Table 12 and Table 13, a considerable 

proportion of studies on the rs53576 SNP and other OXTR SNPs have reported sexually 
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dimorphic genotype effects. Although the underlying etiology is still largely elusive, some 

preliminary explanations have been proposed.  

 

Estrogen up-regulates OXTR binding. Young et al. (1998) reported that estrogen 

treatment in gonadectomized mice multiplies OXTR binding while it was ineffective in ERa-

deficient knockout animals. Champagne et al. (2001) found that differences in estrogen 

inducible OXTRs account for naturally occurring variations in the maternal behaviour of rats. 

Devidze et al. (2005) reported that, in the rat, the majority of neurons expressing either 

estrogen receptor alpha (ER-a) or beta (ER-b) have been shown to co-express OXTR 

mRNA. Especially, expression of OXTR in the limbic system has been shown to be highly 

sensitive to gonadal steroids (de Vries 2008). This effect is present on the 

neurodevelopmental level leading to sex-specific neural organization and on the activational 

level, leading to transient differences due to hormonal fluctuations.  

 

Estrogen induced OXTR-sensitivity in humans. As the OT system, though being highly 

conserved, shows considerable variations among species concerning receptor distribution 

and function, transferring findings form animal studies cannot be adopted indiscriminately 

in human studies (Gimpl & Fahrenholz 2001). However, the fact that OT concentrations in 

the positerior pituitary and in the plasma are approximately equal in male and female 

humans (ibid.) underscores the role of OXTR sensitivity in explaining sex-differences in OT-

associated empathic disposition such as trait empathic concern. Moreover, interactions 

between estrogen and OT have also been demonstrated in humans. Chiodera et al. (1991), 

for example, found an increase of peripheral OT levels upon administration of a single dose 

of estrogen in women.  

 

An estrogen response element in the promotor of the OXT gene. A possible explanation 

of a sexually dimorphic nature of OT effects is the fact that the estrogen receptors ER-α and 

ER-β, which function as  a ligand-dependent  transcription factors in the cell nucleus, 

enhance OXT gene transcription by interacting with an estrogen response element (ERE) 

in the OXT gene. The ERE is a highly conserved DNA element located at approximately -

160 nucleotids upstream from the transcription start site of the OXT gene (Gimpl & 

Fahrenholz 2001). This region is homologous with a canonical palindromic estrogen 

response element (ERE) for all nucleotids but one. This explains, why the human OT 

promoter can be stimulated by estradiol, while deletion of the ERE region in animal models 

results in a loss of responsiveness to estrogens.  
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Higher expression of protein kinase c (PKC) in females. In contrast to the role of 

estrogens for OXT activation, the mechanisms underlying OXTR activation are still poorly 

understood. As opposed to the promotor of the OXT gene, the promotor of the OXTR gene 

has no EREs in a variety of species, including the human (Mamrut 2013). The missing link 

might be found in a potentiation of protein kinase C (PKC) activation by estrogen receptor 

and OXTR activation as suggested by Devidze et al. (2005). Devidze et al. found that a 

great number of neurons expressing ERα or ERβ estrogen receptors in the rat 

hypothalamus coexpress mRNA for the OXTR. As both estrogen receptors (ERs) and the 

OXTRs can signal through protein kinase C (PKC) activation, the authors included triple 

comparisons of ER-OXTR-PKC coexpresssion. Their analysis reveales a sexually 

dimorphic coexpression pattern in male and female individuals, with significantly higher 

coexpression of PKCα, PKCδ, PKCε, and PKCη isoforms in female neurons (p <0.0001). 

Moreover, estrogen-treated animals showed higher OXTR and PKCα expression. These 

results suggest that higher estrogen levels in females might result in an increased PKC 

activation via ERs and OXTRs, leading to an increased phosphorylation of transcription 

factors and receptor subunits. This adds plausibility to the hypothesis that estrogen induces 

plasticity in oxytocinergic pathways, which would explain the emergence of sexually 

dimorphic neuronal endophenotypes and (Haas 2013) phenotypical traits.  

 

Testosterone as a possible OT antagonist. The etiology behind the probably antagonistic 

role of testosterone in relation to OT and empathy (Macdonald et al. 2012) is even more 

elusive. The only evidence available so far relates to individual differences in acute and 

prenatal testosterone levels with empathy and with rs53576 genotype. Van Honk et al. 

(2011) found a significant reduction of cognitive empathy in women receiving a single dose 

of testosterone. This decrease was predicted by the right-hand second to fourth digit ratio 

(2D:4D) which has been shown to indicate fetal testosterone exposure. Weisman et al. 

(2015) found a sexually dimorphic association between 2D:4D ratio and empathic accuracy 

measured by the RMET in 1463 Han Chinese students that had been genotyped for the 

rs53576 polymorphism. Only in males of the rs53576-GG genotype, higher 2D:4D ratio, 

indicating lower fetal testosterone exposure, was associated with better empathic accuracy, 

while the opposite was true for GG-males with high fetal testosterone.  

 

Interaction between rs53576 and an estrogen receptor beta polymorphism. A more 

thorough understanding of the probable functional correlations between OT, estrogens and 

androgens would require more studies examining gene by gene interactions. To the best of 

my knowledge, Yim et al. (2016) presented the first evidence of an interaction between 

rs53576 genotype and an estrogen receptor SNP in humans. In a sample of 1158 Han 
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Chinese undergraduates, they found that the genotype of rs53576 and the genotype of the 

estrogen receptor beta gene (ESR-b) polymorphism rs2978381 moderate the effect of 

dispositional impatience (delay discounting) on leucocyte telomere length (LTL). This 

“ageing” effect of impatience was stronger in females compared to males.  

 

Further research on estrogen and androgen receptor polymorphisms required. 
Following the path of Yim et al. (2016), a promising direction of future research could be to 

explore interactions between rs53576 and variations in ER-a, ER-b, AR and NR3C4 

androgen receptor genes in an IRI-based empathy study.  

 

The hypothesis of a sexually dimorphic genotype by phenotype association is supported by 

genetic imaging research which has found sex differences in the association between 

genotype and neural endophenotypes.  

 

Reduced hypothalamic connectivity in rs53576-A-homozygous males. Wang et al. 

(2013) reported that only in male participants the rs53576-AA genotype predicted lower 

local functional connectivity density (FCD) in the hypothalamus and weaker resting state 

functional connectivity (rsFC) of the hypothalamus with the left dorsolateral prefrontal cortex 

(DLPFC). The authors comment, that these sex differences in genotype-related 

hypothalamic thinning and functional disconnection are consistent with the four times higher 

prevalence of ASDs in males compared to females.  

 

Increased amygdala volume in male rs53576-A-allele carriers and the hypothesis of 
estrogen-dependent neuroplasticity. Tost et al. (2010) found a significant increase in 

amygdala volume in male rs53576-A-allele carriers only. Reflecting on the influence of 

gonadal steroids on the OT system, they conclude that “estrogens may prime the 

neuroarchitecture of females toward increased sociality, whereas the relative lack of the 

hormone may promote an opposite state in the male brain through relative OT inefficiency”.  

 

A caveat against a stereotype bias in the interpretation of research data. In view of the 

presented associations of rs53576 genotype with aspects of sociality in purely male and 

mixed samples, this interpretation is probably over-generalizing and should be narrowed 

down to specific domains in specific contexts. Moreover, in the discussion of the genetic 

association study (chapter 7.1), the role of rs53576 in enhancing social susceptibility, 

including susceptibility for empathy-related gender stereotypes will be elaborated based on 

the results.  
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3.2.5 Possible molecular effective mechanisms of intronic polymorphisms 

Compared to the G-allele, the A-allele has been associated with lower OT sensitivity (Marsh 

et al. 2012, Chen et al. 2015, Feng et al. 2015), resulting in a reduced activation of empathy-

related brain areas (Luo et al. 2015, Tost et al. 2010). As this single nucleotide 

polymorphism (SNP) leaves the structure of the OXTR protein unaffected and no 

associations of rs53576 genotype with OXTR mRNA expression have been found so far 

(Park et al. 2010), the etiology underlying the psychological phenotypes associated with it 

is still largely elusive. A promising path for identifying the missing causal links is the study 

of associations between the polymorphism and epigenetic regulation, especially DNA 

methylation. The rs53576 SNP is located within the third intron which has been shown to 

be decisive for the epigenetic regulation of OXTR expression. For example, Mizumoto et al. 

(1997) have identified a short sequence of 10-15 nucleotids approximately 3 kilobases 

upstream from the rs53576 locus, exhibiting differential methylation patterns of 

hypermethylation and hypomethylation in low and high OXTR expressing tissues of the 

reproductive tract. It is a plausible assumption that rs53576 and other intronic SNPs with 

demonstrable phenotypic associations may be located within similar motifs functioning as 

enhancer or suppressor factors and that the variation influences the epigenetic regulation.  

 

Associations of the rs53576 SNP with DNA methylation. So far, only few studies have 

found interactions between the rs53576 SNP and specific methylation patterns with 

empathy-related phenotypes. Rijlaarsdam et al. (2016) observed an association between 

higher OXTR methylation levels and child austistic traits, especially problems with social 

communication, in rs53576 G-homozygous children only. Conversely, greater OXTR DNA-

methylation was observed in patients suffering from depressive or anxiety disorders in 

rs53576-A homozygotes only (Chagnon et al. 2015). Reiner et al. (2015) found a 

moderating effect of rs53576 genotype on the association between depression and exon 1 

and 2 DNA-methylation of the OXTR gene. In women with postpartum depression (PPD), 

Bell et al. (2015) showed an interaction of rs53576 genotype with OXTR DNA-methylation, 

with an increase of 2.63 in odds of PDD per 10% increase in DNA-methylation in G-

homozygotes, but not in A-allele carriers. Specific research on methylated CpG islands in 

the proximity of the rs53576 locus (position 8762685, GRCh38.p7) is still outstanding and 

would be a worthwhile option for further research. 
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4. Discussion of the research review and implications for 
the analysis of the genetic association study 

4.1 Methodology of research data acquisition 

A procedure of redundant, semantic field-based query for research on social 
psychological concepts. Due to the definitional fuzziness and inconsistent use of terms 

referring to the empathy construct in empirical research, a PubMed query for empathy 

yielded insufficient results. Therefore, a method for extracting frequently used alternative 

terms from a text corpus of relevant definitions and research papers was proposed. PubMed 

search for the thus constructed semantic field of empathy yielded six times the number of 

results compared to a query for the simple search term. Moreover, redundant search in 

PubMed, Gene and VariationViewer databases, with a consecutive merging, manual 

evaluation and categorziation of results in a reference management system was 

demonstrated. This procedure might also be applicable for reviews and meta-analyses of 

other sociopsychological constructs which lack the relative definitional precision found in 

ICD-defined medical conditions. Although the accumulation of data thereby becomes more 

systematic, a degree of subjectivity in the definition of inclusion and exclusion criteria for 

the studies to be evaluated remains as a limitation.  

 

4.2 Neural correlates and endophenotypes influenced by genetic 
variations 

Biological validity of the IRI and association of the rs53576 SNP with emotional 
empathy. The review has shown a good convergence of the multidimensional empathy 

construct with research on empathy-related neural correlates. Specifically, the distinction 

between cognitive and emotional empathy used in the IRI can be considered to be founded 

in the existence of distinct, but overlapping neural circuits. Moreover, a considerable 

number of studies has associated the four dimensions of the IRI with individual differences 

in local brain activation and morphology, local and interregional connectivity and in 

electrophysiological measures. Especially the mu suppression, which has been associated 

with mirror neuron activity, has shown functional correlations with the oxytocin system, thus 

adding plausibility to the hypothesis that oxytocinergic variations can influence the 

development of neural endophenotypes and psychological phenotypes. Of note, the 

emerging endophenotype approach has been applied to OXTR rs53576 SNP, 

demonstrating allele-dosage dependent effects on GMV and connectivity, mainly in limbic 

structures associated with the embodied simulation of empathic experience.  
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Hypothesis: These findings suggest, that rs53576 genotype might preferentially be 
associated with emotional rather than cognitive aspects of empathy.  
 

