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Abstract: Edvard Munch, a founder of Expressionism was pre-occupied with depicting his
subjective experience and the most prolific painter of self-portraits since Rembrandt. Based on
evidence that faces and self-related images are more salient than other objects it is plausible that
self-portraits, in which the subject and object are the same, reflect the artist’s state of mind. Although
he suffered from a variety of physical and psychological illness Munch was not diagnosed with any
specificity in his lifetime. Posthumous diagnoses include schizophrenia, anxiety, bipolar and other
disorders. Recent research has revealed altered visual perception in such patients. The present study
empirically analysed three stylistic elements of Munch’s painted self-portraits and portraits:
contrast, colour and fractal dimension and his painted productivity, to determine if variations
correlate with critical life events and if so whether they indicate states of mind. It found significant
increases in contrast and colour brightness and persistent high complexity during critical periods
supporting the conclusion that Munch is diagnostically best described as suffering from early onset
schizophrenia and comorbid social anxiety disorder.

Keywords: neuroaesthetics; neurophysiology; stylistics; psychiatry; schizophrenia; anxiety; bipolar
disorder; vision; perception; self-portraits; Edvard Munch

Introduction

Edvard Munch, most famous for ‘“The Scream’,! was a founder of Expressionism a major source
of modern art. He experienced hallucinations beginning in childhood, anxiety, depressive episodes,
and delusions including paranoia. Until treatment age 45 he abused alcohol, was a heavy smoker and
suffered multiple somatic complaints. Following treatment, he became abstinent and withdrew into
ascetic isolation which he maintained until his death. He suffered respiratory illness throughout his
life. Although a contemporary of the founders of modern psychiatry he was not diagnosed with any
specificity in his lifetime. He has been posthumously diagnosed as suffering from schizophrenia,
anxiety, bipolar and other disorders. He was pre-occupied with expressing his subjective experience
and the most prolific painter of self-portraits since Rembrandt. The results of this empirical study of
three characteristics of style: contrast, colour and fractal dimension and of productivity support the
conclusion that Munch is diagnostically best described as suffering from early onset schizophrenia
and comorbid social anxiety disorder.

! The Scream is among the most famous paintings in the world ((https://edition.cnn.com/style/article/most-

famous-paintings/index.html). ~ On the reverse Munch wrote: “Can only have been painted by a madman”

(Doges, 2021).
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Hypothesis

The brain is more interested in faces than other subjects and in self-images more than non-self-
referential material (Alzueta et al., 2020; Northoff 2006; Zochowska et al., 2021). In self-portraits the
subject and object are the same. There are three images involved: i) the artist’s face in the mirror or
photograph, ii) the artist’s internal self-representation and iii) the image on a surface. The artist’s
gaze, internal and external, never leaves the self. This constitutes a unique feedback system engaging
visual perception, self-reflection and motor activity. We hypothesised

that longitudinal empirical analysis of style in self-portraits would indicate the artist’s mental
state and be distinct from portraits of others.

Background

Edvard Munch (1863-1944) ‘Munch’ is regarded by many as the father of Expressionism a school
of art focused on conveying the artist’s subjective experience particularly using colour and distortion
(Cernuschi, 2001; Chilvers, 2009). Although Munch initially painted in a naturalistic manner this
began to change with the “The Sick Child” an image of his older sister dying of tuberculosis. He later
referred to it as his ‘breakthrough’ (Holland, 2005, p. 184; Stang, 1977, p. 60; Tejner, 2001 p. 144;
hereafter, "Holland’, ‘Stang’, and ‘“Tejner’). The image was so important to him that he painted it six
times over several decades in addition to multiple works on paper (Bruteig & Falck, 2013; Woll 2008,
2001). This change in style became consolidated in 1889 after the death of his father. Emerging from
his grief he wrote his ‘St Cloud Manifesto” in which he committed himself to no longer painting
“interiors, people who read and women who knit” but instead, “living people who breathe and feel,
suffer and love” (Tajner, p. 60).

His determination to convey his own feelings in a new style became manifest in paintings of
Despair (1892), Melancholy (1892), the Scream (1893), Anxiety (1894) and Jealousy (1895). Loneliness,
illness, death, and bitter erotic experience became themes which continued to preoccupy him
throughout his life.2 Munch was keenly aware of the role physical and psychological illness played
in his life and considered both essential to his art (Lubow, 2006).> This may explain why he resisted
treatment, like other creative people, until he had a complete breakdown in 1908 (Rothenberg, 2001).
He saw his art as essentially confessional, a form of autobiography and of self-therapy (Ustvedt, 2020,
hereafter, “Ustvedt’). This is reflected in the number of self-portraits he painted, 51, in addition to 20
lithographs, including his first, and over 100 other works on paper (Bruteig & Falck, 2013; Woll, 2008,
2001).

Munch lived in the era in which the foundations of modern psychiatry were being laid (Freud,
1900; Janet, 1907; Jaspers, 1913; Kraepelin, 1896) and he and his circle were aware of these
developments (Prideaux 2005, hereafter, ‘Prideaux’). Diagnosis, while at an early stage, was
recognizably in accordance with modern constructs but not contemporaneously applied to him.
Munch has been retrospectively diagnosed with a variety of disorders including schizophrenia,
schizoid-psychosis, bipolar disorder (BPD), mania, narcissistic personality disorder, borderline
personality disorder, anxiety, depression, agoraphobia, germophobia and alcoholism (Bowen, 1988;
Miranda et al., 2013; Skryabin et al., 2020; Warick & Warick, 2014; Wylie, 1980; Wylie & Wylie, 1989).
This illustrates both the complexity of his condition and the difficulty of post-mortem diagnosis even

2 For images of his work in chronological
order:https://en.wikipedia.org/wiki/List_of_paintings_by_Edvard_Munch.

3 “My fear of life is necessary to me, as is my illness. Without anxiety and illness, I am a ship without a rudder.
My art is grounded in reflections over being different from others. My sufferings are part of my self and my
art. They are indistinguishable from me, and their destruction would destroy my art. I want to keep those

sufferings.” (Prideaux, 2005, 251; Tajner, 2001, hereafter respectively ‘Prideaux’ and ‘Tejner’).
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if relatively recent and where, as here, there is voluminous documentation (Frigg & Howard, 2011;
ter Borg & Trenité, 2012; Voskuil, 2020).4

Munch displayed a wide variety of symptoms including panic, phobias, insomnia, somatic
complaints, pressured speech, strange ideas, hallucinations, delusions and paranoia. The latter was
evident on several occasions when he provoked others violently. His brawls with strangers were
notorious. On at least four occasions he used a firearm once injuring himself and on another nearly
killing a friend. He had three brief love affairs but never established a stable intimate relationship
relying on prostitutes, servants and models for sexual experience. His sometimes intense friendships
did not last long. He could not tolerate the physical presence of people for any length of time
including family members with whom he maintained life-long attachments (Prideaux; Howe, 2001,
hereafter ‘'Howe’; Heller, 1984, hereafter, ‘Heller’).

During his lifetime heavy drinking, and promiscuous ‘bohemian’ behaviour was common
among artists (Eggum, 1984; Prideaux; Weir, 2023) yet despite this and his myriad symptoms, Munch
was a productive and innovative artist throughout his life including during periods when he sought
recovery in sanitoria and clinics. While there is some evidence of cognitive impairment he was
capable of successfully pursuing his commercial self-interest in a complex and rapidly evolving art
market Beginning his career in relative poverty and heavily criticised he died wealthy and
internationally recognised (Bruteig & Falck, 2013; Heller; Prideaux; Stenersen).

Biography

Munch was the second of five children born within six years to an army physician and a
considerably younger tubercular mother. At the time of his December birth his parents were living
in rented rooms in a rural farmhouse. In his first year the family moved to the then rapidly
industrialising capital city of Kristiana (now Oslo). Although from a prominent family, Munch'’s
father had a modest income which declined as he established his practice in poor areas of the city
causing the family to move several times as it approached poverty. This trend worsened after the
death of Munch’s mother from tuberculosis when he was 5. His older sister died of the same disease
when he was 14. Tuberculosis was so common in Norway at the time that it was known as the
national disease (Harris, 2007; Wood, 1991). In 1912, near its peak, 80% of children in Kristiana were
infected by the time they started school (Teemu, 2008).

At birth Munch was so ill with respiratory disease that his father made arrangements for his
immediate baptism and burial (Prideaux). Munch suffered respiratory illness throughout his life on
several occasions requiring hospitalisation. He was unable to attend school for extended periods due
to ill health spending entire winters confined to bed and ultimately could not continue. At the time
of his mother’s death and again during an episode of tubercular-like infection age 13, he experienced
vivid religious hallucinations. He blamed himself for the death of his sister in the following year as
she had nursed him. In addition to his mother and sister the disease was responsible for the deaths
of his maternal grandmother and maternal aunt. Despite his chronic vulnerability he survived
pneumonia and the Spanish Flu ultimately dying of bronchitis.

There is evidence of mental illness in Munch’s family. His paternal grandfather died in an
asylum.> One of Munch’s younger sisters had symptoms of schizophrenia in adolescence and spent

4 Munch left several thousand pages of journals, correspondence, poetry, and fiction. His exhibitions are well
documented, there are numerous contemporary reviews of his art and a significant number of people he knew
wrote memoires of him (for translated materials see: https://www.emunch.no/english.xhtml; for memoires see:
Stang; Ar Til Ar, 1961 and Stenersen, 1944 (hereafter, ‘Stenersen’).

5 Although a consequence of spinal tuberculosis, it was a source of Munch’s belief in his hereditary madness

(Prideaux; Tejner).
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most of her adult life in an institution. His father, who came from a devout family, became depressed
following his wife’s death and expressed increasing religious obsession and dependence on alcohol.
His father’s preoccupation with divine punishment in the form of disease and death was such that
Munch'’s childhood hallucinations were terrifying audible and visual images of angels, skeletons and
devils there to draw him into death (Prideaux). He often woke in the middle of the night wondering
whether he was in hell (Tgjner).

Munch therefore had multiple reasons for emotional distress. His respiratory disease presented
a constant threat of death, embodied in the deaths of close relatives, and anxiety reinforced by his
father’s religious preoccupations. It imposed repeated periods of social isolation compounded by
frequent changes in household. Soon after birth his mother put him in her sister’s care. After this
initial separation he then experienced the death of his mother and older sister to whom he attached
himself in the aftermath. His aunt, who he suspected of wanting to marry his father and replace his
mother, became the only adult on whom he could rely although she too was tubercular (Stenersen;
Tejner). Unlike his father, who strongly disapproved, she recognised and nurtured his artistic talent
and supported his ambition to be an artist (Harris, 2004). Despite her attention and affection Munch
kept her at a distance even unwilling to attend her funeral (Prideaux).

