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SUMMARY 

Schizophrenia and bipolar disorder are severe mental disorders with overlapping clinical 

presentations and etiology. The course of the disorder varies between individuals, but the 

burden related to these disorders is high. Agitation is a state of restlessness and excessive 

psychomotor activity accompanied by anxiety, irritability, and impaired impulse control that 

constitutes a challenging part of the clinical presentation and often requires intensive 

psychiatric care. Outside the acute psychiatric setting, agitation has been linked to the 

quality of life reported by individuals with severe mental disorders that do not achieve 

remission. Agitation is one of the factors predisposing to aggression, and it represents a 

clinical construct partly overlapping with aggression and impulsivity. Of note, individuals 

with severe mental disorders are at increased risk of involvement in an aggressive incident, 

both as a victim and perpetrator, although the vast majority of individuals with severe 

mental disorders will never act aggressively. Despite that agitation is a particularly 

challenging clinical feature associated with quality of life, therapeutic options are limited, 

and its biological correlates are largely unknown. Thus, the aim of the current thesis was to 

expand our knowledge of biological correlates of agitation in severe mental disorders, 

focusing on feasibly accessible blood-sampling based markers with putative links to 

agitation. The objectives of this work build on indications of a link between agitation-related 

phenomena and disturbances of the immune system, including immune activation and 

aberrant inflammasome-related signaling (paper II and III) and on indicated associations 

between agitation-related phenomena and lower levels of circulating cholesterol (paper I).  

In the cross-sectional sample of patients with schizophrenia or bipolar spectrum disorder 

recruited across inpatient and outpatient clinics through the ongoing Thematically 

Organized Psychosis study, agitation was assessed using the Positive and Negative 

Syndrome Scale Excited Component, while impulsivity was measured in a subsample of the 

patients and among healthy controls using the Barratt Impulsiveness Scale questionnaire. In 

addition to thorough clinical assessments, the psychopharmacological treatment received 

by the patients was evaluated. The participants underwent blood sampling, and levels of 

circulating immune markers were measured using enzyme immunoassays, while levels of 

circulating cholesterol were analyzed using standard methods. Linear and logistic 
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regressions were applied to test associations between agitation-related phenomena 

(measures of agitation, aggression propensity, and impulsivity) and systemic biological 

status (levels of circulating immune markers and cholesterol). Additionally, associations 

between impulsivity and psychopharmacotherapy were examined.  

A novel finding from the current thesis was an association between agitation and level of 

circulating interleukin-18 binding protein, while levels of the remaining investigated 

inflammasome-related immune markers did not show any significant associations to 

agitation in severe mental disorders. Further, there were no significant associations 

between transdiagnostic measure of impulsivity and levels of circulating immune markers 

within the putative pathophysiological pathways (the chemokine Regulated on activation 

normal T cell expressed and secreted, soluble Tumor necrosis factor receptor 1, and 

markers within the inflammasome-related pathway). The investigation of circulating 

cholesterol levels among individuals with severe mental disorders recruited across inpatient 

and outpatient clinics revealed no significant associations to aggression propensity or 

impulsivity. Finally, lithium treatment was associated with lower impulsivity, whereas 

antidepressant treatment was associated with higher impulsivity.  

These core findings of the current thesis add to the growing but complex evidence-base of 

immune system disturbances in severe mental disorders and somewhat challenge the 

previous indications of links between systemic cholesterol and agitation-related 

phenomena. Specifically, the findings indicate that interleukin-18 binding protein (i.e., a 

protein involved in the inflammasome-related interleukin-18 signaling system) is a modest 

part of the biological correlate of agitation, which warrants future clinical studies to address 

the source and temporal dynamics of this immune signal. However, the paucity of 

associations to circulating markers of immune activation suggest that other factors are the 

major drivers of agitation-related phenomena. Additionally, the observed cross-sectional 

associations between psychopharmacotherapy and impulsivity warrant further investigation 

to determine the causal directionality. 
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SAMMENDRAG PÅ NORSK (SUMMARY IN NORWEGIAN) 

Schizofreni og bipolar lidelse er alvorlige psykiske lidelser med overlappende klinisk 

presentasjon og etiologi. Sykdomsforløpet varierer mellom enkeltindivider, men 

belastningen knyttet til disse lidelsene er høy. Agitasjon er en tilstand kjennetegnet av 

rastløshet, uhensiktsmessig psykomotorisk aktivering, angst, irritabilitet og nedsatt 

impulskontroll som utgjør en utfordrende del av det kliniske bilde og ofte krever intensiv 

psykiatrisk behandling. Agitasjon er også assosiert med livskvalitet hos pasienter med 

alvorlige psykiske lidelser som ikke oppnår remisjon. Agitasjon er en risikofaktor for utvikling 

av aggresjon og representerer et klinisk konstrukt som delvis overlapper med aggresjon og 

impulsivitet. Individer med alvorlige psykiske lidelser har en forhøyet risiko for å bli involvert 

i en aggressiv hendelse, både som offer og gjerningsperson, imidlertid de aller fleste med en 

alvorlig psykisk lidelse kommer aldri til å handle aggressivt. Agitasjon er en spesielt 

utfordrende del av klinisk presentasjon og er knyttet til livskvalitet. Til tross for dette er 

behandlingsalternativer begrensede og biologiske korrelater for det meste ukjente. Målet 

med doktorgradsarbeidet var derfor å utvide vår kunnskap om biologiske korrelater til 

agitasjon ved alvorlige psykiske lidelser, dette ved å ta i bruk blodprøvetaking som en 

skånsom og gjennomførbar metode og fokusere på blodprøve-baserte markører med en 

antydet link til agitasjon. Arbeidet bygger på en antydet link mellom agitasjon-relaterte 

kliniske fenomener og endringer i immunsystemet, inkludert immunaktivering og 

forstyrrelse av inflammasom-relatert immunsignalisering (artikkel II og III) og en antydet 

assosiasjon mellom agitasjon-relaterte fenomener og lavere nivå av systemisk kolesterol 

(artikkel I).  

I et tverrsnittsutvalg av pasienter med schizofreni og bipolart spektrum lidelser rekruttert på 

tvers av poliklinikker og sykehusavdelinger gjennom studien Tematisk Organisert Psykose 

ble agitasjon målt med en skala basert på klinisk intervju og observasjon, mens impulsivitet 

ble målt ved bruk av et spørreskjema i underutvalget av pasienter og hos friske 

kontrollpersoner. I tillegg til detaljert klinisk evaluering ble pasientenes bruk av 

psykofarmaka kartlagt. Studiedeltakere avga en blodprøve, og systemisk kolesterol samt 

immunmarkører ble analysert. Assosiasjoner mellom agitasjon-relaterte fenomener 

(agitasjon, aggresjon, impulsivitet) og systemisk biologisk status (nivåer av kolesterol og 
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immunmarkører) ble testet med lineære og logistiske regresjoner. I tillegg ble assosiasjoner 

mellom impulsivitet og psykofarmakoterapi undersøkt.  

Et nytt funn i dette doktorgradsarbeidet var en assosiasjon mellom agitasjon og nivået av 

systemisk interleukin-18 bindende protein, mens nivåer av resterende undersøkte 

inflammasom-relaterte markører viste ingen signifikante assosiasjoner til agitasjon ved 

alvorlige psykiske lidelser. Videre fant man ingen signifikante assosiasjoner mellom et 

transdiagnostisk mål på impulsivitet og nivåer av systemiske immunmarkører med en antatt 

rolle i impulsivitet (kjemokin RANTES, løselig tumor-nekrosefaktor reseptor 1 og 

inflammasom-relaterte immunmarkører). Undersøkelse av systemisk kolesterol på tvers av 

inneliggende og polikliniske pasientgrupper med alvorlige psykiske lidelser viste ingen 

signifikante assosiasjoner til aggresjon eller impulsivitet. I tillegg var litium-medikasjon 

assosiert med lavere impulsivitet, mens antidepressiv medikasjon var assosiert med høyere 

impulsivitet.   

Disse hovedfunnene utvider den voksende dog komplekse evidensbasen for 

immunforstyrrelser ved alvorlige psykiske lidelser og utfordrer til en viss grad tidligere 

antydet sammenheng mellom systemisk kolesterol og agitasjon-relaterte fenomener. 

Funnene indikerer interleukin-18 bindende protein som en beskjeden del av det biologiske 

korrelatet til agitasjon og det kan derfor være nyttig å undersøke hva som ligger bak dette 

immunsignalet i fremtidige kliniske studier. Imidlertid tyder den begrensede mengden av 

assosiasjoner med systemiske immunmarkører på at andre faktorer er hoved-drivere av 

agitasjon-relaterte fenomener. Dessuten peker observerte assosiasjoner mellom 

psykofarmakoterapi og impulsivitet på at det kan være nyttig med videre forskning for å 

avklare kausalitet.  
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1. BACKGROUND 

1.1 Severe mental disorders 

1.1.1 Epidemiology and burden 

The World Health Organization (WHO) highlights that mental health is an intrinsic 

component of health, which can be described as a state of “well-being that enables people 

to cope with the stresses of life, realize their abilities, learn well and work well, and 

contribute to their community” (1). The WHO also points out that mental health and mental 

disorders exist on a continuum. Mental disorders are accompanied by distress or impaired 

functioning and involve disturbances in cognition, emotional regulation, and behavior (2). 

Mental disorders such as schizophrenia and bipolar disorder, typically requiring intensive 

psychiatric care and leading to marked impairments in functioning, are often referred to as 

severe mental disorders (3). In this thesis, severe mental disorders are defined as broad 

schizophrenia and bipolar spectrum disorders.  

The onset of severe mental disorders usually occurs in the early adulthood (4, 5). The 

prevalence is approximately 2% for bipolar and 1% for schizophrenia spectrum disorders (6, 

7, 8, 9). These disorders often affect quality of life (10, 11) and interfere with functioning 

(12), although the course of the disorder varies substantially between individuals (13). 

Despite the relatively low prevalence, severe mental disorders constitute one of the leading 

causes of disability (14, 15). In turn, the burden related to severe mental disorders 

represents a major cause of health loss for the affected individuals (16) and a major cause of 

costs to the society (17). Individuals with severe mental disorders are at increased risk of 

multiple adverse outcomes (18). People with severe mental disorders have about 10 to 20 

years shorter life expectancy compared to the general population, mainly due to suicide, 

accidents, and somatic comorbidities such as respiratory and cardiovascular diseases (CVDs) 

(19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29). Moreover, comorbid mental disorders as well as 

comorbid substance use disorders are also common (30, 31).  
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1.1.2 Diagnosis and symptomatology 

Current diagnostic systems of mental disorders are based on descriptive classifications of 

the complex symptomatology. The WHO has created a framework of International 

Classification of Diseases (32). Another diagnostic system broadly used in research and 

clinical practice is the Diagnostic and Statistical Manual of Mental Disorders (DSM) (33). This 

thesis builds on diagnostic criteria described in the fourth revision of DSM (DSM-IV) (34).  

Severe mental disorders have heterogeneous and overlapping clinical presentations, which 

may involve positive psychotic symptoms, as well as negative, cognitive, and affective 

symptoms (35, 36). Positive psychotic symptoms are characterized by excessive or altered 

perception, thought, or behavior and refer to hallucinations, delusions, and disorganized 

behavior and speech. Negative symptoms are characterized by a reduction of normal 

mental processes, including diminished emotional expression, social interactions, and 

motivation. Positive psychotic symptoms are a prominent feature in schizophrenia (37) and 

also commonly occur in bipolar disorder (38). Similarly, affective symptoms are the key 

feature of bipolar disorder (39) and are also prevalent in schizophrenia (40, 41, 42). 

Moreover, cognitive dysfunction may accompany both disorders, although, on a group level, 

it is more pronounced in schizophrenia (43).  

According to the DSM-IV, an individual is diagnosed with schizophrenia if the following 

criteria A-F are fulfilled (34). Criterion A is met upon presence of at least two symptom 

categories defined as delusions, hallucinations, disorganized speech, grossly disorganized or 

catatonic behavior, and negative symptoms. Criterion A is also met in case of bizarre 

delusions or auditory hallucinations with either multiple voices conversing or a voice 

keeping up a running commentary on the individual’s behavior or thoughts. Criterion B is 

met if the individual experiences social or occupational dysfunction. Criterion C is defined as 

a duration for at least six months. Criteria D and E are met when the disturbance cannot be 

accounted for by mood disorder, schizoaffective disorder, substance use, or general medical 

conditions. Criterion F states that comorbid schizophrenia and autism or other pervasive 

developmental disorders can be diagnosed only if prominent delusions or hallucinations are 

present. Clinical presentations of schizophreniform disorder, schizoaffective disorder, 

delusional disorder, brief psychotic disorder, and psychotic disorder not otherwise specified 
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(NOS) are related to schizophrenia symptoms, with a spectrum of symptomatologic overlap 

(34). According to the DSM-IV, these disorders have the following diagnostic criteria. 

Schizophreniform disorder is diagnosed if an individual fulfills criteria for schizophrenia 

except for that the duration is between one and six months. Schizoaffective disorder is 

diagnosed if the following criteria A-D are met. Criteria A and B are fulfilled in case of an 

uninterrupted episode that consists of a major depressive episode, a manic episode, or a 

mixed episode concurrent with symptoms that meet the criterion A for schizophrenia 

(criterion A) and delusions or hallucinations present for at least two weeks in absence of 

prominent affective symptoms (criterion B). Criterion C states that the affective symptoms 

are present for a substantial portion of the episode. Criterion D is met when the disturbance 

cannot be accounted for by substance use or general medical conditions. Delusional 

disorder is diagnosed in case of delusions when the criterion A for schizophrenia is not met. 

Brief psychotic disorder is diagnosed in case of psychotic symptoms present for less than 

one month. In case of lacking or contradictory information, psychotic symptoms lead to 

psychotic disorder NOS diagnosis. 

The DSM-IV diagnostic criteria state that bipolar I disorder diagnosis requires an occurrence 

of at least one manic or mixed episode and that the disturbance cannot be accounted for by 

schizoaffective disorder, substance use, or general medical conditions (34). A manic episode 

is defined as an elevated or irritable mood leading to psychotic features, hospitalization, or 

marked impairment in social or occupational functioning that lasts for at least one week (or 

shorter in case of hospitalization) and that includes at least three of the listed symptoms 

(inflated self-esteem, decreased need for sleep, increased talkativeness, racing thoughts, 

distractibility, increase in motor or goal-directed activity, excessive involvement in 

pleasurable activities that have a high potential for negative consequences) or at least four 

of the symptoms if the mood is only irritable. When the elevated or irritable mood involves 

the same range of symptoms and lasts for at least four days but leads to neither severely 

impaired functioning, hospitalization, nor psychotic symptoms, it is classified as a 

hypomanic episode. A major depressive episode is characterized by reduced mood, interest, 

and pleasure lasting for at least two weeks and leading to distress or impaired functioning. A 

mixed episode is defined as a period with disturbed mood that fulfills criteria for both the 

manic and major depressive episode. According to the DSM-IV, bipolar II disorder diagnosis 
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requires at least one major depressive episode and one hypomanic episode, and the 

disturbance cannot be accounted for by bipolar I disorder, schizoaffective disorder, 

substance use, or general medical conditions. In case of lacking or contradictory 

information, occurrence of bipolar features leads to bipolar disorder NOS diagnosis. Further, 

a major depression with psychotic features might be grouped alongside bipolar disorders 

(44, 45). 

 
1.1.3 Agitation and related clinical phenomena 

1.1.3.1 Conceptualization 

Agitation constitutes a particularly challenging part of the symptomatology of severe mental 

disorders (46). Agitation, aggression, and impulsivity can be conceptualized as distinct but 

partly overlapping clinical phenomena (46, 47, 48, 49) (Figure 1). 

 

Figure 1. Agitation, aggression, and impulsivity conceptualized as overlapping phenomena 

 
Illustration by Gabriela Hjell 

 

Agitation is a state of restlessness and excessive movement or speech accompanied by 

anxiety, irritability, and impaired impulse control (46, 50). The DSM describes agitation as an 
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“excessive motor activity associated with a feeling of inner tension” (33). Aggression might 

be defined as “hostile, injurious, or destructive behavior” (51), and impulsivity refers to a 

tendency to react without considering the consequences (52).  