Adjusting psychometry by neural correlates. As the correlation of Fantasy scores with 

dlPFC activity has shown, evidence from neuroimaging studies can be used to adjust the 

interpretation and construction of psychometry, in this case by reattributing the Fantasy 

scale to the cognitive instead of the emotional domain, as has been the case in the original 

test design by Davis (1980, 1983).  

 

Heuristic value of neural correlates for the identification of empathy-related genes. 
Furthermore, the association of IRI scores with glutamate and GABA availability in different 

parts of the empathy-circuit has shown, that neural correlates of empathy can be used to 

identify genes of interest for genetic empathy research. However, a systematic review of 

transmitter and receptor molecules expressed in the empathy-related brain structures 

identified so far, including local mRNA expression rates and receptor densities, is still 

outstanding and would be a promising path for identifying further relevant genetic variations 

systematically.  

 

Perspectives of supplementing psychometry with electrophysiological measures in 
genetic association studies. Although this basic research can help to increase the validity 

of the empathy construct and of the psychometry used in genetic association studies, neural 

correlates of empathy could be used more frequently as an objective measure of empathy 

supplementing self-report questionnaires. Electrophysiological measures such as the EEG- 

and ERP-correlates of empathy presented above may prove to be a cost-effective 

alternative to neuroimaging studies, which would also allow for sufficient sample sizes 

required for identifying between-group effects and for research on polymorphisms with a 

small minor allele frequency.  

 

4.3 Polygenetic determination and gene by gene interactions 

To the best of my knowledge, this thesis presents the first comprehensive overview of 

genetic variations that have been associated with empathy and empathy-related 

psychological constructs. With 42 genes, including the OXTR gene as the most prominent 

candidate, and 99 polymorphisms so far associated with empathy, the polygenetic 

determination of empathy seems to encompass more variations than those expectable from 

the oxytocin-focused empathy research.  
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Therefore, the results apparently confirm the suggestion that an overemphasis on oxytocin 

might have partly obscured the complexity of the genetic determination of empathy (Pearce 

et al. 2017). However, it should not be neglected that many of the empathy-associated 

genes/products presented in chapter 3.2.2, including those encoding AVP, AVPRs, CD38, 

elements of the serotonergic and dopaminergic system, corticosteroids and gonadal 

steroids and general transcription factors reported above, either show a close functional 

interconnection with the oxytocin system or marked gene by gene interactions with OXTR 

polymorphisms. Moreover, many other associations of genetic variations with empathy 

have only been reported in one or two studies only and might not survive attempts at 

replication. Nevertheless, the large number of genetic determinants has implications on the 

interpretation of effect sizes that can be expected to result from a single variation.  

 

Hypothesis: Small effect sizes by statistical standards are to be expected in studies 
associating genotype with empathy and are not necessarily an argument for 
dismissing the validity of an association (cf. Bakernans-Kranenburg et al. 2014). 
 
Perspectives of an empathy research at the level of genes influencing basic 
processes of signal transduction and plasticity. Concerning the desideratum of further 

completing the map of genetic determinants of empathy, the review might provide the 

following starting-point: While the association of genes encoding neurotransmitters and 

steroid hormones with empathy may be considered more obvious, the frequent associations 

with transcription, growth and neurodevelopmental factors in healthy populations could 

suggest a shift of focus from neuroactive molecules to those influencing a deeper level of 

organization, with an influence on neural development and plasticity, excitability and signal 

transduction. Especially, variations previously associated with a pathogenic effect, e.g. of 

neurexin molecules in autism (Liu et al. 2012), can thus be explored for their contribution to 

normal variations in non-clinical samples, utilizing evidence from disease-specific studies.  

 

4.4 Environment and sex as confounding variables 

rs53576 genotype might influence empathy indirectly by adjusting susceptibility to  
the formative impact of the social environment. The review showed a mixed picture 

concerning the outcomes associated with rs53576 genotype. While the G allele seems to 

have a pro-empathetic, pro-social and general protective effect in the majority of samples, 

it has been shown to increase vulnerability for psychiatric conditions, aggression and a loss 

of social reciprocity in the event of negative social experience, especially in childhood and 

adolescence. In this context, Brüne et al. (2012) challenged the diathesis-stress model view 
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of the rs53576 SNP, with the A-allele directly conferring vulnerability for empathy-related 

deficiencies. They rather suggest conceiving of this and other OXTR variations as plasticity 

factors, leading to a differential susceptibility to a person’s social environment. Results of 

intercultural studies suggest that this susceptibility hypothesis may also pertain to cultural 

background. Kim et al. (2010) found that the rs53576-G allele was associated with more 

social support-seeking under distress in American, but not in Korean participants, 

corresponding with differences in the respective social norms. Likewise, Luo et al. (2015) 

found an interaction between rs53576 genotype and the variable of independence, which 

is a common distinctive feature between East Asian and Western cultural values.  

 

Hypothesis: The increased susceptibility to the social environment that has been 
associated with the rs53576-G allele might also result in a higher degree of 
assimilation of empathy-related gender stereotypes in the course of socialization.  
 

In the discussion of the empirical study (chapter 7.1), this hypothesis will be used to explain 

significant differences in self-reported empathy scores between male and female G allele 

carriers, but not in A homozygotes. Moreover, appropriate psychometric tests will be 

suggested that could control for environment in future studies.  

 
Sexually dimorphic associations of genotype with empathy. The review has also found 

a number of inconsistent sex-specific associations, with exclusively male or female 

associations of genotype with empathy varying from study to study. While these 

inconsistencies might be partly resolved by applying the abovementioned approach of a 

differential social susceptibility to gender stereotypes, biological results suggest a 

heightened OT sensitivity in females, probably due to an interaction between estrogen and 

the OXT and OXTR genes, facilitating OT expression and OXTR sensitivity. This way, 

genotype by hormone interactions might explain a part of the frequently observed sexually 

dimorphic genotype effects. However, the underlying  molecular mechanisms are still 

largely elusive.  
 

A perspective towards including gene by gene interactions with gonadal steroid 
related variants into genetic empathy research. More research examining interactions 

between polymorphisms in sex steroid and nonapeptidergic genes like the abovementioned 

study by Yim et al. (2016) are needed to increase the understanding of the frequently 

observed sexual dimorphisms in empathy.  
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4.5 Possible molecular effects of intronic polymorphisms 

Finally, the review presented research on associations of the rs53576 SNP with DNA 

methylation. Preliminary evidence for the influence for the role of intronic polymorphisms 

on epigenetic regulation was found. Specifically, a motif in the proximity of the rs53576 SNP 

on the third intron was identified that regulates low or high OXTR expression by 

hypermethylation or hypomethylation. These findings add plausibility to the hypothesis that 

the higher OT sensitivity observed in G compared to A allele carriers (Marsh et al. 2012, 

Chen et al. 2015, Feng et al. 2015) may be due to genotype-dependent rates of receptor 

expression.  

 
Perspectives of integrating epigenetic regulation into genetic empathy research. 
Especially concerning polymorphisms in non-coding regions, the results of the studies 

presented so far encourage the consideration of genotype by DNA-methylation patters and 

other mechanisms of epigenetic regulation. 

  

4.6 Objectives of the genetic association study 

Surprisingly, though being the most widely studied genetic determinant of empathy, the 

association of the rs53576 SNP with the specific cognitive and emotional domains of 

empathy as they are measured by the Interpersonal Reactivity Index (IRI) had not been 

consistently clarified so far. As relatively small genotype effects were to be expected due to 

the abovementioned polygenetic determination of empathy (see chapter 4.3), the study tried 

to resolve this issue with the hitherto biggest sample used to find associations of the 

rs53576 SNP with IRI scores. The sample size of initially 500 healthy participants was also 

assumed to be sufficient for establishing possible sexually dimorphic effects (see chapter 

4.4).  

 

Evidence for association of the rs53576 SNP with emotional empathy. The few authors 

who have explicitly examined associations between this SNP and specific dimensions of 

dispositional empathy, reported inconsistent results. In line with evidence associating 

rs53576 genotype with endophenotypes in limbic brain structures (see chapter 3.1.4), two 

studies have found associations with emotional empathy. In a study of 367 young adults of 

Jewish descent, Uzefovsky et al. (2015) reported an association between the rs53576 SNP 

and a cumulative emotional empathy score calculated on the basis of the IRI, the Empathy 

Quotient (Baron-Cohen and Wheelwright, 2004) and the Questionnaire Measure of 

Emotional Empathy (QMEE) (Mehrabian and Epstein, 1972). Similarly, Smith et al. (2014) 
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found that the rs53576-GG genotype was significantly associated with the IRI empathic 

concern scale in a sample of 51 young male American participants of mixed ethnic origin.  

 

Negative results and doubts about a significant association. Although these results 

suggest an impact of the rs53576 SNP on emotional empathy, it remained unclear, whether 

these results were artefacts of cumulating results from different empathy tests (Uzefovsky 

et al. 2015) or of a comparatively small, single-sex sample size (Smith et al. 2014). These 

doubts were justified by two other studies that had failed to identify the reported 

associations. Montag et al. (2012) found associations between the OXTR rs2254298 SNP 

and the empathic concern scale of the IRI, but did not find associations between rs53576 

and any IRI scores in a sample of 145 German patients diagnosed with schizophrenia and 

145 healthy controls. Likewise, Wu et al. (2012) found associations of OXTR SNPs 

rs237887 and rs4686302 with emotional empathy and of the OXTR SNPs rs2268491 and 

rs2254298 with cognitive empathy in an IRI-based study, but did not find associations of 

the rs53576 SNP with any IRI dimension in a sample of 101 healthy Chinese subjects. 

Moreover, a meta-analysis of 48 studies (n = 17559) examining association studies of the 

OXTR polymorphisms rs53576 and rs2254298 with several domains of social functioning, 

including personality, social behaviour, psychopathy and autism, found combined and 

domain-specific effect sizes not significantly different form zero, thus casting doubt on the 

role of rs53576 for empathic disposition (Bakernans-Kranenburg et al. 2014).  

 

Study design. To provide for a good internal consistency, the IRI was used as the only 

measure of dispositional empathy. The IRI was selected for its broad compliance with the 

current consensus definitions in empathy research (see chapter 1.2.2). Moreover, it is one 

of the most extensively used measures and, therefore, ensures a high degree of 

comparability with other studies and meta-analyses. Davis (1980, 1983) reports a 

satisfactory internal reliability, with Cronbach’s a-coefficients ranging between .68 and .79, 

a good test-retest reliability with test-retest correlations ranging between .61 and .81 and a 

good convergent validity with other empathy tests such as the Hogan Empathy Scale 

(Hogan 1969) and the Questionnaire Measure of Emotional Empathy (QMEE, Merhabian & 

Epstein 1972).  
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PART 2: GENETIC ASSOCIATION STUDY 
 

5. Materials and methods of the study2 

5.1 Ethics statement* 

The study received approval from the local ethics committee at the Medical Faculty of the 

University of Duisburg-Essen (reference number 14-5797-BO). All participants gave written 

informed consent prior to testing. Data were acquired anonymously, with age and sex being 

the only demographic data collected in the header section of the questionnaire. 

 

5.2 Participants* 

500 participants were recruited from a population of blood donors at the Institute for 

Transfusion Medicine of the Essen University Hospital from January to April 2015. 

Participants were asked to fill in the IRI test prior to blood donation. Upon completion, 

participants handed back the questionnaire and were given an EDTA tube which was 

matched with the questionnaire by a number code. Blood samples were taken by the blood 

bank staff and handed back to us in bulk to grant for anonymity.  

 

IRI test results of participants from whom no blood samples could be acquired, for example, 

because they failed to meet the requirements to donate blood – were excluded from the 

evaluation. Equally, questionnaires with incomplete or ambiguous answers were excluded. 