Against his father’s wishes Munch left technical college to pursue an artistic career attending art
school for a year and then seeking informal instruction from various local artists. He adopted a
bohemian lifestyle led by local writers and political radicals. During this time his abuse of alcohol
and tobacco became apparent (Prideaux; Heller). His first exhibition in 1885 attracted the attention of
the local art establishment which provided him with the means to study in Paris. He postponed the
trip due to ill health and had his first love affair with a woman of his mother’s age, the wife of a
cousin, a military physician like his father. The experience filled him with what can be reasonably
seen as Oedipal guilt and shame expressed in a painting called “Ashes”.

The end of the affair precipitated a period of mental disturbance which included heavy drinking,
vertigo, agoraphobia, despair and jealousy (Prideaux). By year-end he was sufficiently recovered to
visit Paris then at the height of the Impressionism wave; a style he adopted for a time. On his return
to Kristiana, he began work lasting over a year on “The Sick Child” exhibited in 1886. To his dismay,
given the importance of the subject to him and the intense effort he had made, it was heavily criticised
by critics and the public. Munch was so discouraged he left Norway beginning two decades of
voluntary exile first in France in 1889 and from 1892 in Germany. While in France he was virtually
destitute, often going without food, drinking heavily, visiting brothels and gambling unsuccessfully
(Heller. Prideaux, Stang).

In 1889 he suffered near fatal pneumonia and in 1890 received news of his father’s death. He
moved away from his bohemian circle and became deeply depressed. He painted a series of dark
blue images including one evocative of his father.6 His response to depression was the manifesto
declaring his purpose from then on to only paint subjective experience (Eggum, 1984). Soon thereafter
he was again hospitalised with pneumonia and suffered a nervous collapse. Still unrecognised as an
artist he continued to drink heavily painting for days without rest (Prideaux). An exhibition in Berlin
in 1892 so disturbed the conservative establishment that it was immediately closed down. The
resulting ‘succes de scandale’ made him famous and attracted the attention of patrons and critics. In
1893, he recalled and painted the hallucinatory experience depicted in The Scream in which the figure
and the environment seem to be dissolving.

“The air turned to blood — with cutting veins of flame....That shrill, bloody red. On the road and
the fence. The faces of my comrades became a garish yellow-white. I felt a huge scream welling
up inside me — and I really did hear a huge scream. The colours in nature broke the lines in
nature. The lines and the colours quivered with movement. These vibrations of light caused not

¢ This may be compared to Picasso’s Blue Period precipitated by death of a close friend (Richardson 1991).
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only the oscillation of my eyes. My ears were also affected and began to vibrate. So I actually
heard a scream. Then I painted The Scream” (Teojner, p. 96).

In 1894 his younger sister was institutionalised in an asylum near the bridge depicted in The
Scream (Prideaux). In 1896 his only brother died of pneumonia age 30, shortly after his marriage,
confirming Munch’s fear of marriage, association of female intimacy with death and compounding
his sense of loss (Azeem, 2015; Stenersen; Tejner). His difficulty in maintaining relationships and
intense social anxiety led to frequent impulsive travelling both to escape intimate contact, particularly
with women, and to pursue commercial opportunities (Prideaux; Stang).

Munch’s abuse of alcohol was so severe that he was the subject of concern by his contemporaries
(Ustvedt). He sought respite in various sanatoria for a variety of somatic complaints including
insomnia, gastrointestinal and cardiac distress, vertigo, limb numbness and phobias including
agoraphobia and fear of beds which he associated with illness and death (Tejner). During this time
he also took various drugs including bromides, aspirin and medication for the heart, fever and
rheumatism (Prideaux).

He experienced increasing paranoia, convinced that others were speaking disparagingly of and
plotting against him. A struggle with an obsessive lover involving a revolver resulted in the loss of
part of a finger on his left hand. He depicted her several times as Charlotte Corday and himself as
the murdered Marat encapsulating both his anxiety about women and his association of sex and
death. His condition deteriorated and in 1908, experiencing vivid auditory and visual hallucinations
and paranoid delusions, he was admitted to a clinic in Copenhagen where he remained for 9 months.
On admission he was diagnosed as having dementia paralytica due to alcohol poisoning (Heller;
Prideaux; Tejner).

He was sedated and received mild electric treatment, massage and scented baths but the
‘therapy’ essentially consisted of enforced abstinence, regular meals and rest. He became sober and
remained largely abstinent thereafter. In a self-portrait painted just before his release he appears to
be emerging from dissolution. In 1909 he returned to Norway having received a national honour and
the public recognition he had long sought. He purchased rural property outside of Oslo and
thereafter he lived in isolation “just like a monk” (Muller-Westermann, 2005; Prideaux; Stang, p. 222;
Stenersen). He was unable to tolerate the presence even of close family members (Prideaux). Several
housekeepers and models with whom he had sexual relations were tolerated but only so long as those
relations continued.

He occasionally allowed patrons who had commissioned portraits to visit, but none were
allowed to stay the night (Stenersen). He worked in an eccentric fashion talking constantly which he
described as, “a defense” preventing others from speaking and their words entering and taking him
over. He glanced at his subjects and then painted his first impression. Sitters often moved or left as
he continued to talk and paint. He famously said, ‘I paint not what I see but what I saw” (Heller p.
42; Prideaux; Tejner p. 63). This was his modus operandi; to capture not the detail of the image but
its immediate impact on him (Ustvedt).

Although awarded large state and private commissions he lived an ascetic life despite increasing
wealth. His style noticeably changed from his pre-treatment period and included landscapes and
local people. He surrounded himself with copies of portraits he had painted which he referred to as
his “guardians”, “children” and his “family”. He sometimes “punished” them by leaving them
outside or banishing them to an upstairs storage room (Stenersen). When indoors he continually
played a radio broadcasting in languages he did not understand, or simply white noise, to drown out
other sounds and exclude intrusive invisible waves which he believed encircled the world. The house
was kept illuminated as he was frightened of the dark. It was surrounded by barbed wire, the gates
padlocked when he was present and he kept fierce dogs. He continued to suffer insomnia, have
delusions and feelings of persecution, particularly by the tax authorities, until his death (Stenersen;
Tojner).
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Somatic Illness

Munch’s chronic respiratory illness brought him near to death on at least four occasions.
Although never diagnosed it seems likely that he suffered from congenital tuberculosis which has
non-specific presentation including respiratory distress and chronic lung disease, and it mimics a
variety of conditions including pneumonia (Li et al., 2019; Tomar et al., 2008). Transmitted by the
mother it can cross the blood brain barrier and cause persistent neuroinflammation (Manjesse, et al.,
2021). Tuberculosis is a heterogenous disease often characterised by remission in untreated adults
and closely associated with anxiety, depression, psychosis and somatic disorders including insomnia
(de Aratjo et al., 2014; Monistrol-Mula, 2024; Sossen et al., 2023). Although physicians attending
Munch would have been familiar with tuberculosis maternal transmission was only medically
described in 1935 (Saramba & Zhao, 2016).

Mental Illness

Some observers have suggested that Munch suffered from bipolar disorder (BPD) (Rothenberg,
2001, 2015); others incline toward schizophrenia as a diagnosis (Skryabin et al., 2020). Both are
plausible depending on which aspects of behaviour and which periods of Munch’s life are the focus.
Others have suggested disorders which encompass symptoms which can be comorbid with both
schizophrenia and BPD but do not exclude either (McElroy Bowen, 1988; Wylie, 1980).

Creativity

Creative people share genetic predispositions to both BPD and schizophrenia and to
dysregulation of dopamine and serotonin (Power et al., 2015; Runco et al., 2011; Zhang et al., 2014).
First degree relatives of schizophrenia patients are overrepresented in the creative professions as are
the offspring and first degree relatives of BPD patients. Biographic and historiological studies of
creative people and their close relatives have found associations with mood disorders, BPD,
schizophrenia and alcohol abuse (Andreasen, 1987; Jamison, 1989; Karksson, 1970; Ludwig, 1992;
Post, 1994), however, many suffer from methodological weaknesses (Hurlow & MacCabe, 2011;
Rothenberg, 2001). A study of visual art students found them at significantly higher risk of
schizophrenia and BPD than healthy controls (MacCabe et al., 2018). An early study of geniuses found
no association with mental illness in general but in those that were affected scientists were associated
with BPD and artists with schizophrenia (Juda, 1949). Later studies of artists found BPD more highly
associated (Johnson et al., 2012; Kyaga et al. 2011, 2013; Simeonova et al., 2005).

Dysregulation of dopaminergic pathways is characteristic of schizophrenia and to a lesser extent
BPD (Stahl, 2018; Ashok et al., 2017). It is associated with novelty, risk seeking, being open to new
experience, decreased inhibition, wider associations of thought, feelings and memories and with
creativity (Acar et al., 2018; Boot et al., 2017; Carson et al., 2003; Ettinger et al., 2006; Kumari &
Ettinger, 2010; Passamonti et al., 2015; Schluer et al., 2019; Zabelina et al., 2016). If moderated by
protective cognitive strengths including high IQ, cognitive flexibility and increased working memory
capacity, disinhibition appears to underpin creativity as opposed to pathology (Carson, 2011; Carson
etal., 2003). A tendency toward psychopathology, ‘psychoticism’ combined with such ‘ego strengths’
has long been noticed in studies of creativity (Eysenek, 1995; Gotz & Gotz, 1979a, 1979b; Mackinnon,
1962).

There is evidence for an inverted U-shaped relationship between levels of dopamine and
symptoms of schizotypy with pre-clinical patients demonstrating higher levels of creativity than
healthy controls (Acar & Sen 2013; Boot et al., 2017; Carson, 2011). Schizotypal, as opposed to
schizophrenic, traits are conducive to creativity despite similarly altered dopaminergic conditions
(Eysenek, 1995; Holt, 2015; Nelson & Rawlings, 2010). There appears to be similar relationship in
creative BPD patients where milder symptoms, elevated mood, impulsivity, openness to experience,
higher levels of cognitive flexibility and positive schizotypy, are conducive and more severe
symptoms discouraging, to creativity and there is a similar relationship in creative alcohol abusers
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(Akiskal & Akiskal 2007; Greenwood et al., 2022; Nelson & Rawkings, 2010; Richards et al. 1988). In
visual artists creativity is associated with positive (delusion, hallucination), as opposed to negative
(anhedonia, social isolation), symptomology (Burch et al., 2006; Nelson & Rawlings, 2010).

