
The relationship between oxytocin pathway genes and 

personality traits and psychosis characteristics 

Marit Haram MD 

Division of Mental Health and Addiction, Oslo University Hospital 

and

Institute of Clinical Medicine, University of Oslo 

Oslo, 2016



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© Marit Haram, 2017 
 
 
Series of dissertations submitted to the  
Faculty of Medicine, University of Oslo 
 
 
ISBN 978-82-8377-002-5 
 
All rights reserved. No part of this publication may be  
reproduced or transmitted, in any form or by any means, without permission.   
 
 
 
 
 
 
 
 
Cover: Hanne Baadsgaard Utigard. 
Print production: Reprosentralen, University of Oslo. 
 



3 

Table of contents 

1. ACKNOWLEDGEMENTS………………………………….………………………………………….…...5

2. LIST OF STUDIES………………………………………………….………………………………….…....7

3. ABBREVATIONS………………………………………………………….…………………………….......8

4. ABSTRACT………………………………………………………………………………………………....10

5. INTRODUCTION…………………………………………………..……………………............................13

5.1 Psychotic Disorders…………………………………………………………………………….….…………….....13

5.1.1 History……………………………………………………………….…………..…………….………..……….……….…. .13 

5.1.2 Definition………………………………………………………………..……………..………………...…………….…..….14 

5.1.3 Human genetics………………………………..…………………………….……………………………...……………..….16

5.1.4 Etiology……………………………………………………………………………………………………………………..…17

5.2 Oxytocin…………………………………………………………………….…………….........................................18 

5.2.1 Structure and function……….………………………………………… …………….….........................................................18 

5.2.2 Structure of oxytocin pathway genes…………………….……………… …………..….........................................................21 

5.2.3 Study methods and theoretical framework……………………………………………...…………………………….............22 

5.3 Personality traits…………………………………………………………………..………………………………..27

5.3.1 Definition and correlates with psychotic disorders.………………………………….……………………….…………........27

5.3.2 Genetic modulation..……………………………………………………………….…………………….…..………………..28

5.3.3 Oxytocin…………………..……………………………………………………….…………………..……………………...28

5.4 Positive and negative symptoms………………………………………………..……………..…………………...30

5.4.1 Symptom course and treatment……………………………………………………………………………………………….30

5.4.2 Oxytocin……………………………………………………………………………………………………………………....31

5.5 Affective face perception in psychotic disorders…………………………………………………………………33

5.5.1 Definition…………………………………………………………………………..……………………………………….....33

5.5.2 Amygdala activation………………………………………………………………….…………………………………….....33

5.5.3 Oxytocin………………………………………………………………….…………………………………………...............35

5.6 Aims of the thesis……………………………………………………………………………………….…………..36 

6. MATERIAL AND METHODS………………………………………………………..……...……………38

6.1 Participants………………………………………………………………………...………..……………………...38

6.1.1 Patient sample……………………………………………………………………………….…….………………...…….38 

6.1.2 Healthy controls……………………………………………………………………………….……………...…………...40



4 

6.2 Clinical Assessment……………………………………………………….……..….……………………………...41

6.2.1 Diagnostic assessment……………………………………….…………………...………………….………………….41

6.2.2 Assessment of positive and negative symptoms.…………...……………………………..………….…………………41

6.2.3 Assessment of personality traits…………………………..………………………………………...….……………….42

6.3 Selection of genetic variants………………………………………………………….………………..…………..43

6.4 Genotyping and Imputation…….………………………………………………………………..……….….........44

6.5 Polygenic risk score…………………………………………………………………………………...……………45

6.6 fMRI analyses……………………………….….………………………………….…..……………………...........45

6.6.1 Experimental paradigm………………………………………………………………………………………………….45

6.6.2 BOLD fMRI data acquisition ……………………………………………………………………………...…………...46

6.6.3 fMRI Data Analysis………………………………………………………………………………………………...…...46

6.7 Statistics……………………………………….…….…………………….……….…………..……………………47

7. SUMMARY OF RESULTS………………………….….……………………..……….…….…………….50

8. DISCUSSION……………………………………………..……………………..………….…….………...53

8.1. Main results……………………………………………..…….………….….……….…………..……53

8.1.1 The relationship between personality traits and oxytocin pathway genes…………………..………………………….....…53

8.1.2 The effect of oxytocin pathway genes on positive and negative symptoms and diagnosis in psychotic disorders………….55 

8.1.3 The effect of oxytocin pathway genes on affective face perception in psychotic disorders…………………………..……..59

8.1.4  Oxytocin pathway genes – biological modulators of social dysfunction in psychotic disorders?..........................................60 

8.2.  Strength and limitations…………………………………..…………………..……………………...66

8.2.1 Sample and assessments…………………………………………………………………………………………………..…66

8.2.2

8.3. Future directions………………………………… ………….…………………..…….……………...70

9. CONCLUSION…………………………………………………….…………………..………..…………..72

10. REFERENCES……………………………………………………………………………………..……….74

Appendix

Errata



5 

1. ACKNOWLEDGMENTS

The work in this thesis was carried out at NORMENT, the KG Jebsen Center for psychosis 

research, Division of Mental Health and Addiction, Oslo University Hospital, and the Institute 

of Clinical Medicine, University of Oslo. The present studies were part of the larger TOP 

(Thematically Organized Psychosis) study, and were supported by the Kristian Gerhard 

Jebsen Foundation, the Research Council of Norway, and the Regional Health Authority for 

South-Eastern Norway.

First and foremost, I would like to give my deepest gratitude to the participants involved in 

this project. Despite of often challenging life circumstances, they have with patience and 

altruism completed demanding interviews and tests. Without their endurance, this work could 

never have taken place. I am sincerely grateful to my main supervisor Martin Tesli, who has 

guided me safely through the field of psychiatric genetics. His enthusiasm and impressive 

ability to find overview in a complex research field has been invaluable. With steady 

academic supervision and everlasting support, he is an example to follow. I am forever 

thankful to my co supervisor Ingrid Melle, who has introduced me to all levels of psychiatric 

research. With continuous warm encouragement, always available for guidance, she has 

shown me a way through the realm of clinical, biological, environmental and statistical sides 

of this research field. Her care for the patients, massive experience and knowledge has been 

an enormous inspiration in both the research- and clinical work. I am sincerely thankful to my 

co supervisor Ole A. Andreassen who has supported me through all aspects of this research 

project. With an impressive ability to be thorough, efficient, available, creative and 

enthusiastic, he has always provided me with to-the-point feedback and firm academic 

guidance.



6 

I want to thank Srdjan Djurovic for always being available for questions and his kind 

responses. Francesco Bettella deserves a great appreciation. His kindness and programming 

skills are beyond imagination, and I am forever thankful for his contributions. Furthermore, I 

want to thank all my colleagues in the TOP research group who has created an inspiring, 

creative and fun working place that I am so grateful for. A special thanks to Thomas for 

skillful technical support, interesting discussions and many laughs, and to Ragnhild and 

Eivind for keeping this place in order and creating a warm atmosphere. And of course- to my

good friend Mari- whom I want to thank for all the good conversations about everything and 

nothing, laughs, warmth and support. 

I am forever grateful to my parents for support, scientific interest, patience and 

encouragement. And finally, the biggest hug goes to Eivind, Mikkel and Jonas- who’s support 

I could not have done without. 



7 

2. LIST OF STUDIES

Study I 

An Attempt to Identify Single Nucleotide Polymorphisms Contributing to Possible 
Relationships between Personality Traits and Oxytocin-Related Genes 

Marit Haram, Martin Tesli, Ingrid Dieset, Nils Eiel Steen, Jan Ivar Røssberg, Srdjan Djurovic,  
Ole A. Andreassen, Ingrid Melle  

Neuropsychobiology (2014). 69, pp.25–30 

Study II 

Association between genetic variation in the oxytocin receptor gene and emotional 
withdrawal, but not between oxytocin pathway genes and diagnosis in psychotic 
disorders 

Marit Haram, Martin Tesli, Francesco Bettella, Srdjan Djurovic, Ole A. Andreassen, 
Ingrid Melle 

Frontiers in Human Neuroscience (2015). 9, pp.9 

Study III 

Contribution of oxytocin receptor polymorphisms to amygdala activation in 
schizophrenia spectrum disorders 

Marit Haram, Francesco Bettella, Christine Lycke Brandt, Daniel S. Quintana, Mari Nerhus, 
Thomas Bjella, Srdjan Djurovic, Lars T. Westlye, Ole A. Andreassen, Ingrid Melle, Martin 
Tesli

Accepted in British Journal of Psychiatry Open 





8 

3. ABBREVATIONS

AD Affective Spectrum Disorder 

ASD Autism Spectrum Disorders  

AVP gene coding for Vasopressin 

BBB the Blood Brain Barrier 

BOLD Blood-Oxygen-Level Dependent

CD38 gene coding for CD38 

CSF Cerebrospinal Fluid 

CNS Central Nervous System 

COPE Contrast Parameter Estimates  

DNA Deoxyribonucleic Acid 

DRD2 gene coding for the Dopamine receptor D2 

DSM Diagnostic and Statistical Manual  

eQTL expression Quantitative Trait Loci  

FEAT FMRI Expert Analysis Tool 

fMRI functional Magnetic Resonance Imaging  

GWAS  Genome Wide Association studies  

ICD International Classification of Diseases  

Kb Kilobases 

LD Linkage Disequilibrium  

mRNA messenger Ribonucleic Acid

NEO-FFI Neuroticism-Extraversion-Openness Five-Factor Inventory 

NEO-PI-R Neuroticism Extroversion Openness Personality Inventory Revised Version 

NMDA N-Methyl-D-Aspartate  

NOS Not Otherwise Specified 

OR Odds Ratio 



9 

OXT gene coding for oxytocin 

OXTR gene coding for the oxytocin receptor 

PANSS Positive and Negative Syndrome Scale  

PGC Psychiatric Genomics Consortium  

PGRS Polygenic Risk Score  

PVN Paraventricular Nuclei 

PPI Prepulse Inhibition 

RDoC Research Domain Criteria project  

ROI Regions of Interest  

SCID-1 Structured Clinical Interview for DSM-IV Axis 1 Disorders 

SCZ Schizophrenia spectrum disorder 

SNP Single Nucleotide Polymorphisms 

SON Supraoptic Nuclei 

SPECT Single-Photon Emission Computed Tomography  

TOP Thematically Organized Psychosis Research  

UCSC University of California Santa Cruz 



10 

4. ABSTRACT

Oxytocin is a neuropeptide hormone well known for its importance in parturition and milk let 

down in women. An increasing amount of research has demonstrated that this hormone is

involved in several aspects of social behavior, and oxytocin’s role in social memory, pair 

bonding and parental behavior is well established in animal research. This knowledge has led 

to an augmented interest in oxytocin as a potential therapeutic target for psychiatric illnesses, 

including psychotic disorders. Several trials with intranasal oxytocin have been conducted in 

both healthy and patient samples, but the results from oxytocin trials are inconsistent in 

general. This inconsistency has been attributed to individual differences, including genetically 

based differences in the oxytocin system, and a poor understanding of drug targets and 

mechanisms. 

The overall aim of the current PhD work was to identify minor genetic alterations in the 

oxytocin pathway genes regulating oxytocin, which could lead to deficits in features that are 

important for social functioning in patients with psychotic disorders, with possible 

implications for treatment and the understanding of pathophysiological mechanisms. We

focused on common variations in genes related to oxytocin pathway, especially the genes 

coding for oxytocin (OXT), vasopressin (AVP), the oxytocin receptor (OXTR) and the 

transmembrane receptor CD38 (CD38), and investigated: 

1. The association between oxytocin pathway polymorphisms and personality traits

correlated with trust and social behavior in healthy subjects; Neuroticism, 

Extraversion and Agreeableness. 

2. The association between oxytocin pathway genes and psychotic disorders per se in a

case-control design as well as between oxytocin pathway genes and specific 

psychopathological features associated with trust and social behavior, in particular 
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suspiciousness/persecutory delusions, hostility, emotional withdrawal and 

passive/apathetic social withdrawal. 

3. The association between oxytocin receptor polymorphisms and amygdala activation

during affective face perception of faces expressing anger or fear, and possible 

disorder specific associations in patients with psychotic disorders. 

We were not able to detect associations between oxytocin pathway genes and personality 

traits in healthy subjects. There was a significant association between symptoms of emotional 

withdrawal and the A allele in rs53576 located on OXTR. No significant associations between 

oxytocin pathway gene variants and suspiciousness/persecutory delusions, hostility or

passive/apathetic social withdrawal, or a diagnosis of psychotic disorder were found. In 

participants with schizophrenia spectrum disorders, the rs237902 G allele was associated with 

low amygdala activation and interaction analyses showed that this association was disorder 

specific. There were no associations between oxytocin receptor polymorphisms and amygdala 

activation in the total sample, among patients with affective spectrum disorders or healthy 

controls. 

Taken together, our findings indicate that i) it is less likely that oxytocinergic signaling 

influences the expression of the personality traits Neuroticism, Extraversion and 

Agreeableness ii) oxytocinergic signaling influences the expression of emotional withdrawal 

in patients with psychotic disorders. It is less likely that oxytocinergic signaling influences 

suspiciousness/persecutory delusions, hostility or passive/apathetic social withdrawal or that 

oxytocinergic signaling is important in the pathogenesis of psychotic disorder per se iii) 

oxytocinergic signaling influences amygdala activation during affective face perception in 

patients with schizophrenia spectrum disorders, and in a different way than in patients with 
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affective spectrum disorders and healthy controls. This supports the idea that alterations in the 

endogenous oxytocin system are present in patients with schizophrenia spectrum disorders. 
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5. INTRODUCTION

5.1 Psychotic disorders 

5.1.1 History 

Delirious behavior has been recorded since ancient times, but was long considered to be a 

sign of mania, a somatic illness not localized in the brain, or a psychological result of 

wrongdoing (Beer, 1996b). The symptoms of mania and depression were first described as 

separate entities, and while Hippocrates gave depressive symptoms the clinical term 

melancholia, Arateus of Cappadocia (1st century AD) uniformed the concepts to manic-

depressive illness with a common etiology (Berrios, 1996). This understanding was not 

established in its current time, but rediscovered in the middle of the 19th century. In its

renewal, several contributors helped define the clinical presentations, and the German

psychiatrist Emil Kraeplin (1856-1926) first categorized and studied the natural course of 

manic-depression (Kraepelin, 1910).