As a result, 421 questionnaires and matched blood samples were evaluated. 

 

The 421 participants (231 male / 190 female) were between 18 and 74 years of age, with a 

mean age of 36.6 years and a median age of 30 years. Male participants’ age-span ranged 

from 18 to 74 years, with a mean age of 38.9 and a median age of 35 years. Female 

participants were between 18 and 73 years of age, with a mean age of 33.7 and a median 

age of 25 years.  
 

                                                

 
2 Note: Some passages in this chapter are a verbatim copy of the text published in Huetter et al. 2016. 
Numbered references in the original text were replaced by inline quotations. Chapters entirely consisting of  
copied text are marked with an asterisk following the Chapter Heading*. Chapters containing copied text 
along with new passages are marked with an asterisk in brackets following the Chapter Heading(*). In this 
case, each copied paragraph is additionally marked with an asterisk following the last word of the paragraph*.  
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5.3 The German version of the Interpersonal Reactivity Index (IRI) 

We used the German version of the 28-item IRI translated by Keysers (2013). The 28 items 

contain the 16 items of the Saarbrücker Persönlichkeitsfragebogen (SPF V.6.2, Paulus 

2016), a German short version of the IRI which has been validated in a sample of 7104 

participants and shows an internal consistency of .74 (Cronbach’s Alpha). While the SPF 

V.6.2 eliminates all negative questions in order to avoid confusion by double negatives and 

to improve usability, it is also more prone to extreme response bias and acquiescent bias 

(Baron-Epel et al. 2010), possibly compromising the results due to automatic response 

tendencies. We, therefore, decided to use the full German version and to cross-check 

results against the encapsulated 16 literally identical SPF V.6.2 items (see chapter 7.3.3).  

 

5.4 Determination of genotypes* 

Isolation of genomic DNA from blood was performed using a commercially available kit 

(QIAamp DNA Blood Mini Kit, Qiagen, Hilden, Germany) following the manufacturer’s 

instructions. Genotypes of the rs53576 polymorphism were determined by PCR using the 

following primers: forward primer, 5`-CCACATCACTGGGTCACCTC-3` and reverse primer, 

5`-AGGAGGCCTGGTTTGAACTG-3`. After an initial denaturation at 95°C, 35 cycles of 

DNA amplification were done using Ampliqon Mastermix (Odense M, Denmark) at 95°C for 

30s, 63°C for 30s, 72°C for 30s 72°C for 10 min. The 185-bp PCR products were digested 

using the restriction enzyme BamHI Fast Digest (Thermo Fisher Scientific, Waltham, MA 

USA) and analysed on a 3% agarose gel. The unrestricted products (185-bp) represented 

the GG genotype, the completely restricted products (106 bp + 79 bp) represented the AA 

genotype (see gel plot in Figure 3). DNA concentrations showed normal variations between 

30 and 70 ng/µl.  

 

 

 

 

Fig 3: Gel plot showing bands for the rs53576 

genotypes. Exemplary genotype  labels were 

superimposed in yellow.  
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5.5 Statistical Methods (*) 

In line with current research (Wu, Li & Su 2012, Choi & Watanuki 2014, Motomura et al. 

2015), we calculated cumulative scores from the IRI subscales. We calculated a trait 

empathy score (TES) as the sum of all individual IRI scores (TES=PT+FT+EC+PD), a 

cognitive empathy score (CES) as the sum of perspective taking and fantasy (CES=PT+FT) 

and an emotional empathy score (EES) as the sum of empathic concern and personal 

distress (EES=EC+PD).* Table 14 shows an overview of the individual and cumulative IRI 

scores calculated:  

 
Table 14: IRI scores and calculated cumulative scores.  

PT 
perspective Taking 

FT 
fantasy 

EC 
empathic concern 

PD 
personal distress 

CES 
cognitive empathy score (PT + FT) 

EES 
emotional empathy score (EC + PD) 

TES 
trait empathy score (PT+FT+EC+PD) 

PT, FT, EC and PD are provided for in the original IRI test, CES, EES and TES are calculated in line with 
common practice in current IRI-based empathy research. 
 

Descriptive measures of location and variation were calculated for the cumulative scores 

and for the four IRI subscales.*  

 

Scores for all four IRI subscales and cumulative scales were tested for skewness and 

kurtosis. For sample sizes exceeding 300, clinical research guidelines recommend the 

usage of absolute skewness and kurtosis limits (skewness <2, kurtosis < 7, Kim 2013) 

rather than the more widespread z-scores to test for normal distribution. Results suggested 

a symmetrical horizontal distribution and a mesokurtic vertical distribution, with a maximum 

skewness of 0.4 and a maximum kurtosis of 0.6. However, the results of a Kolmogorov-

Smirnov test with Lillefors significance correction suggested that the normality assumption 

was not met.  

 

As this test has often been criticized for analysing only the largest difference between 

hypothesised and observed distributions, thus being excessively sensitive to larger sample 

sizes, we verified results against a Shapiro-Wilk test, which has been shown to have the 

best performance among eight statistical normality tests including the Kolmogrorov-Smirnov 

test (Yap & Sim 2010). Table 15 shows the results of the tests for normal distribution:  
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Table 15: Results of the Kolmogorov-Smirnov-Test and the Shapiro-Wilk-Test.  
 Kolmogorov-Smirnov Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 

PT 0.073 421 < 0.001 0.991 421 0.014 

FT 0.051 421 0.010 0.991 421 0.014 

EC 0.096 421 < 0.001 0.986 421 <0.001 

PD 0.077 421 < 0.001 0.990 421 0.007 

TES 0.033 421 0.200 0.997 421 0.628 

CES 0.041 421 0.094 0.996 421 0.432 

EES 0.051 421 0.011 0.994 421 0.077 

TES: trait empathy score, CES: cognitive empathy score, PT: perspective taking; FT: fantasy; EES: emotional 
empathy score. EC: empathic concern; PD: personal distress.  
 

In both tests, the null hypothesis of normality was significantly rejected for all IRI scores 

apart from the calculated sum scores. Moreover, in the study, the distribution of a 

continuous variable (IRI-Score) across an ordinal variable (genotype) was tested, 

suggesting a further advantage of non-parametric testing.  

 

We, therefore, consistently applied non-parametric testing to test for associations of IRI 

scores with genotype and gender. Based on previous evidence on the linear effect of AA to 

GA to GG genotypes on levels of empathy (Li et al. 2015), we hypothesised an allele-

dosage-effect and interpreted the genotypes as ordinal rather than nominal variables. As 

the Jonckheere-Terpstra-Test, which tests for medians ordered by magnitude, has 

previously been shown to be more precise for genotype-effects with an a priori order of 

alternatives compared to the commonly used Kruskal-Wallace-Test (Flandre et al. 2005), 

we used the Jonckheere-Terpstra-Test to test for associations between IRI scores and 

genotypes. Mann-Whitney-U-Test was used to analyse the impact of sex on empathy 

scores.*  

 

Compliant with our non-parametric approach, we calculated effect sizes on the basis of 

Spearman's rank correlation coefficients to express the effects of genotype on empathy for 

the complete sample and by sex. Significance of between-group correlation differences was 

calculated using a public domain software (Soper 2006) based on Fisher (1921). Power and 

sample size analyses were performed using Monte Carlo simulations based on Kendall and 

Gibbons (1990) and Devroye (1986). Control for deviation from the Hardy-Weinberg 

equilibrium was conducted using a public domain software. Allele frequency was compared 

to a sample of 503 subjects of European descent using data available at 

www.1000genomes.org and Ensembl (2016). Contingency tables and Pearson’s Chi-

squared tests were used to test for possible gene-by-sex and gene-by-age interactions. 
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Differences were regarded significant at p<0.05. All statistical analyses were done using 

SPSS 23.0.* 

 

6. Results of the study 

6.1 Genotype distribution (*) 

The A-allele frequency of 34.1 % was comparable to a sample of 503 subjects of European 

descent with a frequency of 35.1% (Ensembl 2016), based on a calculation of differences 

and comparative error. The distribution of the rs53576 genotypes were in accordance with 

the Hardy-Weinberg equilibrium (HWE) for the complete sample as well as for males and 

females alone.* Table 16 shows genotype frequencies and the Chi-squared statistics for 

the HWE.    

 

Table 16: Genotype frequencies and HWE Chi-squared statistics. 
genotypes frequency percent HWE 𝜒2(2) 
AA all 54 12.8 

1.22, 
p=0.54 GA all 179 42.5 

GG all 188 44.7 
AA male 28 12.1 

0.03,  
p=0.98 GA male 103 44.6 

GG male 100 43.3 
AA female 26 13.7 

2.08,  
p=0.35 

GA female 76 40.0 

GG female 88 46.3 

All: n= 421, Male: n=231, Female: n=190 

 

Chi-squared tests of independence were calculated comparing allele frequencies with sex 

and age. No significant associations were found between allele frequencies and sex 

(𝜒2(2)=0.93, p=0.63) as well as age (𝜒2(106)=118.20, p=0.20).*  

 

6.2 Genotype and trait empathy* 

Results for the trait empathy score (TES) are given in Table 17. The TES was significantly 

associated with genotype (p=0.01), with mean scores increasing from AA to GG genotypes 

(mean TES score ± SD: AA 58.1 ± 9.3, GA 58.9 ± 10.5, GG 61.1 ± 10.4). Spearman's 

correlation between genotype and TES was r=.120, p=0.01, 95% CI [0.02, 0.21], r2=0.014, 

accounting for 1.4% of the variability in TES ranks. 
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Table 17. Trait empathy score by rs53576 genotype for all participants. 

 All  
(n = 421 | 100%) 

AA 
(n = 54 | 12.8%) 

GA 
(n = 179 | 42.5%) 

GG 
(n=188 | 44.7%) 

p* 

 Mean SD Median Mean SD Median Mean SD Median Mean SD Median  

TES 59.8 10.4 60 58.1 9.3 57 58.9 10.5 59 61.1 10.4 61 0.01 

TES: trait empathy score calculated as the sum of perspective taking (PT), fantasy (FT), empathic concern 
(EC) and personal distress (PD) scores. * The p value were calculated using the Jonckheere-Terpstra-Test. 
 

6.3 Genotype and cognitive versus emotional empathy* 

A more fine-grained analysis distinguishing between cognitive and emotional aspects of 

empathy showed an increase both for the cognitive empathy score (mean CES score ± SD: 

AA 31.0 ± 6.3, GA 31.2 ± 6.8, GG 32.5 ± 6.7; p=0.10) and the emotional empathy score 

(mean EES score ± SD: AA 27.2 ± 4.9, GA 27.6, ± 5.9; GG 28.6, ±5.9; p=0.04). The 

association between genotype and empathy score, however, was only significant for 

emotional empathy as shown in Table 18. Spearman's correlation between genotype and 

EES was r=.104, p=0.03, 95% CI [0.01, 0.02], r2=0.014, accounting for 1,4% of variability 

in the EES ranks, while the correlation between genotype and CES was not significant: 

r=.081, p=0.10, 95%  CI [-0.01, 0.18], r2=.007. 

  
Table 18: Cognitive and emotional empathy scores by rs53576 genotype for all participants. 

 All  
(n = 421 | 100%) 

AA 
(n = 54 | 12.8%) 

GA 
(n = 179 | 42.5%) 

GG 
(n=188 | 44.7%) 

P* 

 Mean SD Median Mean SD Median Mean SD Median Mean SD Median  

CES 31.8 6.7 32 31.0 6.3 31 31.2 6.8 32 32.5 6.7 32 0.10 

EES 28.0 5.8 28 27.2 4.9 27 27.6 5.9 28 28.6 5.9 29 0.04 
CES: cognitive empathy score calculated as the sum of perspective taking (PT) and fantasy (FT) scores. EES: 
emotional empathy score, calculated as the sum of empathic concern (EC) and personal distress (PD) scores.  
* p values were calculated using the Jonckheere-Terpstra-Test. 