1.1.3.2 Agitation 

Agitation is typically seen across severe mental disorders, as well as in major depressive 

disorder, personality disorders, substance use disorders, and dementia (47, 53, 54, 55). The 

prevalence of agitation in emergency psychiatric settings ranges between 4% and 10%, 

although the estimates are largely based on conflated conceptualizations of agitation and 

aggression (46). Agitation often requires intensive psychiatric care (53, 56), and it has been 

described as one of the factors predisposing to aggression (57, 58). Thus, successful 

management of agitation, typically using verbal de-escalation techniques and 

psychopharmacotherapy, is among priorities in acute psychiatric and emergency 

department settings (46, 56, 59, 60, 61). Furthermore, agitation may also be a part of the 

clinical presentation encountered outside the acute psychiatric setting (62), and it has been 

linked to the quality of life reported by individuals with severe mental disorders that do not 

achieve remission (63).  

1.1.3.3 Aggression 

Aggression comprises verbal threats or threating gestures and verbal or physical acts leading 

to destruction or harm (47). Violence is an extreme form of physical aggression that imposes 

risk of severe harm to the assaulted individual (64, 65). Aggression can be looked at as an 

essential component of the normal spectrum of social behaviors in most species (66). 

However, violence and pathological forms of human aggression represent a substantial 

social concern and a challenge to public health, as well as to everyday psychiatric clinical 

practice (67, 68, 69). Aggression is typically characterized as impulsive or instrumental, 

although features of both aggression types also often co-occur (65, 67). Impulsive 

aggression usually manifests as a response to perceived provocation or threat and is often 

accompanied by anger, while instrumental aggression is typically initiated by the offender in 

search of a personal gain (67). Additionally, based on a clinical perspective, psychotic 

aggression motivated by positive psychotic symptoms has emerged as a third 



 19 

phenomenological category (70, 71, 72, 73). Of note, psychotic aggression has been 

described as the least prevalent type of aggression in severe mental disorders, while 

impulsive aggression has been indicated as the most prevalent type (72). Importantly, the 

vast majority of individuals with severe mental disorders will never exhibit aggression or act 

violently, although having a severe mental disorder constitutes a risk factor (18, 74, 75, 76, 

77), alongside male gender, young age, history of early life adversities, antisocial personality 

traits, and alcohol and illicit substance use (78, 79, 80, 81, 82, 83). 

1.1.3.4 Impulsivity 

Impulsivity may be conceptualized as a behavioral and personality construct that reflects a 

tendency to react without considering the consequences (52). Elevated impulsivity has been 

shown across severe mental disorders, as well as in attention-deficit hyperactivity disorder, 

and in borderline and antisocial personality disorders (84, 85, 86, 87). Impulsivity in severe 

mental disorders has been linked to severe clinical manifestations such as early onset of the 

disorder, suicidality, and aggression (48, 86, 88, 89). It has been proposed that, regardless 

the diagnostic boundaries, patients with high impulsivity levels might benefit from 

prevention and treatment efforts focusing on impulsivity (86, 88).  

 
1.2 Biological underpinnings of severe mental disorders 

1.2.1 Biological insights 

The current knowledge suggests that the etiology of severe mental disorders is 

multifactorial and involves a complex interplay between genetic and environmental factors 

(90, 91). The pathophysiological models propose that environmental risk factors such as 

early life adversities interact with genetic susceptibility, to affect neurodevelopment and 

brain functioning (90, 91, 92). Still, the exact pathophysiological mechanisms underlying 

severe mental disorders are largely unknown. 

Seminal biological insights originate from the discovery of psychopharmacotherapeutic 

agents and from neurochemical studies (93, 94). The observation that the clinical 

antipsychotic potency across early antipsychotics such as chlorpromazine and haloperidol 

strongly correlates with the affinity to the dopamine D2 receptor has implicated alterations 
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of the dopamine signaling in schizophrenia (95). Similarly, there is evidence for an 

involvement of dopaminergic disturbances in bipolar disorder (96). However, dopamine 

antagonism is not sufficient to successfully treat all clinical aspects of severe mental 

disorders (e.g., cognitive, negative, and depressive symptoms), and the superior 

antipsychotic agent clozapine has low dopamine D2 receptor affinity (97). The observation 

that the N-methyl D-aspartate glutamate receptor antagonism caused by phencyclidine 

induced psychosis has led to consideration of a role for the glutamate signaling dysfunction 

in severe mental disorders (98). The current models of neurotransmission in severe mental 

disorders suggest complex disturbances across dopaminergic and glutamatergic systems 

(97), complemented by involvement of several other signaling systems such as serotonin 

and gamma-aminobutyric acid (99, 100, 101, 102).  

Another important line of biological insight is derived from genome-wide association studies 

(GWASs) (103). Genetic information is encoded on double strings of deoxyribonucleic acid 

(DNA), and the polynucleotide chains of DNA comprise in total over three billion base pairs. 

Above 99% of the genetic information in the human genome is identical across individuals, 

while common genetic variants account for unique traits and susceptibility to complex 

disorders. The most abundant common genetic variants are variations in a single base pair 

that are relatively frequent in a population (frequency above 1%) (104, 105). Severe mental 

disorders are highly heritable (106), with a substantial share of the heritability explained by 

common genetic variants (107, 108). Thus, part of the etiological complexity of severe 

mental disorders can be attributed to the numerous common genetic variants involved, 

which form the polygenic architecture of severe mental disorders (103). While some of the 

common genetic variants have been linked specifically to schizophrenia or bipolar disorder, 

a substantial proportion of the variants underlie the polygenic overlap between severe 

mental disorders (109, 110, 111). Of note, multiple mental disorders display overlapping 

polygenic architectures, which are largely separate from other disorders of the brain such as 

neurological disorders (112). Collaborative research efforts have facilitated a continuously 

advancing discovery of common genetic variants associated with severe mental disorders 

through GWASs (113). Common genetic variants that have been linked to severe mental 

disorders point to an involvement of biological processes implicated in neurodevelopment, 
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synaptic functioning (e.g., excitatory glutamatergic neurons and inhibitory interneurons), 

neuronal excitability (e.g., calcium signaling), and the immune system (107, 108, 114, 115). 

 
1.2.2 The immune system 

1.2.2.1 Overview of the immune responses 

The immune system protects the body from pathogens and related threats to its integrity. 

This essential physiological system comprises a complex network of effector cells and 

molecules involved in the innate and adaptive immune responses. The innate immune 

system provides immediate unspecific defense. In contrast, the adaptive system is highly 

specific, but its response can take several days to build up (116).  

Phagocytic and sensory cells such as macrophages, neutrophils, and dendritic cells initiate 

the innate immune response. These cells express pattern-recognition receptors (PRRs), 

which recognize pathogen-associated molecular patterns and damage-associated molecular 

patterns (DAMPs). PRRs encompass transmembrane proteins such as the toll-like receptors 

and cytoplasmic proteins such as the nucleotide-binding oligomerization domain-like 

receptors (NLRs), retinoic acid-inducible gene-I-like receptors, and cyclic guanosine 

monophosphate-adenosine monophosphate synthase stimulator of interferon genes. The 

activation of PRR can lead to phagocytosis. Importantly, activated PRRs propagate the 

immune response by inducing secretion of signaling proteins called cytokines (117). 

Cytokines then regulate immune activity and orchestrate further inflammatory response. 

Cytokines comprise different types of proteins such as interleukins (ILs), interferons (INFs), 

and chemokines, which together serve a wide range of interconnected functions. IL-1β and 

tumor necrosis factor (TNF) represent typical inflammatory cytokines. One of the 

cytoplasmic PRR proteins that react to cellular stress signals is the NLR pyrin-containing 

protein 3 (NLRP3), part of the NLRP3 inflammasome. The NLRP3 inflammasome is an 

intracellular multiprotein complex that activates the enzyme caspase-1, which then results 

in the release of IL-1β and IL-18 (118) (Figure 2). Another part of the innate immune system 

is the complement. The complement consists of several circulating proteins produced 

mainly by the liver, which are arranged in different activation cascades triggered by the 

proteins with PRR properties. The complement acts directly on the pathogen or facilitates 
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phagocytosis and inflammation (117, 119). Further, natural killer cells react to exposure to 

cellular stress or viral infection, and innate lymphoid cells serve as a source of inflammatory 

cytokines in peripheral tissues. Dendritic cells play an important role in bridging the innate 

and adaptive part of the immune system. Following phagocytosis, dendritic cells process the 

pathogen to present antigens and induce the adaptive immune response (117).  

 
Figure 2. Activation of the NLRP3 inflammasome  

 
IL-1β, Interleukin-1β; IL-18, Interleukin-18; NLRP3, Nucleotide-binding oligomerization domain-like receptor pyrin-
containing protein 3 

Illustration created by Gabriela Hjell using BioRender.com  

 

The adaptive immune response involves B and T lymphocytes, each with specialized 

functions. Collectively, these lymphocytes express a huge variety of specific antigen 

receptors. Most circulating lymphocytes are immunologically inactive. However, once they 

encounter the specific antigen that binds to the specific antigen receptor expressed on their 

surface, they differentiate into effector lymphocyte cells. Antigens presented together with 

major histocompatibility (MHC) molecules stimulate the differentiation of T lymphocytes 

into effector T cells and memory T cells. Following the ubiquitous MHC class I processing 

and presentation of antigen, CD8 cytotoxic effector T cells serve elimination of 

compromised cells. Following the MHC class II antigen processing and presentation by 

dendritic cells, CD4 T cells can differentiate into several types of effector cells that affect 
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further development of the immune response through cytokine signaling patterns. 

Cytokines such as IL-12, IL-18, and IFN-γ induce differentiation into T helper 1 (TH1) cells, 

which in turn produce IFN-γ and activate macrophages. IL-4 induces differentiation into T 

helper 2 cells, which lead to IL-4, IL-5, and IL-13 mediated activation of eosinophils and 

basophils. Transforming growth factor (TGF)-β, IL-6, and IL-23 stimulate differentiation into 

T helper 17 (TH17) cells, which produce IL-17 and IL-22 and act on neutrophils. Combination 

of TGF-β and IL-2 induce differentiation into T regulatory cells, which dampen T cell 

activation trough production of TGF-β and IL-10. Finally, T follicular helper cells produce IL-

21, which stimulate proliferation of B cells  (120). Immunoglobulins are the antigen 

recognition proteins of B cells. Membrane-bound immunoglobulins function as receptors. 

Upon antigen recognition, B lymphocytes differentiate into plasma cells that produce 

antibodies (i.e., secreted form of immunoglobulins) as well as into memory B cells. 

Ultimately, repeated exposure to the same antigen triggers a faster specific immune 

response of the adaptive immune system (117).  

 
1.2.2.2 Interplay between the immune system and the brain  

Although once believed the opposite, the brain operates in a close bi-directional interplay 

with the peripheral immune system (121). A commonly experienced consequence of such 

interplay is the phenomenon of sickness behavior, a state of impaired mood and irritability, 

sleepiness, disturbed cognition, hyperalgesia, and decreased appetite that occurs during 

systemic inflammatory response to bacterial or viral infections (121, 122). Several complex 

finetuned mechanisms are in place to maintain the communication between the periphery 

and the brain and vice versa, including neuroimmune interactions (123) and endocrine 

signaling (124). These communication pathways make it possible for the immune system to 

engage the rest of the body in battling the infection and reciprocally allow the brain to 

adjust the peripheral immune responses (121). Importantly, the blood-brain barrier (BBB) 

restricts and regulates the passage of signaling molecules and immune cells between the 

circulation and the brain (125, 126). The molecular arm of these communication pathways 

involves areas at circumventricular organs that lack the BBB (127). Moreover, the BBB 

endothelium is involved (126), and it has been suggested that sustained exposure of the 

BBB to inflammatory factors may lead to increase in BBB permeability and further 
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propagation of the inflammatory signaling to the brain (128). The cellular communication 

pathway involves a recruitment of circulating immune cells through the BBB (129). 

Additionally, meningeal components of the immune system have been shown to 

communicate with the cerebrospinal fluid, cerebral interstitial fluid and peripheral lymph 

nodes (130, 131). Finally, the neuronal pathway consists of immune signals conveyed by the 

autonomic nerve fibers (123).  

Microglia are the resident immune cells of the brain, which have surveillance, phagocytic 

and cytokine-producing properties (132). Under physiological conditions, microglia 

constantly scan the surrounding environment, maintain homeostasis, and participate in the 

synapse remodeling (133). During the neurodevelopment, microglia also play a role in the 

synaptic pruning (134). In similarity with peripheral macrophages, microglia exert a fast 

response to a broad range of DAMPs. This response is hallmarked by prominent 

morphological changes and is referred to as the microglial activation, due to enhanced 

phagocytosis and cytokine production (132). Peripheral inflammation and psychological 

stress are examples of the stimuli that have been linked to the microglial activation (132, 

134). Of note, in addition to microglia, several other cell types such as astroglia and neurons 

participate in the production of immune signaling molecules in the brain (135). Intriguingly, 

immune signaling molecules exhibit many functional similarities with neurotransmitters and 

hormones (121). There is accumulating evidence concerning production of immune 

signaling molecules in the brain and their roles in signal transduction to neurons and glial 

cells (136). This notion, together with the expanding knowledge about bi-directional 

interplay between the brain and systemic immune responses, opens exciting opportunities 

for non-invasive studies of immune disturbances in mental disorders. 

        
1.2.2.3 Immune disturbances in severe mental disorders 

Accumulating evidence point toward an involvement of the immune system in severe 

mental disorders. Common genetic variants linked to severe mental disorders have 

indicated the immune system as one of the pathophysiological candidates (107, 108). The 

implicated immune signals comprise the GWAS signal at the extended MHC region as well as 

signals related to the biology of the adaptive immune response (107, 108, 114, 137, 138, 

139, 140). In addition to MHC molecules, the extended MHC region codes for several other 
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components of the immune system such as TNF cytokine family and the complement (138). 

Intriguingly, complement component 4 has been indicated as the key driver of the 

association between the extended MHC region and schizophrenia (141, 142), while a 

membrane protein has been proposed to drive the association between the extended MHC 

region and bipolar disorder (107).  

Transcriptome-wide approach in human brain tissue has also provided support for a role of 

immune pathways in severe mental disorders (143). Complementary to the evidence based 

on GWASs, analyses at the transcriptome level have implicated a dysregulation of neuronal, 

glial, and endothelial pathways with distinct temporal patterns. This dysregulation 

encompasses the nuclear factor κ B pathway with downstream transcription factor targets 

and upstream activators such as IL-1 and TNF cytokine families (143).  

Further indications of the immune system ’s involvement in severe mental disorders have 

emerged based on epidemiological studies. These include an increased risk of developing a 

severe mental disorder related to conditions with altered immune activation such as 

autoimmune disorders or infections (144, 145, 146, 147, 148, 149, 150). Autoimmune 

mechanisms with inadequate control and elimination of self-reactive lymphocytes can lead 

to excessive tissue damage (117). Individuals diagnosed with an autoimmune disorder have 

a higher risk of developing a severe mental disorder and vice versa (151, 152). Interestingly, 

autoimmune disorders with suspected brain-reactive antibodies convey even higher risk of 

developing a severe mental disorder than autoimmune disorders in general (144, 145), and 

some autoimmune disorders such as systemic lupus erythematosus, multiple sclerosis, and 

autoimmune encephalitis manifest neuropsychiatric symptoms (153, 154, 155). Infections 

lead to states of immune activation, while a dysregulated immune system may also exhibit 

an underlying vulnerability to pathogens (117, 156). Indeed, a substantial genetic pleiotropy 

between propensity to infections and severe mental disorders has been suggested (157). 

Moreover, maternal infections, particularly during pregnancy, but also outside the 

pregnancy period have been associated with increased risk of developing a mental disorder 

(158, 159).  

A broad line of evidence based on investigations of immune marker levels in blood and 

cerebrospinal fluid has shown low-grade inflammatory aberrations in severe mental 
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disorders (160, 161, 162, 163, 164, 165, 166). Observations across psychotic, manic, and 

depressive symptoms have indicated immune activation with changes in inflammatory 

signaling (e.g., IL-6, TNF, IL-1, and IL-18 pathways) (160, 163, 167, 168, 169). Two of the 

upstream inflammatory pathways that have been linked to severe mental disorders are 

NLRP3 inflammasome-related (118). The inflammasome-related IL-1β and IL-18 pathways 

have been suggested as a link between immune activation and processes such as 

neurodevelopment, synaptic remodeling, neurotransmission, and neuronal excitability (170, 

171, 172). Cytokines and receptors of the IL-1 family signaling pathways are primarily 

involved in innate immune responses (173). These pathways include immune markers such 

as IL-1β, IL-1 receptor antagonist (IL-1RA), IL-18, IL-18 binding protein (IL-18BP), IL-18 

receptor 1 (IL-18R1), and IL-18 receptor accessory protein (IL-18RAP) (174). The NLRP3 

inflammasome activates the enzyme caspase-1, which then results in the release of IL-1β 

and IL-18 (118) (Figure 2). Mechanistically, IL-1RA interferes with IL-1β action by binding to 

IL-1 receptor 1 (173). In clinical studies, circulating levels of IL-1RA are shown to reliably 

reflect the activity within IL-1 system (175). IL-18 plays an important role in the TH1 

response (173). IL-18 binds to IL-18R1, and IL-18RAP contributes to formation of a high-

affinity signaling complex (173). Upregulation of IL-18BP, which typically follows elevations 

of IL-18, functions as a negative feedback loop within the regulatory signaling system (176). 