The concept of psychosis as a brain disorder with mechanisms not yet discovered was first 

described in the late 19th century, and Kraeplin dichotomized for the first time endogenous

psychosis into manic-depression and dementia praecox (Beer, 1996a). Dementia praecox was 

initially a term for deteriorating psychotic disorders, while manic-depression mainly was 

thought of as an intermittent illness, with symptom-free intervals (Adityanjee et al., 1999).

During his career, Kraeplin’s concept of dementia praecox developed, and he eventually 

acknowledged the fact that some patients recovered (Adityanjee et al., 1999).

The term schizophrenia was first introduced by Eugene Bleuler in 1908, derived from the 

greek words schizein and phren, denoting splitting and mind respectively (Bleuler, 1911). 

Bleuler criticized the term “dementia praecox”, arguing that psychotic illness onset and course 

varied, and did not necessarily end in disintegration (Bleuler, 1911). Inspired by Sigmund 
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Freud (1856-1939) and C.G. Jung (1875-1965), Bleuler focused on schizophrenia as a 

thought-disorder, and described four core symptoms; looseness of associations, affective 

flattening, autism, and ambivalence (today known as Bleuler’s 4 A’s) (Bleuler, 1911). In the 

mid 20 th  century, the  importance of positive symptoms (i.e. delusions and hallucinations,

also defined as psychotic symptoms) was emphasized, symptoms that lay the foundation for 

diagnostic criteria today (Nordgaard et al., 2008). In the same era, manic-depression was 

described in detail and a distinction between depressions with hypomania and depressions 

with mania was made (Kleist, 1953, Dunner et al., 1976). This division is still given in the 

current diagnostic manual. 

Today, the WHO has classified schizophrenia as one of the world’s most costly diseases, only 

8% of the patients are in employment, and the average life-expectancy is 15-20 years shorter 

than in healthy individuals (Schizophrenia Commission, 2012). Most of the patients and their 

families suffer from a life-long burden of the disorder, and there are several unresolved issues 

regarding both treatment-efficacy and -side-effects, as well as social care. 

5.1.2 Definition 

The diagnostic criteria for psychotic disorders today are categorical and defined by clusters of 

symptoms described in the Diagnostic and Statistical Manual of Mental Disorders (DSM) or 

the WHO International Classification of Diseases (ICD). Schizophrenia is primarily described 

by the presence of positive symptoms, and delusions with bizarre content (i.e. beliefs that are 

not possible physically and implausible in context of culture), weighs heavily (Cermolacce et 

al., 2010). Other domains like disorganized thinking, disorganized motor behavior and 

negative symptoms (i.e. diminished emotional expression, impaired motivation and reduction 

in spontaneous speech), may also be present. 
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Patients with positive symptoms that do not fully fulfill the criteria for schizophrenia, either 

because of short duration of illness, the dominance of depressive/manic episodes, not 

markedly loss of function or less severe symptoms, may be diagnosed with psychotic disorder 

not otherwise specified (NOS), schizophreniform, schizoaffective, delusional or brief 

psychotic disorder (American Psychiatric Association, 2000). Bipolar disorder is defined by 

the presence of at least one manic episode (bipolar I) or one hypomanic episode and one 

major depressive episode (bipolar II). Patients with affective episodes that do not fully fulfill 

these criteria (e.g. recurrent hypomanic episodes without depression) may be diagnosed with 

bipolar NOS. Patients with bipolar and also Major Depressive Disorders may experience 

psychotic symptoms, but in these cases always during an affective episode (American 

Psychiatric Association, 2000).  

This strict categorization of disorders and the dichotomization of bipolar disorder and 

schizophrenia introduced by Kraeplin, have in the recent years been challenged (Owen et al., 

2016). A rich and growing literature provide insight into the genetic overlap between these 

disorders (Craddock and Owen, 2010, Andreassen et al., 2013), shared clinical symptoms, 

neurocognitive impairments (Simonsen et al., 2010), social cognitive impairments (Gur and 

Gur, 2016) as well as brain abnormalities (Brandt et al., 2014, Rimol et al., 2010). For these 

reasons, it has been suggested that dimensional approaches to diagnoses, treatment, and 

research questions may replace the strict categorical approaches applied today (Owen, 2014). 

Recently, the National Institute of Mental Health proposed a precision medicine model for 

psychiatry, i.e. the Research Domain Criteria project (RDoC) (Insel, 2014). This is a research 

working frame encouraging investigation of the biological and psychosocial basis of core 

features in mental health, regardless of diagnostic categories (Insel, 2014). Subsequently, it 

might be possible to improve the classification of psychotic disorders in the future based on 
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the newest research findings, and thus provide more personalized medicine and develop novel 

medical treatments. 

In this thesis, we wanted to investigate features with implications for social dysfunction often 

occurring in patients with psychotic disorders, and often with most severe impairments in 

schizophrenia. Based on the theory that these disorders could be better classified with a 

dimensional approach, we investigated these features in both healthy individuals as well as in 

a wide range of diagnoses (i.e. schizophrenia, psychotic disorder NOS, schizophreniform, 

schizoaffective, delusional and brief psychotic disorder, bipolar disorder I, II and NOS, Major 

Depressive disorders with psychotic symptoms), hereby named “psychotic disorders”.

5.1.3 Human genetics 

In 2001, the human genome was mapped for the first time (Lander et al., 2001), and since 

then about 21 000 protein coding genes have been discovered (Pennisi, 2012). Not more than 

approximately 0,2 % of the genes mapped differ between human individuals, and a large 

proportion of this variance is by common alterations in the single base-pairs, with population 

frequencies above 1%, also known as single nucleotide polymorphisms (SNPs) (Nature.com, 

2016, Sebat, 2007). Complex traits (like diabetes, cardiovascular diseases, psychiatric 

disorders and personality traits) are polygenic, meaning that several genetic variants 

contribute to the trait, each with small effects (Dudbridge, 2016). The measurement of 

genetically mediated differences will then provide us with important information about 

underlying biological mechanisms to the trait of investigation. 

SNPs tend to be inherited together in clusters, and linkage disequilibrium (LD) is defined as 

the phenomenon of two or more alleles at different loci having a stronger association than 

what would be expected to occur if they were randomly combined (Slatkin, 2008). LD could 
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be expressed by D’ or r2 (both ranging from 0 to 1), and a value of 0 indicates linkage 

equilibrium, i.e. statistical independence, while a value of 1 indicates complete/perfect LD, i.e. 

statistical dependence. A tag SNPs is then defined as a polymorphism that captures other 

polymorphisms by LD and can be investigated to reduce the number of independent test. The 

Affymetrix Chip is a DNA microarray that has predefined SNPs to test, and serve as an 

efficient way of investigating multiple polymorphisms. Due to Affymetrix’s selection 

protocol, only half of the variants on their array are tag SNPs. However, the remaining 

polymorphisms have been shown to provide high genomic coverage (Perkel, 2008).

5.1.4 Etiology 

The etiology of psychotic disorders is complex, mostly unknown, and subject to continuous 

research (Owen et al., 2016). The extensive contribution of genetic factors has been 

acknowledged for over 50 years (Gottesman and Shields, 1967), and a biopsychosocial model 

which includes environmental risk factors has been a theoretical research frame for several 

decades (Engel, 1977). Even though this “stress-vulnerability” theory has been difficult to 

prove (van Os et al., 2010), there is convincing evidence that socioeconomic risk factors such 

as childhood adversity and migration are strongly associated with the risk of developing a 

psychotic disorder (Varese et al., 2012, Cantor-Graae and Pedersen, 2013). 

Based on family studies, the heritability of psychotic disorders is found to be approximately 

60-80% (Bienvenu et al., 2011, Lichtenstein et al., 2009). With new genotyping techniques 

and advanced statistical methods emerging rapidly, the identification of susceptibility genes 

are continuously aimed for, hoping to shed light on the biological pathways involved in the

disorders. Genome wide association studies (GWAS) are theoretically capable of identifying 

several relevant SNPs with a hypothesis-free approach, as the whole genome is screened for 
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association with a particular phenotype (Zondervan and Cardon, 2007). This method has been 

applied to large European samples (36,989 cases with schizophrenia and 113,075 controls 

involved in the Psychiatric Genomics Consortium (PGC2)) and 108 susceptibility loci for 

schizophrenia are detected. Immune-related genes seem to contribute to a great extent 

(Schizophrenia Working Group of the Psychiatric Genomics, 2014). However, the currently 

identified susceptibility loci account for only a few percent of the estimated heritability, 

leaving a large “missing heritability”. Dopamine has been hypothesized to be involved in the 

pathogenesis for over 60 years, and the first dopamine related gene (the dopamine receptor D2 

gene, DRD2) was just recently detected as a susceptibility gene (Schizophrenia Working 

Group of the Psychiatric Genomics, 2014). Previous studies with smaller samples involved 

were however not able to detect this gene, illustrating the need for enormous samples to detect 

differences between patients and controls  (Genome-wide association study identifies five 

new scizophrenia loci, 2011a). Several other explanations for this missing heritability have 

been suggested, such as the need for new statistical tools (Andreassen et al., 2014), gene-gene 

and gene-environment interactions as well as epigenetic factors (Harrison, 2015). 

5.2 Oxytocin 

5.2.1 Structure and function 

Oxytocin is a polypeptide released from the posterior pituitary gland, and is interestingly 

active both as a peripheral hormone and a neuropeptide in the central nervous system (CNS). 

Fairly all vertebrates have a related peptide represented, and oxytocin’s important role in 

parturition and milk let-down has been known for over 60 years (du Vigneaud, 1960, Gimpl 

and Fahrenholz, 2001). Oxytocin consists of nine amino acids, differing from vasopressin, a 

related neuropeptide also released from the posterior pituitary gland with only two amino acid 

positions (National Center for Biotechnology Information, 2010). This structural difference 
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enables each peptide to bind to its corresponding receptor, but at the same time display 

overlapping pharmacological properties (Gimpl and Fahrenholz, 2001).

The oxytocin receptor belongs to the G-coupled protein receptor family and is a polypeptide 

consisting of 388 amino acids (Kimura et al., 1992). With seven transmembrane domains, an 

external signal of oxytocin activates a G protein inside the cell, which in turn affects further 

signal pathways and transduces cell functioning (Qin et al., 2011). The oxytocin receptor is 

distributed widely throughout the brain, including the olfactory system, cortical areas, basal 

ganglia, limbic system, thalamus, hypothalamus and brain stem as well as the body, including 

the uterus, ovary, testis, prostate gland, thymus, pancreas, the cardiovascular system and 

mammary tissues (Gimpl and Fahrenholz, 2001, Loup et al., 1991, Loup et al., 1989). 

Oxytocin for peripheral release is mainly synthesized in magnocellular neurons in the 

hypothalamic paraventricular (PVN) and supraoptic nuclei (SON). After transportation to the 

pituitary gland it is released to the blood stream and act as a hormone throughout the body. 

Oxytocin for central release is mainly synthesized in parvocellular neurons in the PVN, and 

terminate in different areas of the brain through axonal transport (McEwen, 2004b) (Figure 1), 

but there is to some extent also dendritic release of oxytocin from magnocellular neurons into 

central regions, which is possibly self-sustaining and long-lasting (Ludwig, 1998, Ludwig and 

Leng, 2006). Functionally, oxytocin has been proposed to act as a modulator in synaptic 

transmission in brain areas involved in social behavior (Mitre et al., 2016).

Up- and down-regulation of the oxytocin receptor is highly dynamic, complex and tissue 

specific processes, and factors in the promotor region of the oxytocin receptor gene as well as 

epigenetic factors matter (Kimura et al., 2003). We know that psychological stressors induce 

secretion of oxytocin, both peripherally and centrally (Ludwig, 1998, Nishioka et al., 1998). 

Pregnancy, parturition, suckling and positive social interaction are probably important central 
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regulators (Landgraf et al., 1992, Uvnas-Moberg, 1998). Furthermore, estrogen can modulate 

the transcription of oxytocin receptors in the amygdala, suggesting that steroids are important 

for central regulation (Choleris et al., 2003). At a molecular level, the trans-membrane 

receptor CD38, that is recognized as important for several complex system, e.g. the 

reproductive-, immune- and cardiovascular system (Malavasi et al., 2008), has recently been 

found to be important for central release of oxytocin and hence behavioral effects (Jin et al., 

2007, Munesue et al., 2010). 

It is not clear whether the peripheral and central secretion of oxytocin are synchronous (Gimpl 

and Fahrenholz, 2001, Ludwig and Leng, 2006, Leng et al., 2008, Neumann et al., 1993), and 

most likely the hormone does not cross the blood brain barrier (BBB) (McEwen, 2004a). 

Additionally, oxytocin receptor ligands are just emerging and have not been implemented in 

human research yet (Karpenko et al., 2015, Smith et al., 2016), making the investigation of 

human central pathways of oxytocin challenging (Leng et al., 2015, Leng and Ludwig, 2016). 

The rich literature from animal studies however applies convincing evidence for oxytocin’s 

important role in social behavior, and several study methods in humans have been introduced 

(Meyer-Lindenberg et al., 2011, Leng et al., 2015).
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Figure 1 

The site for production, release and central pathways of oxytocin. Oxytocin travels in the 
brain via axonal projections and dendritic release into several brain areas. Here they act as 
neuromodulators and affect neurotransmissions. The oxytocin receptor sites are mainly 
mapped through animal research and are not fully elucidated (Meyer-Lindenberg et al., 2011, 
Grinevich et al., 2016). ACC = anterior cingulate cortex; BNST = bed nucleus of the stria 
terminalis; NAc = nucleus accumbens; SCN = suprachiasmatic nucleus. Reprinted by 
permission from Macmillan Publishers Ltd: Nature Reviews Neuroscience (Meyer-
Lindenberg et al., 2011), copyright 2011. 