 

6.4 Genotype and IRI subscores (*) 

An analysis of the IRI subscores is given in Table 19. As for the cumulative CES score, 

none of the two subscores of cognitive empathy (PT: perspective taking and FT: fantasy) 

was significantly associated with rs53576 genotype. Of the emotional dimensions (EC: 

empathic concern and PD: personal distress), only EC was significantly associated with 

genotype (p=0.02), while the PD dimension was far from significant (p=0.59). Spearman's 

correlation between genotype and EC was r=.111, p=0.02, 95% CI [0.02, 0.20], r2=0.012, 

accounting for 1,2% of variability in the EC ranks. All other correlations were not significant.*  
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Table 19: IRI subscores by rs53576 genotype for all participants. 

 All  
(n = 421 | 100%) 

AA 
(n = 54 | 12.8%) 

GA 
(n = 179 | 42.5%) 

GG 
(n=188 | 44.7%) 

P* 

 Mean SD Median Mean SD Median Mean SD Median Mean SD Median  

PT 17.3 3.8 18 17.2 3.7 18 17.2 3.9 17 17.5 3.8 18 0.44 

FT 14.5 4.7 14 13.8 5.0 13 14.1 4.8 14 15.0 4.5 14 0.08 

EC 17.0 3.0 17 16.5 2.7 17 16.7 3.0 17 17.4 3.1 17 0.02 

PD 11.1 4.2 11 10.7 3.6 11 10.9 4.4 11 11.3 4.1 12 0.59 

PT: perspective taking, FT: fantasy, EC: empathic concern, PD: personal distress 
* p values were calculated using the Jonckheere-Terpstra-Test. 
 

As the fact that the median value (17) of empathic concern was constant over all genotypes 

was apparently in contradiction with the significant association found in the Jonckheere-

Terpstra-Test, we calculated the grouped medians which were 16.52 for AA, 16.88 for GA 

and 17.27 for GG, thus proving a linear effect of rs53576 genotypes on empathic concern.  

 

6.5 Empathy scores by sex* 

As expected, the sex differences concerning empathy scores reported in previous research 

(Davis 1980, 1983) were replicated in our sample (see Table 20). Female participants 

scored higher in all IRI dimensions than male participants. These differences did not reach 

a level of significance for perspective taking (PT: p=0.09), but for all other IRI dimensions 

(p < 0.001). Spearman's correlations of empathy scores and gender were significant 

(p=0.001) for all scores but for perspective taking (p=0.09). Significant effects ranged from 

r=.292 for EC and r=.439 for TES, accounting for between 9 to 19% of variability in empathy 

ranks. 
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Table 20: IRI test results for all participants by sex. 

 
All  

(n = 421) 
Male  

(n = 231) 
Female  

(n = 190) P* 

Mean SD Median Mean SD Median Mean SD Median  

TES 59.8 10.4 60 55.8 9.4 56 64.7 9.3 65 < 0.001 

CES 31.8 6.7 32 29.9 6.5 30 34.0 6.4 34 < 0.001 

PT 17.3 3.8 18 17.0 4.0 17 17.7 3.6 18 0.09 

FT 14.5 4.7 14 12.9 4.44 13 16.3 4.4 16 < 0.001 

EES 28.0 5.8 28 25.8 5.3 26 30.7 5.2 31 < 0.001 

EC 17.0 3.0 17 16.1 2.99 16 18.0 2.8 18 < 0.001 

PD 11.1 4.2 11 9.7 3.9 9 12.8 3.9 13 < 0.001 

 
TES: trait empathy score, CES: cognitive empathy score, PT: perspective taking; FT: fantasy; EES: 
emotional empathy score. EC: empathic concern; PD: personal distress. * p values were calculated using 
the Mann-Whitney-U-Test 

 

Spearman's correlations of empathy scores and sex were significant (p=0.001) for all 

scores but for perspective taking (p=0.09). Significant effects ranged from r=.292 for EC 

and r=.439 for TES, accounting for between 9 to 19% of variability in empathy ranks.* 

 

6.6 Association of genotype with empathy by sex*  

As shown in Figure 4, a first analysis of the association of genotype and empathy by sex 

suggested a genotype by sex interaction.   

 

 
Due to the possible sex differences, we analysed male and female subgroups separately to 

test for a possible sexually dimorphic impact of genotype on empathy. 

Of note, none of the IRI scores was significantly associated with rs53576 genotype for men 

alone (see Table 21).  

Fig 4: Trait empathy score (TES) across genotypes 
by sex.  
 

Male sex is indicated by dark grey solid boxes, female 
sex by light grey patterned boxes. Boxes represent the 

25th percentile, the median and the 75th percentile. 

Whiskers represent the minima and maxima of TES 
scores excluding outliers.  

 

From Huetter et al. 2016. Image DOI: 
https://doi.org/10.1371/journal.pone.0160059.g001 
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Table 21: Empathy scores by rs53576 genotype for male participants. 

 All  
(n = 231 | 100%) 

AA 
(n = 28 | 12.1%) 

GA 
(n = 103 | 44.6%) 

GG 
(n=100 | 43.3%) 

P* 

 Mean SD Median Mean SD Median Mean SD Median Mean SD Median  

TES 55.7 9.4 56 55.2 7.7 54.5 54.7 9.5 56 57.0 9.8 57 0.15 

CES 29.9 6.5 30 29.6 5.6 29.5 29.2 6.6 30 30.8 6.6 30 0.37 

PT 17.0 4.0 17 17.3 3.8 18 16.7 4.1 17 17.3 3.9 17 0.73 

FT 12.9 4.4 13 12.3 4.6 11.5 12.5 4.7 12 13.5 4.1 13 0.10 

EES 25.8 5.3 26 25.6 3.6 25 25.4 5.4 26 26.2 5.5 26 0.25 

EC 16.1 3.0 16 15.8 2.8 16 16.0 3.0 16 16.4 3.1 16 0.20 

PD 9.7 3.9 9 9.8 3.0 10 9.5 4.1 9 9.8 3.9 10 0.73 

TES: trait empathy score, CES: cognitive empathy score, PT: perspective taking; FT: fantasy; EES: emotional 
empathy score. EC: empathic concern; PD: personal distress. Medians were included to show ranked effects.  
* p values were calculated using the Jonckheere-Terpstra-Test. 
 

In the female subgroup (see Table 22), only empathic concern (EC) showed a significant 

association with genotype (p=0.04). With an effect size of r=.146, p=0.04, 95% CI [0.004, 

0.283], it accounted for 2.13% of the variability in female empathic concern ranks. 

 
Table 22: Empathy scores by rs53576 genotype for female participants. 

 All  
(n = 190 | 100%) 

AA 
(n = 26 | 13.7%) 

GA 
(n = 76 | 40.0%) 

GG 
(n=88 | 46.3%) P* 

 Mean SD Median Mean SD Median Mean SD Median Mean SD Median  

TES 66.7 9.3 65 61.3 9.9 60.5 64.5 9.1 65.5 65.8 9.3 65 0.06 

CES 34.0 6.4 34 32.5 6.8 33 33.9 6.3 34 34.5 6.4 35 0.19 

PT 17.7 3.6 18 17.0 3.7 16.5 17.8 3.6 18 17.8 3.7 18 0.44 

FT 16.3 4.4 16 15.4 5.1 14.5 16.2 4.3 17 16.7 4.2 16.5 0.30 

EES 30.7 5.2 31 28.8 5.5 29 30.6 5.1 31 31.3 5.0 31 0.11 

EC 18.0 2.8 18 17.3 2.4 17 17.6 2.8 18 18.4 2.8 18 0.04 

PD 12.8 3.9 13 11.5 3.9 11.5 13.0 4.0 13 12.9 3.6 13 0.44 

TES: trait empathy score, CES: cognitive empathy score, PT: perspective taking; FT: fantasy; EES: emotional 
empathy score. EC: empathic concern; PD: personal distress. Medians were included to show ranked effects.  
* p values were calculated using the Jonckheere-Terpstra-Test. 
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6.7 Significance of difference of sex-specific genotype effects (*) 

Table 23 shows Spearman correlation coefficients representing correlations between 

rs53576 genotype and IRI scores for males and females.  

 
Table 23: Correlations between rs53576 genotype and IRI scores by sex.  

Empathy Score Spearman’s 
correlation 

CI 95% 
lower bound 

CI 95% 
upper bound p 

TES male 0.096 -0.034 0.222 0.147 
TES female 0.139 -0.003 0.276 0.056 
CES male 0.059 -0.071 0.187 0.371 
CES female 0.096 -0.047 0.235 0.187 
PT male 0.022 -0.107 0.151 0.741 
PT female 0.057 -0.086 0.198 0.436 
FT male 0.111 -0.018 0.237 0.093 
FT female 0.076 -0.067 0.216 0.297 
EES male 0.076 -0.054 0.203 0.251 
EES female 0.118 -0.025 0.256 0.105 
EC male 0.084 -0.046 0.211 0.202 
EC female* 0.146 0.004 0.283 0.044 
PD male 0.023 -0.106 0.152 0.727 
PD female 0.056 -0.087 0.197 0.446 

TES: trait empathy score, CES: cognitive empathy score, PT: perspective taking; FT: fantasy; EES: emotional 
empathy score. EC: empathic concern; PD: personal distress. 
 

The comparison between correlations shows that correlations are higher for women in all 

empathy scores but fantasy (FT). As only the female empathic concern (EC) score was 

significant in the correlation test, a reliable direct comparison of male and female 

correlations was not possible. Under the tentative assumption that the correlation of 

genotype with male empathic concern was not significant due to lack of power only, we 

calculated a test for the significance of difference between male and female correlation 

coefficients (Soper 2016, Fisher 1921). The difference between genotype effects on male 

and female empathic concern was not significant in our sample (z= -0.64, p=0.52). Even 

under the assumption of a significant correlation in the male group, the overlap of 

confidence intervals for male (95%CI [-0.046, 0.211], p=0.20) and female  (95%CI [0.004, 

0.283], p=0.04) correlation coefficients (63% overlap) corroborates this result. Type I error 

is considered to exceed the probability level of 0.05 if an overlap of confidence intervals 

exceeds half of the length of the average margin of error (Cumming 2012). 

 

As we hypothesised that an even bigger sample size might be required to detect these small 

effects at an alpha level of p=0.05, we calculated the required sample sizes for future 

studies. Using a simulation based on 5000 Monte Carlo samples we calculated a required 

sample size of 554 women and 932 men to achieve 80% power in contrasting the genotype 

effects between males and females (Kendall & Gibbons 1990, Devroye 1986).*  
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7. Discussion of the genetic association study 

7.1 Summary and interpretation of the results 

Trait empathy and emotional empathy cumulative scores significantly associated 
with genotype. In our study, we set out to resolve the contradictory state of evidence 

concerning associations between the rs53576 OXTR polymorphism and the empathy 

scales of the IRI. We found a significant association of genotype with trait empathy (r=.120, 

p=0.01, 95% CI [0.02, 0.21]). As OXTR genotypes have been shown to be differentially 

associated with cognitive or emotional aspects of empathy (Wu et al. 2012), and two studies 

had found associations of the rs53576 SNP with the emotional rather than the cognitive IRI 

empathy scores (Uzefovsky et al. 2015, Smith et al. 2014), we explored associations with 

the cumulative cognitive (CES) and emotional (EES) scores. We found a significant 

association of rs53576 genotype (r=.104, p=0.03, 95% CI [0.01, 0.02]) with emotional 

empathy, but not with cognitive empathy.   

 

Other-oriented empathic concern significantly associated with genotype. Of the 

specific IRI empathy scores perspective taking, fantasy, empathic concern and personal 

distress, only empathic concern was significantly associated with genotype, thus identifying 

the other-oriented dimension of empathic concern as the primary source of trait association. 