Bipolar Disorder

Manic depression, now BPD, was distinguished from ‘dementia praecox’, now schizophrenia,
15 years before Munch was admitted to the Copenhagen clinic (Kraepelin, 1893). This was well
known to the clinic’s director and to other physicians Munch consulted but he was not diagnosed
with either condition. His diagnosis on admission of dementia paralytica, usually associated with
late stage syphilis, caused by alcohol poisoning was to a degree correct but no underlying cause of
Munch'’s alcohol dependence nor other source of his psychological distress was identified (Prideaux).

BPD, like schizophrenia, has a prevalence of approximately 1%, and shares a hereditability rate
of 60-80% with onset principally in early adulthood and middle age (Cardno & Owen, 2014; Escamilla
& Zavala, 2008). Fewer environmental risk factors have been identified than for schizophrenia but
appear to include toxoplasmosis infection, childhood abuse and trauma, including parental loss, and
alcohol dependence before age 25 (Robinson & Bergen, 2021).

The evidence for obstetric complications is weak (Scott et al. 2006).

BPD I diagnosis requires a manic episode not attributable to substance abuse preceded or
followed by hypomanic or major depressive episodes. A manic episode is characterised by
abnormally and persistently elevated mood, increased and persistent goal-directed activity,
accompanied by at least three of: inflated self-esteem or grandiosity, decreased need for sleep,
pressured speech, racing thoughts, distraction by irrelevant stimuli and high risk activities. The mood
disturbance must cause impairment in social or occupational functioning, hospitalization, or
psychotic features. BPD II requires a hypomanic episode and a major depressive episode but without
functional impairment, hospitalization or psychotic features (APA 2022, hereafter ‘DSM 5).
Cyclothymic disorder is characterised by recurrent high and low mood states that do not meet the
criteria for manic or depressive episodes (Johnson et al., 2012). Frequent BPD comorbidities include
alcohol abuse, anxiety and conduct disorders (Koul, & Shetty, 2022; McElroy, 2004). Prior to entering
the Copenhagen clinic Munch expressed most BPD I symptoms and several comorbid conditions.

Schizophrenia

Munch’s background and behaviour present multiple risk factors and symptoms of
schizophrenia. It typically manifests in adolescence and early adulthood along a spectrum of severity
from near normal to catatonic behaviour usually including psychotic symptoms. Twin studies in
Scandinavian countries including Norway found heritability rates of over 50% (Cardno & Owen,
2014; Cardno et al,.1999; Cannon et al., 1998; Onstad et al., 1991; Lichtenstein et al., 2009). Meta-
analysis confirms both high hereditability and the significance of environmental factors which are
additive to the risk of psychosis (Clair & Lang 2012; Pries et al., 2018; Sullivan et al., 2003).

Developmental risk factors include maternal malnutrition, respiratory infection in the second
trimester and mid-gestational insult (Brown et al., 2000; Insel, 2010; Radua et al., 2018; Robinson &
Bergen 2021). A wide variety of maternal infections are now associated with psychosis (Lee et al.,
2020; Weber-Stadlbauer, 2017). In utero exposure to influenza in the first trimester increases risk by
7 times and in the third trimester by 3 times (Brown & Derkits, 2010; Brown 2011; Cheslack-Postava,
& Brown, 2022; Choudhury & Lennox, 2021). Older fathers increases risk as does birth in winter and
early spring when infectious diseases are most prevalent (Davies, 2003; Miller et al., 2011; Watson et
al., 1984). Urbanicity, related to air pollution, maternal smoking and secondary smoke also increase
risk (Antonsen et al., 2020; Gatzke-Kopp & Beauchaine, 2007; Hunter et al. 2020; Margolis et al., 2023).

Schizophrenia is strongly associated with childhood trauma, particularly emotional abuse and
neglect (Barrigdn, 2015; Loewy et al. 2019; Vila-Badia et al., 2021). Over 80% of psychosis patient have
experienced childhood abuse which increases psychosis risk 2.5 to 5 times based on the number of
occurrences. Childhood trauma is characterised by increased striatal dopamine release and
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associated with positive symptoms (Brisch et al. 2014; Cancel et al. 2019). Emotional neglect and
negative symptom severity are associated with less improvement over time (Stanton et al., 2020). Loss
of the mother in childhood increases the odds of psychosis by a factor of 2 (Misra et al., 2019). Loss of
two first-degree relatives in childhood compounds the risk (Liang et al., 2016). Loss of a sibling is
comparable to the loss of a father (Clark et al., 2012).

Insecure attachment styles arising from infantile abuse or neglect, particularly anxious
attachment, are correlated, with disease severity, paranoia and psychotic symptoms (Korver-Nieberg
et al., 2014; Lavin, 2020; Read & Bentnall, 2012). Childhood onset is associated with disease severity
and significantly higher incidence of hallucinations across the modal spectrum including the least
common: tactile/somatic and olfactory (David et al., 2011). Olfactory hallucinations, which Munch
experienced (Stenersen) characterise schizophrenia and to a lesser extent schizoaffective patients but
not BPD or depressed patients with psychosis (Goghari & Harrow, 2016).

DSM now relies on eight specifiers: hallucinations, delusions, disorganised speech, abnormal
psychomotor behaviour, negative symptoms, cognitive impairment, persistent depression and mania
associated with functional impairment (DSM 5; Tandon, 2013; Valle, 2020). Cognitive, particularly
attention and working memory deficits, sensory disturbance, social dysfunction and isolation are
found in most patients (Bowie & Harvey, 2006; Correll & Schooler 2020; Javitt, 2009; Lysaker et al.,
2021 ). Munch manifested all but one of these: abnormal psychomotor behaviour. Comorbidity is
found in approximately half of cases and of these both anxiety and substance abuse, approach 50%
and depression 25% (Buckley et al., 2009); Munch expressed all three.

Positive Symptoms

Disturbances in the dynamics of perception, such as hallucination and delusion, are key
elements of psychosis (Sterzer et al. 2018, Adams et al., 2013) experienced by 80% of schizophrenia
spectrum patients. Hallucinations are the experience of real perception where no external stimulus is
present (Lim et al., 2016; Waters et al., 2014). Delusions, fixed beliefs based on inadequate grounds,
not amenable to a rational argument or evidence to the contrary, including persecutory delusions are
experienced by 70-80% of patients (Andreasen & Flaum, 1991). Both are often comorbid with anxiety
disorders and function as foci of anxiety (Tibbo et al., 2003). They may be efforts to resolve perceptual
incoherence and sensory misperception and to reduce anxiety (Postmes et al., 2014; Turetsky, 2007).
Patients also demonstrate somatosensory dysfunction: tactile, visceral and olfactory (Kathirvel &
Mortimer, 2013; Moberg et al.,1999).

Visual hallucinations, indicative of disease severity are present in 25% of cases (Waters et al.
2014). A large-scale Dutch study found a lifetime prevalence in non-affective psychosis of 37.0%; in
schizophrenia of 36.5%. and perhaps surprisingly, of 47.5% in schizoaffective disorder, compared
with healthy controls of 3.4% (Van Ommen et al., 2016). They are associated both with multimodal
hallucinations, which may be experienced by over half of patients, and with delusions including
paranoia and jealousy (Chouinard, 2019; McCarthy-Jones, 2017; Lim et al., 2016 ).

Hallucinations are far more common in childhood onset which is characterised by high rates of
tactile, olfactory and multimodal hallucinations, which are more convincing and disturbing than
unimodal hallucinations (Chouinard, 2019; David et al., 2011; Dudley et al., 2018). Religious
hallucination is common (Cook, 2015). Interpersonal childhood trauma, emotional abuse and neglect,
significantly increases the risk of visual hallucination in first episode patients, is predictive of disease
severity and is closely related to retinal dysfunction and morphological abnormalities (Bernardin et
al., 2017; Silverstein & Lai 2021; Solesvik et al., 2017).

In delusion formation the intensity of perception is altered and inappropriately high levels of
salience are attributed to sensory information which might otherwise be disregarded (Jaspers 1913;
Kapur, 2003). In paranoia visual information, including facial emotion and gestures, indicators of
intention, are negatively biased, as is overheard speech. Threatening inferences are drawn leading to
false beliefs and inappropriate behaviour (Bucci et al. 2008; Mitrovic et al., 2020; Pawelczyk et al.,
2018; Trotta et al., 2021). Changes in glutamate regulation in the course of illness, from hyper- to


https://doi.org/10.20944/preprints202406.1631.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 June 2024 d0i:10.20944/preprints202406.1631.v1

hypo- dysregulation, parallel the longitudinal transition from early-stage prevalence of hallucination
to chronic stage prevalence of delusion (Sterzer et al. 2018; Powers et al. 2016).

Sleep disorder affects 70- 80% of patients, is predictive of psychosis and is associated with
disease severity (Laskemoen et al., 2019; Reeve et al., 2018). Somatisation, the persistence of physical
symptoms including limb numbness, gastrointestinal and cardiovascular distress, where there is no
apparent physiological cause, is found in two-thirds of patients (Ritsner et al., 2003; Sood et al., 2023;
Varsamis & Adamson, 1976). Transient symptoms indicate conversion disorder, the expression of
sensory or motor dysfunction in the absence of neurologic or other medical condition, which is
associated with schizophrenia (Sharma et al., 2007; Peeling et al., 2023; Ting et al., 2010).

Sexually reckless and aggressive behaviour are characteristic of people, particularly males, on
the schizophrenia spectrum Grassi et al., 1999; Hodgins, 2017; Hoptman, 2015; Nettle et al., 2006;
Ouzir, 2013; Whiting et al., 2022). Comorbidity with substance abuse is the most salient indicator of
aggressive behaviour (Cho et al., 2019). There is also a strong relationship between schizophrenia,
substance abuse and gambling (Fortgang et al. 2018).

Negative Symptoms

60-80% of patients present negative symptoms, typically at an early stage. Social withdrawal,
particularly in children, characteristically precedes onset of psychotic symptoms (Cullen et al., 2011;
Kretschmer,1970; Velthorst et al., 2017). In contrast to positive symptoms, they show no tendency
toward spontaneous improvement (Li et al,, 2020; Mosolov & Yaltonskaya, 2022). The risk of
schizophrenia patients developing depressive symptoms is over 60% (Gozdzik-Zelazny et al., 2011;
Samsom & Wong, 2015). It is difficult to distinguish them from depression which is experienced by
80% of first episode patients (Krynicki et al., 2018; Richter et al., 2019; Upthegrove et al., 2010).