The TNF superfamily represents another typical upstream inflammatory pathway that has 

been implicated in severe mental disorders (160, 177). Cytokines and receptors of the TNF 

superfamily play important roles in the propagation of the inflammatory process and 

regulation of innate and adaptive immune responses (178, 179). Immune markers such as 

TNF and soluble TNF receptor 1 (sTNFR1) are broadly used indicators of the activity within 

the TNF pathway, and sTNFR1 in particular is considered as a reliable surrogate marker 

(180).  

There are multiple theoretical models of how components of the immune system may 

contribute to the development and clinical presentations of severe mental disorders. In 

parallel with the general pathophysiological models of severe mental disorders, these 

models include elements of an interplay between genetics and environment, a role for 

neurodevelopment, and the diathesis-stress concept (181). A role of genetic susceptibilities 

to develop inadequate immune responses that may manifest both in the brain and the 
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periphery has been suggested (181). Complement component 4 has been indicated as the 

key driver of the genetic association between the extended MHC region and schizophrenia 

(141). Given that complement component 4 has been implicated in neurodevelopment and 

synaptic pruning, it represents a plausible pathophysiological candidate that might play a 

part in the development of schizophrenia (142, 182). Across severe mental disorders, 

influence of neuroinflammation with altered microglial responses (e.g., chronically activated 

and primed microglia) has been proposed, potentially interfering with neurodevelopment 

and affecting brain circuits involved in cognition, mood regulation, and behavior (135, 170, 

183, 184, 185). Further, it has been suggested that cytokines exerting neuromodulatory 

effects in the brain may play a role in the development of psychopathologies seen across 

severe mental disorders (136, 186). Moreover, influence of the peripheral inflammation on 

the brain has been proposed, resembling the link seen between the peripheral immune 

response and the sickness behavior (122, 187, 188). Observations that therapeutic use of IL-

2 as well as IFN-α in conditions such as renal malignities and viral hepatitis often lead to 

transient psychopathologies support the suggested involvement of the peripheral immune 

response in mental health and illness (189, 190). Furthermore, the kynurenine pathway 

model propose that cytokine induced shift in tryptophan metabolism can influence 

glutamate and monoaminergic neurotransmission and result in psychotic, affective, and 

cognitive symptoms (191, 192).  

 
1.2.2.4 Immune disturbances and agitation-related phenomena 

Observations across psychotic, manic, and depressive symptoms suggest immune activation 

with aberrations in inflammatory signaling such as the IL-1, IL-18, TNF, and IL-6 pathways 

(160, 167, 168). Interestingly, immune activation has also been indicated in agitation and 

related clinical phenomena such as aggression and impulsivity, both in the general 

population (193) and across mental disorders (194, 195, 196, 197). Elevated IL-6 has been 

linked to hostility in healthy individuals (193) and to impulsive aggression in intermittent 

explosive disorder (197), while immune activation reflected by increased levels of C-reactive 

protein (CRP) has been indicated in aggression among individuals with personality disorders 

(198) and schizophrenia (199). An association between TH17 related cytokines and agitation 

in individuals with schizophrenia has been suggested (200), and elevation of TNF has been 
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reported in agitated patients in psychiatric emergency settings (194). Further, elevation of 

IL-1β has been observed in agitated individuals with dementia (201). Experimental animal 

models of agitation have indicated a role of IL-2, TNF, IL-1, and IL-18 signaling pathways 

(202, 203, 204, 205, 206). Moreover, the chemokine Regulated on activation normal T cell 

expressed and secreted (RANTES), IL-1 family, and TNF pathways have been suggested as 

pathophysiological candidates of impulsivity based on studies among individuals with 

alcohol dependence (207) and suicidal behavior (195), as well as on rodent models (208). In 

addition to the suggested interplay of the IL-1 family and TNF signaling pathways with 

neurotransmission and neuronal excitability (186), the inflammatory chemoattractant 

RANTES has also been proposed to play a neuromodulatory role (209, 210). 

 
1.2.3 Cholesterol 

1.2.3.1 Physiological roles and metabolism 

Cholesterol is a lipid compound that is essential for proper cellular structure and 

functioning. It plays an important role in signaling at the cellular membrane and in fluidity of 

the membrane. Moreover, it serves as a precursor for steroid hormones and bile acids 

(211).  

The brain is particularly rich in cholesterol. It contains approximately 20% of the total pool 

of cholesterol, while representing about 2% of the body mass (212). The brain cholesterol is 

involved in key physiological functions such as neurotransmission as well as in the 

myelination of neuronal axons by oligodendroglia (213, 214). The brain cholesterol is almost 

entirely synthetized de novo from acetyl coenzyme A (Figure 3) locally in the brain (215, 

216). The metabolic pathway of the brain cholesterol is separated from the metabolism and 

transport of cholesterol in the periphery by the BBB. Following hydroxylation of cholesterol 

in neurons, the cholesterol metabolite 24-hydroxycholesterol diffuses through the BBB and 

is eliminated by the liver after conversion into bile acids (217).  
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Figure 3. A simplified presentation of the cholesterol synthesis 

 
Acetyl CoA, acetyl coenzyme A; HMG CoA, 3-hydroxy 3-methyl glutaryl coenzyme A 

Illustration by Gabriela Hjell 

 

The circulating cholesterol can originate either from de novo synthesis from acetyl 

coenzyme A (Figure 3), which occurs mainly in the liver, or from absorption of dietary 

cholesterol. In the circulation, cholesterol is transported as a part of lipoprotein particles, 

due to its hydrophobic properties. Lipoprotein particles undergo dynamic changes, which 

can be divided into the exogenous lipoprotein pathway, the endogenous lipoprotein 

pathway, and the reverse cholesterol transport. Reflecting their decreasing size and 

increasing density, the different types of lipoprotein particles can be classified as 

chylomicrons, chylomicron remnants, very low density lipoproteins (VLDLs), intermediate 

density lipoproteins, low density lipoproteins (LDLs), and high density lipoproteins (HDLs) 

(218) (Figure 4).  
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Figure 4. Examples of the structure of lipoprotein particles 

 
Illustration created by Gabriela Hjell using BioRender.com  

 

The exogenous lipoprotein pathway starts when hydrolyzed lipids, including fatty acids, 

monoglycerides, and cholesterol, form micelles, which are then transported into 

enterocytes. In enterocytes, monoglycerides are converted to triglycerides, and a portion of 

cholesterol is esterified. These lipids are then, together with phospholipids and 

apolipoprotein B48, secreted as chylomicrons to lymphatic vessels and further into the 

circulation. Once in the circulation, chylomicrons interact with HDL and receive 

apolipoprotein E. Fatty acids from hydrolyzed triglycerides are absorbed by muscle and fat 

tissue, resulting in chylomicron remnants. Further, apolipoprotein E binds to hepatic 

receptors, and chylomicron remnants are internalized by hepatocytes (218).  

The endogenous lipoprotein pathway is initiated in the liver, where VLDL particles are 

assembled from apolipoprotein B100, triglycerides, de novo synthesized cholesterol, as well 

as cholesterol from chylomicron remnants. VLDL is secreted into the circulation, where it 

interacts with HDL and receives apolipoprotein E. Interactions with endothelial cells 

transform VLDL to intermediate density lipoproteins, which, in turn, can be absorbed by the 

liver or transformed into LDL. LDLs are cholesterol-rich particles, representing the majority 
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of the circulating cholesterol. Eventually, LDL binds to LDL receptors either on hepatocytes 

or on cells in the peripheral tissues, to supply the tissue with cholesterol (218, 219).  

The liver eliminates cholesterol together with bile acids via the biliary tract. The reverse 

cholesterol transport serves to facilitate cholesterol elimination. HDL, which contains 

apolipoprotein A-I, as well as other apolipoproteins such as apolipoprotein E, is secreted 

mainly by the liver. In the circulation, HDL receives triglycerides from chylomicrons and 

VLDL. Up on binding of apolipoprotein A-I, HDL receives phospholipids and unesterified 

cholesterol from peripheral tissues. Finally, HDL particles containing cholesterol return to 

the liver (218, 220).  

 
1.2.3.2 Impact on CVD risk 

Cholesterol transport in the circulation is a physiological process. However, the cumulative 

exposure to cholesterol-rich LDLs drives atherosclerosis, the key pathophysiological concept 

in the development of CVD. CVDs such as atherosclerotic disease of the coronary arteries 

and stroke are amongst the leading causes of death (221). Randomized controlled trials 

(RCTs) have demonstrated a robust protective effect of cholesterol-lowering on CVD 

mortality (222). Cholesterol-lowering strategies constitute one of the keystones in CVD 

prevention. Cholesterol management guidelines currently advise a stratified approach 

based on calculation of CVD risk and shared decision making (223, 224). The cholesterol-

lowering preventive and therapeutical measures include adherence to a healthy lifestyle, 

pharmacological treatment with statins, and add-on pharmacotherapy with ezetimibe or 

proprotein convertase subtilisin kexin type 9 inhibitors (221). 

 

1.2.3.3 Putative links to psychopathology  

Implementation of cholesterol-lowering as a CVD primary prevention strategy has drawn 

attention to possible psychological effects of cholesterol-lowering (225). An early meta-

analysis of cholesterol-lowering RCTs in the primary CVD prevention setting in the general 

population has indicated a link between the cholesterol-lowering and an increase in violent 

deaths caused by accident, homicide and suicide (225). However, these findings were not 
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replicated (226), and cholesterol-lowering pharmacotherapy with statins has gained a 

substantial record of safety (227, 228).  

Psychological effects of cholesterol-lowering have not been specifically addressed in 

individuals with mental disorders. However, a number of smaller to medium scaled cross-

sectional studies in the psychiatric settings have assessed the associations between 

agitation-related phenomena and circulating cholesterol levels (229, 230, 231, 232, 233, 

234, 235, 236, 237, 238, 239, 240). Several of these studies have shown negative 

associations between circulating levels of total cholesterol (TC) and aggression (229, 233, 

238, 239, 240) or impulsivity (234, 236), while some of the studies have reported no 

significant associations between TC and aggression (230, 231, 232, 236, 237) and impulsivity 

(230). Negative associations between LDL cholesterol (LDL-C) and aggression (238, 239) or 

impulsivity (236) have also been shown. Evidence based on the studies that have 

investigated HDL cholesterol (HDL-C) (234, 236, 237, 238, 239) varies from positive (239), to 

negative (237), to non-significant (234, 236, 238) associations with aggression. Taken 

together, despite indications of an association between lipid profile with low TC and 

agitation-related phenomena, the evidence is conflicting.  

Genetic susceptibility affecting the cholesterol synthesis pathway may underlie the possible 

link to agitation-related phenotypes, given that GWASs have implicated a role of cholesterol 

metabolism in severe mental disorders (241, 242). Alternatively, possible indirect effects of 

circulating cholesterol on the brain might be mediated by cholesterol metabolites (217, 243) 

or by an interplay with the endocrine system (244). Indeed, experimental animal studies 

have suggested that TC levels twice as high as the physiological range may have protective 

effects against aggression (245, 246). Furthermore, even though use of statins in the general 

population has gained a substantial record of safety (227, 228), and studies from psychiatric 

settings linking TC and agitation-related phenomena have been mainly conducted among 

statin non-users (229, 238, 239), lipophilic statin agents have also been suggested as a 

potential factor that may contribute to this link (247). Ultimately, the indications of an 

inverse relationship between cholesterol levels and agitation-related phenomena, 

regardless the unclear underpinnings, might in some cases influence the clinical decision-

making about cholesterol management (248).   
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2. AIMS, OBJECTIVES, AND HYPOTHESES 

2.1 The overarching goal 

Agitation is a particularly challenging clinical feature associated with quality of life among 

individuals with severe mental disorders. However, biological correlates of agitation and 

related clinical phenomena are largely unknown. Despite methodological advances 

facilitating feasible acquisition of blood-sampling based markers with putative links to 

agitation, the relationships between the immune system, cholesterol, and pathophysiology 

of agitation-related phenomena and severe mental disorders are unclear. Thus, the aim of 

this thesis was to identify systemic biological correlates of agitation-related phenomena in 

severe mental disorders, focusing on feasibly accessible blood-sampling based markers that 

reflect disturbances of the immune system and cholesterol metabolism.  

 

2.2 Knowledge gaps, objectives, and hypotheses  

2.2.1 Study I 

Given the increased CVD risk, individuals with severe mental disorders are often in the 

target group for cholesterol-lowering. However, associations between lower systemic 

cholesterol levels in mental disorders and agitation-related phenomena have been 

indicated, although there are substantial limitations to the study designs that underpin this 

indication. The inconsistencies in findings and the previous focus on the inpatient 

psychiatric settings call for an investigation in a large representative sample to expand our 

insight into the relationships between cholesterol and agitation-related phenomena. 

Therefore, the objective of study I was to investigate associations between systemic 

cholesterol levels and agitation-related phenomena in a large sample of in- and outpatients 

with severe mental disorders. It was hypothesized that systemic cholesterol levels (TC, LDL-

C, and HDL-C) among patients with severe mental disorders would be negatively associated 

with aggression propensity and impulsivity.  
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2.2.2 Study II 

The inflammasome activation has been linked to severe mental disorders, and aberrant 

inflammasome-related immune signaling has been implicated in animal models of agitation 

and observed across agitation-related phenomena. However, our knowledge regarding 

inflammasome-related immune pathways in agitation among individuals with severe mental 

disorders is limited.  

Thus, the objective of study II was to investigate the links between agitation and circulating 

inflammasome-related immune markers in severe mental disorders. It was hypothesized 

that agitation across the spectrum of severe mental disorders would be associated with 

immune activation reflected by circulating levels of the inflammasome-related immune 

markers (IL-1RA, IL-18, IL-18BP, IL-18R1, IL-18RAP). Further, it was hypothesized that 

agitation would be associated with the immune marker levels independently of core 

symptoms of illness exacerbation (i.e., psychotic, manic, and depressive symptoms). 

Moreover, the neuroendocrine influence on the relationship between agitation and immune 

activation was explored. 

 
2.2.3 Study III 

In similarity with agitation, impulsivity is a transdiagnostic feature linked to severe clinical 

expression, which has largely unknown biological correlates. Involvement of inflammatory 

signaling in impulsivity has been indicated, including RANTES, inflammasome-related, and 

TNF pathways. However, these potential links between immune signaling and impulsivity, 

with their possible impacts on psychopathology in severe mental disorders, are yet to be 

determined. In addition, impulsivity is a potential target for psychopharmacological 

strategies, and animal models have revealed impulsivity-lowering effect of lithium with a 

putative association to the immune system. Still, the relationships between impulsivity in 

severe mental disorders and psychopharmacological treatment regimens have been 

sparsely investigated.  

Hence, the objectives of study III were (1) to assess the links between impulsivity and 

circulating immune markers in a large cross-sectional sample of individuals with and without 

a severe mental disorder and (2) to explore associations between impulsivity and 
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psychopharmacological treatment in a naturalistic sample of individuals with severe mental 

disorders. It was hypothesized that (1) circulating levels of RANTES, IL-1RA, IL-18, IL-18BP, 

and sTNFR1 would be positively associated with impulsivity across the diagnostic categories 

and that (2) antipsychotic, anticonvulsant, and lithium treatment would be negatively 

associated with impulsivity in severe mental disorders. Given the sparsity of evidence 

concerning the relationship between antidepressants and impulsivity in severe mental 

disorders, the respective part of the study was explorative. 
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3. METHODS 

3.1 Study design and ethics 

This thesis builds on cross-sectional study designs. All participants were recruited through 

the ongoing Thematically Organized Psychosis (TOP) study at the Norwegian Center for 

Mental Disorders Research, Oslo, Norway. The overall aim of the TOP study is to improve 

our insight into development and course of severe mental disorders. Since 2002, the TOP 

study has been enrolling patients with severe mental disorders referred from psychiatric 

inpatient and outpatient clinics. The TOP study also recruits age- and catchment area 

matched control subjects randomly selected from the national population registry. The 

study is approved by the Regional Ethics Committee, the Norwegian Directorate of Health, 

and the Norwegian Data Protection Authority. All study participants have given written 

informed consent and can withdraw from participation at any time. The research work was 

conducted in accordance with ethical standards articulated in the Declaration of Helsinki.  