This differential association among the two IRI categories of emotional empathy is plausible 

considering the fact that empathic concern and personal distress represent two 

considerably different emotional and behavioural phenotypes of emotional empathy, 

namely, a disposition to feel and act compassionately with other people in distress and a 

tendency to avoid the discomfort caused by such situations*3.  

 

Allele dosage effect confirmed for all IRI scores associate with genotype. For trait 

empathy, emotional empathy and empathic concern, the respective medians increased 

from AA to GA to GG genotypes, thus confirming the allele-dosage effect we hypothesised 

and the alternative hypothesis of ordered alternatives underlying the Jonckheere-Terpstra 

test. 

 

A trend towards significance for female trait empathy. A separate analysis of male and 

female subgroups showed that trait empathy (TES) was not significantly associated with 

                                                

 
3 This paragraph is identical with a paragraph in Huetter et al. 2016 
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genotype in either group. However, our results indicate a trend towards significance for 

associations of genotype with trait empathy (p = 0.056) in the female subgroup, while they 

were clearly not significant in the male group (p = 0.15). Moreover, women showed a more 

marked increase in medians between A-homozygous individuals and G-allele carriers (AA: 

60.5 vs. GA: 65.5, GG: 65) compared to male (AA: 54.5 vs. GA: 56, GG: 57) as shown in 

Figures 5 and 6.  
 

 
 

 
 

Fig 5: Trait empathy score (TES) across 
genotypes in the group of male participants.   

Fig 6: Trait empathy score (TES) across 
genotypes in the group of female participants.   

 

Boxes represent the 25th percentile, the median and the 75th percentile. Whiskers represent the minima and 

maxima of TES scores excluding outliers. 

 

Only female empathic concern significantly associated with genotype. Of the four IRI 

scores, only empathic concern (EC) in the female group (r=.146, p=0.04, 95% CI [0.004, 

0.283]), but not in male participants (p=0.20) was significantly associated with genotype. 

We concluded that these findings might be indicative of a sexually dimorphic effect of the 

rs53576 SNP on empathic concern. 

 

This interpretation is supported by a contrast analysis of the confidence intervals for the EC 

scores by sex and genotype as shown in Figure 7.  
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Fig. 7: Pairwise comparison of confidence intervals for male and female empathic concern (EC) scores for 
each genotype. No overlap of confidence intervals or an overlap smaller than half of the length of the average 
margin of error is indicative of a significant difference. Red rectangle: area of overlap between male and 
female A homozygotes, indicating a lack of significant difference in empathic concern scores. 
 

According to Cumming (2012), a difference between two samples is significant at an alpha 

level of p<0.05 if the overlap of confidence intervals is equal to or smaller than half of the 

length of the average margin of error (MOE). Comparing male and female 95% confidence 

intervals, half the length of the average MOE is equal to 0.5	
&',)*	 +	(-./0)

√3(-./0)45&',)*	
+	(60-./0)
√3(60-./0)4

7
  

where s is the respective standard deviation and n is the respective sample size. In the 

sample, confidence intervals for male and female EC scores show no overlap in G-allele 

carriers, reflecting the significant sex-differences in empathy scores we found 

independently of genotype.  

 

In A-homozygotes, however, empathic concern scores show an overlap of 0.57 (16%) 
with a half average MOE of 0.49, and are, therefore, not significantly different between 
males and females. In line with the hypothesis formulated in the discussion of the review 

(chapter 4.4), these results suggest, that in carriers of the G-allele, which is robustly 

associated with higher sensitivity to the influence of the social environment, the known sex 

differences between males and females appear to be most prominent. In contrast, in 

carriers of the A-allele, which is associated with a diminished susceptibility to the social 

environment, the sex differences appear to be levelled out to a greater extent.  
 

A novel research hypothesis based on the concept of differential susceptibility to 
socialization: These results suggest a new way of conceptualizing the association of 

rs53576 with empathy. In this framework, the pro-empathetic effects of the G-allele would 
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be seen as a particular instance of a more general susceptibility to the social environment 

as suggested by Brüne et al. 2012 and discussed in chapter 4.4. Therefore, A-allele carriers 

of both sexes would be less sensitive to the immediate perception of other persons’ 

emotional situations as well as to the long-term influence of socialization in general. On the 

other hand, G-allele carriers would be more sensitive to both, predisposing them toward 

more immediate empathetic responses and a greater long-term influence of empathy-

related behavioural gender stereotypes in the course of their development.  

 

Genotype and susceptibility to gender stereotypes. This way, the significantly lower 

empathic concern scores in male compared to female G-allele carriers could be explained 

by a greater compliance with different male and female social norms concerning empathetic 

attitudes, while the lack of a significant difference in male and female A-allele carriers could 

be due to a reduced general social sensitivity and a reduced impact of female gender 

stereotypes on women with the A-allele. Resting on ample evidence on gene by 

environment interactions and experience-dependent phenotypical outcome of rs53576 

genotype, this interpretation would focus on the effects of rs53576 genotype on (social) 

gender rather than on the influence of (biological) sex on rs53576 effects.  

 

Required measures for testing of the hypothesis. Testing this hypothesis would require 

a study design that incorporates data on individual lifetime experience and empathic role 

models along with IRI and genotype information. Promising measures would be the Parental 

Bonding Instrument (PBI, Parker 1990), which can be used to acquire information about 

parental role models and the Bem Sex Role Inventory (BSRI-12, Bem 1981), which can 

identify behavioural gender stereotypes adopted in the course of individual socialization.  
 
In summary, the assumption of a sexually dimorphic association of the rs53576 SNP with 

emotional empathy is supported by two findings: empathic concern is only significantly 

associated with rs53576 genotype in females and empathic concern is only significantly 

different between males and females in carriers of the strong allele, giving the G > A 

transition the functional role of diminishing gender differences concerning empathic 

disposition. However, certain caveats need to be stated4:  
 
1) Firstly, our findings do not exclude a possibly smaller effect of the polymorphism on men. 

In fact, our data showed an absolute increase of men’s mean EC scores from AA to GA 

                                                

 
4 The following paragraphs 1) to 3) are identical with text in Huetter et al. 2016 
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(0.2) and from GA to GG (0.4) genotypes. But the association was not significant and the 

increase was smaller than in the complete sample (AA to GA: 0.2 and GA to GG: 0.7, 

p=0.02) which was in turn smaller than in the female group (AA to GA: 0.3 and GA to GG 

0.8, p=0.04). It is, therefore, possible that the sexual dimorphism consists of a stronger 

impact of the OXTR variation on women compared to men rather than in having an 

exclusive effect on women only.*  
 
2) Secondly, the significance of differences of genotype effect sizes between men and 

women could not be established in our study.*  
 
3) Thirdly, due to emerging evidence about the influence of cultural variables on the effects 

of the rs53576 polymorphism on personality and behaviour (Kim et al. 2010, Luo et al. 

2015), generalisation of such results must be considered with caution and requires testing 

in different cultures and ethnicities. 

 

7.2 Compatibility of the results with previous research 

7.2.1 Effect size and its implications on achieved and required sample size 

Table 24 shows the effect sizes we reported for the IRI scores that were significantly 

associated with genotype.  

 
Table 24: effect sizes of IRI scores showing a significant association with genotype. 

IRI score correlation coefficient variability accounted for p* 
trait empathy (TES) .120 1.4% 0.01 
emotional empathy (EES) .104 1.0 % 0.03 
empathic concern (EC) all .111 1.2 % 0.02 
empathic concern (EC) female .146 2.12 % 0.04 

Correlation coefficient: based on Spearman’s rank correlation. Variability: squared correlation coefficient. *p-
levels (two-sided) derived from Spearman’s correlation and identical with p-levels in the Jonckheere-Terpstra 
hypothesis test.  
 
Effect sizes related to the polygenetic and polyetiological determination of empathy. 
We were conscious of the fact that the reported effect sizes were small by statistical 

standards, where correlations between .10 and below .30 are considered to be small, 

correlations between .30 and below .50 are considered moderate and only correlations form 

.50 are seen as large. The small correlations, however, were expectable in view of the 

polygenetic nature of the determination of empathy (see chapters 3.2 and 4.3) and of the 

well-documented gene by environment interactions (see chapters 3.2.3.3 and  4.4). 

 

Large effect sizes compared to effects found in meta-analytic studies. Moreover, the 

genotype effects found in the large sample used in this study (r = .146 for female EC) 
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exceed the effects found in the meta-analyses by Bakernans-Kranenburg et al. (2014) and 

Li et al. (2015)5, which both report combined effect sizes of r = .02, by approximately the 

factor of ten. Among the studies evaluated in a recent meta-analysis by Gong et al. (2017), 

comprising 13 Asian and European samples, including our own study (n = 6631, combined 

effect size r =.08), the effect sizes reported by us were the largest effects reported so far. 

This can also be explained by the fact, that, naturally, smaller correlations are found when 

associations of genotype are examined in relation to a wider concept of social disposition, 

including personality, social behaviour, psychopathy and autism as it was the case in 

Bakermans-Kranenburg et al. (2014) and general sociality as it was the case Li et al. (2015).  

 

“Robust evidence” for the association of the rs53576 polymorphism with empathy. 
Bakermans-Kranenburg et al.’s conclusion, that the rs53576 SNP so far “failed to explain a 

significant part of human social behavior” is, therefore, neither supported by our data nor 

by the known polyetiological causality underlying these effects. Gong et al. (2017), who 

combined their meta-analysis with a large population study (n=1830) of Han Chinese 

participants, confirmed significant associations between the rs53576 SNP and IRI empathy 

scores. They conclude that their combined results, together with previous evidence 

associating the G-allele with greater OT sensitivity and a stronger activation and 

connectivity within empathy-related neural circuits, provide “robust evidence for the role of 

OXTR rs53576 in the neurobiological architecture of empathy” (ibid.).  

 

Larger sample sizes are required. Another reason for the smaller combined effect sizes 

reported in meta-analytic studies is, that the evaluated studies show considerable 

differences in sample size, ranging from 51 participants in Smith et al. 2014 to 421 

participants in our sample. In retrospect, however, it must be stated, that even bigger 

samples of approximately the size achieved by Gong et al. will be desirable in the future. 

Considering the overall effect size of (Cohen’s) d = 0.15 (corresponding to an approximate 

correlation coefficient of r = 0.08) found in Gong et al.’s meta-analysis, they computed a 

total number of 700 participants to achieve 95% of power for detecting associations of 

rs53576 genotype with IRI scores. This corresponds to 590 participants for exceeding the 

80% power threshold as assumed in our study. As mentioned in chapter 6.7, the sample 

size for establishing the significance of difference between correlation coefficients in males 

and females would require 554 women and 932 men (approximately 1500 participants) to 

                                                

 
5 measures of effect size were converted from Cohen's d = 0.11, p = 0.02 according to MacGrath & Meyer 

2006 
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achieve 80% power. According to Gong et al., the inconsistence of previous results can, 

therefore, be mainly attributed to by far insufficient sample sizes used in genetic empathy 

studies. These high requirements become evident in view of the multidimensional internal 

strucutre of the empathy construct combined with the multifactorial determination of 

empathic disposition.  

 

Apparent contradictions with Gong at al.’s results. The results of Gong et al.’s 

population study suggest, that our results should also be replicated in a larger sample. In 

line with our results, Gong et al. did not find associations between rs53576 genotype and 

perspective taking or personal distress in their own sample. In contrast with our results 

however, they did not find associations with empathic concern either. Rather, the 

association was significant for their “Total Score on IRI”, mathematically equivalent to our 

trait empathy score (TES) and for fantasy (FT).  

 

Culture and ethnicity are decisive co-variables in genetic empathy research. 
However, these differences can also be caused by the fact that we studied a Caucasian 

sample and Gong et al.’s sample consisted of Han Chinese participants. Of note, Gong et 

al. point to the marked differences in empathy between Asians and Europeans and to the 

fact that the distribution of A alleles is roughly inverse between the two populations. In view 

of the abovementioned association of rs53576 genotype with sensitivity to the social 

environment and of the evidence on gene by culture interactions (Kim et al. 2010, Luo et al. 