5.2.2 Structure of oxytocin pathway genes 

The oxytocin pathway genes are often defined as the genes coding for oxytocin (OXT), 

vasopressin (AVP), the oxytocin receptor (OXTR), and CD38 (CD38) (Feldman et al., 2016). 

AVP is of interest since its gene location is separated from OXT with only 12 kilobases (kb), 

and produces hormones with similar polypeptide structure (Manning et al., 2008, Wallis, 

2012). OXT and AVP are located on chromosome 20, and positioned in opposite 
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transcriptional directions (Summar et al., 1990). Both genes have three coding exons each 

with transcriptions lengths of only 898 and 2170 base pairs, respectively (Ensembl.org., 2016,

Flicek et al., 2014). The OXTR spans over 19.22 kb and consist of 4 exons and 3 introns. 

Coding regions are located in exon 3 and 4 alone, and the largest gene region is the third 

intron which spans over approximately 12 kb (Inoue et al., 1994). CD38 is located at 

chromosome 4. With a span of 74.96 kb and 8 coding exons (Ensembl.org., 2016, Flicek et 

al., 2014), this is the largest gene studied in the present thesis. For central effects, the gene is 

expressed both intracellularly and on the plasma membrane, and both in neurons and glial 

cells (Salmina et al., 2010).

RNA, and ultimately protein, is expressed after the reading of coding regions, but a rich 

literature has shown that polymorphisms in non-coding regions are of equal importance 

regarding protein expression, subsequently with potential clinical consequences (Pagani and 

Baralle, 2004). In particular deep intronic variants and synonymous SNPs in untranslated 

regions of the exon can affect splicing and thus be an important contributing factor in disease 

development (Pagani and Baralle, 2004, Sauna and Kimchi-Sarfaty, 2011). 

5.2.3 Study methods and theoretical framework 

Animal studies 

Important information about oxytocin’s behavioral effects has been revealed through animal 

research. Maternal behavior in rats can be induced by central injection of exogenous oxytocin, 

and decreased by oxytocin antagonists (Insel and Young, 2001). The difference in central 

oxytocin receptor distribution between prairie voles and montane voles is interesting as prairie 

voles demonstrate a “partner preference” after mating, and montane voles do not. After giving 

birth however, the distribution of oxytocin receptors change temporarily in the montane vole 
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brain (Insel and Young, 2001). The formation of close bonds with relatives in rodents could 

serve as a correlate with behavior related to social cognition (Rosenfeld et al., 2011), and 

interestingly, mice that are genetically engineered to lack the gene for oxytocin (oxytocin 

knockout mice) have a deficit in recognizing familiar mice, which can be recovered by 

infusion of oxytocin into the medial amygdala (Ferguson et al., 2001). CD38 knockout mice 

also show defects in maternal nurturing and social behavior (Jin et al., 2007). 

Based on the knowledge from animal literature, a sizeable number of studies investigating the

role of oxytocin in human social behavior has been conducted over the past decade.  The main 

research tools used in human studies are measures of oxytocin in plasma/cerebrospinal fluid 

(CSF), treatment trials with intranasal delivery of oxytocin and measurement of genetically 

mediated differences. 

Plasma/CSF levels 

Oxytocin plasma levels have been measured in several psychiatric populations, hypothesizing 

that low endogenous levels are correlated with impaired social cognition and disease 

characteristics related to social behavior (Rubin et al., 2010, Goldman et al., 2008, Yuen et al., 

2014). A recent meta-analysis involving 52 studies of plasma level (as well as urine, saliva 

and CSF) were however not able to detect any association with psychiatric disorders 

(Rutigliano et al., 2016). Together with findings of un-correlation between oxytocin levels in 

plasma and CSF (Leng and Ludwig, 2016), this lends support to the understanding that the 

plasma oxytocin levels do not reflect central effects in any certain way. 

Intranasal oxytocin 

Due to the challenge of identifying oxytocin biomarkers, and the limitations of the BBB, 

oxytocin administered intranasally has become a central research method. This administration 

route is hypothesized to have a direct pathway into the brain, and has over the past decade 
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been proposed as a possible treatment for a wide range of symptoms and deficits related to 

social behavior in several psychiatric disorders, including schizophrenia (Quintana et al., 

2016). In 2005, Kosfeld and colleagues found that intranasal oxytocin increased trust in a 

money-transferring game performed by healthy subjects (Kosfeld et al., 2005) and showed for 

the first time that this administration route could elicit behavioral effects. Since then, 

numerous trials with intranasal oxytocin have been conducted, and some of the effects seen 

are lower anxiety levels, increased generosity, increased performance on tests of theory of 

mind and better ability to classify positive facial emotions correctly (Macdonald and

Macdonald, 2010, Bartz et al., 2011b, Churchland and Winkielman, 2012). Brain activation 

measured by functional Magnetic Resonance Imaging (fMRI) during social cognitive tasks 

has been included as a research endpoint, and reduced activation in amygdala during 

presentation of fearful visual images has repeatedly been seen after intranasal oxytocin 

administration (Bethlehem et al., 2013). The effects on amygdala activation seem to be task-

dependent, and possibly with diverse direction of effect between males and females (Shamay-

Tsoory and Abu-Akel, 2016, Rilling et al., 2014, Domes et al., 2010). 

The trial results have however been inconsistent (Herpertz and Bertsch, 2016), and both 

nonsignificant results and even adverse effects are reported (for review see (Bartz et al., 

2011b)). While oxytocin initially was thought of as an unambiguously pro-social 

neuropeptide, effects like envy, gloating and aggression towards competitors appeared (De 

Dreu et al., 2010, Shamay-Tsoory et al., 2009). The suggested travel pathways from the nasal 

cavities to the brain (either through internalization of the peptide into olfactory neurons and 

thus with axonal transport to the brain, or by intercellular clefts into the subarachnoidal space) 

have been questioned (Leng and Ludwig, 2016), and to date it is uncertain whether intranasal 

oxytocin actually penetrate the brain (Bakermans-Kranenburg and van, 2013, Leng and 
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Ludwig, 2016). Recent critical reviews have also pointed to the small sample sizes involved 

in oxytocin trials, with the following low power and risk of both type I and type II errors 

(Walum et al., 2016, Button et al., 2013).  

Oxytocin pathway genes 

The measurement of genetically mediated differences has become an approach aiming to 

provide new knowledge of the endogenous oxytocin system in relation to social behavior and 

brain structure/function, as the genetic make-up is identical both in the individual’s peripheral 

and central oxytocin system. Numerous studies have linked OXTR polymorphisms to parental 

attachment, empathy, theory of mind, stress response, social cognition and amygdala volume 

in healthy subjects (Feldman et al., 2016, Bakermans-Kranenburg and van Ijzendoorn, 2008, 

Rodrigues et al., 2009, Inoue et al., 2010), and to the risk for developing autism spectrum 

disorders (ASD) (LoParo and Waldman, 2015). Through candidate gene approaches, rs53576 

and rs2254298 have received particular attention (Feldman et al., 2016). Rs53576 has 

additionally been shown to modulate the effect of intranasal oxytocin (Chen et al., 2015). 

However, recent conflicting meta-analyses disagree about their importance (Li et al., 2015, 

Bakermans-Kranenburg and van Ijzendoorn, 2014). While no essential associations between 

AVP and social behavior are shown (Meyer-Lindenberg et al., 2011), OXT and CD38 have 

both been associated with ASD, parental attachment and stress-coping (Ebstein et al., 2009, 

Ebstein et al., 2012, Feldman et al., 2016).  

Theoretical framework 

Initially, oxytocin was seen as uniformly related to increased trust, reduced anxiety and 

activation of affiliative behavior. But as ambiguous effects of exogenous oxytocin were 

found, new hypotheses about the neuropeptide arouse. Bartz and colleagues proposed an 

interactionist model in 2011, where the importance of individual and contextual factors was 
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included (Bartz et al., 2011b). They accentuated the idea that oxytocin alters the processing of 

social cues, also known as the social salience hypothesis. Thus, the response of exogenous 

oxytocin would then be dependent on predisposed cues (Bartz et al., 2011b). In light of this 

theory, they saw that intranasal oxytocin showed strongest effects on emotion recognition 

only when the tasks were demanding for the individual (Bartz et al., 2010) and that negative 

emotions like mistrust, envy and attachment insecurity could be induced in relation to out-

groups (Declerck et al., 2010, Bartz et al., 2011a, De Dreu, 2012, Bartz et al., 2011b, Shamay-

Tsoory et al., 2009). Recent results have strengthened this interactionist model, stressing that 

oxytocin given in addition to social cues considered as “safe” by the participants enhances 

pro-social behavior, whereas anti-social emotion and behavior could be induced when the 

social cues are considered to be “unsafe” , or in individuals with aggressive tendencies (Olff 

et al., 2013, DeWall et al., 2014). Recently, Shamay and Tsoory integrated cumulative 

evidence from animal and human research and  boosted the social salience hypothesis 

(Shamay-Tsoory and Abu-Akel, 2016). Building on previous research, claiming that 

dopamine plays an important role in the information processing of social cues (Berridge, 

2007), they suggest a modulating role of oxytocin on dopamine signaling in the 

mesocorticolimbic system when exposed to an external cue (Shamay-Tsoory and Abu-Akel, 

2016). In rodents, dopamine release has shown influenced by central oxytocin injections 

during pup grooming (Shahrokh et al., 2010), and stimulation of both dopamine and oxytocin 

receptors in the nucleus accumbens was in one study necessary for inducing pair bonding 

formation (Liu and Wang, 2003). Furthermore, oxytocin receptor expression in the amygdala 

seems dependent on dopamine (Bale et al., 2001). Although stating that more research is 

needed to clarify the role of oxytocin in social salience, these authors provide a theoretical 

framework within which new hypotheses might be generated. 



27 

5.3 Personality traits 

5.3.1 Definition and correlates with psychotic disorders 

The term “personality” was introduced in the late 18th century, accompanied with an attempt

to understand its neuroanatomical basis (Crocq, 2013). Kraeplin emphasized the existence of 

a gradual limit between normal and pathological personality, thus the investigation of 

personality became an integrated part of research on psychiatric disorders (Kendler and 

Jablensky, 2011). Today, personality traits are often defined as individual characteristics in 

cognition, emotion and behavior that are stable over time. Several personality scales have 

been validated, and the Neuroticism Extroversion Openness Personality Inventory Revised 

Version (NEO-PI-R) is widely used (Costa and McCrae, 1992). A rich body of literature 

support a five-factor model of personality, and in addition to the traits; Neuroticism, 

Extraversion and Openness, the NEO-PI-R captures Agreeableness and Conscientiousness

(Briggs, 1992).

Personality traits are shown to predict a wide range of behaviors (Hopwood et al., 2009) and 

have repeatedly been related to psychiatric disorders (Barnett et al., 2011). Both high scores 

on Neuroticism and low scores on Extraversion are shown associated with depression, 

anxiety, phobias, as well as a diagnosis of schizophrenia and bipolar disorder (Brandes and 

Bienvenu, 2006, Klein et al., 2011, Solyom et al., 1986, Van Os and Jones, 2001, Barnett et 

al., 2011). While low levels on Conscientiousness and Openness have been correlated with 

schizophrenia as well in a recent meta-analysis (Ohi et al., 2016), these traits may not predict 

social dysfunction as much as Neuroticism, Extraversion and Agreeableness (Hopwood et al., 

2009). In patients with psychotic disorders, personality traits have been associated with 

symptom course and functioning levels (Gleeson et al., 2005, Compton et al., 2015) and 

premorbid high scores on Neuroticism and low scores on Extraversion might serve as risk 
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factors for the development of psychotic disorders (Van Os and Jones, 2001, Lonnqvist et al., 

2009). The biological basis of personality traits is largely unknown, but the strong 

associations found between extreme personality scores and psychotic disorders implies that 

the NEO-PI-R measures features that have shared underlying biological mechanisms. 

5.3.2 Genetic modulation 

Based on twin, family and adoption studies, the heritability of personality traits is estimated to 

be approximately 40% (Vukasovic and Bratko, 2015), and several GWAS for personality 

traits have been conducted (Balestri et al., 2014). The results are in general mixed (Montag 

and Reuter, 2014), and most associations found have failed to be replicated (Kim et al., 2013, 

Terracciano et al., 2010, Kim et al., 2015). As with psychotic disorders, this “missing 

heritability” has encouraged researchers to perform other complementary genetic approaches, 

such as using new statistical tools on the GWAS data sets (Kim et al., 2015, Power and 

Pluess, 2015, Montag and Reuter, 2014), and candidate gene studies based on hypotheses

about neurobiological underpinnings (Montag and Reuter, 2014). 

5.3.3 Oxytocin 

In Bartz and colleague’s summary of trials with intranasal oxytocin in 2011, they reported that 

situational or individual characteristics moderated the outcome in approximately 60% of the 

cases (Bartz et al., 2011b). The moderating effect of personality traits was shown in one study 

investigating performance on the Reading the Mind in the Eyes test after intranasal oxytocin 

administration, where only participants with high degree of alexithymia showed prosocial 

benefit of the neuropeptide (Luminet et al., 2011). Alexithymia is previously shown to 

correlate positively with Neuroticism and negatively with Extraversion and Openness 

(Luminet et al., 1999). Furthermore, Cardoso and colleagues found that intranasal oxytocin 
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was particularly beneficial on affective response to stress in women showing high levels of 

emotion-oriented coping (Cardoso et al., 2012b), and in a separate study they found effects of 

intranasal oxytocin to be associated with higher scores on Openness and Extraversion 

measured by the NEO-PI-R compared to participants that received placebo (Cardoso et al., 

2012a). This corresponds with the association found between high plasma oxytocin levels and 

high scores on Extraversion (Andari et al., 2014). 

The candidate gene approach to personality research has traditionally focused on serotonin 

and dopamine, but the results are however mainly inconclusive (Montag and Reuter, 2014). 