 

Figure 5. Chronological overview of relevant elements in the study protocol  

 
IL-1RA, Interleukin-1 receptor antagonist; sTNFR1, Soluble tumor necrosis factor receptor 1; IL-18, Interleukin-18; IL-18BP, 
Interleukin-18 binding protein; IL-18R1, Interleukin-18 receptor 1; IL-18RAP, Interleukin-18 receptor accessory protein; 
RANTES, Regulated on activation normal T cell expressed and secreted.  

Illustration by Gabriela Hjell 
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3.2 Research protocol 

The TOP study protocol is comprehensive and forms a large database that serves different 

specific sub-studies. Thus, the participants underwent thorough characterization, including 

self-report questionnaires, neurocognitive testing, blood sampling, magnetic resonance 

imaging, and electroencephalography. The patient group was assessed by trained 

psychologists and physicians, whom had access to medical records and conducted 

systematic interviews such as the Structured Clinical Interview for DSM-IV axis I disorders 

(SCID-I) (249). To ensure validity and reliability of the assessments, the interviewers were 

trained according to the standardized course adapted from a training and quality assurance 

program developed at the University of California Los Angeles (250). Moreover, the 

interviewers were supervised by a psychiatrist with extensive clinical and academic 

experience. Symptom dimensions, including psychotic symptoms, were assessed using the 

Positive and Negative Syndrome Scale (PANSS) (251). Affective symptoms were quantified 

using the Young Mania Rating Scale (YMRS) (252) and the Calgary Depression Scale for 

Schizophrenia (CDSS) (253). Level of functioning was estimated according to the Global 

Assessment of Functioning Split Version (GAF) (254). The healthy participant group was 

assessed using the Primary Care Evaluation of Mental Disorders (255), following psychiatric 

and somatic history-taking. An overview of the relevant elements in the study protocol 

throughout the recruitment period is shown in Figure 5.  

 

3.3 Subject samples 

Subject samples in the three studies that are part of this thesis were drawn from the TOP 

database. The general inclusion criteria in the TOP patient group are a broad schizophrenia 

(SCZ) or bipolar spectrum disorder (BD) diagnosis assigned according to the DSM-IV (34), age 

between 18 and 65 years, and the capacity to give informed consent. Healthy participants 

are included in the TOP study if there is no presence or history of a severe mental disorder 

among the participants themselves or their first-degree relatives. The overall exclusion 

criteria comprise a severe somatic illness that interferes with brain functioning, history of 

severe head trauma, pronounced cognitive deficit with IQ scores below 70, and insufficient 

skills to communicate in Norwegian.  
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Table 1. Subject samples in the three studies 

 Study I 
N=1001 

Study II 
N=660 

Study III 
N=657 

SCZ N=601 N=388 N=116 

 Schizophrenia Schizophrenia Schizophrenia 

 Schizophreniform disorder Schizophreniform disorder Schizophreniform disorder 

 Schizoaffective disorder Schizoaffective disorder  

 Delusional disorder Delusional disorder  

 Brief psychotic disorder 
Psychotic disorder NOS 

Brief psychotic disorder 
Psychotic disorder NOS 

 

BD N=400 N=272 N=159 

 Bipolar I disorder Bipolar I disorder Bipolar I disorder 

 Bipolar II disorder Bipolar II disorder Bipolar II disorder 

 Bipolar disorder NOS Bipolar disorder NOS Bipolar disorder NOS 

 MDD with psychotic features MDD with psychotic features  

HC   N=382 

BD; broad bipolar spectrum disorders; HC, healthy participants; MDD, major depressive disorder; NOS, not otherwise 
specified; SCZ, broad schizophrenia spectrum disorders. 
 

The subject sample in study I consisted of 1001 patients recruited between 2002 and 2017. 

The sample in study II included 660 patients recruited between 2002 and 2018 that had 

their plasma immune markers measured and that were not excluded due to use of 

immunomodulatory agents, immunological comorbidity, or current infection (indicated by 

medical records, self-report, medication use, or serum CRP level above 10 mg/L). Study III 

comprised 657 participants (275 patients and 382 healthy subjects) recruited between 2011 

and 2018. The objectives of study III focused on impulsivity, a behavioral and personality 

construct with known diagnosis-specific differences (84). Thus, in addition to healthy 

subjects, only patients with schizophrenia, schizophreniform, or bipolar disorder were 
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included, while the exclusion criteria applied to study II were also followed. Diagnoses that 

constitute the subject samples in the three studies are displayed in Table 1. 

 

3.4 Measurements 

3.4.1 Agitation 

Agitation constituted the main measure of interest in study II. The agitation measure was 

based on the PANSS assessment, which is a commonly used instrument for symptom 

evaluation in psychotic disorders (251). The PANSS consists of 30 interviewer-rated items, 

each reflecting a current symptom on a scale from 1 (no symptom) to 7 (severe symptom). 

The inter-rater reliability of the PANSS assessment in the TOP study has been repeatedly 

documented as good, achieving intraclass correlation coefficient above 0.7 (256, 257). 

Agitation score was calculated as the sum of the PANSS item P4-Excitement, item P7-

Hostility, item G4-Tension, item G8-Uncooperativeness, and item G14-Poor impulse control. 

These five items constitute the PANSS Excited Component (PANSS-EC), a validated (50) and 

commonly used measure of agitation (258) derived from a five factor PANSS model (259).  

 

3.4.2 Aggression propensity categories 

In study I, agitation scores were used to define categories reflecting level of aggression 

propensity. The unifactorial structure of the PANSS-EC (50) and PANSS rating criteria (251) 

guided the definition of the cut-offs. Accordingly, PANSS-EC score of 5 represented a group 

with no agitation or aggression symptoms (NAS). PANSS-EC ranging from 6 to10 represented 

a group with minimal level of agitation or aggression symptoms (MLAS), and PANSS-EC 

greater than 10 represented a group with higher levels of agitation or aggression symptoms 

(HLAS). Thus, the first group NAS was defined by the absence of all PANSS-EC symptoms, the 

second group MLAS comprised suspected pathology, and PANSS-EC scores indicative of 

more certain and expressed pathology were categorized into the third group HLAS. 
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3.4.3 Impulsivity 

Barratt Impulsiveness Scale (BIS-11) (260) was used as the main measure of interest in study 

III. The BIS-11 is a self-report of behavioral and personality constructs of impulsivity scored 

on a 4-point Likert scale. It consists of 30 items. The total score ranges from 30 to 120, with 

higher total scores reflecting higher levels of impulsivity. Internal consistency of the total 

score has been repeatedly found to be acceptable (52, 260, 261, 262, 263).  

 

3.4.4 Cholesterol 

Venous blood samples were collected in the morning after an overnight fast. Serum levels of 

TC, LDL-C and HDL-C were analyzed at Oslo University Hospital on routine instruments 

(Roche Diagnostics Cobas Integra 800, Roche Diagnostics Cobas 8000 e602/e801) using 

standard methods controlled by internal and external quality control samples. Until 2012, 

LDL-C was calculated by the Friedewald formula (264). From 2012 onwards, it was analyzed 

by an enzymatic colorimetric method. 

 

3.4.5 Immune markers 

Following venipuncture, blood was drawn using EDTA vials. Plasma was isolated the next 

working day and stored at -80 °C in the biobank. The cumulative storage time in the freezer 

was recorded (265). Immune marker levels were measured using enzyme-linked 

immunosorbent assay (ELISA) methods. Some key immune markers such as IL-1β or TNF 

have relatively short biological half-life and circulate at levels close to detection limit of 

commercially available assays. Thus, in addition to measurements of RANTES and IL-18 

system markers (i.e., IL-18, IL-18BP, IL-18R1, IL-18RAP), IL-1 and TNF systems were assessed 

using robust markers that are known to reflect the activity of these systems (i.e., sTNFR1, IL-

1RA) (175, 180).  The antibodies used in the assays are described in Table 2.  
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Table 2. Antibodies used in the immunoassays 

 Manufacturer Assay sensitivity 

IL-18 R&D Systems (Stillwater, MN, USA), Cat# DY318-05 22 pg/mL 

IL-18BP R&D Systems (Stillwater, MN, USA), Cat#DY119 25 pg/mL 

IL-18R1 Sino Biological (Beijing, China), Cat#11102 25 pg/mL 

IL-18RAP Sino Biological (Beijing, China), Cat#SEK10176 10 pg/mL 

IL-1RA PeproTech (Cranbury, NJ, USA), Cat#900K474 25 pg/mL 

sTNFR1 R&D Systems (Stillwater, MN, USA), Cat#DY225 20 pg/mL 

RANTES R&D Systems (Stillwater, MN, USA), Cat#DY278 20 pg/mL 

 

The assays were run in duplicate in a 384-well format, assisted by a pipetting robot (SELMA, 

Analytik Jena, Jena, Germany) and a washer dispenser (BioTek, Winooski, VT, USA). 

Absorption was read by ELISA plate reader (BioTek, Winooski, VT, USA) at 450 nm with 540 

nm wavelength correction. Intra-assay and inter-assay coefficients of variation were less 

than 10 % for all analyses. Levels of IL-1RA that were under the detection limit (9 samples in 

study II (2%) and in 1 sample in study III (0.4 %)) were set to 25 pg/mL. Similarly, levels of 

RANTES were under the detection limit in 10 samples in study III (1.5 %) and thus set to 20 

pg/mL. 

 

3.4.6 Psychotropic medication 

Information about psychopharmacological treatment was retrieved from medical records 

and via interview. Currently used doses of antipsychotics, anticonvulsants, lithium, and 

antidepressants were recorded and expressed according to the defined daily dose (DDD) 

method, following guidelines from the WHO Collaborating Center for Drug Statistics 

Methodology (266). 

 

3.4.7 Additional measurements 

Serum cortisol level and several demographical (sex, age) and clinical measures (body mass 

index (BMI), inpatient versus outpatient status, psychotic and affective symptoms, alcohol 

and illicit substance use) were also part of the analyses (267, 268, 269). Serum cortisol was 

analyzed using a competitive luminescence immunoassay (Immulite 2000xpi, Siemens 
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Healthineers, Erlangen, Germany) at the Hormone Laboratory at Oslo University Hospital. 

Calculations of BMI, expressed as kg/m², were based on weight and height measurements. 

Substance use was assessed using the Drug Use Disorders Identification Test (DUDIT) (270) 

and the Alcohol Use Disorders Identification Test (AUDIT) (271), in addition to self-reported 

information about use of cannabis and stimulants, smoking status (smoking daily versus 

non-smoker), and number of alcohol units during the two-week period prior the 

assessment.  

 

3.5 Statistical analyses 

3.5.1 General statistical approach 

Statistical analyses were conducted using IBM SPSS Statistics for Windows Version 25.0 

software package (study I) and R software package versions 4.1.1 and 4.2.1 (study II and III). 

All analyses were two-tailed, and the general statistical significance level operationalized 

throughout the thesis was set at 0.05. Normality was evaluated using Kolmogorov-Smirnov 

tests and inspection of Q-Q plots and histograms. Descriptive characteristics were assessed 

using chi-squared tests, independent samples t-tests, one-way ANOVAs, Wilcoxon rank-sum 

tests, and Kruskal-Wallis tests. Associations between systemic biological status (circulating 

cholesterol and immune markers) and agitation related phenomena were analyzed using 

linear and logistic regressions.  

 

3.5.2 Study I 

In study I, the multinomial logistic regression model was applied to analyze the associations 

between cholesterol (TC, LDL-C, HDL-C) and the three levels of aggression propensity (NAS, 

MLAS, HLAS), with cholesterol as the independent variable, adjusting for sex, age, and 

diagnostic group (SCZ versus BD). The analyses were repeated in a subsample (N = 689) that 

was available for additional adjustments (BMI, inpatient versus outpatient status, alcohol 

use (AUDIT scores), illicit substance use (DUDIT scores), and psychotropic medication 

(antipsychotics, antidepressants, anticonvulsants, and lithium expressed in DDDs)). The 

associations between cholesterol (TC, LDL-C, HDL-C) and impulsivity (BIS-11 total score) 

were assessed using the linear regression model with impulsivity as the dependent variable 



 43 

and cholesterol as the independent variable, adjusting for sex, age, and diagnostic group. 

Subanalyses (N = 259) with the additional adjustments (BMI, inpatient versus outpatient 

status, alcohol use, illicit substance use, and psychotropic medication) were also conducted. 

Additionally, interactions between cholesterol levels and sex, inpatient versus outpatient 

status, and diagnostic group were tested.  

 

3.5.3 Study II 

Before proceeding to main analyses in study II, plasma levels of IL-1RA, IL-18, IL-18BP, and 

IL-18R1 were logarithmically transformed and outliers outside 3 standard deviations were 

removed (3.2% of IL-1RA, 0.0% of IL-18, 2.9% of IL-18BP, 0.9% of IL-18R1) to comply with the 

test assumptions. The associations between agitation (PANSS-EC score) and immune 

signaling (IL-1RA, IL-18, IL-18BP, and IL-18R1) were assessed using the linear regression 

model with the immune marker as the dependent variable and agitation as the independent 

variable, adjusting for sex, age, BMI, smoking status (smoking daily versus non-smoker), 

diagnostic group (SCZ versus BD), psychotropic medication (antipsychotics, antidepressants, 

anticonvulsants, and lithium expressed in DDDs), alcohol (number of alcohol units), illicit 

substance use (cannabis and stimulants as dichotomous variables), and freezer storage 

time. Bootstrapping approach with 2 000 replicates was applied to check the stability of 

regression coefficients. IL-1RA analysis was performed in a subsample of participants (N = 

405) (Figure 5). Due to a highly skewed distribution, IL-18RAP was dichotomized based on 

the median value and analyzed using the logistic regression model. Interaction between 

agitation and diagnostic group was tested using the same models. The models from main 

analyses were applied to investigate the influence of psychotic and affective symptoms on 

any significant association between agitation and the immune marker, using adjustment for 

psychotic (sum of PANSS Positive Component items: P1, P3, P5, G9, G12), manic (YMRS 

scores), and depressive symptoms (CDSS scores). To assess the influence of stress hormone 

levels, the main analyses were repeated in a subsample with available cortisol 

measurements (N=463 for the IL-18 system markers, N=356 for IL-1RA), followed by an 

additional adjustment for serum cortisol level.  
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3.5.4 Study III 

Before proceeding to main analyses in study III, the BIS-11 total scores (measure of 

impulsivity) were logarithmically transformed to achieve normality. Further, immune 

marker values exceeding the first or third quantile by three interquartile ranges or more 

were removed (1.4% of RANTES, 3.8% of IL-1RA, 0.5% of IL-18, 1.7% of IL-18BP, and 0.4% of 

sTNFR1). The associations between immune signaling (plasma levels of RANTES, IL-1RA, IL-

18, IL-18BP, and sTNFR1) and impulsivity were analyzed using the linear regression model 

with impulsivity as the dependent variable and the immune marker as the independent 

variable, adjusting for sex, age, and diagnosis (healthy individuals, SCZ, and BD coded as 

dummy variables). IL-1RA and sTNFR1 analyses were conducted in a subsample of 

participants (N=240) (Figure 5). The associations between psychopharmacological treatment 

and impulsivity were assessed in the patient group. The linear regression model with DDD of 

antipsychotics, anticonvulsants, lithium, and antidepressants as independent variables and 

impulsivity as the dependent variable was employed, while controlling for sex, age and 

diagnosis (SCZ versus BD). Follow-up analyses were carried out to assess the influence of the 

current affective state (YMRS and CDSS scores).  

 

3.5.5 Test assumptions and multiple testing 

Variance inflation factors, standardized residuals, and Cook’s distances were evaluated to 

ensure no violation of the test assumptions (normality, homoscedasticity, and absence of 

multicollinearity and influential cases). 

The general statistical significance level operationalized in this thesis was 0.05. Bonferroni 

method was applied throughout the three studies to correct for multiple testing, yielding 

significance level at 0.017 (0.05/ 3) for the associations between agitation related 

phenomena and cholesterol fractions in study I, at 0.01 (0.05/5) for the associations 

between agitation related phenomena and immune markers in study II and III, and at 0.0125 

(0.05/4) for the associations between impulsivity and psychotropic medications in study III. 
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4. RESULTS 

4.1 Study I 

The sample consisting of inpatients and outpatients with schizophrenia- or bipolar spectrum 

disorders revealed no significant associations between cholesterol levels and aggression 

propensity or impulsivity. There were no significant interactions between cholesterol and 

diagnostic group, inpatient versus outpatient status, or sex. Controlling for BMI as well as 

use of psychotropic medication, illicit substances, and alcohol did not affect the findings. 