2015, Gong et al. 2017), this difference underscores the necessity of considering ethnicity 

and cultural background as an important co-variable in future empathy research. 

 
7.2.2 Association of rs53576 with trait empathy and the legitimacy of 
cumulative scores 

 

The calculation of a trait empathy score is common practice. The main result of the 

study was that rs53576 genotype was significantly associated with trait empathy (TES), 

calculated as the sum of all individual IRI empathy scores. Exploratory analysis of this main 

effect narrowed down the scope of  genotype effect to emotional empathy (EES). As these 

results are based on the calculation of cumulative scores from the individual IRI scores, it 

must be stated that this procedure is a deviation from the original test design by Davis. 

Nevertheless, the calculation of sum or mean scores as a measure of overall empathy has 

become common practice in current IRI-based empathy research, although arguments 

supporting this practice have not been discussed in these studies: Wu, et al. (2012) and 
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Choi & Watanuki (2014) calculated a total “IRI score” equivalent to our trait empathy score. 

In addition, Wu, et al. (2012) calculated a “Cognitive Empathy” score as the sum of 

perspective taking and fantasy scores and an “Affective Empathy” score, equivalent to our 

emotional empathy score (EES) as the sum of empathic concern and personal distress 

scores. Motomura et al. (2015) calculated an average score of the four IRI subscales as a 

general empathic trait. Gong et al. (2017) states that the “total score of IRI provides a 

comprehensive index of individuals’ empathic ability”. 

 

Criticism concerning cumulative IRI scores. By some authors, however, the practice of 

calculating cumulative scores has been criticized to be incorrect. D’Orazio (2004) quotes 

personal communication with Davis who is said to have expressed his disapproval of this 

use of the IRI. Davis himself argued that “although some association exists between what 

appear to be cognitive and emotional empathic dispositions, the relationships are not so 

strong as to imply that the scales are measuring the same construct. One implication of 

these intercorrelations is that one's standing on a particular subscale is not a powerful 

predictor of scores on the other scales” (Davis 1983). The main argument, however is, that 

not all IRI scales show positive interscale-correlations. In Davis’ (1980, 1983) normative 

samples, especially perspective taking was negatively correlated with personal distress 

(PD), suggesting that “greater perspective-taking tendencies are associated with less 

personal distress to others' experiences and more concern for the other” (Davis 1983).  

 

Interscale-correlations of IRI scores in our sample. In our sample, we replicated the 

weak interscale-correlations found by Davis and, particularly, the negative correlation 

between perspective taking and personal distress (r=-.118, p<0.05) as shown in Figure 8.  
 

 
 

Bearing these caveats in mind, we nevertheless decided to adhere to the common practice 

of calculating cumulative scores for the following reasons:  

Fig. 8: Spearman correlation 

coefficients for interscale-  

correlations between IRI scores in 
Huetter et al. 2016. .  

** p < 0.01, *p < 0.05 
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The calculation of cumulative scores is compatible with the current state of research 
on the empathy construct. Firstly, our trait empathy score (TES) showed a  good internal 

consistency of Cronbach’s a = .789. Secondly, the fact that higher perspective taking scores 

would tend to result in lower personal distress sores of an individual does not invalidate the 

assumption, that the addition of all scores reflects the overall empathic responsiveness of 

this person. While one person may preferentially react to the perceived emotional situation 

of another with a cognitive mentalizing strategy, another person might react with emotional 

distress. Although the negative correlations between the two strategies suggest that they 

are to some extent complementary rather than additive, it would not be meaningful to claim, 

that a tendency of reacting with personal distress makes persons less reactive in terms of 

the empathic process.  

 

Bias of associating behavioural outcome with empathy. Critics’ emphasis on the weak 

negative correlation as an argument against cumulative scores might also be due to the 

fact that personal distress is the only IRI dimension that reduces the inclination towards 

prosocial action (Davis 1983) and is, rather, sometimes found to be associated with 

withdrawal or aggressive behaviour due to emotional overstress (Perez-Albeniz et al. 2003). 

In line with the current consensus criteria for the definition of empathy (Cuff et al. 2014), 

however, we assume that empathy is to be seen as independent of behavioural outcome 

(criterion 6, chapter 1.1.2), but rather as consisting in internal processes of an individual 

(criterion 3, chapter 1.1.2) that lead to a cognitive and / or emotional reaction that would 

both be termed to be equally empathetic.  

 
Negative correlations are expectable in a system of positive and negative feedback.  
Therefore, the validity of the statistical rule of thumb, that a negative correlation excludes 

the aggregation of subscores to a superordinate score depends on the nature of the 

construct. In the case of empathy, empirical research throughout the roughly four decades 

since the development of the IRI has provided evidence for a coherent empathic process 

based on the activation of distinct, but strongly overlapping neural circuits. These circuits 

partly reinforce and partly inhibit each other. Nevertheless, according to the current 

understanding of the neural correlates of empathy (see chapter 3.1), this interplay adds up 

to the overall inclination of producing empathic reactions. 

  

ROC-Curve test for cumulative scores. Paulus (2012) who designed the Saarbrücker 

Persönlichkeitsfragebogen (V.6.2, 2016), a 16-item German short version of the IRI 

validated in a sample of 7104 participants, tested tree different options of cumulative IRI 

scores for sensitivity and specificity with the help of Receiver Operating Characteristic 
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(ROC) curves. He found the greatest areas under curve for the the cumulation of all scores 

(.776, p < 0.001, 95% CI [.753, .799]) and the cumulation of all scores excluding personal 

distress (PD) (.793, p < 0.001, 95% CI [.770, .816]) and comes to the conclusion that a 

cumulative score is in fact meaningful for the IRI.  

 

7.2.3 Specific association of rs53576 with female empathic concern6 (*)  

Higher empathy scores in females compared to males independent of genotype. The 

fact that women score higher in all IRI dimensions than men is in line with a substantial 

body of evidence in previous research, including the samples reported by Davis (1980, 

1983) and numerous other IRI-based studies of various age-groups and cultural 

backgrounds (see e.g. Holgado et al. 2013). Of note, in our sample, the differences in 

perspective taking are only marginal and do not reach a level of significance (p = 0.09), 

which is also consistent with the results found by Davis (1980, 1983). These results seem 

to corroborate psychological research dating back to the 1970s (Hoffman 1977) which had 

established in 16 of 16 samples that sex differences in empathy rather pertain to the 

affective reaction to other people’s experience than to the cognitive understanding of their 

perspective.* 

 

Research on the association of rs53576 effects on females. Sexually dimorphic effects 

of the rs53576 polymorphism were found in a number of studies. Moons et al. (2014) 

detected an impact of rs53576-G genotype on higher positive affect and lower post-stressor 

salivary OT levels in a Trier Stress Test paradigm in female, but not in male participants. In 

a study of 1000 twin children and their parents from the Michigan State University Twin 

Registry, Klahr et al. (2015) found that the rs53576-G genotype of mothers, but not of 

fathers was strongly associated with parental warmth observed in a standardised 

videotaped interaction paradigm, even after correction for the child’s genotype.*  

 

Although our results, indicating a preferential association of rs53576 genotype with female 

empathic concern are supported by these studies, other studies have found sex-specific 

associations of rs53576 with male empathy.  

 

                                                

 
6 Note: Passages in this chapter are a verbatim copy of the text published in Huetter et al. 2016. Numbered 

references in the original text were replaced by inline quotations. Each copied paragraph is marked with an 

asterisk following the last word of the paragraph*. 



 

 

79 

Research on the association of rs53576 effects on males. Smith et al. (2014) found a 

significant association of the rs53576 polymorphism with empathic concern in a single-sex 

sample of 51 men (GG: M=20.96, SD=4.894; AA/GA: M=17.89, sd = 3.935; Cohen's d=0.69, 

effect size r=.33). Considering the fact that we had more than four times the number of male 

participants compared to Smith et al., and that there were more men (n=231, 54.9%) than 

women (n=190, 45.1%) in our sample, our results cannot be attributed to a smaller male 

sample size or an underrepresentation of men. Given the effect size reported by Smith et 

al., our sample of 231 men achieved >95% power to detect this effect (calculation based on 

Kendall & Gibbons 1990 and Devroye 1986).*  

 

Association with male or female empathy varies with the experimental paradigm. 
Nevertheless, other recent studies with participants of mixed gender suggest that the 

association of genotype with either biological sex varies considerably with the empathic or 

behavioural reaction elicited within the respective experimental setting. In a sample of mixed 

gender tested in a trust game paradigm, Nishina et al. (2015) reported an association of 

rs53576-GG genotype with attitudinal and behavioural trust in men, but not in women. Feng 

et al. (2015) observed a sexually dimorphic effect of intranasal OT administration on the 

activation of the left ventral caudate nucleus by reciprocated action in a Prisoner’s Dilemma 

Game. Only in rs53576 G-homozygote males, OT administration increased activation of 

this reward-related brain structure when cooperation was reciprocated, while it decreased 

its activation under the same circumstances in women. Of note, both situations involve a 

competitive situation with the option of gaining an advantage by cooperation or deceit.  

 

Table 25 shows an overview of the abovementioned studies concerning the tested 

construct within the semantic range of sociality and the stimulus used.  
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Table 25: studies presenting contradictory results concerning the sex-specific association of the 
rs53576 polymorphism. 
 

study tested construct stimulus sex associated 
with rs53576 

Huetter et al. 2016 self-reported empathy questionnaire female 

Moons et al. 2014 reactivity to social stress Trier Stress Test female 

Klahr et al. 2015 parental warmth parent-child interaction female 

Smith et al. 2014 self-reported empathy and 
arousal by seeing pain in 
others 

watching movies of others in 
pain. The movies showed a 
Mixed Martial Arts fight.  

male 

Nishina et al. 2015 self-reported attitudinal trust 
and behavioural trust 

trust game male 

Feng et al. 2015 reciprocated or exploited 
cooperation 

Prisoners’ Dilemma Game male 

 

The rs53576-G allele might increase sensitivity to the priming effect of the 
experimental setting. Huetter et al. used a questionnaire test, thus eliciting participants’ 

self-image. Moons et al. used a situation of social evaluation by others and Klahr et al. 

examined parent-child interactions. These settings can be considered neutral, with a slight 

tendency towards maternal stereotypes in Klahr et al. In contrast, the other authors used 

settings which were markedly associated with male stereotypes such as a full contact 

martial arts fight or games involving competition and win-or-lose outcomes. In line with the 

evidence on the increased sensitivity to socialization-effects associated with the rs53576-

G genotype, the contradictory results concerning a preferentially male or female association 

can be explained by a selective, gender-dependent responsivity of male and female 

participants to the respective experimental design, which functions as a prime for male or 

female stereotypes and identification. 

 

While the association of genotype with either sex thus seems to vary depending on the 

context, a general sex-specific effect is supported by research on associations between the 

rs53576 SNP and neural endophenotypes.  

 

Preliminary explanations for these phenotypical sex-dependent genotype effects can 
be found in the interactions of the OXT and OXTR genes with sex steroids as 
described in chapter 3.2.4.  
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7.3 Strengths and limitations of the study 

7.3.1 Data acquisition and representativeness7 

Qualitative advantages of restricting demographic data to age and sex. In the study, 

we abstained from acquiring demographic data apart from age and sex in order to reduce 

the workload involved in filling in the questionnaire and to increase acceptance by avoiding 

questions about educational status or professional background that some participants might 

have found embarrassing. Especially questions about ethnicity and cultural background that 

are of obvious relevance in view of ethnicity-specific genotype distributions (Gong et al. 

2017) and gene-by-culture interactions (Kim et al. 2010), were avoided for this reason. It 

has been shown that the activation of negative self-relevant stereotypes reduces working-

memory capacity (Schmader & Johns 2003) which could have a negative influence on the 

quality of the answers in the test. Moreover, also positive stereotypes about empathy, for 

example in medical professions (Borges et al. 2009), could distort the results by priming 

compliance with a professional self-image.  