Recognition of Self and Others

Schizophrenia is characterized and is distinguished from other disorders, including BPD, by a
disturbance in the sense of self and an altered relationship with reality (Kean, 2009; Moe & Docherty,
2014; Parnas & Henriksen, 2014). Patients have difficulty recognising themselves and report feelings
of strangeness when looking in the mirror (Abely, 1930; Bortolon et al., 2017; Caputo et al., 2012).
Experiments confirm patients’ difficulty in recognizing oneself visually, bodily and audibly
(Keromnes et al., 2019; Kozakova et al. 2020; Pan & Zhou, 2020; Rossetti et al., 2022; Sandsten et al,
2020; Waters, 2012). This may be related to temporal abnormalities in multisensory integration,
essential to a sense of ‘self’. The attentional and the informational roles of the senses are disturbed
thus patients see, hear, feel and smell the world differently (Grohn et al., 2021; Javitt & Freedman,
2015; Parnas & Hendriksen 2014; Sandsten, 2020).

There is a deficit in facial emotion recognition of both self and others in patients with impairment
related to symptom severity (Ruocco et al,, 2014; Yun et al., 2014). Such deficits are characteristic
enough as to constitute an intermediate phenotype (Fusar-poli et al., 2022). They present across a
wide range of facial expression including sadness, fear, surprise, disgust, anger and happiness
(Kohler et al., 2010; Liang et al., 2019; Muros et al., 2021; Rubin et al., 2022). Patients are particularly
unable to recognize happy faces (Turetsky et al., 2007), are prone to interpret any facial emotion as
sad or fearful (Mikhailova et al., 1996; Tsoi et al., 2008) and to attribute sadness to neutral faces
(Kohler et al., 2003). Munch never painted a smile or a happy face characteristically painting faces,
including his own, as sad or expressionless.

These deficits are consistent with findings of deficits in social cognition and metacognition
which include an inability to grasp relationships as an intersubjective whole, a gestalt, characteristic
of magnocellular dysfunction which causes a loss of the ‘frame’ of things (Lysaker et al., 2021;
McGilchrist, 2009, 2021; Miller & Hou, 2004; Muros, 2021; Turetsky 2007). The mirror neuron system,
which ‘maps’ others” actions, feelings and intentions onto areas processing the self is abnormal in
schizophrenia and associated with deficiencies in social cognition (Bonini et al., 2020; van der Weiden
et al., 2015). Dysregulation of dopamine and cholinergic networks contributes to errors in matching
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sensory information with predictions as to others intentions (Diaconescu et al., 2019). Synchronisation
with others, neurologically and physiologically, is required for cooperation implying that if one
person in a pair, such as artist and model, has dysfunctional perception mutual understanding will
be impaired (Balconi & Fronda, 2021; Muller et al., 2021; Palumbo et al., 2017).

Anxiety

Munch suffered from all major forms of anxiety: agoraphobia, closely associated with childhood
trauma (Balaram & Marwaha, 2023), generalised anxiety, which affects both adolescents and adults,
panic disorder, characterised by feelings of physical and psychological distress, fear of dying and
separation anxiety, associated with fearful and disorganised attachment styles which have life-long
debilitating effects on the ability to form intimate relationships (APA, 2022b; Bowlby,1960; Stern,
1985). Most of all he suffered from social anxiety, persistent fear of social situations threatening
embarrassment or humiliation,(Aderka et al.,, 2012; DSM 5, Schneier et al., 1992) which causes
functional impairment in relationships with family and friends and in forming and maintaining
romantic relationships. Sufferers are less likely to marry and are more likely to drop out of school
(Stein & Stein, 2008).

Social anxiety has relatively early onset, half of cases manifesting from age 13 and 90% by age
23 (Stein, 2006). It is associated with childhood adversity, dysfunctional parenting, including over-
controlling and shaming parents, emotional neglect and abuse, childhood trauma as well as insecure
attachment styles. This accounts for the lack of trust in others, fear of rejection and abandonment and
anxiety about and avoidance of adult attachments (Eng et al., 2001; Elling et al., 2022; Michail &
Birchwood, 2014). Sufferers maintain feelings of shame which may be antecedent to the disorder, are
preoccupied with their own anxiety, demonstrate a lack of knowledge of emotions in others and
themselves, tend to interpret ambiguous or neutral faces as angry or threatening and express
hypervigilance, suspiciousness, paranoia and avoidance behaviour (Bogels & Mansell 2004;
Gutierrez-Garcia & Calvo, 2017; Gutiérrez et al. 2017, 2018; Hofman 2010; McTeague et al. 2018;
O'Toole. 2012; Peschard & Philippot, 2017; Swee et al., 2021; Wermes et al. 2018). There is a correlation
with persecutory delusions (Achim et al., 2016). When comorbid with schizophrenia (15% - 36% of
cases) patients present greater social avoidance but less severe cognitive disturbance as compared
with those without social anxiety. Self-medication with alcohol and poorer social adjustment are
common (Achim et al., 2011; Carrigan & Randall 2003; Eng et al., 2001; Pallanti et al., 2004; Roy et al.,
2018). .

Substance Abuse

Alcohol dependence and smoking, are frequently comorbid with schizophrenia and BPD,
(Castillo-Carniglia et al., 2019; Dickerson et al., 2013; Spoorthy et al., 2019; Kiran & Chaudhury, 2016).
Both alcohol and tobacco affect sensory, emotional and cognitive function and are often abused in
tandem (Castillo-Carniglia et al., 2019; Drake et al., 1990; Regier 1990; Shantna et al., 2009). There is a
plausible bi-directional relationship between them (Jiang et al., 2014) and there are bi-directional
relationships between both and psychosis (Degenhardt, 2018; Quigley & MacCabe 2019).

Although both are often used to ‘self-medicate’ symptoms and comorbid anxiety (Leonard et al.
2007; Turner et al., 2018; cf. Manzella et al. 2015) their use can have both exacerbating and moderating
effects (Chambers et al. 2001; Krystal et al., 200). Smoking may partially normalise task performance
by transiently enhancing attention but may exacerbate psychotic symptoms (Dickerson et al., 2013;
Fernandes et al. 2017; Fernandes et al., 2018a; Lawrence et al., 2002; Heffner et al., 2011; Huang et al.,
2019; Kelly & McCreadie, 2000) and does not normalize visual deficits (Hong et al., 2011). Alcohol
abuse is a trigger of psychosis and a likely cause of depression (Boden & Fergusson, 2011; Stankewicz
& Salen 2018).

Smoking and alcohol abuse share heritability rates of 50% thus environmental factors, including
parental mental health and substance abuse, childhood stress, emotional abuse and depressed
/neglectful parents, contribute significantly to their aetiology (Do & Maes, 2017; Enoch, 2006).
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Parental abuse of alcohol, particularly by fathers, is a strong indicator of substance abuse in offspring
(Thor et al., 2022). Linked to childhood trauma, abuse often begins in adolescence peaking between
ages 18 and 23 (De Bellis, 2002). Despite manifold effects much of the damage caused by alcohol is
repaired and dysfunction reduced within 4-7 years of abstinence. Longer-term abstinence allows
recovery from most cognitive deficits except deficits in visual processing including spatial processing
and contrast gain control (Fein et al., 2006; Oscar-Berman & Marinkovic, 2007).

Schizoaffective Disorder

Given Munch’s symptoms a possible diagnosis is schizoaffective disorder. Those who
experience psychosis and persistent mood disorder not caused by substance abuse, are now
characterized as schizoaffective (DSM 5, 295.70). Symptoms are less severe and frequency of
hallucination is less (Goghari & Harrow, 2016). Compared with schizophrenia little is known of the
disorder’s aetiology; loss and replacement of the mother and not completing higher education appear
associated (Vardaxi et al., 2018; Chouinard et al., 2019).

Patients with milder positive symptoms and occasional depressive moods, but without
persistent depression, demonstrate greater creativity as compared with healthy controls; those with
severe symptoms demonstrate lower creativity (Acar et al.,, 2018; Verhaeghen et al., 2005). Low mood
due to social rejection is associated with greater creativity however anxiety, including social anxiety,
is not (Alkinola & Mendes, 2008; Byron & Khazanchi, 2011; Silvia & Kimbrel, 2010). Schizoaffective
patients demonstrate a tendency to interpret neutral faces as sad and have greater difficulty in
recognizing facial emotions, including anger, happiness, sadness and fear, than BPD patients but less
than patients with schizophrenia (Ruocco et al., 2014).

Schizophrenia and Vision

Visual deficiencies in patients are associated with functional and anatomical anomalies
throughout the visual system including the occipital, temporal, parietal and prefrontal areas (Butler
et al., 2008, 2005; Dima et al., 2010; Gagné et al., 2015; Silverstein & Keane, 2011). Functionally,
reduced visual acuity is widely observed; in one study approaching 70%; 60% of cases demonstrate
visual disturbance of some kind. (Shoham et al., 2021; Silverstein & Rosen, 2015; Smith et al., 1997;
Viertié et al., 2007). Visual perception of even simple objects is deficient as are perceptual
organization and surround suppression (Butler & Javitt 2005; Chen et al. 2006; O’'Donnell et al., 2006,
1996; Silverstein & Keane, 2011). Patients suffer deficits in detecting and discriminating between,
coherent and biological motion with 50-80% demonstrating deviant eye-tracking control (Chen et al.
1999, 2005, 2007; Holzman et al., 1974; Kim et al., 2013; Stuve et al., 1997). Deficits also include
misperception of the size, distance, colour, brightness, contrast and contour of objects, in processing
spatial frequency, integration, binocular vision, depth perception and re-visualisation which are
related to hallucination and delusion (Chen et al., 2008; Keri et al., 2002; Schechter et al. 2006;
Silverstein et al., 2000; 2015; 2021; Slaghuis 1998; Wang et al., 2018).

Abnormality in retinal morphology and function are observed in children, adolescents, and
young adults at high-risk (Hebert et al., 2010; Koethe et al., 2009; Mittal et al., 2015; Revheim et al.,
2014; Schubert et al., 2005; Silverstein, 2016) and are so pervasive they may be endophenotypes of the
disease (Adamek et al., 2022; Adams & Nasrallah, 2018; Gagne et al., 2015; Samani et al. 2018). This
helps explain why schizophrenia does not develop in the congenitally blind and provides indirect
support for the role of disturbed vision in the aetiology and experience of the disease including
hallucination (Adamek et al., 2022; Landgraf & Osterheider, 2013). Optical coherence tomography
(OCT) studies reveal reduced macular thickness and volume, thinning of both inner (bipolar,
horizontal and amacrine cells) and outer (photoreceptor) layers and reduced thickness in the retinal
nerve fibre layer (RNFL). Reductions in ganglion cell layer (GCL) and inner plexiform layer (IPL)
thickness, enlarged optic cup volume, increased cup-to-disc ratios and related tissue loss are also
characteristic (Celik et al., 2016; Jerotic et al., 2020; Kazakos & Karageorgiou 2020; Komatsu et al.,
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2022; Lizano et al., 2019. 2020; Maziade & Silverstein, 2020; Pan et al., 2018; Schoenfeld-Lecuona et al.,
2016)).