 

4.2 Study II 

Agitation was significantly positively associated with IL-18BP (β=0.13, t=3.41, p=0.0007) 

after controlling for confounders, and adjustment for psychotic, manic, and depressive 

symptoms did not affect the findings (Figure 6). The stability of regression coefficients was 

confirmed by the bootstrapping approach. There were no significant associations between 

agitation and the other investigated immune markers (IL-1RA, IL-18, IL-18R1, IL-18RAP). 

Further, there were no significant interactions between agitation and diagnosis. Additional 

adjustment for cortisol did not substantially alter the results (association between agitation 

and IL-18BP (β=0.17, t=3.69, p=0.0003)). 

 

4.3 Study III 

The sample of individuals with and without a severe mental disorder revealed no significant 

associations between the immune marker levels (RANTES, IL-1RA, IL-18, IL-18BP, sTNFR1) 

and impulsivity independent of diagnosis. Among patients, impulsivity was negatively 

associated with lithium treatment (β=-0.16, t=-2.68, p=0.008) and positively associated with 

antidepressant treatment (β=0.16, t=2.78, p=0.006), while there were no significant 

associations between impulsivity and antipsychotics or anticonvulsants. Additional 

adjustment for the current affective state (YMRS and CDSS scores) did not substantially 

influence the results (association between impulsivity and lithium (β=-0.19, t=-3.00, 

p=0.003), association between impulsivity and antidepressants (β=0.16, t=2.58, p=0.011)).  
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Figure 6. Association between agitation and IL-18BP 

5) After correction for multiple confounders and symptom dimensions 

 
X axis: Z-scores (standardized residuals) of PANSS-EC (Positive and Negative Syndrome Scale Excited Component) obtained 
from a regression model with PANSS-EC as dependent and sex, age, BMI, smoking, diagnosis, medication, alcohol use, 
substance use, freezer storage time, psychosis, mania, and depression as independent variables, Y axis: Z-scores 
(standardized residuals) of log-transformed interleukin-18 binding protein (IL-18BP) levels (ng/ml) obtained from a 
regression model with IL-18BP as dependent and sex, age, BMI, smoking, diagnosis, medication, alcohol use, substance 
use, freezer storage time, psychosis, mania, and depression as independent variables. BD, Affective disorders; SCZ, 
Psychotic disorders. 
 
b) Raw data  

 

X axis: PANSS-EC (Positive and Negative Syndrome Scale Excited Component), Y axis: Log-transformed interleukin 18 
binding protein (IL-18BP) plasma levels (ng/ml). Shading represents the density of observations. 
 
From “Interleukin-18 signaling system links to agitation in severe mental disorders” by Hjell et al. 
Psychoneuroendocrinology (2022); 140: 105721. CC BY license (http://creativecommons.org/licenses/by/4.0/) 
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5. DISCUSSION 

5.1 Main findings 

Aiming at identification of systemic biological correlates of agitation-related phenomena in 

severe mental disorders, the main findings of current thesis can be summarized as follows.  

• A novel finding of positive association between agitation and level of circulating IL-

18BP, while levels of the remaining investigated inflammasome-related immune 

markers did not show any significant associations to agitation in severe mental 

disorders.  

 

• No significant associations between transdiagnostic measure of impulsivity and 

levels of circulating immune markers within the putative pathophysiological 

pathways (the chemokine RANTES, sTNFR1, and inflammasome-related markers).  

 

• The investigation of circulating cholesterol levels among individuals with severe 

mental disorders recruited across inpatient and outpatient clinics revealed no 

significant associations to aggression propensity or impulsivity.  

These core findings add to the accumulating, yet complex, evidence of immune system 

disturbances in severe mental disorders and somewhat challenge the previous indications of 

links between systemic cholesterol and agitation-related phenomena. In addition, there was 

a negative association between impulsivity and lithium treatment as well as a positive 

association between impulsivity and antidepressant treatment, warranting future 

investigations to determine the causal directionality. 

 

5.2 Circulating immune marker levels and agitation-related phenomena  

Immune activation, including aberrant inflammasome-related signaling, has been previously 

indicated across agitation-related phenomena (193, 194, 197, 198, 199, 201), and the 

inflammasome-related, TNF, and chemokine signaling pathways have been suggested as 

pathophysiological candidates of impulsivity (195, 207, 208). Expanding on these previous 
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indications, the positive association between agitation and level of circulating IL-18BP 

represents a novel finding from the current thesis, derived from a large well-characterized 

sample of patients with severe mental disorders. IL-18BP is a protein involved in 

inflammasome-related signaling and regarded as a reliable marker of immune activation 

(176). The current finding of a link between agitation and level of circulating IL-18BP may 

indeed reflect immune activation, with parallels to the previously reported immune 

activation in agitated states (194, 199, 201) and agitation-related conditions (197). Of note, 

the positive association between agitation and circulating IL-18BP levels was independent of 

psychotic, manic, and depressive symptoms. Thus, this finding lends support to the notion 

that agitation is a phenomenon linked to immune disturbances independently of core 

symptoms of illness exacerbation (160). IL-18BP is a major regulatory protein within the 

inflammasome-related IL-18 pathway (176). Phagocytic and sensory immune cells express 

NLRP3 proteins that react to cellular stress signals and form the NLRP3 inflammasomes 

(117). The NLRP3 inflammasomes than propagate the immune response by inducing 

secretion of IL-1β and IL-18 (118), while components of these inflammasome-related 

pathways interact in a complex way to ensure a fine-tuned coordination of the immune 

responses (173). Typically, upregulation of IL-18BP follows elevations of IL-18 and forms a 

negative feedback loop (176). The present finding of an association between agitation and 

levels of circulating IL-18BP is in line with indicated links between aberrant inflammasome-

related signaling, severe mental disorders (163, 272), and animal models of agitation (203). 

However, the current comprehensive study of circulating inflammasome-related immune 

markers, IL-18 included, did not reveal any other significant associations to agitation in 

severe mental disorders. This raises the question about the specific origins of the immune 

signal underlying the IL-18BP elevation. Importantly, IL-18BP elevations can be a sum of 

several immune signals. Besides the negative feedback loop with IL-18, IL-18BP can also be 

upregulated by immune factors such as IFN-γ and IFN-α (176) (Figure 7). Indeed, elevation 

of circulating IL-18BP has been demonstrated as a part of the response to IFN-α treatment 

of viral hepatitis (273). Intriguingly, indices of a causal involvement of the immune system in 

agitation may be drawn from RCTs showing substantially higher rates of side effects in form 

of agitation in the IFN-α treatment arm of hepatitis as compared to IFN-α-free treatment 

(190, 274). Furthermore, a porcine model of agitation has indicated a potentiating effect of 

inflammatory stimulation with lipopolysaccharide, with somewhat conflicting evidence 
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regarding the effect on IFN-γ levels in the brain tissue (275, 276). Further, chronic viral 

infection in the rodent brain tissue has been shown to lead to increased motor activity and 

low-grade inflammatory changes, including upregulated IFN-γ (277). Finally, additional line 

of evidence linking interferon signaling and agitation-related phenomena builds on the 

observation of upregulated transcriptional activity within the interferon signaling pathway 

among individuals prone to impulsive aggression in the context of intermittent explosive 

disorder (278).  

 

Figure 7. Regulatory interplays of IL-18BP 

 

IFN-α, interferon-α; IFN-γ, interferon-γ; IL-18BP, Interleukin-18 binding protein 

Illustration by Gabriela Hjell 

 

Agitation and impulsivity can be conceptualized as related and partly overlapping clinical 

phenomena (46, 48, 49). However, agitation typically denote a state of restlessness 

accompanied by impaired impulse control (50), while impulsivity may be defined as a 

personality and behavioral trait (52). In contrast to agitation across severe mental disorders, 

the investigation of transdiagnostic measure of impulsivity revealed no significant 

association to circulating IL-18BP level. Thus, despite that agitation and impulsivity are two 

clinically related constructs, this discrepancy in the current findings may point toward 

somewhat distinct biological correlates underlying their presentations. Moreover, multiple 

lines of evidence have indicated positive association between agitation, impulsive 

aggression, and interferon signaling known to affect IL-18BP levels (190, 274, 278), while no 

corresponding robust specific indices linking interferon signaling with impulsivity trait have 

been reported (279, 280). Further, the current novel assessment of the link between 

impulsivity and circulating IL-18 revealed no significant association, in parallel with the 

absence of significant association between IL-18 and agitation.  
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Neuroimmune interactions and endocrine signaling serve as important modes of 

bidirectional communication between the brain and the periphery (121). Acute 

psychological stress stimuli are known to lead to activation of both the inflammatory 

signaling pathways (281) and the hypothalamic-pituitary-adrenal axis with elevations of 

cortisol (124). Similarly, emotional states such as anger (282) and hostility (283) have been 

reported to lead to immune activation. However, adjustment for cortisol levels in the 

analysis of agitation and IL-18BP did not influence the current findings, suggesting that 

other mechanisms than acute psychological stress underpin the observed link between 

agitation and level of circulating IL-18BP. In accordance, immune alterations distinct from 

those linked to stress-related disorders have been reported in impulsive aggression (278). 

Of note, the relation between agitation and immune alterations following chronic 

psychological stress is unknown (284).  

A role of the inflammasome-related IL-1 signaling pathway has been previously indicated in 

agitation among individuals with dementia (201) as well as in animal models of agitation 

(202, 206) and impulsivity (208). In contrast, the current investigation of circulating IL-1RA 

levels in relation to agitation and impulsivity revealed no significant associations. A feline 

model of agitation has shown regionally specific effects of cytokines (204), including 

potentiating effects of IL-1β in midbrain periaqueductal gray (202) and medial 

hypothalamus (285). In line with the current findings, a recently reported rodent model of 

agitation has shown no link between phenotype characterized by reactive aggression and 

circulating IL-1β levels (286). The same rodent model has indicated a role of IL-1β signal 

transduction in dorsal raphe nucleus in the midbrain and transient elevations of circulating 

inflammatory immune markers, including IL-1β, following a stressful encounter (286). This 

might point to occurrence of temporally specific systemic inflammatory response to social 

stress related to agitated and aggressive behavior, which was not captured in the present 

sample of individuals with severe mental disorders. The current assessment revealed no link 

between circulating IL-1RA levels and impulsivity, contrasting the previously reported 

parallel reductions in impulsivity and circulating IL-1β in rodents (208). These parallel 

reductions in impulsivity and circulating IL-1β have been observed in specific conditions 

following administration of lithium, which might possibly explain the discrepancy. In line 

with the current findings, a previous report assessing level of circulating IL-1β messenger 
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ribonucleic acid (mRNA) has shown no significant correlation to impulsivity among 

individuals with suicidal ideation or behavior, multiple testing taken into an account (195).  

There were no significant associations between impulsivity and levels of circulating sTNFR1 

or RANTES, contrasting previous findings of a link to circulating TNF mRNA levels in 

individuals with suicidal ideation or behavior (195) and links to circulating levels of RANTES 

in individuals with alcohol dependence (207) and in rodents (208). These inconsistencies 

may indicate relationships specific to certain populations, characterized by high substance 

use, suicide risk, or other distinct clinical features. Furthermore, the methodological choice 

of markers that reflect the immune pathway activity and their disparate expression patterns 

may also play a part in the discrepancies across the literature (175, 180). Taken together, 

the present paucity of associations linking agitation and related clinical phenomena to 

circulating markers of immune activation suggest that other factors are the major drivers of 

agitation-related phenomena in severe mental disorders. 

 

5.3 Circulating cholesterol levels and agitation-related phenomena  

The present assessment of circulating cholesterol levels in a large sample of individuals with 

severe mental disorders recruited across inpatient and outpatient clinics revealed no 

significant associations to aggression propensity or impulsivity. These null findings are in 

contrast with the previous smaller to medium scaled studies reporting negative associations 

between TC and agitation-related phenomena (229, 233, 234, 236, 238, 239, 240). On the 

other hand, the present findings are in accordance with several previous observations that 

have not detected significant associations to agitation-related phenomena (230, 231, 232, 

236, 237). The evidence regarding links between systemic cholesterol levels and agitation-

related phenomena among individuals with mental disorders is indeed conflicting. A recent 

systematic review within psychosis spectrum disorders has described a pattern with 

negative or nonsignificant associations between TC and aggression (287). Given that the 

evidence-base consists of observational studies, the findings might represent reverse 

causality and thus be prone to influence by clinical characteristics of the psychiatric 

populations investigated. It has been shown that clinical characteristics may drive the 

association to cholesterol level, and the importance of exploring potential confounding 



 52 

factors in this context has been highlighted (288). Most of the previous study designs were 

adjusted for sex and age, whereas the current assessment accounted also for a wide range 

of other potential confounding factors, including diagnosis, medication, BMI, and substance 

use. Further, the vast majority of the previous research has been conducted in the inpatient 

psychiatric setting, while the current assessment was done in a sample recruited in 

naturalistic broad clinical settings across outpatient and inpatient clinics. Hence, contrasting 

some of the previous research, the present null findings are based on a well-adjusted 

assessment among patients within a range of illness stages and severity, which might 

explain some of the discrepancies. Of note, the current findings are also in line with the null 

findings from RCTs in the general population assessing agitation-related phenomena and 

cholesterol-lowering (226).  

Interestingly, findings linking low TC with aggression are based on studies that have 

recorded aggressive behavior over a longer period (229, 233, 239, 240), whereas studies 

that have used recordings acquired over a shorter period (230, 231, 232, 236), the current 

findings included, do not show this link. This indicate that the previously reported link 

between cholesterol level and aggression might be related to the trait properties, possibly 

reflecting antisocial personality traits rather than act of aggression itself (289, 290).  

Building on previous indications of links between agitation-related phenomena and systemic 

biological components, the studies in the current thesis investigated hypotheses based on 

the anticipated inverse relationship between agitation-related phenomena and circulating 

cholesterol levels and the anticipated positive relationship between agitation-related 

phenomena and immune activation. The studies revealed a positive association between 

agitation and level of circulating IL-18BP but no significant associations to circulating 

cholesterol levels. It has been robustly demonstrated that a metabolic profile with 

hypercholesterolemia, high BMI, and large deposits of adipose tissue is linked to 

development of a systemic low grade inflammatory response (291), and cholesterol crystals 

have been implicated in the NLRP3 inflammasome activation (118). Of note, only weak 

correlations between circulating cholesterol and elements of the inflammasome-related IL-

18 system in severe mental disorders have been shown (163), indicating that the 

relationships between lipid metabolism and immune responses are likely complex. 

Intriguingly, lack of microglial physiological functions in the adult brain tissue has been 
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shown to affect cholesterol metabolism in oligodendrocytes, lead to increase in brain 

cholesterol, hypermyelination, and consecutive demyelination (292), while disruptions of 

white matter integrity have been linked to antisocial traits among individuals with a history 

of aggression (293).  

 

5.4 Psychotropic medication and impulsivity 

Impulse control impairments are frequently part of the clinical expression during illness 

exacerbations such as psychotic or manic episodes, and these can be treated with 

antipsychotics, anticonvulsants, or lithium (60, 294, 295). Moreover, adjunctive 

psychopharmacotherapy with antidepressants is often initiated in clinical practice across 

severe mental disorders (296, 297). As such, impulsivity may constitute a target for 

psychopharmacological strategies, although the relationships between impulsivity in severe 

mental disorders and psychopharmacological treatment have been sparsely investigated 

(298, 299, 300). Thus, these relationships were cross-sectionally addressed in study III.  

In line with evidence based on rodent models showing impulsivity-lowering properties of 

lithium (208, 301, 302), there was a negative association between lithium treatment and 

impulsivity. Further, impulsivity-lowering effects of psychopharmacotherapy with lithium 

have been seen in the context of manic episodes (300) and comorbid pathological gambling 

(299) among patients with bipolar disorder. Interestingly, impaired impulse control has been 

identified as one of the major factors in suicidality (303), and lithium has shown protective 

effects on suicide risk in mood disorders (304, 305, 306). While the molecular mechanisms 

of lithium effects are incompletely understood, inhibition of glycogen synthase kinase-3 as 

well as of inositol monophosphatase and subsequent interactions with cellular signaling and 

neurotransmission have been proposed to play a role (307, 308, 309, 310). Of note, a link 

between clinical characteristics and lithium prescription practice (311) might also underlie 

the observed association between impulsivity and lithium treatment. 