 

Quantitative disadvantages of restricting demographic data to age and sex. On the 

other hand, a disadvantage is, that measures of the degree of demographic and ethnic 

heterogeneity and representativeness are missing. This does not only limit the possibility of 

predicting the extent to which the results can be generalized, but it also restricts the options 

of analysis. A case in point is, that we rejected analyses of age as an independent variable 

based on the assumption that differences in age groups of blood donors might arise from 

the fact that these groups represent different sections of the overall population, for example 

medical students studying at the university hospital in the first quartile of age-span, persons 

with enough spare time to donate blood during working hours in the middle-aged groups 

and retirees in the fourth quartile. Tentative analyses of age had shown a decrease in 

fantasy and personal distress across the four quartiles of age-span, while perspective taking 

and empathic concern remained largely constant. These results would have been in 

contrast with a study by O’Brien et al. (2013) who found an inverse U-shaped distribution of 

IRI empathy scores across the adult life-span in three large cross-sectional samples of 

Americans between 18 and 90 years of age. Moreover, in our sample, associations of 

empathy with rs53576 genotype were only significant in the third quartile (31-49 years of 

                                                

 
7 Note: Passages in this chapter are a verbatim copy of the text published in Huetter et al. 2016. Numbered 

references in the original text were replaced by inline quotations. Each copied paragraph is marked with an 

asterisk following the last word of the paragraph*. 
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age). As the validity of these data is, however, questionable, future studies might consider 

to acquire more demographic data allowing to control for possibly confounding 

heterogeneity within the sample. Moreover, the hypothesis of a genotype-induced 

differential susceptibility (Brüne et al. 2012) leading to a more pervasive assimilation of 

parental role models including empathy-related gender stereotypes (see chapter 7.1) would 

have required the application of additional psychometry.  

 

Life-time representativeness of the sample. Nevertheless, the large age-span of 56 

years (from 18 to 74 years of age) in our sample can be considered to be a strength in terms 

of life-time representativeness compared to the common samples of undergraduate 

students. * Of note, the OT system has been shown to be subject to age-related changes, 

with a decline of OT plasma levels with age (Elabd et al. 2014). Given the assumption that 

rs53576 genotype has an influence on OT sensitivity (Marsh et al. 2012, Chen et al. 2015, 

Feng et al. 2015), lower OT availability can be expected to add up with the effect of the 

minor allele concerning self-reported empathic responsiveness. 

 

Representativeness of the sample of the population. Concerning population 

representativeness, a bias might be introduced by the fact that persons with specific life 

style choices are excluded from donating blood in Germany according to the guidelines of 

the German Medical Association (Paul-Ehrlich-Institut 2010). Among them are all persons 

with a putative higher risk of hepatitis or HIV infections, for example persons with frequently 

changing sexual partners, men who had sexual intercourse with other men and alcohol or 

drug addicts. It may also be questioned, whether blood donors are representative of the 

general population in terms of empathy. It is rather likely that a part of the motivation for 

donating blood arises from an inclination to put oneself in the position of persons in need 

for a blood transfusion and an altruistic intention to help them, which could result in higher 

scores for perspective taking and empathic concern. Such an empathic bias, however, was 

not observed in our data. In fact, participants did not score higher in any of the four IRI 

dimensions than the participants in Davis’ (1980, 1983) normative samples. This may be 

due to the fact, that the blood donors receive remuneration for their donation, so that the 

altruistic motive might, at least partly, be counterbalanced by a monetary one.*  
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7.3.2 Advantages and disadvantages of the IRI and its German versions 

Missing construct of positive empathy and off-target questions. As described in 

chapter 1.1.3, the major disadvantage of the IRI is that it does not contain the construct of 

positive empathy in the sense of empathizing with fortunate situations of others and sharing 

their positive emotions, which is a consensus part of the empathy construct in current 

research (Cuff et al. 2014). Moreover, the IRI contains questions that might not be directly 

related to empathy such as ““I daydream and fantasize, with some regularity, about things 

that might happen to me” (fantasy) or “In emergency situations, I feel apprehensive and ill 

at ease” (personal distress). As Baron-Cohen & Wheelwright (2004), who consider the IRI 

to be “the best measure of empathy developed to date”, point out, these questions might 

nevertheless refer to neighboring processes such as imagination and self-control, but fail to 

elicit the responses implied in the empathy concept proper.  

 

The Empathy Quotient (EQ): an alternative to the IRI with disadvantages. Baron-Cohen 

& Wheelwright developed the Empathy Quotient (EQ) as an alternative empathy test 

avoiding these problems. The test was originally designed for research in Asperger and 

HFA patients, but is also applicable to healthy populations. For future research, the test, 

which is available in a 40-item and a 60-item version could be considered as a potential  

alternative to the IRI. However, apart from the disadvantage that the length of the test could 

reduce compliance of participants, the EQ does not incorporate positive empathy either and 

is by far less frequently used. Its use would, therefore, greatly reduce comparability with the 

majority of results found in empathy research, the more so as the EQ has shown only 

moderate associations with the IRI (Lawrence et al. 2004).  

 

Equal suitability of the IRI for both sexes. Another advantage of the IRI for empathy 

studies examining possible sexually dimorphic effects of genotype is, that sex differences 

were explicitly considered in the test-design and questions were selected to load equally 

heavily on both sexes (Davis 1983).* 

 

Concurrent validity of the IRI with measures of empathic performance. Moreover, the 

IRI shows a good concurrent validity with other questionnaire measures of empathy (see 

chapter 4.6) as well as with measures of empathic accuracy. It is, therefore a good predictor, 

not only of self-concepts, but of actual empathic performance, measured in the Reading the 

Mind in the Eyes test (RMET) and other empathy performance tests. Rodrigues et al. 

(2009), for example, found that individuals homozygous for the G-allele were 22.7% less 
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likely to make a mistake in the RMET than A-allele carriers and, at the same time, reported 

higher levels of dispositional empathy in the IRI.*  

 

In summary, the IRI is possibly still the test to choose for genetic studies of dispositional 

empathy.  

 

7.3.3 Validation against the "Saarbrücker Persönlichkeitsfragebogen" (SPF 
V.6.2) 

A comparison of our results with the Saarbrücker Persönlichkeitsfragebogen (SPF V.6.2, 

Paulus 2016) encapsulated in the translation by Keysers, revealed a good convergence 

with our results, although our hypothesis that sensitivity of detecting associations would be 

reduced by the elimination of 12 of 28 questions, was clearly confirmed. Trait empathy was 

only marginally associated with genotype in the SPF V.6.2 (r = .095, p=0.052, 95% CI [-

.001, .189]) as opposed to our evaluation of the complete IRI (r=.120, p=0.013, 95% CI 

[.025, .213]). Cumulative scores for cognitive and emotional empathy are not provided in 

the SPF V.6.2 and can, therefore, not be compared. Of the individual scores, only empathic 

concern (EC) was significantly associated with genotype in the SPF V.6.2 (r=.118, p=0.016, 

95% CI [.023, .211]) as in our sample (r=.111, p=0.023, 95% CI [.016, .204]). Equally, 

separate comparison of male and female subgroups showed, that only female EC scores 

were associated with genotype in the SPF V.6.2 (r=.157, p= 0.03, 95% CI [.015, .293] as in 

our evaluation (r=.146, p=0.44, 95% CI [.004, .283]). 

 

In view of the granular effects measured in genetic association studies, it is, therefore, 

recommendable to use the full IRI test. For meta-analytic studies, it is important to consider 

that studies using the full test or the SPF (e.g. Montag et al. 2012) may produce convergent, 

but not entirely comparable results.  

 

7.3.4 Statistical procedures for analysing non-continuous genotype effects 

Non-parametric testing due to considerations of distribution. Although the application 

of parametric statistics is common practice in genetic empathy research and analysis of 

variance is applied in most studies reported in this thesis, we consistently applied non-

parametric statistics. While the significant p-values in the Kolmogorov-Smirnov- and in the 

Shapiro-Wilk test might have been due to the comparatively large sample-size as indicated 

by low skewness and kurtosis in the overall sample, data showed greater deviations from 
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normal distribution in the subgroups which are compared with each other in statistical 

calculations.  

 

Non-parametric testing due to considerations of non-continuity across genotypes. 
More importantly, parametric statistics, which are particularly suited for continuous data can 

produce artefacts when applied to ordinal data, where the difference between unit 1 and 

unit 2 (for example between genotypes AA and GA) is mostly not the same as the difference 

between unit 2 and unit 3 (for example between genotypes GA and GG). In these cases, 

Wittkowski & Song (2010) recommend non-parametric testing to “avoid artefacts created 

by making unrealistic assumptions” in studies relating molecular biology with human 

phenomics.  

 

Loss of power for detecting the small genotype effects in parametric testing. 
Regarding our data, this assumption can be tested by contrasting the results of an ANOVA 

with the results found by us using non-parametric testing (see Table 26). 

 
Table 26: Comparative analysis of association of genotype with IRI scores using non-parametric and 
parametric statistics.  
 
    TES CES PT FT EES EC PD 
All (n=421)   
Spearman's 
correlation 

r(s) 0,12 0,08 0,04 0,09 0,10 0,11 0,05 
p 0,013 0,098 0,431 0,056 0,034 0,023 0,282 

Analysis of 
Variance 

partial eta2 
(r (s)) 

0,014 
r ≈ 0,12 

0,010 
r ≈ 0,10 

0,002 
r ≈ 0,05 

0,011 
r ≈ 0,11 

0,010 
r ≈ 0,10 

0,014 
r ≈ 0,12 

0,003 
r ≈ 0,06 

p 0,051 0,126 0,641 0,100 0,129 0,054 0,567 
male (n=231)   
Spearman's 
correlation 

r(s) 0,10 0,06 0,02 0,11 0,08 0,08 0,02 
p 0,147 0,371 0,741 0,093 0,251 0,202 0,727 

Analysis of 
Variance 

partial eta2 0,014 
r ≈ 0,12 

0,013 
r ≈ 0,11 

0,005 
r ≈ 0,07 

0,013 
r ≈ 0,11 

0,005 
r ≈ 0,07 

0,007 
r ≈ 0,08 

0,002 
r ≈ 0,05 

p 0,202 0,230 0,564 0,232 0,546 0,466 0,778 
female (n=190)   
Spearman's 
correlation 

r(s) 0,14 0,10 0,06 0,08 0,12 0,15 0,06 
p 0,056 0,187 0,436 0,297 0,105 0,044 0,446 

Analysis of 
Variance 

partial eta2 0,025 
r ≈ 0,16 

0,010 
r ≈ 0,10 

0,005 
r ≈ 0,07 

0,010 
r ≈ 0,10 

0,026 
r ≈ 0,16 

0,026 
r ≈ 0,16 

0,016 
r ≈ 0,13 

p 0,090 0,376 0,648 0,393 0,088 0,085 0,226 

TES: trait empathy score, CES: cognitive empathy score, PT: perspective taking; FT: fantasy; EES: emotional 
empathy score. EC: empathic concern; PD: personal distress. Partial eta squared values were transformed to 
correlation coefficients using public domain software (DeCoster 1998ff.) based on Cohen (1988) and 
Rosenthal (1994) for comparability.   
 

While the ANOVA shows the same tendencies as our non-parametric tests and thus 

confirms the basic conclusions of our study, power of detecting significant effects is lost in 

the hypothesis test and effect sizes show a slight tendency towards overestimation. One 

reason why some studies have detected significant associations of genotype with empathy 

while others have not, might, therefore, be found in the pervasive use of parametric statistics 
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which, independently of considerations of normal distribution, tend to be less powerful in 

non-continuous data (Frost 2015). 