Inflammation and swelling of photoreceptors and microvascular abnormalities are evident
(Appaji, 2020; Jurisi¢, et al., 2020; Silverstein et al. 2021) as are distinctive iris pigment dots and crypts
related to altered colour vision and cognition (Duan et al., 2022). These abnormalities and rod
dysfunction appear to cause patients to experience colours as more vivid and are related to
hallucinatory experience (Bernardin et al., 2020; Silverstein & Lai, 2021). Altered rod and cone
electroretinogram (ERG) responses distinguish schizophrenia from other psychosis and from
depression (Demmin et al., 2018, 2020; Hébert et al., 2020; Viertio et al., 2007).

Both hypo and hyper dopaminergic conditions can prevail in differing systems and at different
points in disease progression (Brisch et al., 2014; Vitay & Hamker, 2007). Reduced dopamine levels
in the retina lead to excessively strong coupling of horizontal and amacrine cells and to cone-
amacrine cell dysfunction (Bernardin et al., 2022; Dumitrescu et al., 2009; Kolb, 2005b). This causes
reduced contrast sensitivity, poorer colour vision and loss of visual acuity (Bodis-Wollner, 1990;
Djamgoz et al., 1997; Haug et al., 1995; Howes et al., 2017, Jackson et al., 2012; Price et al., 1992; Zemon
et al.,, 2021). Lower contrast sensitivity at low spatial frequencies and with moving stimuli causes
difficulty in discerning differing adjacent elements and the blurring of borders (Harper et al., 2020;
Schallmo et al., 2015).

A second effect is to reduce interactions between neurons and rods, signalling light and dark,
leading to reduced surround suppression related to hallucination (Hedden & Dowling, 197§;
Maziade & Silverstein, 2020). Decreased contrast sensitivity and reduced contrast gain control are
common (Butler et al., 2005; Kent et al. 2011; O’Donnell et al., 2006; Skottun & Skoyles, 2007; Slaghuis,
1998). Deficits appear in first episode patients and like contrast sensitivity, deteriorate as the disease
progresses. (Feigenson et al. 2014; Silverstein & Keane, 2011; Uhlhaas & Silverstein, 2005). Both
reduced contrast gain and weaker surround suppression are suggestive of reduced inhibition in the
visual cortex (Tibber et al., 2013; Yoon et al., 2010). Spatial frequency processing, dependent on
dopamine receptor function in the retina, is also dysregulated (Chen et al., 2003; Hwang et al., 2013;
Tagliati et al.,1994).

Retinal hyperdopaminergic conditions cause malfunction in the magnocellular pathway
resulting in low spatial frequency perceptual distortions. High risk and prodromal patients appear
to have elevated magnocellular pathway response consistent with reports of “abnormal intensity of
environmental stimuli, feelings of being flooded and inundated, and inability to focus attention to
relevant details” (Keri et al., 2007, p. 183). Excess retinal dopamine leads to increased brightness and
hyper-intense colour perception in first episode patients together with visual distortion (Bunney et
al., 1999; Chapman, 1966; Klosterkotter et al., 2001). Excess dopamine in the limbic system is
associated with positive symptoms including hallucination and may be related to structural changes
in the retina (Brandies & Yehuda, 2008; Schonfeldt-Lecuona et al., 2020).

GABA receptors are found throughout the visual system (Mize et al. 1992). Increased levels of
dopamine and reduced GABA levels in the visual cortex, provide a plausible account of reduced
surround suppression and are indicative of over-active magnocellular pathways (Kelemen et al.,
2013; Yoon et al., 2020, 2010). Hypofunction of NMDA glutamate receptors due to GABA depletion
helps explain both reduced contrast perception and reduced lateral inhibition (Merritt et al. 2016;
Nakazawa & Sapkota, 2020; Serrano-Pedraza et al., 2014). Resulting hyperactivity in cortical PV-
positive fast spiking GABA interneurons, together with increased levels of dopamine are related to
psychosis and cognitive deficits including deficits in face recognition (Heckers & Konradi, 2015; Holt
et al., 2005, 2006; Lisman et al., 2008; Nakazawa et al. 2012; Swanton, T. 2020). Both environmental
and genetic etiologic risk factors of schizophrenia appear to interact with these interneurons which
are particularly vulnerable to exotoxicity and oxidative stress arising from maternal infection and
obstetric insults (Jiang et al., 2013; Turkheimer et al., 2015, 2020).

Both the magnocellular-dorsal and parvocellular-ventral pathways express connectivity
abnormalities although there appears to be a preferential dysfunction in the former (Deng et al., 2019).
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Consistent with magnocellular and middle temporal dysfunction patients demonstrate deficits in
detection of movement and related surround suppression and deficits in facial emotion recognition
(Butler et al., 2009; Chen et al., 2003; Creupelandt et al., 2019; Foisy et al., 2007; Foxe et al., 2001;
Maurage et al.,, 2007, 2008; Petra et al., 2009; Schallmo et al., 2015; Tadin et al., 2006). These
dysfunctions generate a low signal to noise ratio which propagates to and may be amplified by,
cortical dysfunction and are associated with cognitive deficits, social impairment and psychosis
(Adamek et al., 2022; Foxe et al., 2001; Nufiez et al., 2013).

Alterations in retinal morphology and visual processing appear correlated with cortical
abnormalities and clinical symptoms (Bernardin et al. 2021; Silverstein & Thompson 2015) Thinner
retinal epithelium layer correlates with mania, reduced GCL and IPL volume are negatively
correlated with disease severity, there are non-linear associations between RNFL thickness and acute
and chronic patients and with negative and positive symptoms (Alizadeh et al., 2021 Bannai et al.,
2020; Celik et al., 2016; Kalenderoglu et al., 2016; Schonfeldt-Lecuona et al., 2020). Delusions correlate
with deficits in contour integration, conceptual disorganization and perceptual instability (Javitt,
2015). These correlations are consistent with changes in how the world is experienced by patients. A
world literally seen as strange can be experienced as unsafe, threatening, underpinning anxiety,
paranoia, hallucination and resulting responses (Grillo, 2018). Persecutory delusions, for example,
are associated with increased risk of violence and social isolation (Coid et al., 2013; Fett et al., 2002).

Looking out, deficiencies in vision affect how the world appears, looking in, they seem to reveal
the neurological substrate for an altered reality. McGilchrist (2021) emphasises the importance of
hemispheric disconnection which isolates the dominant left hemisphere from the aspects of
perception and understanding in which the right hemisphere excels. The latter is attuned to
perception of context, depth, natural settings, emotional recognition and understanding. In
schizophrenia perception, dominated by the left hemisphere, is substantially disabled in recognizing
facial emotion, spatial depth and surrounding context. All this suggests that visual artists suffering
from schizophrenic spectrum disorders will have significantly altered perception and experience of
the world which will be reflected in their painting style.

In summary, someone on the schizophrenic spectrum with comorbid anxiety, alcohol and
tobacco abuse is highly likely to be deficient in perceiving contrast, colour, depth, context, peripheral
objects and motion, to have difficulty in recognising emotional expression both in their own and
others’ faces and a negative bias when doing so. These visual impairments do not improve over time
and are likely cumulative in their effects. They are indicative of and contributory to, an altered
experience of reality. That reality would be more vivid in colour where attention is focused and
blurred at the periphery, lacking in surrounding context and detail. Things would not be noticed or
seem disorganised, people’s feelings would be unrecognised, confusing or threatening. Such
perception would be a source of inappropriate behaviour and anxiety and efforts to understand and
contain it and oneself would likely include hallucination, delusion, avoidance behaviour and social
isolation. In contrast, BPD is characterised by sharper, more accurate, sensory experiences including
more accurate vision and hearing together with heightened states of empathy and awareness of
others’ states of mind (Parker, 2014; Parker et al. 2017).

Contrast

While a large majority of studies of contrast perception in schizophrenia find an overall
reduction in magnocellular function (Cadenhead et al. 2013; Chieffi, 2019) studies of unmedicated
patients reveal higher contrast sensitivity and hyperactivity in the pathway consistent with patient
reports of vivid anomalous visual experience (Kéri & Benedek, 2007). Hypofunction may therefore
be the result of antipsychotic medication (Chen et al., 2003; Kiss et al., 2010). However, medication
does not explain reduced function in first degree relatives, prodromal, high risk and remitted patients
and in schizotypic subjects (Cutting & Dunne 1986; Harper et al.,, 2020; Schubert et al., 2005).
Dysfunction at low spatial frequencies in the early stages of the disease progresses to dysfunction in
higher spatial frequencies as the disease develops (Adamek et al., 2022; Chieffi 2019; Silverstein,
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2016). The explanation appears to lie in the progression of the disease, characterized by retinal
hyperfunction in the early stage, accompanied by hallucination and hypofunction, accompanied by
delusion, as it develops (Tandon et al. 2009).

Among alcohol’s most prevalent and persistent effects is visuo-spatial dysfunction (Lew et al.,
2020). Alcohol reduces retinal-image quality and visual performance under scotopic conditions
(Castro et al., 2014). Moderate drinking impairs contrast sensitivity at low frequencies (Galdino et al.,
2011) and acute alcohol use reduces contrast sensitivity at all frequencies as well as contrast gain
affecting visual processing in both the magnocellular and parvocellular pathways (Casares-Lopez et
al., 2020; Roquelaure et al., 1995; Zhuang et al., 2012). This persists despite years of abstinence (da
Cruz et al., 2016). Nicotine is associated with rod dysfunction (Varghese et al. 2011).

Colour

Colour perception dysfunction appears in patients at all stages particularly in the tritan (blue-
yellow) spectrum accompanied by retinal hypodopaminergic conditions (Chapman, 1966; Cutting &
Dunne 1989; Fernandes et al. 2019; Huang et al., 2020; Kogata & lidaka, 2018; Phillipson & Harris,
1985; Shuwairi et al., 2002; Young, 1974; Zhuo et al., 2021). Alcohol reduces the capacity to distinguish
colours increasing the recognition threshold across the colour spectrum. Impairment in perception of
colour and luminance is found in young, chronic and abstaining alcohol users (Brasil et al., 2015;
Castro et al., 2009; Martins et al., 2019). Reduced colour discrimination is also found in smokers
consistent with cone dysfunction (Fernandes et al., 2019, 2018a, 2018b, 2017; Gundogan et al. 2006,
2007).