Oxytocin pathway genes have received augmented interest in the personality research field, 

due to their potential role in social behavior. Rs53576 has been associated with an anxiety-

related temperamental trait measured by the Tridimensional Personality Questionnaire (Wang 

et al., 2014) as well as an interaction effect between neuroticism (measured by the Maudsley 

Personality Inventory) and dopamine transporter availability (measured by photon emission 

computed tomography) (Chang et al., 2014). Also, an interaction effect between a CD38 

polymorphism and chronic interpersonal stress has been related to social anxiety (Tabak et al., 

2016). 

While a rich literature has shown associations between oxytocin pathway genes and social 

behavior and psychiatric symptoms, only a few studies have investigated trait effects of inter-

individual signaling (Aspé Sánchez et al., 2016, Kumsta and Heinrichs, 2013). In addition, no 

investigation of the association between oxytocin pathway genes and personality traits 

measured by the NEO-PI-R has yet been performed (Balestri et al., 2014). 
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5.4 Positive and negative symptoms 

5.4.1 Symptom course and treatment 

Symptoms of psychotic disorders usually emerge in adolescence or early adulthood (Leboyer 

et al., 2005, Owen et al., 2016), and a diagnosis of schizophrenia or bipolar disorder is first set 

after a clear psychotic and/or affective episode, respectively. While patients with bipolar 

disorder seem to have preserved cognitive and functional levels in the pre-illness period 

(Lewandowski et al., 2011), many patients with schizophrenia experience a period with 

unspecific symptoms before the onset of the first psychotic episode. This period, also called 

the prodrome, often involves social withdrawal (Lieberman et al., 2001) and subsequently 

negative symptoms emerge. Social- and neurocognitive deficits are common as well in this 

period (Lee et al., 2015, Fusar-Poli et al., 2012). Eventually, attenuated psychotic symptoms 

such as suspiciousness, perceptual abnormalities and ideas of reference appear. 

The only psychopharmacological treatments for schizophrenia offered today are dopamine 

receptor antagonists (antipsychotics), which mainly have an effect on positive symptoms. 

Antipsychotic drugs have little effect on negative symptoms and neurocognitive deficits, in 

fact they may even in some cases have a direct adverse effect (Harvey et al., 2004). Cognitive 

functioning deficits, poor pre-morbid functioning, earlier age of onset, longer duration of 

untreated psychosis and male gender are baseline factors that are found to be associated with 

poor treatment response (Case et al., 2010), but why these factors contribute to poor outcome 

is not well elucidated (Zhang and Malhotra, 2011). In lack of further knowledge about factors 

predicting treatment response, intolerable side effects and inefficacy are common reasons for 

discontinuation or switch of assigned treatment (Lieberman et al., 2005). For these reasons, a 

growing body of literature focus on genetic variants that may affect antipsychotic drug 

response (McClay et al., 2011), and development of novel drugs (Gopalakrishna et al., 2016, 

Feifel et al., 2016). 
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5.4.2 Oxytocin 

The interest for associations between oxytocin and psychotic disorders started over thirty 

years ago (Bujanow, 1972). In animal models for schizophrenia, rats dosed with the N-

methyl-D-aspartate (NMDA) antagonist phencyclidine, displayed altered social behavior, 

reduced oxytocin mRNA in the anterior hypothalamus, and increased oxytocin receptor 

(OXTR) binding in the amygdala (Lee et al., 2005). In the same study, direct injection of 

oxytocin in the amygdala restored social interaction behavior. Furthermore, oxytocin gene 

knockout mice have shown larger pre-pulse inhibitions (PPI) deficits after NMDA 

administration than mice with the oxytocin gene intact (Caldwell et al., 2009), and reduced 

dopaminergic hyperactivity in the striatum and nucleus accumbens after oxytocin 

administration has been shown as well (Qi et al., 2007).

A few studies have focused on plasma and CSF oxytocin levels in patients with psychotic 

disorders. As mentioned above, these methods are criticized for not reflecting oxytocin levels 

in the CNS. Goldman and colleagues divided 22 patients with schizophrenia into subgroups of 

polydipsic and non-polydipsic forms of the disorder, and found diminished plasma oxytocin 

levels in the polydipsic hyponatremic group (Goldman et al., 2008). Another study measured 

plasma levels after neutral and trust-related interpersonal interactions. In a sample of 50 

patients with schizophrenia and 50 healthy controls, the plasma levels did not increase after 

trust-related interactions in patients in the same way as they did in controls (Keri et al., 2009). 

In addition, high plasma oxytocin levels have been associated with less severe positive 

symptoms in schizophrenia (Rubin et al., 2010). CSF oxytocin levels, however, have been 

found to be not different or even higher in patients with schizophrenia and bipolar disorders 

compared to healthy controls (Linkowski et al., 1984, Glovinsky et al., 1994).
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To date, 15 add-on clinical trials using intranasal oxytocin involving patients with 

schizophrenia have been performed, and treatment effects on positive and negative symptoms 

have been suggested (Feifel et al., 2016). However, a recent meta-analysis including six of the 

studies were not able to detect any effect on these symptoms (Heringa et al., 2015). No 

clinical trials with oxytocin administration have been performed in patients with bipolar 

disorder yet (Mercedes Perez-Rodriguez et al., 2015).

Association studies of oxytocin pathway polymorphisms in patients with schizophrenia have 

been conducted in seven samples (Bartholomeusz et al., 2015), with patient samples ranging 

from 74 to 406. Both tag SNPs and hypothesis based SNPs previously associated with social 

phenotypes have been selected, but solely OXT and OXTR have been investigated. While 

rs2268493 (OXTR) has been associated with mentalizing abilities and social perception 

(Davis et al., 2014), rs2740204 (OXT) with clozapine treatment response (Souza et al., 

2010a), rs4813626 (OXT) and rs9840864 (OXTR) with the risk of developing schizophrenia 

(Watanabe et al., 2012, Teltsh et al., 2012), only the OXTR polymorphisms rs53576, 

rs2254298 and rs237902 have been significantly associated with symptoms in Caucasian 

schizophrenia samples. Montag and colleagues found the rs2254298A and rs53576G allele to 

be associated with higher general psychopathology scores and rs237902G to be associated 

with higher negative symptom scores measured by the Positive and Negative Symptom Scale 

(PANSS) (Montag et al., 2012, Montag et al., 2013). In addition, rs53576A and rs237885T 

(OXTR) have been associated with a diagnosis of schizophrenia in a Caucasian sample 

(Montag et al., 2013). 
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5.5 Affective face perception in psychotic disorders 

5.5.1 Definition 

Social cognition comprise the information processing and regulation of social stimuli, and is 

often divided into four separate processes; perception of social cues (including affective face 

perception), experience of sharing, mentalizing, and experiencing and regulating emotions

(Green et al., 2015). Deficits in these domains have been shown prominent, chronic and with 

long-term effects on daily-life functioning in patients with psychotic disorders, and may 

mediate the functional loss from neurocognitive deficits (Fett et al., 2011). Social cognitive 

deficits are also shown to be the strongest predictor for transition to psychosis from a 

prodromal state (Corcoran et al., 2015). Despite having an important role in functional 

impairment, social cognitive deficits are not part of the diagnostic criteria of psychotic 

disorders. 

Affective face perception is widely investigated, and both impairments in the ability to 

identify emotional face expressions and deficits in neural activity during face perception tasks 

have been found consistently in psychotic disorders (Green et al., 2015). Interestingly, 

patients with schizophrenia seem to display more severe deficits in affective face perception 

compared to patients with schizoaffective disorders, that in turn show more severe deficits 

than patients with bipolar disorders, even though impairments are present in all these patient 

groups (Ruocco et al., 2014, Bora and Pantelis, 2016).

5.5.2 Amygdala activation 

Several studies have shown that social cognition rely on distinct neural circuits from those 

involved in other cognitive processes (Meyer-Lindenberg et al., 2011). A large meta-analysis 

including 100 fMRI reports on affective face perception in healthy subjects showed that the 
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parahippocampal gyrus, inferior frontal gyrus, medial prefrontal gyrus and fusiform gyrus as 

well as the amygdala are important brain regions involved in this social cognitive domain 

(Sabatinelli et al., 2011). In social salience and threat-related signal processing, amygdala in 

particular seems to have a critical role (Phelps and LeDoux, 2005). 

A recent large-scale structural MRI study established that the amygdala volume was 

significantly smaller in patients with schizophrenia compared to healthy controls (van Erp et 

al., 2016), while reduced amygdala volume is possibly most prominent during youth and 

normalized in adulthood due to medical treatment in bipolar disorder (Wijeratne et al., 2013, 

Foland et al., 2008, Phillips and Swartz, 2014). Additionally, amygdala dysfunction has been 

associated with altered affective face perception in schizophrenia in several studies 

(Takahashi et al., 2004, Brunet-Gouet and Decety, 2006), and threat-related facial affect 

perception is particularly altered in this patient group (Kohler et al., 2010, Edwards et al., 

2002, Kohler et al., 2003). Three meta-analyses suggest altered amygdala activation in 

patients with schizophrenia in response to negative emotional stimuli, either in itself (Li et al., 

2010), or in contrast to neutral stimuli (i.e. neutral faces or other neutral stimuli) (Taylor et al., 

2012, Anticevic et al., 2012), and the authors propose that patients with schizophrenia show 

an over-activation in response to neutral emotional stimuli more than an under-activation in 

response to negative emotional stimuli. Interestingly, a meta-analysis of 1040 patients with 

bipolar disorder and 1074 controls, including six fMRI studies, found an over-activation in the 

amygdala during both negative and positive faces, regardless of affective state (Chen et al., 

2011). The explanation for this difference in amygdala response to emotional stimuli between 

patients with schizophrenia and bipolar disorder remains unclear, but could ultimately reflect 

the differences in social cognitive deficits. 
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Despite of an increasing knowledge of the neural circuits involved in affective face 

perception, there are no pharmacological treatments available to date targeting these deficits, 

and there are no compelling evidence that antipsychotics ameliorate these deficits either 

(Kucharska-Pietura and Mortimer, 2013).  

5.5.3 Oxytocin 

Due to the rich literature stressing the central role of oxytocin in social cognition, deficits in 

these domains have been targeted in trials with intranasal oxytocin in patients with 

schizophrenia. While some improvements in detecting empathic accuracy (Davis et al., 2013), 

fear recognition (Gibson et al., 2014) and Theory of Mind (Pedersen et al., 2011) have been 

seen, the results have been mixed (Cacciotti-Saija et al., 2015) and found too heterogeneous to 

be included in a recent meta-analysis (Heringa et al., 2015). Shin and colleagues measured in 

2015 for the first time brain activation during oxytocin administration in patients with 

psychotic disorders, and interestingly found decreased amygdala activation when the 

participants underwent an affective face perception paradigm (Shin et al., 2015). Recently, 

Rubin and colleagues investigated DNA methylation of OXTR in 167 patients with both 

schizophrenia and bipolar disorder, and found higher levels to be associated with both smaller 

volumes in temporal-limbic and prefrontal regions as well as poorer affective face perception 

(only in females), and higher levels were seen in patients with schizophrenia compared to 

patients with bipolar disorder (Rubin et al., 2016). To date, no other association studies of 

oxytocin pathway genes in patients with bipolar disorder have been performed. 

Combined, there is support from animal and genetic studies that the endogenous oxytocin 

system is altered in patients with schizophrenia. However, the evidence is still mixed, and the

research field mainly struggles with small sample sizes and most studies investigating 
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oxytocin pathway genes include mixed ethnic populations. Further, the associations with 

clinical symptomatology have been inconsistent (Davis et al., 2014, Watanabe et al., 2012), 

and no study investigating the association between oxytocin pathway genes and brain 

activation has yet been performed in patients with psychotic disorders. 

5.6 Aims of the thesis 

The overall aim of this PhD study was to gain more knowledge of the relationship between 

the endogenous oxytocin system and features that are important for social dysfunction in 

patients with psychotic disorders; personality traits related to trust and social behavior, 

positive symptoms related to trust, negative symptoms related to social withdrawal and 

amygdala activation related to affective face perception. 

We sought to identify minor genetic alterations in oxytocin pathway genes regulating 

oxytocin, which could lead to deficits in core social features, with possible implications for 

treatment and the understanding of pathophysiological mechanisms of these features. The 

studies were conducted in both a patient and a healthy control sample with the following 

subaims: 

i) To identify oxytocin pathway polymorphisms contributing to the relationship

between personality traits in healthy subjects correlated with trust and social 

behavior that have previously been associated with inter-individual effects of 

oxytocin, and oxytocin pathway genes. 

ii) To identify associations between oxytocin pathway genes and psychotic disorders

per se in a case-control design as well as between oxytocin pathway genes and 

specific psychopathological features associated with trust and social behavior, in 
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particular suspiciousness/persecutory delusions, hostility, emotional withdrawal 

and passive/apathetic social withdrawal. 

iii) To identify associations between three genetic polymorphisms of the OXTR gene

(rs53576, rs2254298 and rs237902) and amygdala activation during affective face 

perception of negative faces, and determine possible disorder specific associations 

in patients with psychotic disorders. 
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6. MATERIAL AND METHODS

6.1 Participants 

Participants were included in the Norwegian multi-center Thematically Organized Psychosis 

Research (TOP) study recruiting patients from in- and out-patient clinics in the greater Oslo 

area in South-Eastern Norway. In this part of the study, a total of 734 with a psychotic 

disorder and 417 healthy individuals were included. All participants were Caucasian to avoid 

confounding by population stratification, and met an adequate level of spoken Scandinavian 

language. None had a history of head injury, neurological disorders, autoimmune or infectious 

disorders or malignancies, or an IQ below 70. All participants gave written informed consent 

and the study is approved by the Norwegian Scientific-Ethical Committees and the 

Norwegian Data Protection Agency.

Table 1 Sample overview. All participants in Study I and III are represented in Study II.

Study I Study II Study III
Patient sample, N 0 734 204
Healthy controls, N 196 417 142
Overlap, N (%):
Study I 196 (100) 196 (17) 136 (39)
Study II 196 (100) 1151 (100) 346 (100)
Study III 136 (69) 346 (30) 346 (100)

6.1.1 Patient sample 

Participants in the patient sample were referred from a clinician and received treatment during 

inclusion in the project. They all underwent clinical and physical examination by a physician, 

extensive neuropsychological testing by a psychologist, collection of blood samples for 

somatic screening and DNA analyses. The patients included were interviewed, investigating 

sociodemographic history, medical history, substance abuse, psychiatric symptoms, 

medication and potentially side effects. They all underwent diagnostic interviews based on the 
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Structured Clinical Interview for DSM-IV Axis 1 Disorders (SCID-1) and were diagnosed 

with a psychotic disorder. All underwent symptoms assessments including the PANSS. 