 

The Jonckheere-Terpstra test minimizes the risk of false positives. As stated in chapter 

5.5, the Jonckheere-Terpstra-Test was chosen for its documented superiority over the more 

commonly used Kruskal-Wallace-Test (Flandre et al. 2005) in data with an a priori 

assumtion of rank order. While in the Kruska-Wallace test the alternative hypothesis is true, 

if at least one pair of groups has different medians (for example empathic concern for AA 

vs. GG genotypes), in the Jonckheere-Terpstra-Test, it is only true if the medians across 

groups are ordered in magnitude (for example, if empathic concern scores increase form 

AA to GA and form GA to GG).    

 

Mathematical consistency of Spearman’s rank correlation. Spearman’s correlation is 

mathematically consistent with the Jonckheere-Terpstra-Test. The Jonckheere-Terpstra 

test tests for the hypothesis of an ordered rank of medians across categories (𝑀1	 ≤ 𝑀2	 ≤

𝑀3). It is calculated as: S: ∑ 𝑁@	(@AB) 𝑁B +	
DE	(DE5')

7
−	𝑇@ where 𝑁@ and 𝑁B are the sample sizes 

of the respective two pairs of data that are being compared, the index i refers to the sample 

of the smaller expected median, and 𝑇@ is the rank sum of the sample which actually has 

the smaller median. The Spearman correlation coefficient r is calculated as: 𝜌 = 1 −

	
*	J	K	7@

L	(LM	N	')
  where r is the correlation coefficient, d2 is the squared difference between ranks 

and n is the sample size. As both tests are based on ranks of z-standardized values with a 

mean of 0 and a standard deviation of 1, they result in identical p-values except for rounding 

errors. 

 

Significant main effect and exploratory analyses. Although we examined associations 

of rs53576 genotype with four primary IRI scores and three cumulative scores in the 

complete sample and in male and female subgroups, we did not report Bonferroni corrected 

alpha levels. As we detected a significant main effect of genotype on trait empathy in the 

complete sample, we considered all further analyses to be strictly exploratory. Correction 

for multiple comparison would, however, be recommendable if associations are tested with 

more than one genetic variations.  
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8. Summary of the insights for future genetic empathy 
research 
 

While the preceding chapters discussed the results of the genetic association study within 

the context of empathy research, this chapter aggregates the lessons drawn from this 

project. Although the theses derived from this reflection are a personal conclusion, they 

might serve as a proposal for further research. 

 

Thesis 1: Social psychological constructs like empathy exhibit a greater definitional 
fuzziness than medical conditions, treatment outcomes and other variables 
occurring in genetic association studies. The methodology should be adjusted 
accordingly.  
 

Based on the PubMed Medical Subjects Headings (MeSH) ontology (NCBI/MESH 2017) 

quoted in chapter 1.1, Figure 9 shows the amalgamation of empathy-related concepts 

associated with rs53576 genotype. Concerning the high degree of specificity of genotype 

effects, conceptual ambiguities and lack of specificity concerning the dependent variable 

have contributed to inconsistent results and have impeded meta-analytic studies.  

 

 
Fig. 9: Overview of overlapping concepts of empathy in genetic empathy research and in meta-analytic 
studies. MeSH categories: personality, intelligence, emotional intelligence, emotional adjustment, motivation, 
empathy. Categories form the meta-analysis by Li et al. (2015): sociability, trust, attachment, empathy. From 
other studies: coping with social stress, prosocial behavior. Specificity of genotype effect is indicated 
according to the results in our study. This does not exclude effects on the other categories mentioned.  
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In empirical studies, a definition of the used empathy construct and a discussion of the 

applied psychometry in relation to this construct should, therefore become a matter of 

course, just as the reporting of the Hardy-Weinberg equilibrium. For reviews and meta-

analyses, this information can improve the comparability of the evaluated studies. 

Moreover, queries by semantic field, rather than by single search terms can increase the 

probability of including most of the relevant results.  

 

Thesis 2: The polygenetic determination of empathy causes small effect sizes which 
require big samples and powerful statistics in order to be detected.   
 

Based on our results which are largely compatible with those found in Gong et al. (2017), a 

sample size of approximately 500-600 participants should reliably detect genotype effects 

and a sample of 1500 participants should be sufficient to establish a significant sex-

difference of genotype effects with 80% power, provided that it exists.  

 

In-line with statistical literature on biomedical studies, non-parametric statistics is to be 

preferred to parametric statistics for analysing non-continuous data like genotypes, 

irrespective of the distribution of data. This is advantageous in terms of the power to detect 

small effects and of avoiding artefacts due to the fallacious assumption of continuity. The 

Jonckheere-Terpstra-Test is suggested as a hypothesis test, because it avoids false 

positives by demanding an increase in the dependent variable by genotype in order to 

become significant. Spearman’s rank correlation is suggested as a non-parametric test of 

effect size as it is mathematically consistent with the Jonckheere-Terpstra-Test.  

 

Thesis 3: Genotype effects are subject to a considerable gene by environment 
interaction. This fact suggests, that environment should be controlled for to a larger 
extent in genetic association studies.  
 

Research has accumulated a large body of evidence that the rs53576-G-allele increases 

an individual’s susceptibility to the immediate social environment and, especially, to 

experience in the early stages of socialization (Bürne et al. 2012). This explained the 

inconsistent results concerning the association of the genotypes with male or female 

empathy depending on the evocation of stereotypically male, female or neutral experimental 

settings. This also explained our findings, that in carriers of the A-allele, which is robustly 

associated with less sensitivity to early socialization, self-reported empathy was not 

significantly different between males and females, while the sex-differences were significant 
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in carriers of the G-allele, which are more malleable by socialization and gendered empathic 

stereotypes.  

 

One practical consequence for experimental designs testing empathic performance and 

arousal could be a heightened awareness of the fact that the experimental setting – e.g. 

eliciting empathy for pain by presenting a martial arts combat (Smith et al. 2014) or watching 

empathy in a parent-child interaction paradigm (Klahr et al. 2015) can prime gendered 

stereotypes.  

 

Another consequence is to control for confounding variables introduced by individual 

socialization more frequently. Promising measures that could serve this purpose would be 

the Parental Bonding Instrument (PBI, Parker 1990), which can be used to acquire 

information about parental role models and the Bem Sex Role Inventory (BSRI-12, Bem 

1981), which can identify behavioural gender stereotypes adopted in the course of 

individual socialization.  

 

Thesis 4: Genetic empathy research is about to extend its focus beyond the 
association of single genetic variants in the trias of nonapeptides, dopamine and 
serotonin.  
 
An increasing number of studies examines associations with empathy on the basis of  

haplotypes, of epistatic interactions and of cumulative effects of variations. Considering the 

wide range of neural circuits involved in empathic processes, gene by gene interactions and 

genetic variations in systems modulating neural growth and signal transduction at a 

superordinate level of complexity will be of increasing interest. Examples are the genetic 

variations in transcription, growth and neural development factors as well as results of our 

own group that found significant associations of a gene encoding a G-protein alpha subunit 

with empathy (awaiting publication).  

 
Thesis 5: Our current knowledge about genetic determinants of empathy is the tip of 
the iceberg, but parts of the iceberg are emerging.  
 

An unresolved question is the probable, but etiologically largely elusive sexual dimorphism 

observed in many association studies of OXTRs with empathy. For this reason, interactions 

of the OT system with variations in genes encoding gonadal steroids  - like the study by Yim 

et al. (2016) who found an interaction between the rs53576 SNP and an estrogen receptor 

b polymorphism - are a promising field of further research.  
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Finally the molecular effective mechanisms linking intronic polymorphisms with the 

phenotypes they apparently influence remains mysterious. As especially the third intron, 

where the rs53576 SNP is located, plays a decisive role in the epigenetic regulation of 

OXTR expression (Mizumoto et al. 1997) and a number of recent studies have found 

interactions between the rs53576 SNP and specific methylation patterns with empathy-

related phenotypes (Chagnon et al. 2015, Reiner et al. 2015, Rijlaarsdam et al. 2016), 

further studies concerning the epigenetic regulation of empathy might bring more light into 

the darkness concerning genotype associated causes and effects.  

 

Thesis 6: Relating psychometric self-assessment to measures of neural activity 
could enhance the objectivity of empathy research.  
 
The psychological construct of empathy summarizes a variety of assumed mental and 

emotional processes, the inclusion or exclusion of which has been subject to a considerable 

and ongoing evolution in the course of research history. Although genetic imaging studies 

are still laborious and costly, they eventually reduce complexity by transforming self-reports 

of an intangible subjective experience into more objectifiable measures of cerebral blood 

flow or of individual differences in local morphology and connectivity. The mapping of the 

different psychometric tests to the plethora of physiological parameters will be an ongoing 

process with its own methodological and epistemological challenges. Nevertheless, the 

existing research on the interactions between genetic variations and neural 

endophenotypes for the rs53576 polymorphism (chapter 3.1.4) has already found promising 

candidates of neural correlates of individual differences in empathy.  

 

While genetic imaging studies will remain indispensable for basic research, they will meet 

a limit of feasibility considering the large sample sizes of several hundred to more than 1000 

participants required for detecting genotype effects in studies like our own (Huetter et al. 

2016, Gong et al. 2017). Electrophysiological measures such as the degree of 

responsiveness to mu suppression in the EEG that have been applied in autism research 

(see chapter 3.1.3) would be a viable way of backing up genetic association studies with 

physiological, rather than exclusively psychometric data. Especially, the application of Low 

Resolution Electromagnetic Tomography (LORETA) using a quantitative EEG design is a 

cost-effective way of identifying empathy-related differences in brain activation. It has been 

extensively used in autism-related brain research (see Billeci 2013 for a systematic review), 

but still awaits being adopted by general genetic empathy research. 
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9. One-page summary 
This thesis consists of two major parts: 1) A systematic review of research on neural and 

genetic determinants of empathy and 2) an empirical study associating a common oxytocin 

receptor (OXTR) gene polymorphism (rs53576) with dispositional empathy measured by 

the Interpersonal Reactivity Index (IRI) in the hitherto largest sample used to study this 

association (421 healthy blood donors, 231 M, 190 F; age 18–74).  
 
1) Results of the research review were:  

• The two cognitive and two emotional scales of trait empathy psychometrically measured 

by the IRI are supported by evidence on the neural substrates of empathy. 

• Genetic empathy research has mainly focused on polymorphisms in oxytocin and 

arginine-vasopressin receptors. However, empathic disposition has also been 

associated with genetic variations in seven neurotransmitter systems (glutamate, 

GABA, serotonin, dopamine, nitric oxide, endocannabinoids and endogenous opioids), 

in corticosteroids and sex steroids, transcription factors, transmembrane glycoproteins 

and neural growth and development factors (BDNF, neurexin-family molecules). In total, 

42 associated genes and 99 polymorphisms show a polygenetic determination. 

• Phenotypes associated with the intronic rs53576 OXTR polymorphism are mediated by 

gene by environment and gene by sex interactions and are hypothesised to arise from 

its putative effects on the epigenetic regulation of OXTR expression.  
 
2) Results of the empirical study were:  

• Overall dispositional empathy was significantly associated with rs53576 genotype 

(r=.120, p=0.01, 95% CI [0.02, 0.21]), with an allele-dosage dependent increase of 

mean and median scores from AA to GG genotypes.  

• rs53576 genotype was specifically associated with the emotional scale of 'empathic 

concern' (r=.111, p=0.02, 95% CI [0.02, 0.20]).  

• A separate analysis by sex revealed a significant association with empathic concern in 

women (r=.146, p=0.04, 95% CI [0.004, 0.283]), but not in men (r=.084, p=0.20, 95% 

CI [-0.046, 0.211]), which may be indicative of a sexually dimorphic effect of the 

polymorphism on empathy.  

• A required sample size of 554 women and 932 men was calculated to achieve 80% 

power in establishing the significance of difference between males and females.  

• Effect sizes were found to be approximately ten times the average effect sizes reported 

in previous research in the comparatively large sample used in this study. 
 
The results of this thesis are intended to serve as a methodological basis for further 

empathy research in our group.  
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