Fractals

Experiments consistently demonstrate a human preference for fractal values in the mid-range of
1.3-1.5 in landscapes, buildings, urban areas, artificial and biological forms as well as in art of all
categories (Hagerhall et al. 2004; Heerwagen & Orians 1993; Taylor & Sprott 2008). Natural images
with mid-range values are appealing, reduce stress and stimulate calm attention (Hagerhall et. al.,
2008; Taylor, 2006; Taylor et al., 2011; Ulrich, 1984). Given its frequency in the natural world at all
scales it is unsurprising that humans evolved to prefer it and regard conformity with it as attractive
and an element of beauty (Spehar et al., 2003; Taylor et al., 2005, 2006; Viengkham & Spehar, 2018).
Artists unconsciously depict faces with fractal values in the mid-range (Redies et al., 2007a, 2007b).
Spatial frequencies in art significantly higher are associated with triggering epileptic seizure and
migraine in susceptible individuals and aversion in healthy subjects (Fernandez & Wilkins, 2008).

Fractals are key to physical and mental health. Numerous aspects of human physiology such as
the bronchia of the lungs and the circulatory system, as well as the brain at multiple levels,
demonstrate fractal structure (Di leva, 2016). Health is not characterized by linear, homeostasis and
equilibrium but by complex, non-linear, 'chaotic’ fluctuations around points of attraction (Varela et
al., 2010; West, 2006). Self-complexity, possessing multiple traits and the ability to move among them,
provides flexibility, adaptability and resilience to environmental changes moderating both
physiological and psychological stress (Brown & Rafaeli, 2007; Linville, 1987). In contrast, lack of
fluctuation, rigidity, is characterized by a lack of adaptability and psychopathology (Bruzzo, 2007,
Freud, 1896; Horney, 1942; James, 1890; Jung, 1916; Pincus et al., 2019).

Material

Munch’s extant work consists of 1789 paintings on canvas and wooden panels as well as over
7600 images on paper. He also produced approximately 260 photographs including self-portraits. Of
his paintings on canvas and panel eight are known to have been lost, all of which he painted again
and an additional 10 lost entirely. None of these were portraits or self-portraits. Of the total corpus
of paintings 151 are executed entirely in media other than oil paint and excluded to ensure
comparability.
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Of the remaining 1638 paintings in oil and oil mixed with other materials 51 are self-portraits;
3% of his total oeuvre. He painted self-portraits throughout his career beginning with his first
exhibited painting and the last completed the year before his death (Muller-Westermann, 2005).
Included in this category are paintings in which his self-portrait is accompanied by another person;
120 self-portraits on paper are excluded.

Portraits examined here represent 13% of his oil paintings all of which are included except
preparatory oil sketches and one for which no image is available. All of the portraits are oil on canvas,
wood panel or cardboard and painted from life except four painted posthumously. The portraits
include 33 images of family and friends. There are 18 images where two or more people are depicted
‘Group Portraits’ treated as single paintings two of which are included in the ‘Family and Friends’
category.

Excluded are paintings of scenes in which figures may be identified as Munch, family members
or friends but which lack faces or are not detailed enough to be regarded as portraits. Images of
models are excluded except where included in a self-portrait. Munch often painted two versions of
commissioned portraits one of which he kept for himself. In such circumstances both versions are
included. The resulting study sample of 268 paintings, amounts to 16% of his total oil painted oeuvre.

There are few difficulties in authenticating Munch’s paintings. He kept most of his work which
has remained in public ownership since his death. Paintings in the city of Bergen have been in public
ownership since the collector’s death. Paintings held elsewhere are well documented and their
provenance is not in question. His entire extant painted oeuvre is presented in a catalogue raissone
compiled by Gerd Woll (2008). It is on this work that the present study relies for the paintings’
authentication and chronology.

Methods

All of the images examined are high resolution digital images downloaded wherever possible
directly from the institutions which own the original paintings. Where this was not possible the
highest resolution images available were obtained from open sources. Most institutions provided
images in Tag Image File Format (TIF or TIFF) which preserves image quality regardless of copying.
Some images were provided in Portable Network Graphics (PNG) format which is equivalent to TIFF
in all relevant respects. The remaining images were obtained in Joint Photographic Experts Group
(JPEG) format. The images had varying numbers of pixels which were not standardised as test results
were found to be substantially the same after rounding. Images obtained in JPEG and PNG format
were converted to TIFF using a publicly available on-line service (xconvert.com) to ensure both
consistency and stability of the images during processing. Several images provided by institutions
included picture frames or colour reference bars which were removed using Adobe Photoshop
(adobe.com/uk). TIFF images were used to measure contrast and fractals and converted to JPEG to
measure colour to meet software requirements.

Contrast

To measure changes in levels of contrast an average measure of contrast was derived from each
painting. In digital images the luminance of a pixel is derived from its red, green, and blue (RBG)
wavelength components as 0.299R + 0.587G + 0.11. The images were analysed as a two-dimensional
random process and the mean and autocorrelation function provided a value for the contrast of
brightness in the portraits. The autocorrelation function quantifies the average relationship between
data points in a time series and their previous data points using the Wiener—Kinchin theorem
(Chatfield & Xing, 2019). Matrix transformation of luminance values was conducted using the 2-D
Fourier Fast Transform and the average image contrast was characterized by the value at origin
(Turkheimer et al., 2020). The calculations were performed using MATLAB (v. R2021a).
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Colour

The colour median for each painting was measured in Red Green Black (RBG) and Cyan
Magenta Yellow Black (CYMK) models. RGB, known as additive colour mixing, is a method of
encoding the three cone receptor wavelengths. In concept, each colour is made up of red, green, and
blue light that shines with varying intensities. Hexadecimal coding allows integers ranging from 0 to
255 to be represented with only two digits. The CMYK colour model is a subtractive colour model
used in colour printing. It subtracts or masks colours from the white backdrop of the paper as ink
decreases reflected light. The RGB and CMYK average values were calculated using MATLAB (v.
R2021a).”

Fractals

Two methods of fractal analysis are used in the present study: one ‘2" and one ‘3" dimensional.
The former was obtained from Image] software (http://rsbweb.nih.gov/ij/index.html) which uses
“box counting” a widely used sampling and data collection process. The fundamental approach is
converting the image to greyscale and placing a sequence of grids of decreasing calibre (boxes) over
a picture methodically and recording data for each subsequent calibre (counting) creating grids of
progressively larger sizes. FracLac generates the grey D value on the basis of the correlation between
the variations in both average intensity and grid calibre due to the change in sampling process. The
image type was set to 8-bit grayscale and the threshold adjusted with the “Default” algorithm which
was chosen after tests using alternative binarizing functions for threshold segmentation produced
outcomes within an error range of 0.03 to 0.05. Box sizes were set as 2,3,4,6,8,12,16,32 and 64 for
counting and plotting. The range of D values is between 1 and 2 and the values are plotted with log(S)
on the x-axis and log(N(s)) on the y-axis.

Considerable colour information is lost after conversion to greyscale which can affect the
accuracy in roughness measurement. In order to reduce potential inaccuracy, a modified differential
box counting approach (Nayak & Mishra, 2016) was used to determine fractal dimension values of
RGB colour images. Combining the “probabilistic algorithm” method (Ivanovici & Richard, 2011)
and the “box merging” method extending box counting, (Nikolaidis et al., 2011) the fractal dimension
of RGB colour images was estimated using vectors in 5-dimensions (x, y, 1, g, b). A greyscale image
in this format generates 256 distinct shades of colour between 0 and 255. Applying this method to the
24-bit format for colour images resulted in individual RGB components calculated based on six
possible combinations ranging from Ixy (1) to Ixy (6) which are averaged to improve accuracy of the
roughness estimate. The range of D values using this method is between 2 and 3 which were plotted
on the basis described above.

Results

Contrast

Analysis of Munch'’s self-portraits (Figs. 1) and portraits (Figure 2) reveals increases in average
contrast and then maintenance at higher levels in periods of crisis.® This is consistent with vivid or
‘florid” episodes in psychosis. There are also intermittent declines during calmer periods. There was
a statistically significant positive correlation of the Average Self-Portrait Contrast with age (Pearson
Correlation R= 0.515. R*2 = 0.265, P<0.001) indicating a progressive deterioration of Munch'’s
condition. However there are notable singularities (point-change > 3 Std) in the years 1888, 1906, 1920,

7 For a detailed explanation of colour extraction using MatLab (see: Duth & Deepa, 2018).

8 Paintings completed in periods of crisis in his life ‘Critical Years” are highlighted.
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1924 and 1926 where there are dramatic increases in brightness. All of these occur during periods of
crisis and may be understood as peaks in altered perception representing high points in his distress.

Analysis of the self-portraits is confirmed by analysis of the portraits. There is again a statistically
significant positive correlation of the average contrast with age (Pearson Correlation R= 0.400.
P<0.001) with very similar quantitative values between the two sets and an identical rate of change:
0.003 units of positive change in contrast for every year. This consistency indicates repeatability and
robustness of the analytical approach. Interestingly the mean level of contrast is higher in the portraits
than in the self-portraits perhaps reflecting heightened anxiety as portraits require the presence of
other people most of whom were relative strangers. Munch was almost certainly more at ease when
painting self-portraits which also contain more surrounding context than the portraits. This
difference in state of mind may also be reflected in the range of contrast for the portraits which is
somewhat wider.

Munch Self-Portraits: Average Contrast
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Figure 1. Mean: 0.221; SD: 0.085. Range: 0.056 — 0.405. Critical years: Mean: 0.216, SD: 0.084.

Munch Portraits: Average Contrast

Figure 2. Mean: 0.258, SD: 0.11, Range: 0.025 — 0.596. Critical years: Mean 0.256, SD. 0.110.

Colour

Colour analysis of the self-portraits reveals that Munch’s use of red and blue tended to increase
in periods of crisis while his use of yellow generally falls suggesting dysfunction on the tritan axis
(Figure 3.). His use of green rose in his first crisis period, in 1893 and then remained above the mean
from 1908 to 1920 when it fell below it and then it rose again in 1925 remaining above the mean until
his death.

There are statistically positive significant correlations of age with colours extracted with the RGB
format from the self-portraits. There was a positive correlation with Red (Pearson R = 0.303, p=0.031),
Green, (Pearson R =0.487 p<0.0010 and Blue (Pearson R = 0.440 P<0.001). These changes likely underly
a general increase in colour intensity (Pearson R = 0.413, p<0.001) but perceptual lightness, hue and
saturation did not change with age. It is noteworthy that while red increased after 1906, its value was
not sustained afterwards and correlation was weaker (did not survive multiple comparisons
correction) which may indicate that red perception may be associated only with the acute phase of
psychotic episodes. There were no associations of elements of the CMYK palette with age.