Study II: Of the total sample of 734, all had a schizophrenia polygenic risk score (PGRS) and 

genotyped or imputation data for OXTR SNPs of interest. 725 individuals (364 women and 

361 men) had available symptom scores of p6 measured by the PANSS, while 724 patients 

had available symptom scores of p7, n2 and n4.

The sample of 734 patients covered the following diagnoses: schizophrenia (n=265, out of 

which 263 had symptom scores), schizophreniform disorder (n=23), schizoaffective disorder 

(n=62), bipolar disorder I (n=180), bipolar disorder II (n=72), bipolar disorder NOS (n=18), 

depressive psychosis (n=21) and other psychosis (n=93). 

Study III: The group of 104 patients (41 women and 63 men) with a schizophrenia spectrum 

disorder (SCZ) included the following diagnoses: schizophrenia (n = 62), schizophreniform 

disorder (n = 6), schizoaffective disorder (n = 12), and psychotic disorder NOS (n = 24). The 

affective spectrum (AD) group (n= 100, 57 women and 43 men) consisted of patients with 

bipolar disorder I (n = 50), bipolar disorder II (n = 38), bipolar disorder NOS (n = 6), and

depressive psychosis (n = 6). In addition to a standard fMRI protocol, these participants 

underwent an emotional faces matching paradigm, and task-induced blood-oxygen-level 

dependent (BOLD) amygdala response to emotional faces was measured. Complete 

behavioral data (response time and accuracy rate) were available for 89 participants with SCZ 

and 94 participants with AD. For the remaining individuals an accuracy rate (i.e. combined 

rate for negative faces and shapes) was calculated.
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6.1.2 Healthy controls 

Healthy participants were selected randomly from statistical records of persons from the same 

catchments areas in South-Eastern Norway as the hospitals giving services to the TOP study’s 

case sample. All subjects were screened for illness using the Primary Care Evaluation of 

Mental Disorders and interviewed about severe psychiatric disorders, drug abuse, and somatic 

disease. Healthy participants were excluded in case of any history of severe psychiatric 

disorders (major depression, bipolar disorders, and schizophrenia) in the participants or in any 

of their first-degree relatives, substance or alcohol abuse or dependency. Blood samples for 

genotyping were collected for all healthy participants. 

Study I: A total of 196 healthy subjects were included (86 women and 110 men). Personality 

traits were assessed by the Neuroticism-Extraversion-Openness Five-Factor Inventory 

(NEO-FFI). 

Study II: The control sample consisted of 417 healthy individuals, 209 women and 208 men. 

All had genotyped or imputation data for SNPs of interest as well as PGRSs.  

Study III: 142 healthy individuals were included, 58 women and 84 men. As within the 

patient sample in this study, these participants underwent an emotional faces matching 

paradigm during fMRI, and task-induced BOLD amygdala response to emotional faces was 

measured. Complete behavioral data (response time and accuracy rate) were available for 140 

healthy individuals. For the two remaining individuals an accuracy rate was calculated. 
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6.2 Clinical Assessments 

6.2.1 Diagnostic assessment 

The SCID-1 was used for diagnostic purposes in the patient sample (First, 2002). Trained 

psychologists and physicians performed all the diagnostic interviews, based on modules A-E. 

The ratings are based on both the patients’ thought content as conveyed during the interview, 

information from informants, and clinical observation during the interview. Interviewers 

underwent regularly supervision and consensus meetings with experienced clinicians and 

investigators. Directed by the South-Eastern Norway Regional Health Authority, all 

interviewers completed a mandatory SCID-1 Training and Quality Assurance Program for 

researchers (Ventura et al., 1998). The mean overall inter-rater variability for study patients 

was 82%, κ = 0.77 (95% CI 0.60-0.94).

6.2.2 Assessment of positive and negative symptoms 

We used the PANSS; that is a 30-item, 7-point rating instrument (Kay et al., 1987) for 

symptoms assessments in the patient sample.  This interview-based scale measures 

psychopathology that is common in psychotic disorders: positive, negative, depressive, 

disorganized and excitative symptoms for the last week (Langeveld et al., 2013).  The ratings 

are based both on the patients’ thought content as conveyed during the interview, information 

from informants and clinical observation during the interview. For the current study we 

selected four items that are closely related to trust and social function for investigation: 

suspiciousness/persecution (p6); e.g. unrealistic or exaggerated ideas of persecution, as 

reflected in guardedness, a distrustful attitude, suspicious hypervigilance or frank delusions 

that others mean harm, hostility (p7); e.g. verbal and nonverbal expressions of anger and 

resentment, including sarcasm, passive-aggressive behavior, verbal abuse and assaultiveness, 

emotional withdrawal (n2); e.g. lack of interest in, involvement with, and affective 
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commitment to life’s events and passive/apathetic social withdrawal (n4); e.g. diminished 

interest and initiative in social interactions due to passivity, apathy, anergy or avolition that 

leads to reduced interpersonal involvements and neglect of activities of daily living.  

 

6.2.3 Assessment of personality traits 

In the healthy control sample in study I, we used the Neuroticism-Extraversion-Openness-

Five Factor Inventory (NEO-FFI); that is a 60 item short-version of the NEO-PI-R. Both 

versions measure five personality traits: Neuroticism (anxiousness, impulsiveness, depression, 

hostility, vulnerability to stress, self-consciousness), Extraversion (excitement-seeking, 

gregariousness, assertiveness, warmth, activity, positive emotion), Openness to experience 

(fantasy, aesthetics, feelings, actions, openness to ideas and values), Agreeableness (trust, 

modesty, altruism, compliance, straightforwardness, tender-mindedness) and 

Conscientiousness (self-discipline, order, achievement striving, competence, dutifulness, 

deliberation) (McCrae et al., 2005). The NEO-FFI is a self-report inventory with 12 items for 

each of the five personality domains. The items comprise descriptions of behavior with 

answers on a five-point scale, ranging from “strongly agree” to strongly disagree”. For the 

current study we pre-selected three personality domains with relation to trust and social 

behavior for investigation: Agreeableness, Neuroticism and Extraversion. We thus obtained a 

total of three domain scores based on the mean of the 12 items representing each personality 

domain.                    
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6.3 Selection of genetic variants 

We used three different approaches for the selection of genetic variants to answer our research 

questions: 

i. The first was to investigate SNPs covering all the four oxytocin pathway genes (i.e.

OXT, AVP, OXTR, CD38) from the Affymetrix chip. This was performed in Study I 

since no previous studies regarding oxytocin pathway genes and personality traits 

measured by the NEO-PI-R had been performed previously, and we wanted to identify 

possible contributing oxytocin pathway polymorphisms. 

ii. The second was to investigate an overall effect of oxytocin pathway genes by

calculating a PGRS score for schizophrenia for OXT, AVP, CD38 and OXTR 

polymorphisms using the results from the PGC schizophrenia study (Ripke et al., 

2011) as a discovery sample for generating PGRS. This study was performed before 

the release of PGC2 and the results from the PGC1 were used, involving 9146 

schizophrenia cases and 12111 controls. This method was applied in study II and 

represented a cumulative risk contribution of oxytocin pathway genes to 

schizophrenia. 

iii. The third was to investigate SNPs with previous association to either the diagnosis of

schizophrenia (OXTR SNP rs53576), to social behavior, or to related symptoms in 

schizophrenia based on previous studies i.e. the four OXTR SNPs (rs1042778, 

rs53576, rs2254298 and rs237902). Rs237902 was genotyped on the Affymetrix chip, 

while rs53576, rs2254298 and rs1042778 were not available on this chip and hence 

imputed. This was performed in all three studies, however study II and III did not 

include rs1042778 since this polymorphism had not been related to symptoms in 

psychotic disorders previously. 
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6.4 Genotyping and Imputation 

The TOP sample was genotyped using the Affymetrix Genome-Wide Human SNP Array 6.0 

(Affymetrix Inc., Santa Clara, CA, USA). Samples were excluded through quality control if 

they had low-yield (call rate below 95%), if they were duplicates of other samples included in 

the study, if they had a sex determined by X chromosome marker homozygosity different 

from their reported sex or if they were calculated to have other ancestry than European. 

Markers with severe deviation from Hardy–Weinberg equilibrium, low-yield (<95%) or with 

minor allele frequencies below 0.01 were excluded. Following the above mentioned quality 

control, the candidate SNPs were imputed with MaCH (Sph.umich.edu., 2016a) using the 

European samples in the Phase I release of the 1000 Genomes Project (SNPs not present in 

the 1000 Genomes reference, and SNPs with ambiguous strand alignments (A/T and G/C 

SNPs), were removed from the sample data sets). Imputation was a three stage process, 

involving (I) ChunkChromosome where the data set was broken into 2500 SNP pieces with 

500 SNP overlap (Genome.sph.umich.edu., 2016a), (II) MaCH where each piece was phased 

(40 rounds and 400 states) (Sph.umich.edu., 2016b), and (III) Minimac where each phased 

piece was imputed to the 1000 Genomes European reference panel (20 rounds and 400 states) 

(Genome.sph.umich.edu., 2016b). In the third stage, all imputed SNPs were provided with an 

estimated r2 score as quality metric. Exclusions were made of SNPs with an r2 score <0.5

leaving 9,584,802 SNPs. Imputed OXT, OXTR, AVP and CD38 SNPs based on University of 

California Santa Cruz (UCSC) coordinates ± 20 kb (hg19) were extracted for inclusion in the 

current analyses and exclusions were made of SNPs with a minor allele frequency <0.01. 
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6.5 Polygenic risk score 

A PGRS for the schizophrenia phenotype was computed based on imputed SNPs following 

the method developed by Purcell (Purcell et al., 2009b). With the aid of PLINK version 1.07 

(Purcell, 2009a, Purcell et al., 2007), we performed a meta-analysis including all PGC sub 

studies (2011) except ours (TOP3) (n= 9146 schizophrenia cases and 12111 controls), to 

obtain risk allele effect sizes (the natural logarithm of odds ratios, ln(OR)) for SNPs in the 

oxytocin pathway genes: OXT [OMIM 167050], OXTR [OMIM 167055], CD38 [OMIM 

107270] and AVP [OMIM 192340]. The SNPs within each gene were subsequently pruned by 

grouping them in LD (r2 < 0.25) sets and selecting from each set the representative with the

highest absolute effect size. This procedure left us with 32 SNPs. A cumulative risk score was 

then computed for each individual in our sample summing up the effect sizes of the selected 

SNPs multiplied by the number of risk alleles carried by that individual. Such a cumulative 

risk score is assumed to represent a sort of oxytocin pathway cumulative risk for 

schizophrenia. 

6.6 fMRI analyses 

6.6.1 Experimental paradigm 

A widely used and validated paradigm was employed to elicit amygdala activation in study III 

(Carre et al., 2012, Hariri et al., 2002, Ousdal et al., 2012, Tesli et al., 2015). In this task, 

participants selected which of two stimuli (displayed at the bottom of the screen) matched a 

target stimulus (displayed at the top). In the faces-matching task, the images displayed were 

either human faces expressing anger or fear ("negative faces"), or happiness ("positive 

faces"). In the sensorimotor control task, geometrical shapes were displayed. The negative 

and positive faces were presented in two separate runs, each with 4 blocks of faces interleaved 
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by 5 blocks of geometrical shapes. The order of the runs was counterbalanced between 

participants. Within blocks of negative faces, fearful and angry faces were intermixed. Each 

block of faces consisted of 6 emotion-specific face trios derived from a standard set of facial 

affect pictures (Tottenham et al., 2009). Each trial (face/shape stimulus) was presented for 5.4 

seconds with no inter-stimulus interval, for a total block length of 32.6 seconds. Each run 

lasted 294 seconds. The E-prime software (version 1.0 Psychology Software Tools, Inc, 

Pittsburgh, PA, USA) controlled the presentations of the stimuli using VisualSystem 

(NordicNeuroLab, Bergen, Norway). Measures of reaction times and task accuracy were 

recorded through MRI-compatible ResponseGrips (NordicNeuroLab, Bergen, Norway). 

6.6.2 BOLD fMRI data acquisition 

MRI was performed on a 1.5 T Siemens Magnetom Sonata scanner (Siemens Medical 

Solutions, Erlangen, Germany) supplied with a standard head coil. We collected 152 

functional volumes per run using a T2*-weighted echo-planar imaging sequence. Each 

volume consisted of 24 axial slices with a pixel size of 3 mm in the axial plane and a slice 

thickness of 4 mm with 1 mm gap between slices (TR=2040 ms, TE=50ms, FA=90º, matrix 

64 x 64, FOV 224 mm). The first seven volumes and the last one were discarded, leaving 144 

volumes for analyses. Prior to fMRI, a sagittal T1-weighted 3D Magnetization Prepared 

Rapid Gradient Echo scan was collected (160 slices, TR= 2730 ms, TE=3.93 ms, FA =7º, 

matrix 192 x 256, FOV 240 mm, voxel size 1.33 x 0.94 x 1 mm3 ), here used for co-

registration purposes. 

6.6.3 fMRI Data Analysis 

The functional MRI data went through an initial quality check procedure, to detect images 

with poor quality due to excessive head motion, slice dropout, radiofrequency artifacts or 

other noise.  It was subsequently processed and analyzed using FEAT (FMRI Expert Analysis 
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Tool) version 6.0, part of FSL (Fmrib.ox.ac.uk., 2016, Smith et al., 2004). Conventional 

preprocessing included motion correction (Jenkinson et al., 2002), non-brain removal (Smith, 

2002), spatial smoothing with a 6 mm full-width half-maximum kernel (Smith and Brady, 

1997) and a high pass filter with a 90 s window. A first-level general linear model analysis 

was performed for each run, where the onset and duration of the on-blocks (positive faces and 

negative faces, respectively) was modeled with that of the off-blocks (geometrical shapes) as 

implicit baseline. The design matrix was filtered and convolved with a hemodynamic 

response function before the model fit. This analysis resulted in individual contrast parameter 

estimates (COPEs) reflecting the faces vs. shapes contrast within runs. In study III, we 

focused on participants' amygdala responses to negative stimuli (the negative faces > shapes 

contrast), due to the implication of altered threat-related facial affect perception in psychotic 

disorders (Kohler et al., 2003, Hall et al., 2008) and since this contrast has been reported to 

reliably engage the amygdala (Tesli et al., 2015, Costafreda et al., 2008, Zald, 2003). 