Study III showed a positive association between antidepressant treatment and impulsivity. 

This association may indicate a causal effect of antidepressants on impulsivity or a more 

intensive antidepressant prescription practice applied to impulsive patient populations. 

Indeed, the antidepressant prescription practice has been proposed to be affected by 
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clinical characteristics of the patients. Specifically, deflections from the standard first-line 

treatment of major depressive disorder in more severely ill patient populations at higher 

suicide risk have been demonstrated (312). Somewhat in parallel, a large register-based 

observational study has shown an increased risk of suicide attempt repetition among 

patients that were prescribed antidepressants, which was not apparent after accounting for 

the baseline risk of suicide attempt repetition based on demographic and clinical 

characteristics (313). On the other hand, meta-analyses of RCTs of antidepressants have 

indicated an increase in suicidality among adolescents (314) and young adults (315), while 

no significant increase was reported in the adult population (315). Of note, it has been 

suggested that impulsivity may be particularly related to suicide risk among younger adults 

(316). Importantly, antidepressants typically target serotonergic signaling, but the effects 

beyond relief of depressive symptoms (317) and exhaustive mechanisms of action remain 

elusive and likely complex (318, 319).  

No significant associations between antipsychotic or anticonvulsant treatment and 

impulsivity were detected, which is in line with decrease in impulsivity in rodents exposed to 

lithium but not in those exposed to anticonvulsants such as carbamazepine or valproate 

(301, 302). In contrast, previous clinical studies have indicated an inverse relationship 

between impulsivity and psychopharmacotherapy with valproate (300) as well as with 

antipsychotics (298). The inconsistencies may be partly explained by differences in the 

conceptualization of impulsivity, distinct characteristics of the patient populations, or 

pharmacological heterogeneity within the medication groups (320).  

 

5.5 Methodological considerations  

5.5.1 Internal validity 

Consideration of potential methodological challenges is an important aspect of planning a 

study and drawing scientific conclusions. A variety of steps in the process of generating new 

knowledge may lead to bias, a systematic error in the way data is collected, analyzed, 

interpreted, and published (321). Bias can in turn compromise the internal validity of a 

study, i.e., the capacity to generate valid findings (321).  
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Ethically sound acquisition of scientifically accurate data constitutes a common and 

important challenge in research. The use of minimally invasive methods for data acquisition 

throughout this thesis (i.e., psychometric assessments and blood sampling) has allowed 

analyses of systemic biological correlates in large samples. Consequently, this thesis builds 

on analyses restricted to the systemic biological measures (i.e., circulating cholesterol and 

immune markers), which inherently prevents direct inferences about processes in the brain. 

Still, the similarities in brain and blood gene expression profiles (322) as well as the 

production of immune signaling molecules in the brain (121) and the bi-directional immuno-

psychoneuroendocrinological interplays (121) suggest that investigation of systemic 

biological correlates may contribute to advancements in our understanding of metabolic 

profiles and immune responses in mental health and illness. Importantly, the cross-sectional 

observational design prevents inferences about causal directions.   

This thesis comprises analyses of markers with putative links to agitation, including 

circulating markers that reflect immune activation and aberrant inflammasome-related 

signaling (paper II and III) and cholesterol metabolism (paper I). The blood samples that 

formed basis for study I and II were drawn in the morning after an overnight fast. In 

contrast, adherence to acquisition of morning samples after overnight fast was not feasible 

in case of study III. Hence, bias due to variation of the diurnal and fasting status of blood 

samples forming basis of study III cannot be ruled out. Similarly, despite that cortisol levels 

in study II were measured in the morning, the blood draws were not timed according to 

individual circadian rhythms (323). While the serum samples for cholesterol analyses were 

analyzed using pipelines and methods complying with the standards for clinical use, 

immediate plasma isolation and freezing of the samples for immune marker analyses was 

not feasible. Since the plasma was isolated and frozen the next working day, a risk of bias 

due to handling of the blood samples cannot be dismissed (324). To minimize this risk, 

analyses of immune markers with longer biological half-life were chosen (180). Further, 

some key markers within the immune pathways of interest such as IL-1β and TNF circulate 

at levels close to the detection limit of commercially available assays. In the current thesis, 

less than 2% of the samples showed a value below the detection limit for any given marker 

analyzed (IL-1RA, IL-18, IL-18BP, IL-18R1, IL-18RAP, sTNFR1, RANTES). Thus, on the one 

hand, robust markers known to reflect activity within the immune pathways of interest 
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were used (175, 180), on the other hand, the activity of IL-1 and TNF systems was assessed 

solely by the surrogate markers (i.e., IL-1RA, sTNFR1). Furthermore, the uncertainty 

regarding origins of extreme values of the immune marker levels also represents a potential 

bias. To handle the potential undue influence of these values, extreme values were 

removed before proceeding to main statistical analyses. The immune marker levels were 

measured using ELISA, which is a commonly used and well-established method. However, in 

similarity with other analytical methods, both false positive (e.g., detection of a protein 

structurally resembling the immune marker) and false negative readings (e.g., masking or 

sequestration of the immune marker or competition with endogenous antibodies) may 

occur (325). To monitor reliability of the measurements, intra- and inter-assay coefficients 

of variation were calculated and were all below 10 %.  

Similar hypotheses were postulated about the relationships between immune markers and 

both trait and state measures of agitation-related phenomena. In general, immune marker 

levels show large heterogeneity (326). The exact patterns of immune marker variability over 

time are unclear, even though both elements of stability over time and phasic differences 

have been indicated in severe mental disorders (327, 328). The blood samples were not 

always acquired during the same session as the measures of agitation and impulsivity. Still, 

the clinical assessments and blood sampling were conducted in a reasonable temporal 

proximity, i.e., within one month, median 9 days, and interquartile range up to 13 days.  

The scope of the current thesis comprised biological correlates of agitation as well as of 

related clinical phenomena such as aggression propensity and impulsivity. Measures of 

agitation and aggression propensity were based on the interviewer-rated PANSS 

assessment. To minimize potential interviewer-related bias and to facilitate validity and 

reliability of the PANSS assessments (251), the interviewers were trained according to a 

standardized course and supervised by a psychiatrist with extensive clinical and academic 

experience. The measure of impulsivity was questionnaire-based. The BIS-11 is a self-report 

of behavioral and personality constructs of impulsivity scored on a Likert scale, which has an 

acceptable internal consistency of the total score (52, 260, 261, 262, 263). However, the risk 

of bias due to oversimplification cannot be excluded, since the total BIS-11 scores may not 

fully reflect the multifaceted construct of impulsivity (86).  
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The well-characterized sample enabled the focus on associations with 

psychopharmacological treatment in study III. Still, use of a proxy of the exposure to the 

psychotropic agent (the prescribed and self-reported medication expressed as DDD) 

prevented adjustments for the treatment non-compliance (329), which represents risk of 

bias that should be considered when interpreting the results. 

The thorough characterization of the clinical samples allowed, in addition to standard 

demographic variables such as sex and age, adjustments for other relevant potential 

confounding factors (study I and II) including diagnosis, medication, substance use, and BMI 

(267, 268, 269). Of note, even though several potential confounders were taken into an 

account, residual confounding cannot be ruled out.  

The current thesis reported elevated impulsivity levels across schizophrenia and bipolar 

spectrum disorders as compared to healthy control population. Considering potential 

selection bias, validity of this finding relies on representativeness of the samples, the control 

sample in particular. Of relevance, the median values of impulsivity in the current healthy 

control group correspond to the values acquired among customers of 23andMe consumer 

genetics company, which represents a control population recruited based on reciprocal 

interests, as opposed to the traditional public health and academic recruitment procedures 

(263). 

 

5.5.2 External validity  

Generalizability is dependent on the representativeness of the study samples (321). 

Occurrence of systematic differences between characteristics of individuals that participate 

in a study and remaining individuals from the population of interest leads to limited 

generalizability of research findings. Mismatch between interpretation of study results and 

actual generalizability of the study findings may compromise the external validity of the 

study (321). An important factor strengthening the representativeness of the current study 

samples of individuals with severe mental disorders is the publicly funded health care in 

Norway, facilitating equal availability of the mental health care for patients across 

socioeconomic backgrounds. Further, representativeness of the combined inpatient and 

outpatient settings may have contributed to a broader external validity of the findings, 
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which was of particular relevance for objectives of study I investigating circulating 

cholesterol levels. However, because of the relatively comprehensive study protocol and, 

implicitly, inclusions mainly in sub-acute or non-acute phase, there was a sparsity of high 

agitation levels in the current samples. Thus, the findings must be interpreted with caution 

in term of generalizability to the acute psychiatric setting. Further concerns regarding 

representativeness might also be raised, since the study inclusion relies on the participant’s 

capacity to consent and on the participant’s willingness to volunteer to take part in 

research. It has been previously indicated that some sociodemographic and clinical 

characteristics differ between study participants and psychiatric inpatients that do not 

participate in research (330). Different theoretical explanations for a potential non-

representativeness of the current study samples may be constructed, e.g., the most severely 

ill patients might not participate as often due to preoccupancy with the symptoms of the 

illness and, concurrently, the patients with the mildest functional impairment might not 

participate due to personal preference to prioritize work or family over research. Substantial 

efforts have taken place in attempt to minimize this risk of non-representativeness, 

including reaching out and maintaining regular contact with clinicians across the inpatient 

and outpatient clinics, holding lectures, giving feedback on findings from the TOP studies, 

refreshing the study referral procedures, offering clinical assessments and blood-sampling 

at the most convenient location for the patient, and offering transport for participants that 

have difficulties to travel.  

 

5.5.3 Random error 

Random error reflects variation of the studied phenomena that happens by chance and can 

be reduced by increasing sample size (331). The use of minimally invasive methods in the 

current thesis facilitated investigation of systemic biological correlates in large samples. 

Consequently, the analytical power opened the opportunity to target even small effect 

sizes. The stringent statistical approach with Bonferroni correction for multiple testing 

applied throughout the thesis minimized the risk of false positive results, while the risk of 

false negative results cannot be fully dismissed.   
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5.6 Conclusions, implications, and future directions 

The current thesis adds to the growing but complex evidence-base of immune system 

disturbances in severe mental disorders and somewhat challenge the previous indications of 

links between systemic cholesterol and agitation-related phenomena.  

Study II showed a novel link between agitation and circulating IL-18BP levels, suggesting the 

IL-18 system as one of the biological correlates of agitation in severe mental disorders and 

thus expanding the biological knowledge base of a particularly challenging clinical feature. In 

contrast, study III revealed no links between impulsivity and circulating RANTES, TNF-, or 

inflammasome-related immune markers, highlighting the complexity of the accumulating 

evidence regarding immune system disturbances in severe mental disorders. The previously 

indicated inverse relationships between cholesterol levels and agitation-related phenomena 

in mental disorders, although based on designs with substantial limitations, might influence 

the clinical decision-making about cholesterol management in this patient group. No links 

between systemic cholesterol levels and aggression propensity or impulsivity were detected 

in study I. Thus, these null findings based on a large representative sample constitute a 

valuable enrichment of the knowledge base relevant for this clinical decision-making 

process.   

The large clinical heterogeneity of severe mental disorders and involvement of small effect 

sizes in combination with cross-sectional observational design challenge interpretation on 

the individual level and translation into direct clinical implications. Efforts to replicate and 

complement the observed link with IL-18 signaling system, for instance, in acute psychiatric 

settings are warranted, before taking a step forward to neurobiological models and 

potentially clinical trials. Alternatively, another interesting way forward is to zoom out and 

focus on immune aberrations across symptom domains or in relation to the severity of the 

impairment, including longitudinal data acquisition and multimodal measurements (332). 

Moreover, particularly intriguing but challenging is the question of disentangling the 

involvement of neurodevelopmental and direct pathways between the immune system and 

mental health. Additionally, this thesis captured a negative link between impulsivity and 

lithium treatment as well as a positive link to antidepressant treatment. Given that 

impulsivity is a potential target for psychopharmacological strategies, the current cross-
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sectional observations call for future pragmatic clinical studies with randomized designs to 

determine the causal directionality and assess the potential for development of optimized 

treatment strategies.  

The current thesis conveyed subtle but potentially valuable advancements to the research 

field of systemic biological correlates of agitation-related phenomena in severe mental 

disorders. Specifically, the findings indicate that interleukin-18 binding protein is a modest 

part of the biological correlate of agitation. However, the paucity of associations to 

circulating markers of immune activation suggest that other factors are the major drivers of 

agitation-related phenomena. The thesis contributes to the evidence basis that may serve 

future neurobiological studies and, ultimately, development of optimized treatment 

strategies in severe mental disorders.  
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Abstract
Objective: �o��|o|-Ѵ�1_oѴ;v|;uoѴ�_-v�0;;m�Ѵbmh;7��b|_�-7�;uv;�l;m|-Ѵ�v�lr|olv�v�1_�
as aggression and impulsivity in severe mental disorders (SMDs). This putative asso-
ciation may affect the clinician's decision making about cholesterol lowering in this 
r-|b;m|�]uo�rĺ��;u;ķ��;�bm�;v|b]-|;7�|_;�-vvo1b-|bomv�0;|�;;m�1_oѴ;v|;uoѴ�Ѵ;�;Ѵvķ�-]-
]u;vvbomķ�-m7�blr�Ѵvb�b|��bm�-�Ѵ-u];�u;ru;v;m|-|b�;�v-lrѴ;�o=�bmŊ�-m7�o�|r-|b;m|v��b|_�
SMD.
Methods: Patients with schizophrenia- or bipolar spectrum disorders (N = 1 001) 
�m7;u�;m|�|_ouo�]_�1Ѵbmb1-Ѵ�1_-u-1|;ub�-|bom�-m7�0Ѵoo7�v-lrѴbm]�Ő|o|-Ѵ�1_oѴ;v|;uoѴķ�
Ѵo�Ŋ7;mvb|��Ѵbroruo|;bm�1_oѴ;v|;uoѴķ�_b]_Ŋ7;mvb|��Ѵbroruo|;bm�1_oѴ;v|;uoѴőĺ��]]u;vvbom�
�-v�1_-u-1|;ub�;7�0��|_;��ovb|b�;�-m7��;]-|b�;�"�m7uol;�"1-Ѵ;���1b|;7��olrom;m|ĺ�
Impulsivity was measured with the Barratt Impulsiveness Scale in a subsample of 
patients (N =�ƑѶѶőĺ�);��v;7�-�l�Ѵ|bmolb-Ѵ�Ѵo]bv|b1�u;]u;vvbom�lo7;Ѵ�|o�-m-Ѵ��;�|_;�-v-
sociation between cholesterol and aggression and a multiple linear regression model 
|o�-m-Ѵ��;�|_;�-vvo1b-|bom�0;|�;;m�1_oѴ;v|;uoѴ�-m7�blr�Ѵvb�b|�ķ��_bѴ;�1om|uoѴѴbm]�=ou�
confounders.
Results: We found no significant associations between cholesterol levels and aggres-
sion or impulsivity. There were no significant interactions between cholesterol and 
diagnostic group or inpatient versus outpatient status. Controlling for medication 
�v;ķ�0o7��l-vv�bm7;�ķ�-Ѵ1o_oѴ�ou�bѴѴb1b|�v�0v|-m1;��v;�7b7�mo|�-==;1|�|_;�u;v�Ѵ|vĺ
Conclusion: In this large sample of patients with schizophrenia- and bipolar spectrum 
7bvou7;uvķ��;� =o�m7�mo�-vvo1b-|bomv�0;|�;;m�1_oѴ;v|;uoѴ� Ѵ;�;Ѵv� -m7�-]]u;vvbom�ou�
impulsivity. This has clinical implications as patients with SMD are at increased CVD 
risk and currently undertreated with statins.

K E Y W O R D S

-]]u;vvbomķ�0broѴ-u�7bvou7;uķ�1-u7bo�-v1�Ѵ-u�7bv;-v;ķ�1_oѴ;v|;uoѴķ�v1_b�or_u;mb-
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Ŏ� ��Ѵ-u];�u;ru;v;m|-|b�;�v-lrѴ;�o=�r-|b;m|v��b|_�v1_b�or_u;mb-Ŋ�-m7�
bipolar spectrum disorders revealed no significant associations 
between cholesterol levels and aggression or impulsivity.

ƑՊ |Պ����$�$���"

• Despite the comprehensive range of variables accounted for in 
o�u�-m-Ѵ�vbvķ�|_;�ruo1;vv�o=�1om|uoѴѴbm]�=ou�ro|;m|b-Ѵ�1om=o�m7;uv�
was limited by the observational design.

• The highest levels of aggression were scarcely represented among 
the study participants.