There are also similarly statistically positive significant correlations of age with colours extracted
with the RGB format in the portraits. There was a positive correlation with Red (Pearson R = 0.378,
p<0.001), Green, (Pearson R = 0.407 p<0.001), Blue (Pearson R = 0.379 P<0.001). These changes are
likely underly a general increase in colour intensity (Pearson R = 0.440, p<0.001) but again perceptual
lightness, hue and saturation did not change with age. Differently from the self-portraits, in the
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CMYK colour model all elements except K were negatively associated with age. The largest
correlation was a negative Pearson R correlation (R=-0.397 p<0.001) for Yellow consistent with the

self-portraits and disturbance on the tritan axis.

Munch Self-Portraits - Colour Median
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Figure 3. Red. Mean: 113.31; SD: 36.04. Range: 34-176. Critical years: Mean: 112.86; SD: 32.90.
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Figure 4. Green. Mean: 106.45; SD: 31.53. Range: 42-168. Critical years: Mean: 105.00; SD: 30.80.
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Figure 5. Blue. Mean: 87.61; SD: 28.75. Range: 30-154. Critical years: Mean: 85.66; SD: 29.15.
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Figure 6. Yellow. Mean: 0.364; SD: 0.203. Range: 0.073-0.81. Critical years: Mean: 0.371; SD: 0.20.

Fractals

The mean fractal value of Munch'’s self-portraits is 1.78 (Figure 7) and that of his portraits 1.80
(Figure 8). These are well above the mid-range associated with attractiveness and beauty and helps
explain why his paintings were disturbing to his contemporaries. The fractal values in Munch’s self-
portraits are remarkably consistent. Even during his most intense period of crisis (1903-1908) there is
little variation nor is there generally when crisis and non-crisis periods are compared (Figure 9).

Fractal Dimension: Self-Portraits (Image])
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Figure 7. Mean: 1.786; SD: 0.089; Range: 1.547 — 1.956. Critical years: Mean: 1.769; SD: 0.081.

Fractal Dimension: All Portraits (Image])

Figure 8. Mean: 1.80, SD: 0.106. Range: 1.292 — 1.968. Critical years: Mean: 1.810, SD: 0.091.

Fractal Dimension: Self-Portraits (RGB)

Figure 9. Critical and Non-Critical Periods.

Munch’s portrait fractal values are remarkably high throughout his career regardless of whether
the subject was an individual (1.80) or a group (1.793) although the mean fractal value is noticeably
lower (1.738) when he painted family members and friends (Figure 10). This, together with somewhat
higher values in the portraits compared with the self-portraits, as is the case in levels of contrast,
suggests he experienced greater stress when painting unrelated others consistent with social anxiety.
The consistent high level of fractal values, from earliest to latest paintings and despite deliberate
alterations in style both before and after treatment indicates a compleXx, persistent and inflexible state
of mind.
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Fractal Dimension Portraits: Family and Friends (Image])
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Figure 10. Mean: 1.738; SD: 0.132. Range: 1.314-1.887. Critical years: Mean: 1.791; SD: 0.067.
Productivity

Munch was productive throughout his career with an annual average of 27 paintings.

over a 60-year career (Figure 11). His productivity rose in periods of distress the most dramatic
of which was the period 1896 to 1909 reaching the second highest point in his career in 1907 the year
before he entered the Copenhagen clinic; a level only reached once again in 1915. In the 9 months
before he entered the clinic, as his symptoms became overwhelming, his productivity plummeted
rising again during and after treatment. There were less dramatic but discernible rises in productivity
in crisis periods before (1885-1895) and after (1924-1926, 1930) treatment.

The first crisis period lasted 9 years beginning with the Sick Child followed by paintings of
Despair, In the Death Room, Melancholy, Anxiety, Ashes, and the Scream. In the second and longest
crisis period, beginning in 1896 and peaking in 1907 he painted Self-portrait in Hell, Self-portrait with
Wine Bottle, two more versions of the Death Room and of The Sick Child, two paintings of
‘Inheritance’, two versions of The Dead Mother, the Death of Marat and Separation. In 1895, the year-
long interlude between the first and second crisis periods and of his brother’s death, he painted Self-
portrait with Cigarette, Vampire and Jealousy. In the third period he painted several images recalling
his days of heavy drinking and in 1930 painted himself suffering from an embolism as a figure
reminiscent of the Scream and as sad and isolated (Eggum, 1984; Heller; Stang; Woll).

His achieved his lifetime peak in productivity in a period of feeling honoured, accepted, and
prosperous. In 1916 he received public and private commissions and purchased the countryside
home in which he spent the rest of his life. His productivity also noticeably rose in periods of crisis:
1924-1926 when his sister and a friend died and in 1930 when his aunt died.

The apparent exception, a drop in productivity in a period of crisis between 1936-1941 was one
of physical rather than emotional disability. He had suffered deteriorating vision in both eyes and
was then well into old age, when productivity may be expected to drop (Simonton, 1990).
Nevertheless, once his vision recovered his productivity began to rise and he painted several
important self-portraits before his death.

Munch Annual Painted Production
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Figure 11. Mean: 27 4.
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Discussion

Munch was, from birth, a sick child; physically and mentally. The indications are that he
inherited a genetic predisposition to schizophrenia and suffered maternally transmitted infection.
Physiological trauma at birth was compounded by that of separation from his preoccupied mother;
both must have been sources of intense anxiety. Munch recorded the memory of his earliest
experience in images of infants dying of congenital syphilis in the arms of their mothers. Titled
‘Inheritance’ they are essentially self-portraits, although not included here as such. The additional
trauma of witnessing his mother’s illness and death is depicted in paintings of the ‘Dead Mother’
which show a small child in the same pose (hands over ears) as the figure in the Scream, treated here,
as Munch regarded it, as a self-portrait. The unbearable horror and sadness of her death is evident.

After his mother’s death he shifted attachment to his older sister who then dies of the same
disease that killed his mother. This further traumatic separation was compounded by his guilt that
he had been the cause of her death. The experience was seared into his memory and expressed in the
Sick Child. The impact of these deaths from tubercular-type illness, which his aunt suffered, as he
did, was compounded by witnessing his father and younger sister’s increasing mental disorder. It is
thus not hard to see why he wrote:

“I inherited two of humanity’s most dreaded enemies — consumption and mental illness.
Sickness, madness and death were the black angels that surrounded my crib. My mother died
prematurely — from her I inherited the seeds of consumption. My father was obsessively nervous
and obsessively religious — to the point of madness. This had been the fate of his family for
generations. From him I inherited the seeds of madness. The angels of fear — sorrow and death
—had stood by my side since the day I was born. They followed me when I played -followed me
everywhere. Followed me in the spring and the glory of summer. They stood by my side at
bedtime when I shut my eyes -they threatened me with death, hell and eternal damnation. Often
I awoke in the middle of the night — I gazed around the room in wild fear — was I in Hell?...[my]
entire youth was worm eaten... tormented by doubt -fear and illness.” (Tejner p. 203-4).

The evidence is that Munch was correct in his self-diagnosis. His chronic illness, given its
immediate onset upon birth, was very likely congenital tuberculosis. There is a bidirectional
relationship between tuberculosis and psychosis (Kuo et al., 2013; Monistrol-Mula et al. 2024). A first
degree relative, his sister, suffered from schizophrenia and another, his father, evidenced depression,
anxiety in the form of obsessive religiosity, alcohol and nicotine dependence, each of which entails a
significant genetic component (Enoch, 2006; Kendall et al. 2021; Meier & Deckert 2019; Purty et al.,
2019; Rakesh et al. 2021; True et al. 1999). Given the loss of not one but two primary attachments, his
ambivalent relationship with his aunt, his difficulty in establishing relationships with women and
association of female intimacy with death, it is reasonable to assume an anxious/avoidant attachment
style which, together with trauma, is closely associated with psychosis and schizophrenia in
particular (Sheinbaum et al., 2013; Velikonja et al. 2015). His inherited susceptibilities and the
multiple developmental and environmental factors which made Munch’s childhood a panorama of
physical and mental distress, including anxiety, grief and guilt, made the childhood onset of
psychosis almost inevitable.

Munch was also increasingly isolated due to his illness, unable to attend school or complete
higher education. He began drinking in adolescence and by early adulthood was abusing both
alcohol and tobacco. When Munch abandoned the career chosen by his father in favour of an artistic
one, his father condemned it publicly and privately causing Munch intense shame, a predicate for
social anxiety (Harris, 2004). His first love affair was one of many occasions on which Munch felt
deeply ashamed as was the exhibition of the Sick Child. He was intensely sensitive to criticism all his
life avoiding exhibitions of his work and social occasions of all kinds. He often fled from personal,
social and professional contacts (Stenersen). His need to avoid people worsened over time and was
unaltered by treatment and abstinence. Before treatment his delusions became paranoid and after
predominantly persecutorial.
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Social anxiety is frequently comorbid with schizophrenia and joint sufferers are characterised by
insecure attachment, childhood trauma, increased difficulty in mentalisation, a higher sense of
shame, greater negative attribution bias and suicidality (Roy et al., 2012; Achim et al., 2016). They
also evidence greater social avoidance but less severe cognitive disturbance compared to those
without social anxiety. With the exception of suicidal planning Munch demonstrates all these
elements. He had multiple childhood trauma, disorganised and fearful attachments to his mother,
sister and aunt, and a father who was over-controlling and shaming all of which are indicative of the
social, generalised and phobic anxiety he experienced (Faravelli et al., 2012; Murphy et al., 2022).

Munch experienced depression, also a frequent comorbidity of schizophrenia, but it appears to
have been episodic, and related to specific events such as his father’s death rather than cyclical. He
also developed a variety of somatic, conversion type, symptoms and became increasingly paranoid,
hallucinatory and violent as his drinking increased. These symptoms, often found in schizophrenia,
and his depressive episodes, subsided once he became abstinent which suggest they were alcohol
related. His intense social anxiety, however, continued made manifest by the extraordinary
avoidance measures he employed which also appear related to his persecutorial delusions. His
insomnia too persisted into old age. Munch’s life thus parallels the natural history of schizophrenia:
childhood pre-morbid and prodromal phases, first psychotic episodes, a florid psychotic phase,
followed by stable delusions accompanied by negative symptoms and social deficits (Tandon et al.,
2009).