Amygdala regions of interest (ROIs) were defined in accordance with the probabilistic 

Harvard-Oxford subcortical atlas provided with FSL, and were thresholded at 25% 

probability. Mean BOLD signal changes (parameter estimates) across all ROI voxels were 

extracted from FSL and used in statistical analyses. 

6.7 Statistics 

We performed genetic association analyses between oxytocin pathway polymorphisms 

and phenotypes using linear regression analyses in all three studies. The phenotypes were 

set as dependent variables, and genotypes in allelic dosage models were set at 

independent variables (i.e. entering the number of minor alleles with the possibility of 0, 

1 or 2). For imputed SNPs, the expected allele count was entered as the independent 
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variable. Possible confounding variables were included as covariates. In study II, an 

allelic logistic regression model was used to test for case/control association. For these 

purposes, the PLINK software version 1.07 (Purcell, 2009a, Purcell et al., 2007) was 

used.

In study II, a multiple regression model was performed with all three SNPs in question 

included in the model to test for potential specificity of each SNP. In study III, interaction 

effects between SNP and diagnosis as well as between SNP and sex were tested for. Only one 

interaction term was included in the model at the time. For these purposes, the software R 

Version 3.2.2 (Cran.r-project.org., 2015) was used. 

The software SPSS Version 22 (IBM, Armonk, N.Y) was used for inspection of distribution 

of the variables, PGRS analyses, group comparisons and correlation analyses. In study II, 

potential differences in mean schizophrenia oxytocin pathway PGRS between cases and 

healthy controls were first investigated with t-tests for independent samples. Additionally, we 

performed multiple linear regression analyses for each PANSS scores with the PGRS as an 

independent variable in the total patient sample, correcting for potential confounders. In study 

III, potential differences in amygdala activation, response time and accuracy rate between 

subgroups (SCZ, AD, and healthy controls) were examined using Kruskal-Wallis tests. Sex 

effects for amygdala activation were tested for in the total group with Mann-Whitney tests. 

The correlation between right and left amygdala activation was examined using bivariate 

correlation analyses (Spearman’s rho). 

Genetic statistical power was estimated with the Genetic Power Calculator (Purcell et al., 

2003, Pngu.mgh.harvard.edu., 2016) assuming a disease prevalence of 0.01 for schizophrenia 

and 0.02 for psychotic disorders, an additive allelic model and a type I error rate of 0.05. To 
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correct for multiple testing in the genetic association analyses, Bonferroni corrections for the 

number of independent tests were performed in all studies. 
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7. SUMMARY OF RESULTS

Study I 

The purpose of this study was to identify oxytocin pathway polymorphisms contributing to 

the relationship between three personality traits related to trust and social behavior; 

Agreeableness, Neuroticism and Extraversion, and oxytocin pathway genes. 

69 SNPs in the oxytocin pathway genes OXT, AVP, OXTR and CD38 were genotyped from 

the Affymetrix chip and three pre-selected OXTR SNPs (rs53576, rs2254298 and rs1042778)

found associated with social behavior in previous literature were imputed in 196 healthy 

subjects. 

We found seven nominally significant associations for personality traits; 

Agreeableness (rs857240 (AVP, p=0.0075), rs2270463 (OXTR, p= 0.047)), Neuroticism 

(rs3756242 (CD38, p= 0.024), rs13104011 (CD38, p= 0.024), rs6816486 (CD38, p=0.024), 

rs7655635 (CD38, p= 0.034) and Extraversion (rs237878 (OXTR, p= 0.019). None of these 

associations remained significant after Bonferroni correction (P-threshold = 2.31 x 10-4), and

none of these seven polymorphisms had been found associated with social phenotypes in the 

literature previously. 

Our results do not support the notion of significant contributions of oxytocin pathway genes 

to personality traits and we find it less likely that they are central biological modulators of the 

individual levels of Agreeableness, Neuroticism and Extraversion.

Study II 

We performed association analyses between four oxytocin pathway genes (OXT, OXTR, 

AVP, CD38) and four areas of social behavior-related psychopathology as measured by the 
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PANSS; suspiciousness/persecutory delusions, hostility, emotional withdrawal and 

passive/apathetic social withdrawal. Additionally, we tested for genetic case/control 

differences. For these purposes, we investigated both a PGRS and single OXTR candidate 

SNPs previously reported in the literature (rs53576, rs237902, rs2254298). A total of 734 

subjects with DSM-IV psychotic spectrum disorders and 417 healthy controls were included. 

There was a significant association between higher symptom levels of emotional withdrawal 

and the OXTR risk allele A in rs53576 (p = 0.007, p = 0.084 after Bonferroni correction). 

This finding survived Bonferroni corrections when all three SNPs were added in the same 

multiple regression model (p = 0.002, p = 0.009 after Bonferroni correction). No significant 

associations between rs53576 and suspiciousness/persecutory delusions, hostility, or 

passive/apathetic social withdrawal were found and rs53576 failed to differ between cases and 

controls. No significant associations were found between rs237902 or rs2254298 and the 

PANSS measures under investigation, nor between PGRS and symptom levels or case/control 

status.

Our findings indicate that oxytocinergic signaling is involved in the pathophysiology of the 

level of emotional withdrawal in patients with psychotic disorders, a feature related to social 

dysfunction in this patient group. Oxytocin pathway genes do however appear to not be 

important in the pathogenesis of psychotic disorders per se. 

Study III 

346 participants (104 cases with SCZ, 100 cases with AD, and 142 healthy controls) 

underwent genotyping and fMRI during an emotional faces matching paradigm. Genetic 

association analyses were performed to test the possible effects of the OXTR SNPs rs53576, 

rs237902 and rs2254298 on task-induced BOLD amygdala response to fearful/angry faces. 
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Potential differences in amygdala activation, response time and accuracy rate between 

subgroups (SCZ, AD, and healthy controls) as well as interaction effects between diagnoses 

and amygdala activation were examined as well. 

In participants with SCZ, the rs237902 G allele was associated with low amygdala activation 

(left hemisphere, b= -4.99, Bonferroni corrected p =0.04) and interaction analyses showed 

that this association was disorder specific (left hemisphere; Bonferroni corrected p = 0.003, 

right hemisphere; Bonferroni corrected p = 0.03). There were no associations between 

oxytocin receptor polymorphisms and amygdala activation in the total sample, among AD 

patients or healthy controls. We did not detect differences in amygdala activation (left 

hemisphere: χ² = 0.73, p = 0.69, right hemisphere: χ² = 0.19, p = 0.91) or accuracy rate (χ² = 

0.29, p = 0.87) between diagnostic subgroups, but in response time (χ² = 13.6, p = 0.001).

Our findings indicate that minor genetic alterations in the OXTR could serve as associated 

factors in biological underpinnings of affective face perception, a social cognitive trait 

important for social functioning in patients with psychotic disorders. The disorder-specific 

association found suggests that oxytocinergic signaling influences affective face perception in

a different way in patients with SCZ than in patients with AD or healthy controls. 
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8. DISCUSSION

8.1 Main results 

The three studies in the present thesis sought to determine if genetic alterations in oxytocin 

pathway genes could be associated with features important for social dysfunction in patients 

with psychotic disorders. The main findings are significant associations between an intronic 

single oxytocin receptor polymorphism and emotional withdrawal in patients with psychotic 

disorders and between an exonic single oxytocin receptor polymorphism and amygdala 

activation during affective face perception of negative faces in patients with schizophrenia 

spectrum disorders. Oxytocin pathway genes however, failed to explain any association to a 

diagnosis of psychotic disorder per se, or to variation in personality traits in healthy subjects. 

In this discussion, these findings will firstly be presented in light of previous literature. 

Secondly, these findings will be discussed in light of a new insight into the social-salience 

hypothesis with potential biological and clinical implications. At last, methodological strength 

and limitations, as well as future directions will be discussed. 

8.1.1 The relationship between personality traits and oxytocin pathway genes 

In Study I, we found seven nominally significant associations between variants in oxytocin 

pathway genes (OXT, OXTR, CD38 and AVP) and personality traits related to trust and 

social behavior (Agreeableness, Neuroticism and Extraversion), but none of these associations 

remained significant after correction for multiple testing. 

Ten of the 72 investigated SNPs included for analysis in the present study have been found in 

previous literature to be associated with trust and/or social behavior (eight located at OXTR: 

rs11131149, rs237900, rs237902, rs2268494, rs7632287, rs53576, rs2254298, rs1042778 and 
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two located at CD38: rs6449197, rs3796863). Rs1042778 is an exonic variant in the 3 prime 

untranslated region of the OXTR, with uncertain predictive value. However, Feldman and 

colleagues found this polymorphism, in addition to rs2254298 located at the OXTR, to be 

associated with oxytocin plasma levels in a study of 352 healthy individuals, making further 

investigation of this SNP interesting (Feldman et al., 2012). In the same study, the rs1042778 

TT genotype was associated with less parental touch. In other previous studies, this 

polymorphism has been associated with autism, antisocial behavior and early signs of 

psychopathy (Dadds et al., 2014, Malik et al., 2012). Rs53576 has been associated with a 

range of social features (Li et al., 2015), and recently an interaction effect between this 

polymorphism and insecure childhood attachment was shown to modulate the level of 

alexithymia in adulthood, as well as grey matter volume in brain areas related to social 

salience processing (Schneider-Hassloff et al., 2016). Based on this literature, we imputed 

rs53576, rs2254298 and rs1042778 that are not available on the Affymetrix chip, and included 

these polymorphisms in the analyses. We did however not find any association between these 

three polymorphisms and personality traits, hence we were not able to replicate earlier 

findings. 

Concerning other OXTR SNPs, we examined rs237900 that has been associated with Harm 

Avoidance, measured by the Temperament and Character Inventory (Stankova et al., 2012), a 

personality trait positively correlated with Neuroticism and negatively correlated with 

Extraversion in the five-factor model (De Fruyt et al., 2000). Further, rs11131149 has been 

associated with depressive temperaments (Kawamura et al., 2010), rs2268494 with the ability 

to cooperate in a Prisoner’s Dilemma Game (Tabak et al., 2014), and rs7632287 with pair-

bonding behavior (Walum et al., 2012). As with the imputed polymorphisms in our study, 
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none of these genotyped polymorphisms showed associations with personality traits in our 

sample. 

Variants in OXT, AVP and CD38 are less extensively examined in general regarding social 

behavior, and to our knowledge, the relationship between these three genes and personality 

traits has not been examined before. Feldman and colleagues found rs3796863 located at 

CD38 to be associated with oxytocin plasma levels in the same study detecting association 

between oxytocin plasma levels and rs2254298 and rs1042778, highlighting this particular 

polymorphism for further investigation (Feldman et al., 2012). No associations with 

personality traits were found with this particular polymorphism in the present study, 

indicating that the potential expression of oxytocin associated with this SNP is less likely to 

influence the level of Agreeableness, Neuroticism and Extraversion. 

In summary, we were not able to detect associations between variants in oxytocin related 

genes and personality traits expected to be strongly correlated with trust and social behavior, 

and our results do not support the notion of significant contributions of oxytocin pathway 

genes to personality traits. We were not able to replicate earlier findings, and all the nominally 

significant associations found were for SNPs with no previous reports in the literature. 

8.1.2 The effect of oxytocin pathway genes on positive and negative symptoms and 

diagnosis in psychotic disorders 

We found in study II that rs53576 A-allele carriers had higher scores on emotional withdrawal 

measured by the PANSS compared to G-allele carriers, while we were not able to detect 

associations between symptom scores and rs237902 or rs2254298 in patients with psychotic 

disorders. Neither did we detect any predictive value of rs53576 to a diagnosis of any 
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psychotic disorder or associations between oxytocin pathway gene PGRS and 

symptoms/diagnosis of any psychotic disorder. 

Rs53576 and rs2254298, two intronic polymorphisms, have been extensively studied across 

social features, psychiatric symptoms and ethnic groups, and have in separate studies been 

associated with having an autism spectrum disorder, levels of empathy, parental sensitivity 

and amygdala volumes (Wu et al., 2005, Bakermans-Kranenburg and van Ijzendoorn, 2008, 

Rodrigues et al., 2009, Meyer-Lindenberg et al., 2011, Inoue et al., 2010, Wang et al., 2014, 

Kumsta and Heinrichs, 2013). However, results are inconsistent to the degree that different 

meta-analyses seem to disagree about their importance (LoParo and Waldman, 2015, Li et al., 

2015, Bakermans-Kranenburg and van Ijzendoorn, 2014). In psychotic disorders these 

variants have been associated with both general psychopathology (rs53576 and rs2254298), 

and negative symptoms as measured by the PANSS (rs237902) and empathic concern 

(rs2254298) (Montag et al., 2012, Montag et al., 2013). 

Emotional withdrawal is characterized by the lack of interest in, involvement with, and 

affective commitment to life’s events, and is seen in a wide range of psychiatric disorders. 