ƒՊ |Պ��$!�	&�$���

Patients with severe mental disorder (SMD) such as schizophrenia 
and bipolar disorder are at increased risk of adverse outcomes in-
1Ѵ�7bm]�-]]u;vvb�;�0;_-�bouķ�v�b1b7;ķ�-m7�ru;l-|�u;�lou|-Ѵb|��Ő
-�;Ѵ�
;|� -Ѵĺķ� ƑƏƐƔĸ� 
-�;Ѵķ�)oѴ=ķ� �-Ѵlķ� ş� �b1_|;mv|;bmķ� ƑƏƐƓĸ� 
Ѵ;bv1_l-mķ�
);u0;Ѵo==ķ�+o==;ķ�	-�b7vomķ�ş�);bv;uķ�ƑƏƐƓĸ��-�;vķ��bѴ;vķ�)-Ѵ|;uvķ�
�bm]ķ�ş��v0oumķ�ƑƏƐƔĸ�)-Ѵ|;u�;|�-Ѵĺķ�ƑƏƐƖőĺ��-u7bo�-v1�Ѵ-u�7bv;-v;v�
(CVDs) are among the leading causes of death in patients with SMD 
Ő�Ѵ=vomķ��;u_-u7ķ���-m]ķ��u�v|-Ѵķ�ş�"|uo�rķ�ƑƏƐƔĸ�"�-u-f�;|�-Ѵĺķ�ƑƏƐƖĸ�
$-mvh-m;mķ� $bb_om;mķ� ş� $-br-Ѵ;ķ� ƑƏƐѶőĺ� �_oѴ;v|;uoѴ� Ѵo�;ubm]� _-v�
v|uom]�ruo|;1|b�;� ;==;1|� om��(	�lou|-Ѵb|�� Ő�;mf-lbm� ;|� -Ѵĺķ� ƑƏƐѶĸ�
�o;h_oѴ7|� ;|� -Ѵĺķ� ƑƏƐƓőķ� -m7� |_;� 1�uu;m|� 1_oѴ;v|;uoѴ� l-m-];l;m|�
]�b7;Ѵbm;v�Ő�u�m7��;|�-Ѵĺķ�ƑƏƐƖĸ��b;roѴb�;|�-Ѵĺķ�ƑƏƐѵő�-7�bv;�bmb|b-|bom�
o=�v|-|bm�|_;u-r��0-v;7�om�1-Ѵ1�Ѵ-|bomv�o=��(	�ubvhĺ��v�-�v|;r�|o�-u7�
r;uvom-Ѵb�;7� 1_oѴ;v|;uoѴ� l-m-];l;m|ķ� |_;� ;�1;vvb�;� �(	� ubvh� bm�
"�	v�Ő�-�uv;m�;|�-Ѵĺķ�ŐƑƏƐƒőő�_-v�0;;m�|-h;m�bm|o�-11o�m|�bm�|_;�7;-
�;Ѵorl;m|�o=��(	�ubvh�-vv;vvl;m|�|ooѴv�Ő�brrbvѴ;�Ŋ�o�ķ��o�rѴ-m7ķ�
ş��ubm7Ѵ;ķ�ƑƏƐƕĸ��v0oum�;|�-Ѵĺķ�ƑƏƐƔőĺ��o��|o|-Ѵ�1_oѴ;v|;uoѴ�Ő$�ő�_-vķ�
_o�;�;uķ�0;;m�Ѵbmh;7��b|_�-7�;uv;�l;m|-Ѵ�v�lr|olv�v�1_�-v�-]]u;v-
vbom�-m7�blr�Ѵvb�b|��bm�"�	v�Ő$olvomŊ�o_-mvom�-m7��-uuoķ�ŐƑƏƐѶőőĺ�
�v� v�1_ķ� |_;� u;1oll;m7-|bomv� u;]-u7bm]� 1_oѴ;v|;uoѴ�l-m-];l;m|�
l-�� ubvh� ro|;m|b-|bm]� -]]u;vvb�;� 7bvrovb|bomvĺ� �Ѵ|_o�]_� lov|� r--
|b;m|v� �b|_� "�	��bѴѴ� m;�;u� 0;� -]]u;vvb�;ķ� -]]u;vvbom� -m7� �boѴ;m|�
acts challenge everyday psychiatric clinical practice. Establishing the 
association between cholesterol and aggression and impulsivity in 
patients with SMD is therefore of high clinical relevance for person-
alized CVD prevention.

Psychological effects of cholesterol lowering have been ro-
0�v|Ѵ��-77u;vv;7�bm�|_;�];m;u-Ѵ�ror�Ѵ-|bom�Ő�oѴѴbmv�;|�-Ѵĺķ�ƑƏƐѵőĺ���;m�
though an early meta-analysis of primary CVD prevention random-
ized controlled trials (RCTs) linked decrease in TC to an increase in 
�boѴ;m|�7;-|_v�1-�v;7�0��-11b7;m|ķ�_olb1b7;ķ�-m7�v�b1b7;�Ő��Ѵ7oomķ�
�-m�1hķ�ş��-||_;�vķ�ƐƖƖƏőķ�v�0v;t�;m|�u;v;-u1_�7b7�mo|�v_o��-7-
verse psychological effects of cholesterol lowering in the general 
r�0Ѵb1�Ő�oѴol0�;|�-Ѵĺķ�ƑƏƐƔĸ���Ѵ7oomķ��-m�1hķ��;m7;Ѵvo_mķ��-rѴ-mķ�
ş��;ѴѴ;ķ�ƑƏƏƐőĺ��m�;�rѴb1b|�ou� blrѴb1b|�;�1Ѵ�vbom�o=� bm7b�b7�-Ѵv��b|_�

SMD in these RCTs may limit our knowledge about psychological ef-
=;1|v�o=�1_oѴ;v|;uoѴ�Ѵo�;ubm]�bm�"�	�r-|b;m|�]uo�r�Ő!o|_�;ѴѴķ�ƑƏƏƔőĺ�
�ou;o�;uķ�bm7b�b7�-Ѵv��b|_�"�	�lb]_|�0;�r-u|b1�Ѵ-uѴ��v�v1;r|b0Ѵ;�|o�
ro|;m|b-Ѵ�-7�;uv;�rv�1_oѴo]b1-Ѵ�;==;1|v�o=�Ѵo��$�ĺ��;mol;Ŋ�b7;�-v-
sociation studies implicate a role of cholesterol metabolism in SMDs 
Ő�m7u;-vv;m�;|�-Ѵĺķ�ŐƑƏƐƒőőĺ��_oѴ;v|;uoѴ�_-v�0;;m�v_o�m�|o�bm|;u-1|�
�b|_�v;uo|ombm�Ő�-rѴ-m�;|�-Ѵĺķ�ƐƖƖƓĸ�(;�;u-�;|�-Ѵĺķ�ƑƏƐѵőķ��_b1_�bv�1;m-
|u-Ѵ�bm�|_;�r-|_or_�vboѴo]��o=�l;m|-Ѵ�7bvou7;uv�Ő��1hbķ�ƐƖƖѶő�-m7�-]-
]u;vvbom�Ő�o11-uoķ�
-mmbm]ķ��_-mķ�ş��;;ķ�ƑƏƐƔĸ��Ѵ-v;m�;|�-Ѵĺķ�ƑƏƐƖőĺ�
Despite the protective role of the blood–brain barrier against direct 
;==;1|v� o=� 1bu1�Ѵ-|bm]� Ѵ;�;Ѵv� o=� 1_oѴ;v|;uoѴ� om� |_;� 0u-bmķ� bm7bu;1|�
mechanisms mediated by cholesterol metabolites have been demon-
v|u-|;7�Ő�Ѵvvom�;|�-Ѵĺķ�ƑƏƐƕőĺ

Cholesterol and adverse mental symptoms have been investi-
gated over the past three decades in a number of smaller-to-medium 
v1-Ѵ;7�v|�7b;v�bm�rv�1_b-|ub1�v;||bm]v�Ő�r|;u�;|�-Ѵĺķ�ƐƖƖƖĸ�	;��;u-u7bv�
;|�-Ѵĺķ�ƑƏƐƒĸ��ubhv;mķ��fouhѴ�ķ��o1h;u|v;mķ�
-;u7;mķ�ş�!o-Ѵ7v;|ķ�ƑƏƐƕĸ�
��-m]�ş�)�ķ�ƑƏƏƏĸ��-�oouķ��b|u-ķ���l-uķ�"bvo7b-ķ�ş��-bmķ�ƑƏƐƕĸ���=|bķ�
�-Ѵomķ�ş��u=h;mķ�ƐƖƖѶĸ�!o-Ѵ7v;|ķ��-hh;mķ�ş��fouhѴ�ķ�ƑƏƐƐĸ�"|;bm;u|ķ�
)o;Ѵ=Ѵ;ķ�ş��;0_-u7|ķ�ƐƖƖƖĸ�"�m;vom�;|�-Ѵĺķ�ƑƏƐƖĸ�$uobvbķ�ƑƏƐƐĸ�)��
;|� -Ѵĺķ� ƑƏƐѵőķ� o=|;m� v_o�bm]� bm�;uv;� -vvo1b-|bomv� 0;|�;;m� $�� -m7�
7;]u;;�o=� -]]u;vvbomķ� blr�Ѵvb�b|�ķ� ou� v�b1b7-Ѵb|�ĺ��ou;o�;uķ� Ѵo��$��
_-v� 0;;m� -vvo1b-|;7��b|_�lou;� =u;t�;m|� -1|v� o=� -]]u;vvbom� bm� =o-
u;mvb1� rv�1_b-|ub1� ror�Ѵ-|bomv� Ő�bѴѴ0u-m7ķ� "rb|�ķ� ş� 
ov|;uķ� ƐƖƖƔĸ�
�--�oѴ-ķ�!;roŊ$bb_om;mķ�ş�$bb_om;mķ�ƑƏƏƑőĺ���l;|-Ŋ-m-Ѵ�vbv�o=�|_;�
relationship between cholesterol and suicidality has shown inverse 
-vvo1b-|bom� 0;|�;;m� $�� -m7� v�b1b7-Ѵb|�� Ő)�� ;|� -Ѵĺķ� ƑƏƐѵőĺ� ";�;u-Ѵ�
studies have shown inverse associations between TC and aggres-
vbom�Ő�bѴѴ0u-m7�;|�-Ѵĺķ�ƐƖƖƔĸ���=|b�;|�-Ѵĺķ�ƐƖƖѶĸ��--�oѴ-�;|�-Ѵĺķ�ƑƏƏƑĸ�
!o-Ѵ7v;|� ;|� -Ѵĺķ� ƑƏƐƐĸ� "�m;vom�;|� -Ѵĺķ� ƑƏƐƖő� ou� blr�Ѵvb�b|�� Ő�-�oou�
;|�-Ѵĺķ�ƑƏƐƕĸ�$uobvbķ�ƑƏƐƐőķ��_;u;-v�o|_;u�v|�7b;v�_-�;�u;rou|;7�mo�vb]-
mb=b1-m|�-vvo1b-|bomv�0;|�;;m�$��-m7�-]]u;vvbom�Ő�r|;u�;|�-Ѵĺķ�ƐƖƖƖĸ�
�ubhv;m�;|�-Ѵĺķ�ƑƏƐƕĸ���-m]�ş�)�ķ�ƑƏƏƏĸ��-�oou�;|�-Ѵĺķ�ƑƏƐƕĸ�"|;bm;u|�
;|� -Ѵĺķ� ƐƖƖƖő� ou� blr�Ѵvb�b|�� Ő�r|;u� ;|� -Ѵĺķ� ƐƖƖƖőĺ� 
bm7bm]v� -lom]�
those studies that have investigated high-density lipoprotein cho-
Ѵ;v|;uoѴ� Ő�	�Ŋ�ő� Ő�ubhv;m�;|� -Ѵĺķ�ƑƏƐƕĸ��-�oou�;|� -Ѵĺķ�ƑƏƐƕĸ��--�oѴ-�
;|� -Ѵĺķ�ƑƏƏƑĸ�"�m;vom�;|� -Ѵĺķ�ƑƏƐƖĸ�$uobvbķ�ƑƏƐƐő��-u�� =uol�rovb|b�;�
Ő�--�oѴ-�;|�-Ѵĺķ�ŐƑƏƏƑőőķ�|o�bm�;uv;�Ő�ubhv;m�;|�-Ѵĺķ�ŐƑƏƐƕőőķ�|o�momvb]mb=-
b1-m|�Ő$uobvbķ�ŐƑƏƐƐőĸ��-�oou�;|�-Ѵĺķ�ƑƏƐƕĸ�"�m;vom�;|�-Ѵĺķ�ƑƏƐƖő�-vvo-
1b-|bomv��b|_�-]]u;vvbomĺ��77b|bom-ѴѴ�ķ�bm�;uv;�-vvo1b-|bomv�0;|�;;m�
Ѵo�Ŋ7;mvb|��Ѵbroruo|;bm�1_oѴ;v|;uoѴ�Ő�	�Ŋ�ő�-m7�-]]u;vvbom�Ő�--�oѴ-�
;|�-Ѵĺķ�ƑƏƏƑĸ�"�m;vom�;|�-Ѵĺķ�ƑƏƐƖő�ou�blr�Ѵvb�b|��Ő�-�oou�;|�-Ѵĺķ�ƑƏƐƕő�
_-�;�0;;m�u;rou|;7ĺ�$-h;m�|o];|_;uķ�|_;�0o7��o=�;�b7;m1;�-rr;-uv�
|o�0;�vrѴb|�bm|o�v�]];v|bomv�o=�Ѵbrb7�ruo=bѴ;��b|_�Ѵo��1_oѴ;v|;uoѴ�Ő$�ķ�
�	�Ŋ�ő�-m7�v�]];v|bomv�o=�mo�7bv|bm1|�Ѵbrb7�ruo=bѴ;�r-||;um�u;Ѵ-|;7�|o�
aggression. These substantial inconsistencies in findings and a focus 
restricted to inpatient settings call for an investigation of the asso-
ciation between cholesterol and aggression in a large representative 
sample of patients with SMD.

The aim of the present study was to determine the associations 
between cholesterol levels and aggression and impulsivity by in-
vestigating a large sample of in- and outpatients with schizophre-
nia or bipolar disorder. We hypothesized that cholesterol levels 
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Ő$�ķ� �	�Ŋ�ő��o�Ѵ7�0;�m;]-|b�;Ѵ�� -vvo1b-|;7��b|_�-]]u;vvbom�-m7�
blr�Ѵvb�b|��bm�r-|b;m|v��b|_�"�	ĺ�
ou�1olrѴ;|;m;vvķ��;�-bl;7�|o�
ruo�b7;� bmvb]_|� bm|o�_o���	�Ŋ��1om|ub0�|;v� |o� |_;�_�ro|_;vb�;7�
$��-vvo1b-|bomvĺ��;m1;ķ��;�rov|�Ѵ-|;7�|_-|��	�Ŋ��-Ѵvo��o�Ѵ7�0;�
negatively associated with aggression and impulsivity in patients 
with SMD.