If one focuses on the period between his first love affair and his treatment in Copenhagen Munch
may be seen as suffering from BPD I with psychosis which occurs in approximately half of cases and
is easily mistaken for schizophrenia (Chakrabarti & Singh, 2022). He would now not be diagnosed
with BPD II given his psychotic experiences. His reckless and often aggressive behaviour including
visiting prostitutes despite fear of syphilis, gambling, brawling and use of firearms can be understood
as manic as can his impulsive travelling and working for days without rest, eating little, seemingly
existing on cigarettes and alcohol each co-morbid with BPD as well as schizophrenia (Frye & Salloum,
2006; Heffner et al., 2011; Stang; Yakovenko et al. 2016). The restless working, however, can also be
seen as periods of inspiration (Jones et al., 2014) and as efforts to process his distress by expression in
art, and the travelling as avoidant behaviour associated with social anxiety. Following treatment he
no longer visited prostitutes and while having affairs none of them were characterised by the
violence, jealousies or mood swings evident in his pre-treatment relationships.

Munch had periods of depression such as those following the end of his first love affair and his
father’s death, but these were not preceded or followed by manic or hypomanic behaviour as would
be expected in BPD 1. Prior to his father’s death he had been hospitalised with pneumonia, itself a
cause of depression as is alcohol abuse (Boden & Fergusson, 2011; Davydow et al., 2014). The
depression following his father’s death resulted in a profound change in style which was to become
characteristic of his greatest work. Self-reflective rumination typical of depressive episodes, as
opposed to recurrent depression, is associated with the generation of creative ideas (Baird et al., 2012;
Verhaeghen et al., 2005). His father’s death can be seen as setting him free artistically (Heller).

His periods of creativity and increased productivity were accompanied by negative feelings of
guilt, shame and jealousy not the positive or euphoric feelings associated with mania, creativity and
BPD (Johnson et al., 2012). He was also prolific when in more stable moods during his ‘beach period’
in 1907 and following the end of his exile. That his depression subsided once he became abstinent
and publicly acknowledged suggests that it was not inherent, as in BPD land cyclothymic disorder,
but induced by alcohol and a sense of rejection. The presence in later years of olfactory hallucination
is inconsistent with BPD (Goghari & Harrow, 2016), BPD patients are not deficient in motion
detection (Chen, 2005) and at no stage do his paintings reveal the heightened accuracy of perception
and empathy with others characteristic of BPD; quite the contrary.

Although it can begin at any age, BPD typically manifests itself in late adolescence and early
adulthood by which time Munch already had a history of hallucination (Bolton et al., 2021). BPD
accompanied by hallucination is relatively rare in comparison with schizophrenia and usually abates


https://doi.org/10.20944/preprints202406.1631.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 June 2024 d0i:10.20944/preprints202406.1631.v1

23

in the early years after onset (Chakrabarti & Singh, 2022; Goghari et al., 2013). BPD’s natural course
does include childhood anxiety and insomnia, but continues, regardless of periods of remission and
cyclically or not, to include persistent depression and long-term cognitive decline.

In his 35 year period of abstinence and isolation Munch is not reported by contemporaries as
appearing either manic or depressed although they did notice delusions and antisocial behaviour.
His journals and correspondence reveal self-absorption, sensitivity to criticism and obsessive
concerns but neither the grandiosity of mania nor the futility of depression (Holland, 2005; Prideaux;
Tejner). There is also no evidence of any of the widespread neurocognitive deficits, typical in BPD,
in executive functioning, verbal and spatial memory and psychomotor performance, which usually
persist in non-symptomatic periods (Bauer & Gitlin, 2016; Tsitsipa & Fountoulakis, 2015). While
unable to function well socially, he remained in contact with a wide circle (Cernuschi, 2001; Heller)
and fully capable of managing his affairs including planning carefully for his death. There was no
medication available so the absence of BPD symptoms during this period makes a diagnosis of BPD
less plausible.

If one looks at Munch’s entire life history including the background of risk factors, childhood
onset of insomnia and multimodal hallucination in the absence of depression or mania, the cessation
of hallucination, manic behaviour and depression following abstinence from alcohol, and the
transition to persistent delusions and stable mood and functioning thereafter, he appears to follow
the natural course of schizophrenia as opposed to schizoaffective or bipolar disorder (Goghari &
Harrow, 2016). The transition is also consistent with the long-term change in style after treatment
noted by art historians. It therefore seems reasonable to conclude that his underlying disease was
schizophrenia, initially exacerbated by alcohol, combined with comorbid intense social anxiety (DSM
5, Malaspina et al., 2013; Mancuso, 2015). While it is difficult to diagnose retrospectively and the
overlap between BPD and schizophrenia, genetically and phenomenologically is considerable
(Cardno & Owen 2014; Laursen et al., 2009) the present results support this conclusion

As discussed above, schizophrenia is characterised by visual impairment particularly deficits in
contrast sensitivity, motion detection, surround suppression, perceptual organization, contour
perception and facial emotion recognition (Butler et al., 2008; Dakin et al., 2005” Silverstein & Keane,
2011; Silverstein & Rosen, 2015; Turetsky et al., 2007). Colour vision impairment, increased intensity
of, or change in perception, is also evident particularly on the tritan spectrum (Vollmer-Larsen et al.,
2007). These deficits are also found in heavy drinkers and smokers compounding them in individuals
on the schizophrenia spectrum (Fernandes et al., 2019). The results here suggest that Munch had
deficits in all these domains.

First, contrast in his paintings increased significantly during critical periods particularly in the
self-portraits. This tracks the most florid of his adult hallucinatory and delusional periods. His
productivity increased in the same periods and can be understood as an effort to process and express
these intense experiences as he did most famously in The Scream. “When I paint sickness and
suffering it is...a healthy release. It is a healthy reaction from which one can learn and carry on living”
(Tejner, p.134). That the magnocellular system was preferentially affected, typical in schizophrenia,
is evidenced by the absence of surrounding context, motion, gesture or peripheral objects particularly
in the portraits. While several self-portraits have contextual backgrounds, the portraits are
stereotypical, rigid poses against featureless backgrounds (Ustvedt 2020, p. 123). Depth and volume
are only tangentially indicated by abbreviated intersecting lines suggestive of floor and wall but there
are no, or at most one, identifying ornaments or objects Significantly no source of light is evident and
there are almost no shadows indicative of a lack of depth perception and a visual system deficient in
peripheral vision and in recognising natural environmental cues.

Second, primary colours, red, green and blue, like contrast, increased in proportion in self-
portraits painted during periods of distress but yellow declined indicative of altered vision on the
tritan spectrum consistent with studies of visual disturbance in schizophrenia. The likelihood is that
his retina, magnocellular and parvocellular pathways and visual system generally were altered
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morphologically and functionally and the evidence is that these deficits increased as his disease
progressed.

Third, Munch'’s self-portraits and portraits are all essentially expressionless and to the extent
there is expression it is sadness. Almost all are face front; more two than three dimensional,
characteristic of patient art (Cunningham-Dax, 1998; McGilchrist, 2009). Only rarely are there even
slight turns of the head. Even the Sick Child, while poignant and in an identifiable space, is essentially
a flat profile. The self-portraits whether painted from photographs or images in the mirror show little
insight. With a few exceptions, his sisters and friends, the portraits reveal an inability to read his
sitters” emotions confirming his inability mirror or to synchronise with the feelings of others.

He never paints himself or others in a positive mood consistent with the negative bias in facial
emotion recognition revealed in multiple studies of schizophrenia (Fusar-poli et al. 2022). There are
no images of happiness or joy, neither among family and friends nor when painting children; perhaps
a projection of his own unhappy childhood. His self-portraits depict him at times of illness, insomnia,
depressed, eating, drinking, tormented and isolated and yet without expression except sadness.

This is all consistent with Munch’s manner of working which he and others described. He would
glance at the subject and then paint his first impression without moving his eyes from the canvas. He
didn’t notice or care if subjects moved or left (Stenersen, Tojner). He was oblivious of the subject’s
presence as it was, to him, no longer relevant. His intention was to paint not the subject but his
subjective response, “the perception of [his] brain”. He famously remarked, “I do not paint what I
see; | paint what I saw.” and what he saw were “the inner images of the mind. The images upon the
reverse of the eye” (Tojner, p. 131). He ignored details that did not remain in his memory of the first
impression. Even when painting out of doors he closed himself off from his surroundings and
concentrated on the canvas (Prideaux; Stenersen ).

This pattern of only glancing at his subjects and then painting without further reference to them
takes on significance when viewed from the perspective of his afflictions. Many who sat for him
noticed that he spoke incessantly and did not maintain eye contact to prevent interaction (Holland).
He painted not what was before him but his first impression which he immediately and
unconsciously imbued with meaning and it was that meaning he sought to convey not a likeness of
what he had seen (Tegjner). The subject of Munch’s paintings was not in front of him but inside him
and what was inside him was his experience and his disease.

Fractal analysis is consistent with this. The fractal dimension of his paintings is significantly
above the level preferred by healthy observers, beyond that even of abstract painters such as Jackson
Pollack (de la Calleja et al., 2016; Forsythe et al. 2017). It is not surprising that public and critics
initially reacted as they did and it indicates that he perceived the world and himself fundamentally
differently from others. Equally important and what distinguishes him from other painters who have
been similarly studied, is that the high fractal dimension was maintained throughout his career. It is
present in his first, ‘realistic’ self-portrait, in his impressionist phase, in his pre-treatment
expressionism, post treatment painting ‘en plein air’, and in his last self-portraits. It hardly varied for
six decades with only slightly reduced values when painting those close to him. The somewhat higher
fractal level in portraits of unrelated others is consistent with his intense social anxiety. This all
suggests an inflexible state of mind and an altered way of seeing the world that started in childhood
and was so deeply implanted that neither deliberate changes in style nor experience could alter it.

Conclusions

Munch can be seen, from a psychiatric point of view, as exemplifying schizophrenia and social
anxiety disorder. A diagnosis of BPD or schizoaffective disorder are inconsistent with the coincidence
of mood disorder and alcohol abuse. His symptoms, following the natural course of schizophrenia,
shifted from hallucination to delusion. His anxiety, particularly social anxiety, like his insomnia,
never abated. His painted self-portraits and portraits, which he saw, like all his painting, as a means
of expressing himself, reflect empirically the transitions in his state of mind: growing brighter, more
colourful, and more numerous as his symptoms became more severe while maintaining a high, rigid
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measure of complexity throughout his life. This suggests that his childhood experience of both
physiological and psychological distress caused him to acquire neurological traits including lasting
morphological, neurobiological, and functional changes particularly affecting perception of contrast,
context, motion, and facial emotion. From this perspective his illnesses and his efforts to manage
them can be seen as fundamental to his art.

Limitations

The most important limitation of the present study is that it encompasses only a fraction of
Munch’s paintings and none of his works on paper. Analysis of those works might reveal very
different results. Second, the material examined are not the original paintings but digital images. This,
at the very least, means that analysis of colour is of limited use given the difficulties which computers
have of identifying colour in anything like the subtlety of the eye. Fractal and contrast analysis are
more reliable but again could vary if applied to other and original works.
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