Thus, the association we found with rs53576 in the present thesis supports previous studies of 

a negative association with social behavior in the A-allele for areas covering maternal 

sensitivity (Bakermans-Kranenburg and van Ijzendoorn, 2008), empathy (Rodrigues et al., 

2009), sociability (Tost et al., 2010), trust behavior in healthy subjects (Krueger et al., 2013) 

and seeking of emotional support in times of distress (Kim et al., 2010). Contrasting studies 

showing that patients with schizophrenia carrying the G-allele had higher general 

psychopathology scores measured by the PANSS  (Montag et al., 2013) could be in line with 

a “flip-flop phenomenon” (Lin et al., 2007). We were not able to detect associations between 

rs2254298 and positive or negative symptoms in patients with psychotic disorders, a finding 
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that corresponds to a previous result in a smaller sample (Montag et al., 2012). Neither did we 

find any associations between rs237902 and symptom measures, in contrast to Montag and 

colleagues who found a higher risk of negative symptoms in rs237902G carriers with 

schizophrenia (Montag et al., 2013). Montag and colleagues however used a combined score 

of all PANSS negative sub-items and our conflicting finding could be explained by rs237902 

being associated more with other negative sub-items than emotional withdrawal or 

passive/apathetic social withdrawal. 

Only a few case-control studies have investigated the relationship between the diagnosis of 

schizophrenia and oxytocin related genes. Previous studies have used different strategies for 

SNP selection in the oxytocin pathway genes and seem to be rather inconclusive (Souza et al., 

2010b, Watanabe et al., 2012, Teltsh et al., 2012). Montag and colleagues found an 

association between the diagnosis of schizophrenia and rs53576 in a case-control study with 

406 patients and 406 healthy controls, with the A-allele occurring more frequent in the patient 

group compared to the controls (Montag et al., 2013). We were not able to replicate this 

finding indicating that this association is not robust. With a combined psychosis sample twice 

the size as in Montag and colleagues’ study, we find it unlikely that this particular 

polymorphism contribute significantly to the risk of developing schizophrenia or any other 

psychotic disorder. 

In addition, we used a polygenic risk approach, a measure derived from associations with risk 

in a large case-control sample, to capture more of the small effects to risk for a psychotic 

disorder across the oxytocin pathway genes (OXT, OXTR, CD38 and AVP). Based on recent 

reports about overlapping symptomatology and susceptibility genes across different severe 

mental disorders (Craddock and Sklar, 2013, Kidd, 2013, Levy and Manove, 2012) we here 

sought to include a wide range of diagnoses in the psychosis spectrum. To our knowledge, no 
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previous studies have investigated their relationship to a diagnosis of any psychotic disorder. 

We were not able to find any significant associations between PGRS over the four oxytocin-

related genes and the diagnosis of any psychotic disorder in our sample. We also did not find 

any associations between PGRS and relevant symptom measures. The calculated polygenic 

risk scores that include a cumulative risk profile across the whole genome, i.e. thousands of 

common genetic variants each with small effect, are shown significantly higher in patients 

with schizophrenia and bipolar disorder than in cases (Purcell et al., 2009b, Agerbo et al., 

2015, Tesli et al., 2014). This indicates both that psychotic disorders are highly polygenic and 

that there is genetic overlap across psychotic disorders, but also that the measure of PGRSs is 

useful in detecting case-control status.  The calculated PGRS based on oxytocin pathway 

genes is then likely to not involve a sufficient amount of risk variants to predict case-control 

status, reflecting that common genetic variants in these genes do not contribute substantially 

to the genetic risk of a psychotic disorder. This finding is in line with results in the large PGC 

study (Schizophrenia Working Group of the Psychiatric Genomics, 2014). The correlation 

between PGRS based on common genetic variants across the whole genome and quantitative 

phenotypes has however been more difficult to detect. Derks and colleagues measured 

positive, negative, disorganized, depressive and manic symptoms in 715 schizophrenia cases 

and 643 controls, but were not able to detect any association with the calculated PGRS (Derks 

et al., 2012). Corresponding results were found when PGRSs based on risk loci for bipolar 

disorder were calculated, and not found associated with positive, negative or depressive 

symptoms, but, however with the level of mania in patients with schizophrenia (Ruderfer et 

al., 2014). Derck and colleagues explain their non-significant findings with low statistical 

power, that other alleles, more rare variants or epigenetic variation may be more involved in 

dimensional symptom scales than risk alleles (Derks et al., 2012). This could certainly explain 

our non-significant association between oxytocin PGRS and symptom measures as well, and 
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most likely we also included too few genetic variants in the calculated PGRSs to detect 

significant associations. To our knowledge, this is the first study using an oxytocin candidate 

gene polygenic approach to investigate phenotypes in psychotic disorders, and replication in 

other samples could be useful. 

8.1.3 The effect of oxytocin pathway genes on affective face perception in psychotic 

disorders

In Study III we showed attenuated amygdala activation in response to emotionally negative 

faces in rs237902G allele carriers among patients with schizophrenia spectrum disorders, but 

not in patients with affective spectrum disorders or healthy subjects. In this study, we were 

not able to detect associations between amygdala activation during affective face perception 

of negative faces and rs53576 or rs2254298 in any subsample. 

While the present study is the first fMRI study investigating oxytocin pathway 

polymorphisms in patients with psychotic disorders, several investigations have been 

performed in healthy subjects. The OXTR gene has been of particular interest, and rs2254298 

as well as rs53576 have previously been associated with amygdala activation in response to 

affective face perception in healthy individuals with samples sizes ranging from 55 to 228 

(Tost et al., 2010, Tost et al., 2011, Marusak et al., 2015). We were not able to replicate these 

findings, with a healthy sample size of 142, and this could be due to lack of statistical power. 

However, our results are in line with findings from a large study investigating 23 tag SNPs in 

the OXTR in 1445 healthy adolescents (Loth et al., 2014). Loth and colleagues detected an 

association between rs237915 (that could serve as a proxy for rs237902) and activation in the 

ventral striatum, but not in amygdala, in response to threat perception (Loth et al., 2014), 

indicating that oxytocinergic signaling does play an important role in affective face 
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perception. The ventral striatum most likely interact with the amygdala in the social salience 

process (Shamay-Tsoory and Abu-Akel, 2016) and combined with our disorder specific 

association between rs237902 and amygdala activation in response to negative faces, it is 

possible that oxytocinergic signaling is altered in patients with schizophrenia compared to 

healthy individuals. 

8.1.4 Oxytocin pathway genes – biological modulators of social dysfunction in 

psychotic disorders? 

Despite the rich literature proposing oxytocin as a potential therapeutic target for 

schizophrenia, less is known of the underlying biological mechanisms of the endogenous 

oxytocin system (Leng and Ludwig, 2016). The rapidly growing amount of trials conducted 

with intranasal oxytocin is understandable, as few side-effects of the drug, negative subjective 

reactions or adverse effects are associated with this study method (MacDonald et al., 2011). In 

addition, oxytocin is already in clinical use for women in fertile age and is easy to administer. 

However, since no oxytocin receptors ligands are implemented in human clinical trials yet, 

the central pathways for this neuropeptide are difficult to investigate. This knowledge is of 

importance, since oxytocin administration has been associated with inconsistent treatment 

effects in this patient group and adverse effects are observed in subsets of samples. Also the 

biological mechanisms underlying the social disabilities that this hormone is supposed to 

alleviate are mostly unknown. Understanding the role of individual variation in the 

endogenous oxytocin system in these social disabilities would then be a step towards a more 

personalized medicine. We have used a translational approach measuring underlying genetics, 

brain activation and clinical symptomatology to understand this role better. Summarized, we 

found a subset of individuals that are more prone to emotional withdrawal (patients with 
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psychotic disorders carrying the OXTR rs53576A allele compared to rs53576G carriers) and a 

subset of individuals that are more prone to low amygdala activation during affective face 

perception of negative faces (patients with a schizophrenia spectrum disorder carrying the 

OXTR rs237902G allele compared to rs237902A carriers). This suggests that the endogenous 

oxytocin system has a role in biological underpinnings of negative symptoms and affective 

face perception. In study III, we found that this role differed between patients with 

schizophrenia spectrum disorders, affective spectrum disorders and healthy controls. In study 

II we did not test for disorder specificity of symptoms, but the more severe presence of 

negative symptoms in patients with schizophrenia compared to patients with affective 

disorders lies within the diagnostic criteria. 

Our findings lend support from studies of schizophrenia animal models (Bartholomeusz et al., 

2015). Rats dosed with the NMDA antagonist phencyclidine, displayed altered social

behavior, reduced oxytocin mRNA in the anterior hypothalamus, and increased oxytocin 

receptor binding in the amygdala (Lee et al., 2005). In the same study, direct injection of 

oxytocin in the amygdala restored social interaction behavior. Other preclinical studies have 

shown that oxytocin may modulate PPI (Caldwell et al., 2009) and restore social deficits 

induced by dopamine agonists (Young et al., 2014). 

As part of the social salience hypothesis, Rosenfeld and colleagues theorized that altered 

oxytocinergic signaling combined with dysfunctional dopamine signaling in the 

mesocorticolimbic system in patients with schizophrenia, leads to disrupted emotional 

salience to external cues in the environment (Rosenfeld et al., 2011). According to this theory, 

this aberrant emotion processing would lead to misinterpretations of social cues, which in turn 

would lead to negative symptoms (emotional withdrawal and isolation) and positive 

symptoms (suspicion and paranoia). Based on findings from animal studies and trials with 
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intranasal oxytocin as well as fMRI studies in patients with schizophrenia, they hypothesized 

that the oxytocinergic modulation of the amygdala is of greatest importance for this aberrant 

social salience (Rosenfeld et al., 2011). 

Our findings support this theory, since OXTR polymorphisms showed association with 

amygdala activation during affective face perception and negative symptoms. Why different 

OXTR polymorphisms showed association with the investigated phenotypes in study II and 

III is challenging to understand, but could hypothetically be explained by that these 

polymorphisms both are important for oxytocin receptor expression in the mesocorticolimbic 

system, but at different brain sites. In addition, as mentioned above, other PANSS negative 

sub-items could possibly be more associated with rs237902 than the selected sub-items in this 

thesis. Negative symptoms in schizophrenia are clinical characteristics found to be correlated 

with emotion processing and face recognition in a meta-analysis (Ventura et al., 2013), 

strengthening the idea that they share biological underpinnings. But how the individual 

variations in oxytocin receptor polymorphisms in patients with psychotic disorders affect 

oxytocin receptor expression and oxytocin receptor distribution in amygdala, interaction with 

dopamine signaling and response to oxytocin administration remains unclear. To date, only a 

single trial with intranasal oxytocin measuring brain activation during an affective face 

perception task in patients with schizophrenia has been conducted (Shin et al., 2015). Shin 

and colleagues found that patients responded on oxytocin treatment with attenuated amygdala 

activation when presented to affective faces (combined result of negative, positive and neutral 

faces) compared to placebo, whereas healthy participants showed increased amygdala 

activation in the same paradigms. When patients and controls were investigated together (n= 

31), decreased amygdala activation for fearful emotion and increased activity for happy faces 

after oxytocin administration was seen (Shin et al., 2015). This finding needs to be replicated, 
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but if it holds true, even more questions about the modulating role of oxytocin in affective 

face perception emerge. If patients with schizophrenia with affective face perception deficits 

show lower amygdala activation when presented to fearful/angry emotional faces, as 

presented in three meta-analysis (Li et al., 2010, Taylor et al., 2012, Anticevic et al., 2012), a 

beneficial effect of even more decreased amygdala activation after oxytocin administration 

seems unlikely. Positive treatment effects have been difficult to detect in this patient group 

(Heringa et al., 2015), but importantly, no adverse effects have been reported (Feifel et al., 

2016). In comparison, an attenuated effect on amygdala activation of oxytocin administration 

when presented to negative facial expressions has been seen in patients with generalized 

social anxiety disorder that in general show over-activation in the amygdala during affective 

face perception at baseline (Gorka et al., 2015), and an increased effect on amygdala 

activation in patients with ASD, that is abnormally under-activated at baseline (Domes et al., 

2013).  

A possible mechanism proposed by Shin and colleagues is that oxytocin reduces sensitivity to 

affective faces and social anxiety in patients with schizophrenia (Shin et al., 2015), and this 

explanation may be more in line with a hypothesis of anxiety reduction effects of oxytocin 

more than the social salience hypothesis. Our results neither support nor contradict this 

hypothesis, since we have not investigated how the participants in the present thesis respond 

to oxytocin administration. But one possible explanation for diagnostic differences in 

response to oxytocin administration on amygdala activation could be that oxytocinergic 

signaling influences this response. Based on our results combined with Shin and colleagues 

finding of a disorder specific response to oxytocin administration, and with the social salience 

hypothesis stating that individual characteristics influence treatment response, oxytocinergic 

signaling may influence this response in a different way in patients with schizophrenia 
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spectrum than in patients with affective spectrum disorders and healthy individuals. In fact, a 

recent study found that a haplotype block in the promotor region and intron 3 of OXTR, that 

comprise rs237897 (that is in moderate LD with rs237902) and rs53576 modulated oxytocin 

sensitivity to behavioral response (Chen et al., 2015). Thus, it is also possible that oxytocin 

administration would display different effects on affective face perception in patients with 

schizophrenia spectrum disorders carrying the rs237902G allele (that in our sample displayed 

a larger risk for low amygdala activation during affective face perception) compared to 

rs237902A carriers in the same patient group, and on the level of emotional withdrawal in 

patients with psychotic disorders carrying the rs53576A allele compared to rs53576G carriers.  

Theoretically, genetic- or environmental risk factors can be associated with the risk for a 

particular disease phenotype in addition to – or independent of - the risk for the disorder per 

se. The first seen for the role of early adverse events in schizophrenia (Varese et al., 2012, 

Aas et al., 2012) and the second in coronary heart disease, another complex illness with strong 

genetic risk factors (Pranavchand and Reddy, 2013). Psychotic disorders are highly polygenic 

(Biological insights from 108 schizophrenia-associated genetic loci, 2014), hence the 

probability of detecting risk variants is minimal in a hypothesis based candidate gene 

approach. This is reflected by multiple negative results from dopamine candidate genes 

studies (Berry et al., 2003). Combined, this could explain why we were not able to detect 

associations with oxytocin pathway genes and a diagnosis of psychotic disorder per se.  

The understanding that complex traits like psychiatric disorders are polygenic, implies that 

there are overlapping genetic variants between healthy individuals and patients. The genetic 

risk of disease is based on several hundred common genetic variants to some extent also 

carried by healthy individuals, and what combination of variants that ultimately is associated 

to a phenotype, e.g., extreme scores on personality traits, positive or negative symptoms, 
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affective face perception or a psychotic disorder per se, is still unknown. This accumulating 

genetic evidence is much of the basis of the dimensional theory to psychiatric disorders 

initiated by RDoC. Based on the correlation found between social dysfunction in both healthy 

individuals and patients with psychotic disorders and personality traits, the correlation seen 

between social dysfunction and oxytocin in the previous literature, and the inter-individual 

response seen in oxytocin administration, we hypothesized that common genetic variants in 

the oxytocin pathway genes could serve as such overlapping genetic variants. Our findings 

however failed to support this hypothesis. This could be explained by that oxytocin pathway 

genes are not central biological modulators of the investigated personality traits, an 

explanation that questions the social salience hypothesis. If the endogenous oxytocin system 

does not vary among individuals with different levels of Neuroticism, Extraversion or 

Agreeableness, it becomes less likely that oxytocinergic signaling influences anxiousness, 

hostility, vulnerability to stress, positive emotions, or trust in an inter-individual way. But, 

possibly could more rare variants in the oxytocin pathway genes or epigenetic variation may 

be more involved than the investigated alleles. 

 To conclude, we have found oxytocin pathway genes to be biological modulators of features 

related to social dysfunction in psychotic disorders to some extent- however with mixed 

results. Oxytocinergic signaling may contribute to affective face perception deficits and 

negative symptoms that are aspects of social salience, but are unlikely to explain most of the 

biological variance of social dysfunction in patients with psychotic disorders.
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8.2 Strength and limitations

8.2.1 Sample and assessments 

One of the main strengths of this thesis is the well characterized sample. This enabled us to 

use a translational approach measuring underlying genetics, brain activation and clinical 

symptomatology to better understand the endogenous oxytocin system across several 

psychotic disorders. These are phenotypes that are not available in the large PGC, where only 

information about diagnosis is present. This has provided us with the ability to explore 

pathophysiological mechanisms of these features which is highly requested in this research 

field (Leng and Ludwig, 2016). A second main strength of this thesis is the large patient 

sample. The field of oxytocin research is troubled by small sample sizes and our patient 

sample is to our knowledge the largest investigating symptom levels and oxytocin pathway 

genes. To date, Study III holds the first investigation of brain activation in relation to oxytocin 

pathway genes in patients with psychotic disorders. 

To be included as a patient in the TOP-project, participants must be in a stable state of the 

disorder, for ethical and practical considerations. This has given us the opportunity to provide 

reliable measures of diagnosis, symptoms and brain activation, as these are demanding 

examinations for the patient. However, this is also reflected in the phenotypes that we targeted 

for investigation. In Study II, the mean symptom values for the PANSS were 2.33 for 

suspiciousness/persecution (p6), 1.22 for hostility (p7), 2.04 for emotional withdrawal (n2)

and 2.19 for passive/apathetic social withdrawal (n4). A value score of 7 is rated as having the 

largest symptom burden in this 7-point rating instrument, which our patients are well below. 

In our study, we sought to investigate the relation to symptom severity, not the presence of 

symptoms, since only patients with a valid symptom measure were included. With overall low 

scores, our sample may not be representable for patients in less stable states. On the other 
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hand, the PANNS is considered a reliable tool for symptom assessment that is little prone to 

type II errors (Kay et al., 1987).  

All patients described are recruited from in- and out-patient clinics in the greater Oslo area in 

South-Eastern Norway, and all participants were Caucasian. That is of importance, since the 

minor allele frequency of at least rs2254298 and rs53576 has shown correlations with 

ethnicity (Bakermans-Kranenburg and van Ijzendoorn, 2014). Population stratification, 

defined as the presence of a systematic difference in allele frequencies between 

subpopulations, is generally a possible confounder. If not corrected for, this might lead to both 

type I and type II errors. This issue seems however to trouble the oxytocin research field, 

since several studies regarding oxytocin pathway genes show population admixture 

(Bakermans-Kranenburg and van Ijzendoorn, 2014). For this reason we selected hypothesized 

SNPs for investigation that had been associated with schizophrenia phenotypes in Caucasian 

samples. Our sample had also fairly equally distributed gender in all studies which is an 

advantage considering the possible confounding effect between oxytocin pathway 

polymorphisms and phenotypes.  

 
8.2.2 Methods 

A major strength of this thesis is the investigation of symptoms and features across diagnostic 

categories. This has been stressed for future research, since the genetic overlap shown 

between psychotic disorders today indicate that the division of these heterogenic disorders 

does not reflect the etiological mechanisms (Lawrie et al., 2016). Then, the investigation of 

phenotypes in one categorical psychotic disorder could potentially reduce the statistical power 

to detect genetic risk. We approached this issue by exploring possible associations between 

oxytocin pathway genes and the phenotype itself, regardless of diagnosis. Further in study III, 
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to test if this association differed between diagnoses, we performed interaction analyses 

involving diagnosis and the associated polymorphism. 

We chose a hypothesis-based approach and investigated oxytocin pathway genes that may be 

biological relevant to psychotic disorders, although they have not shown significant as 

susceptibility genes for development of psychotic disorders in the latest GWAS (Large-scale 

genome-wide association analysis of bipolar disorder identifies a new susceptibility locus near 

ODZ4, 2011b, Schizophrenia Working Group of the Psychiatric Genomics, 2014). With the 

missing heritability in mind, this investigation is still useful. In a case-control design, as we 

performed in study II, this however raises several issues. Firstly, and as mentioned above, 

psychotic disorders are highly polygenic and in a hypothesis based candidate gene approach, 

the probability of detecting risk variants is thus minimal. The need for a very large sample 

size is also prominent to reach sufficient statistical power, and we used the Genetic Power 

Calculator in study II. This calculator takes into account the risk allele frequency, disease 

prevalence, relative risk for homozygous/heterozygous carriers of the risk allele, LD between 

the investigated marker and the true risk allele, sample size, control/case ratio and if controls 

are screened for disease or not. Our calculated probabilities that the case/control analysis for 

rs53576 would reject a false null hypothesis were 0.51 for psychotic disorders and 0.34 for 

schizophrenia. There is obviously a need for a larger sample size to state that this 

polymorphism does not serve risk for a diagnosis per se, but with the largest patient sample to 

date investigating this issue, combined with the PGRS results, and the GWAS results from the 

large PGC, we find it plausible to state that there is little evidence that oxytocin pathway 

genes serve as risk variants to a diagnosis of any psychotic disorder per se. 

With the large amount of risk alleles contributing to risk of psychotic disorders, and most 

likely to the social phenotypes investigated in this thesis, the effect-size estimated per SNP is 
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as a consequence low (Biological insights from 108 schizophrenia-associated genetic loci,

2014). This is reflected in the association between rs53576 and emotional withdrawal (beta = 

-0.203) which should be taken into consideration for clinical implications. 

Multiple tests were performed and corrected for in study I, leaving a stringent level of 

evidence required to detect a true positive finding (p-threshold = 2.31 x 10 –4). This in turn 

reduced the statistical power of the study, with a high risk of making type II errors. Thus, the 

finding of no associations between personality traits and oxytocin pathway genes should be 

interpreted with caution. In study II, the association between rs53576 and emotional 

withdrawal did not survive Bonferroni corrections for 12 independent tests (4 PANSS items x 

3 SNPs). We found this correction too strict, since all variables were pre-selected based on 

findings in previous literature, and thus all association tests performed were not independent 

tests that we screened for genetic association, but were based in pre-defined hypothesis. When 

all three SNPs were included in the same multiple regression model, the association between 

rs53576 and emotional withdrawal was still significant, and here also survived Bonferroni 

corrections. This strengthened the results and we find a significant association between 

rs53576 and emotional withdrawal plausible. In study III, the significance threshold was set to 

p = 0.017 due to Bonferroni corrections for three SNPs. The number of subgroups or ROI was 

not corrected for, due to a hypothesis based approach to diagnostic differences, and a strong 

correlation between left and right amygdala activation. 

As no oxytocin related polymorphisms have been detected as risk variants for schizophrenia 

in large genome-wide association studies, we chose a hypothesis based approach for SNP 

selection. Rs53576, rs2254298 and rs237902 are the only SNPs previously found associated 

with disease characteristics in Caucasian schizophrenia samples (Bartholomeusz et al., 2015, 

Montag et al., 2012, Montag et al., 2013), hence we were interested in these polymorphisms 
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in particular. However, only a few studies have focused on the oxytocin pathway genes in

patients with psychotic disorders, and the possibility of publication bias must be taken into 

account. The knowledge of biological consequences and functions of these variants are also 

limited, and their influence on brain function should be interpreted with caution. 

8.3 Future directions 

There are several unanswered questions to the main aim of this thesis; how the endogenous 

oxytocin system relate to features that are important for social dysfunction in patients with 

psychotic disorders Firstly, replication of our findings is necessary in large samples. Secondly, 

further imaging studies involving other brain circuits and functional connectivity to amygdala 

as well as meta-analyses of oxytocin pathway genes in both healthy subjects and psychotic 

disorders should be performed. Additionally, several issues have not been addressed in this 

thesis, and would be of future interest. 

Individuals constantly interact with the environment, and this will without doubt interact with 

the endogenous oxytocin system and in turn most likely influence cognitive, emotional and 

behavioral reactions. Epigenetic factors, defined as the genetic control by factors other than an 

individual's DNA sequence (Simmons, 2008), are to some extent under investigation, by 

gene-environment interactions and the measure of methylation states of the oxytocin pathway 

genes (Feldman et al., 2016). Methylation of the gene modulates gene expression, and 

individual variance in gene modulation could to some extent be addressed. To our knowledge, 

methylation of oxytocin pathway genes has been investigated in only one study in patients 

with psychotic disorders (Rubin et al., 2016), and not in relation to personality traits, which 

would be of interest for future research. 
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In terms of gene expression, mRNA analyses are generally also lacking in the field. Since 

plasma levels of oxytocin are considered unreliable measures of oxytocin levels in the brain, 

mRNA measured in the peripheral blood, could provide new information about individual and 

diagnostic differences in large samples. Further, regions of the genome containing DNA 

sequence variants that influence the expression level of the genes (expression quantitative trait 

loci, eQTL) could be identified. 

Dopaminergic nuclei, including nucleus accumbens and ventral tegmental area, and prefrontal 

cortical areas most likely interact with the amygdala in affective face perception (Phillips et 

al., 2003, Gibbs et al., 2007, Green and Phillips, 2004), and dopamine antagonism from 

antipsychotic medication may disturb and attenuate this important function. If oxytocin 

should serve as a treatment option to these deficits among patients that already are medicated 

with dopamine-antagonists, it should be addressed how these neurotransmitter interact in 

humans. In a single-photon emission computed tomography (SPECT) study of healthy 

subjects, rs53576 interestingly predicted dopamine-transporter availability (Chang et al., 

2014), but this has to our knowledge not been investigated in patients with psychotic disorders. 

Several other neurotransmitters influence oxytocin expression (Meyer-Lindenberg et al., 

2011), and estrogen could be of particular interest in this regard. Sex differences in response 

to oxytocin administration are seen (Shamay-Tsoory and Abu-Akel, 2016), but little is known 

if estrogen levels could predict this response. 

Ultimately, if individual differences in the genetic oxytocin system are better understood, they 

could possibly predict treatment response. This knowledge would however require a 

pharmacogenetic approach, and has been tested to our knowledge in one single study on 

healthy men (Chen et al., 2015). In order to be used in clinical settings, this must be replicated 

in several large studies, in patient samples and in both men and women. 
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9. CONCLUSION

Psychotic disorders and personality traits are complex and heterogeneous in their nature, and 

several contributing biological and environmental factors are involved. Based on a rich 

literature from animal studies as well as clinical trials, several hypotheses of oxytocin’s role in 

these traits and disorders are generated, which we have scoped in this thesis. 

We have used a dimensional approach to diagnosis, investigating features that are important 

for social dysfunction in patients with psychotic disorders both in a healthy sample and a 

broad set of psychotic disorders. We have provided new insight into the understanding of 

pathophysiological mechanisms of these features with possibly clinical implications. In 

particular we have shown: 

1. That oxytocin pathway genes are not associated with the personality traits

Neuroticism, Extraversion or Agreeableness and we find it less likely that 

oxytocinergic signaling influences the expression of these traits in an inter-individual 

way. 

2. An association between the OXTR polymorphism rs53576 and emotional withdrawal

in patients with psychotic disorders, a core feature related to social dysfunction in this 

patient group, which suggests that oxytocinergic signaling influences expression of 

this feature. We were however not able to detect associations between OXTR and 

suspiciousness/persecutory delusions, hostility or passive/apathetic social withdrawal 

or a predictive value of oxytocin pathway genes on case/control status. Our findings 

indicate that oxytocinergic signaling is not important in the pathogenesis of psychotic 

disorder per se. 
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3. An increased risk of low amygdala activation during affective face perception of

negative faces in a subset of patients with schizophrenia spectrum disorders carrying 

the rs237902G allele compared to rs237902A carriers. This finding was disorder 

specific and indicates that oxytocinergic signaling influences affective face perception 

in this patient group in a different way than in patients with affective spectrum 

disorders or healthy controls. 
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Appendix 

Appendix 1. Regional linkage disequilibrium plots of rs53576 and rs237902.

Abbrevations: cM = centiMorgan, Mb = Megabases, kb = kilobases 
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Errata 

Study I, II and III:

Section Methods, Genotyping: “Samples were excluded through quality control if they had 

low-yield (call rate below 97%)” should be “Samples were excluded through quality control if 

they had low-yield (call rate below 95%)”. “Markers with…..minor allele frequencies below 

0.05 were excluded” should be “Markers with…..minor allele frequencies below 0.01 were 

excluded”. The correct numbers are reported in the thesis.

Study II: 

Page 2, section Sample Characteristics and Table 1: 734 patients with a psychotic disorder 

and 417 healthy individuals were included (not 420). All had both genotyped/imputation data 

as well as schizophrenia PGRS. 725 individuals in the patient group had available symptom 

scores of p6 measured by the PANSS, while 724 patients had available symptom scores of p7, 

n2 and n4. The correct numbers are reported in the thesis. 
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