ƓՊ |Պ��$�!������	���$��	"

ƓĺƐՊ|Պ�-u|b1br-m|v

The present study is part of the Thematically Organized Psychosis 
Ő$��ő� v|�7�ķ� �_b1_� u;1u�b|v� r-|b;m|v� �b|_� "�	� =uol� rv�1_b-|ub1�
bmŊ� -m7� o�|r-|b;m|� 1Ѵbmb1v� o=� |_;� l-fou� _ovrb|-Ѵv� bm� �vѴoķ� �ou�-��
Ő!o7;�-m7�;|�-Ѵĺķ�ƑƏƐƖőĺ�$_;�l-bm�bm1Ѵ�vbom�1ub|;ubom��-v�-�7b-]mo-
sis within the schizophrenia- or bipolar spectrum. Further inclusion 
1ub|;ub-��;u;�-];�0;|�;;m�ƐѶ�-m7�ѵƔ��;-uvķ�-0bѴb|��|o�]b�;�bm=oul;7�
1omv;m|ķ�-m7��ou�;]b-m� Ѵ-m]�-];�vhbѴѴv� v�==b1b;m|� =ou��-Ѵb7�-vv;vv-
l;m|vĺ� ��1Ѵ�vbom� 1ub|;ub-� 1olrubv;7� l-uh;7� 1o]mb|b�;� 7;=b1b|� Ő� �
v1ou;v�0;Ѵo��ƕƏőķ�m;�uoѴo]b1-Ѵ�7bvou7;uķ�-m7�_bv|ou��o=�v;�;u;�_;-7�
trauma. The study participants were recruited between the years 
2002 and 2017. Patients (N = 1 001) were classified in the following 
diagnostic groups according to the Diagnostic and Statistical Manual 
o=��;m|-Ѵ�	bvou7;uv�
o�u|_��7b|bom�Ő	"�Ŋ�(ő�Ő�l;ub1-m��v�1_b-|ub1�
�vvo1b-|bomķ�ƐƖƖƓőĹ�v1_b�or_u;mb-�vr;1|u�l�7bvou7;uv�ŐN =�ѵƏƐőķ�bm-
cluding schizophrenia (N =�ƒѵƏőķ�v1_b�or_u;mb=oul�7bvou7;u�ŐN =�ƒƐőķ�
schizoaffective disorder (N =�Ɩѵőķ�7;Ѵ�vbom-Ѵ�7bvou7;u�ŐN =�ƒѵőķ�-m7�
psychotic disorder not otherwise specified (NOS) (N =�ƕѶőĸ�0broѴ-u�
spectrum disorders (N =�ƓƏƏőķ�bm1Ѵ�7bm]�0broѴ-u���7bvou7;u�ŐN =�ƑƑƖőķ�
bipolar II disorder (N =� ƐƐƑőķ� 0broѴ-u� 7bvou7;u� ��"� ŐN =� ƑƐőķ� -m7�
major depressive disorder with psychotic features (N =�ƒѶőĺ

ƓĺƑՊ|Պ�Ѵbmb1-Ѵ�l;-v�u;v

�ѴѴ� r-u|b1br-m|v� �;u;� |_ouo�]_Ѵ�� -vv;vv;7� 0�� |u-bm;7� rv�1_oѴo-
gists and physicians. The diagnostic evaluation was based on the 
"|u�1|�u;7� �Ѵbmb1-Ѵ� �m|;u�b;�� =ou� 	"�Ŋ�(� -�bv� �� 7bvou7;uv� Ő"��	Ŋ�ő�
Ő
buv|ķ�"rb|�;uķ��b00omķ�ş�)bѴѴb-lvķ�ƐƖƖƔőķ�bm1Ѵ�7bm]�-�u;�b;��o=�l;7b-
cal records. The inter-rater diagnostic agreement has been estimated 
|o�-�v-|bv=�bm]�Ѵ;�;Ѵ�o=�ѶƑѷ��b|_�o�;u-ѴѴ�κ =�Əĺƕƕ�ŐƖƔѷ���Ĺ�ƏĺѵƏŋƏĺƖƓő�
Ő!o7;�-m7� ;|� -Ѵĺķ� ƑƏƐƖőĺ� �;m;u-Ѵ� rv�1_b-|ub1� v�lr|ol� Ѵo-7� �-v�
;�-Ѵ�-|;7��vbm]�|_;��Ѵo0-Ѵ��vv;vvl;m|�o=�
�m1|bombm]�"rѴb|�(;uvbom�
Ő��
ő� Ő�;7;uv;mķ��-]|�;|ķ�ş��-u|;u�7ķ�ƑƏƏƕőĺ��==;1|b�;�v�lr|olv�
�;u;�-vv;vv;7��b|_�|_;�+o�m]��-mb-�!-|bm]�"1-Ѵ;� Ő+�!"ő� Ő+o�m]ķ�
�b]]vķ�,b;]Ѵ;uķ�ş��;�;uķ�ƐƖƕѶő�-m7�|_;��-Ѵ]-u��	;ru;vvbom�"1-Ѵ;�=ou�
"1_b�or_u;mb-�Ő�	""ő�Ő�77bm]|omķ��77bm]|omķ�ş�"1_bvv;Ѵķ�ƐƖƖƏőĺ�$_;�
�ovb|b�;� -m7� �;]-|b�;� "�m7uol;� "1-Ѵ;� Ő���""ő� Ő�-�ķ� 
bv�0;bmķ� ş�
�rѴ;uķ�ƐƖѶƕő��-v��v;7�|o�u-|;�1�uu;m|�rv�1_o|b1�v�lr|olvķ�-1_b;�-
bm]�bm|;uŊu-|;u�u;Ѵb-0bѴb|��o=�bm|u-1Ѵ-vv�1ouu;Ѵ-|bom�1o;==b1b;m|�-|�ƏĺѶƑ�
Ő!o7;�-m7�;|�-Ѵĺķ�ƑƏƐƖőĺ�$_;����""�1omvbv|v�o=�ƒƏ�b|;lvķ�;-1_�v1ou;7�
from 1 (no symptoms) to 7 (severe symptoms).

�� l;-v�u;� o=� -]]u;vvbom� -lom]� r-|b;m|v� �-v� o0|-bm;7� �vbm]�
|_;����""���1b|;7��olrom;m|�Ő���""Ŋ��ő�Ő�om|o�-�;|�-Ѵĺķ�ƑƏƐƐőķ�
�_b1_� bv� -� r-u|� o=� |_;� 
b�;� 
-1|ou� ���""��o7;Ѵ� Ő)_b|;ķ� �-u�;�ķ�
�rѴ;uķ� ş� �bm7;ml-�;uķ� ƐƖƖƕőĺ� $_;� ���""Ŋ��� �-v� 1-Ѵ1�Ѵ-|;7� -v�
-� v�l� o=� |_;� =oѴѴo�bm]� b|;lvĹ� �ƓŊ;�1b|;l;m|ķ� �ƕŊ_ov|bѴb|�ķ� �ƓŊ
|;mvbomķ� �ѶŊ�m1oor;u-|b�;m;vvķ� -m7� �ƐƓŊroou� blr�Ѵv;� 1om|uoѴ�
Ő�bm7;ml-�;u� ;|� -Ѵĺķ� ƑƏƏƓőĺ� $_;� ���""Ŋ��� bv� 1ollomѴ�� �v;7� -v�
a primary outcome measure in RCTs targeted at agitation and ag-
]u;vvb�;�0;_-�bou�bm�;l;u];m1��rv�1_b-|ub1�v;||bm]v�Ő�b|uol;ķ�ƑƏƏƕĸ�
,;ѴѴ;u�;|�-Ѵĺķ�ƑƏƐƕőĺ�	�;�|o�|_;�7bv|ub0�|bom�o=����""Ŋ���v1ou;v� bm�
o�u� v-lrѴ;ķ� ���""Ŋ����-v� ]uo�r;7� bm|o� |_;� =oѴѴo�bm]� 1-|;]oub;v�
u;=Ѵ;1|bm]�|_;�Ѵ;�;Ѵ�o=�-]]u;vvbomĹ����""Ŋ���= 5 represents a group 
�b|_�mo�-]]u;vvbom�v�lr|olv� Ő��"őķ����""Ŋ���u-m]bm]�=uol�ѵ�|o�
10 represents a group with minimal level of aggression symptoms 
Ő���"őķ�-m7����""Ŋ���> 10 represents a group with higher levels 
o=� -]]u;vvbom� v�lr|olv� Ő���"őĺ� $_;� �mb=-1|oub-Ѵ� v|u�1|�u;� o=� |_;�
���""Ŋ��� Ő�om|o�-� ;|� -Ѵĺķ� ƑƏƐƐő� -m7� ���""� u-|bm]� 1ub|;ub-� Ő�-��
;|�-Ѵĺķ�ƐƖѶƕő��;u;��v;7�-v�-�0-1h]uo�m7�=ou�|_;�;v|-0Ѵbv_l;m|�o=�|_;�
1�|o==vĺ�$_�vķ�|_;�=buv|�]uo�r���"��-v�7;=bm;7�0��|_;�-0v;m1;�o=�-ѴѴ�
���""Ŋ���v�lr|olvķ�|_;�v;1om7�]uo�r����"�vr-mm;7�=uol�o�|;u�
;m7� o=� |_;� moul-Ѵ� u-m];� |o� v�vr;1|;7� r-|_oѴo]�ķ� -m7� ���""Ŋ���
v1ou;v� bm7b1-|b�;� o=� lou;� 1;u|-bm� -m7� ;�ru;vv;7� r-|_oѴo]�� �;u;�
1-|;]oub�;7�bm|o�|_;�|_bu7�]uo�r����"ĺ�$_;����""�-vv;vvl;m|��-v�
1om7�1|;7��b|_bm�om;�lom|_�o=�|_;�0Ѵoo7�v-lrѴbm]�Ől;7b-m�Ɩ�7-�vķ�
bm|;ut�-u|bѴ;�u-m];�Ɩ�7-�vőĺ

Impulsivity was measured with the Barratt Impulsiveness Scale 
Ő��"ŊƐƐő� Ő�-||omķ� "|-m=ou7ķ� ş� �-uu-||ķ� ƐƖƖƔő� t�;v|bomm-bu;� -lom]�
a subgroup of patients (N =�ƑѶѶőĺ�$_;���"ŊƐƐ�1omvbv|v�o=�ƒƏ� b|;lv�
v1ou;7�om�-�ƓŊrobm|��bh;u|�v1-Ѵ;ĺ��;m1;ķ�|_;�|o|-Ѵ�v1ou;�u-m];v�=uol�
ƒƏ�|o�ƐƑƏķ��b|_�_b]_;u�v1ou;v�u;=Ѵ;1|bm]�_b]_;u�Ѵ;�;Ѵv�o=�blr�Ѵvb�b|�ĺ�
Internal consistency of the BIS-11 total score has been repeatedly 
u;rou|;7�-v�-11;r|-0Ѵ;� Ő�bm7v|uolķ�)�ѴѴ;uķ��-Ѵ�ouv;mķ��-u|0;u]ķ�ş�
��m7t�bv|ķ�ƑƏƐƕĸ��-||om�;|�-Ѵĺķ�ƐƖƖƔĸ�!;bv;ķ��oou;ķ�"-00ķ��uo�mķ�ş�
�om7omķ�ƑƏƐƒĸ�"|-m=ou7�;|�-Ѵĺķ�ƑƏƏƖőĺ

$_;� �Ѵ1o_oѴ� &v;�	bvou7;uv� �7;m|b=b1-|bom� $;v|� Ő�&	�$ő� Ő�-0ou�
;|� -Ѵĺķő� -m7� |_;� 	u�]� &v;� 	bvou7;uv� �7;m|b=b1-|bom� $;v|� Ő	&	�$ő�
Ő(oѴ�v;�;|�-Ѵĺķ�ƑƏƐƑő�t�;v|bomm-bu;v��;u;��v;7� |o�;�-Ѵ�-|;�-Ѵ1o_oѴ�
and illicit substance use. Information about psychopharmacolog-
ical treatment was collected from medical records and by inter-
view. Current dose in use relative to the defined daily dose (DDD) 
�-v� 1-Ѵ1�Ѵ-|;7� bm� Ѵbm;��b|_� |_;� ]�b7;Ѵbm;v� =uol� |_;�)ouѴ7� �;-Ѵ|_�
Organization Collaborating Center for Drug Statistics Methodology 
Ő_||rvĹņņ���ĺ�_o11ĺmoņ-|1ō777ōbm7;�ņőĺ� �o7�� l-vv� bm7;�� Ő���ő�
(kg/m2) was calculated based on weight and height measurements.

ƓĺƒՊ|Պ";u�l�-m-Ѵ�v;v

Venous blood samples were collected in the morning after an over-
mb]_|�=-v|�o=�-|�Ѵ;-v|�Ѷ�_uĺ��;�;Ѵv�o=�$�ķ��	�Ŋ�ķ�-m7��	�Ŋ���;u;�l;-v-
�u;7� -|� |_;� 	;r-u|l;m|� o=� �;7b1-Ѵ� �bo1_;lbv|u�ķ� �vѴo� &mb�;uvb|��
�ovrb|-Ѵķ� om� uo�|bm;� bmv|u�l;m|v� Ő!o1_;�	b-]mov|b1v� �o0-v� �m|;]u-�
ѶƏƏķ� !o1_;� 	b-]mov|b1v� �o0-v� ѶƏƏƏ� ;ѵƏƑņ;ѶƏƐő� �vbm]� v|-m7-u7�
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l;|_o7v�1om|uoѴѴ;7�0��bm|;um-Ѵ�-m7�;�|;um-Ѵ�t�-Ѵb|��1om|uoѴ�v-lrѴ;vĺ�
&m|bѴ�ƑƏƐƑķ��	�Ŋ���-v�1-Ѵ1�Ѵ-|;7�0��|_;�
ub;7;�-Ѵ7�=oul�Ѵ-�Ő�-u|bm�
;|�-Ѵĺķ�ƑƏƐƒőķ�|_;u;-=|;u�-m-Ѵ��;7�0��-m�;m��l-|b1�1oѴoubl;|ub1�l;|_o7ĺ

ƓĺƓՊ|Պ�|_b1-Ѵ�1omvb7;u-|bomv

The study was conducted in accordance with the Declaration of 
�;Ѵvbmhbĺ� )ub||;m� bm=oul;7� 1omv;m|� �-v� o0|-bm;7� =uol� -ѴѴ� r-u-
ticipants. The TOP study has approvals from the Regional Ethics 
�ollb||;;ķ� |_;��ou�;]b-m�	-|-� �mvr;1|ou-|;ķ�-m7�|_;��ou�;]b-m�
	bu;1|ou-|;�o=��;-Ѵ|_ĺ

ƓĺƔՊ|Պ"|-|bv|b1-Ѵ�-m-Ѵ�v;v

Statistical analyses were performed using IBM SPSS Statistics for 
Windows version 25.0 software package. Normality was assessed 
0���oѴlo]ouo�ŋ"lbumo��|;v|v�-m7� Ŋ �rѴo|vĺ�	b==;u;m1;v�bm�7;lo-
graphic and clinical characteristics across the aggression catego-
ub;v� �;u;� bm�;v|b]-|;7� �vbm]� 1_bŊvt�-u;7� |;v|vķ� om;Ŋ�-�� ���(�v�
with post hoc t�|;v|vķ�ou��u�vh-Ѵŋ)-ѴѴbv�|;v|v��b|_�rov|�_o1��-mmŋ
)_b|m;��&�|;v|vĺ��ѴѴ�7;v1ubr|b�;�-m-Ѵ�v;v��;u;�|�oŊ|-bѴ;7ķ��b|_�-�vb]-
nificance level at 0.05.

We used a multinomial logistic regression model to analyze the 
-vvo1b-|bom� 0;|�;;m� 1_oѴ;v|;uoѴ� Ő$�ķ� �	�Ŋ�ķ� �	�Ŋ�ő� -m7� |_;� |_u;;�
Ѵ;�;Ѵv� o=� -]]u;vvbom� Ő��"ķ� ���"ķ� ���"őķ� �b|_� 1_oѴ;v|;uoѴ� Ѵ;�;Ѵv� -v�
|_;�bm7;r;m7;m|��-ub-0Ѵ;ķ�-7f�v|bm]�=ou�-];ķ�v;�ķ�-m7�7b-]mov|b1�]uo�r�
Őv1_b�or_u;mb-Ŋ��;uv�v�0broѴ-u�vr;1|u�l�7bvou7;uvőĺ�$_;mķ��;�u;r;-|;7�
|_;�-m-Ѵ�v;v��b|_�-77b|bom-Ѵ�-7f�v|l;m|v�Ő���ķ�bmr-|b;m|��;uv�v�o�|r--
|b;m|�v|-|�vķ�-Ѵ1o_oѴ��v;� Ő�&	�$�v1ou;vőķ� bѴѴb1b|�v�0v|-m1;��v;� Ő	&	�$�
scores) and use of psychotropic medication (dose relative to DDD) in-
1Ѵ�7bm]�-m|brv�1_o|b1vķ�-m|b7;ru;vv-m|vķ�loo7�v|-0bѴb�;uvķ�-m7�Ѵb|_b�lő�
in a subsample with all the covariates available (N =�ѵѶƖőĺ�(-ub-|bom�bm-
flation factors (VIFs) were used to assess multicollinearity. Interactions 
0;|�;;m�1_oѴ;v|;uoѴ�Ѵ;�;Ѵv�Ő$�ķ��	�Ŋ�ķ��	�Ŋ�ő�-m7�7b-]mov|b1�]uo�rķ�
bmr-|b;m|��;uv�v�o�|r-|b;m|�v|-|�vķ�-m7�v;���;u;�|;v|;7ĺ�);�-rrѴb;7�|_;�
Bonferroni method to correct for multiple testing (three consecutive 
-m-Ѵ�v;v��b|_�$�ķ��	�Ŋ�ķ�-m7��	�Ŋ��-v�bm7;r;m7;m|��-ub-0Ѵ;őķ��b|_�-�
significance level set at 0.017 (0.05/ 3).

$_;� -vvo1b-|bom� 0;|�;;m� 1_oѴ;v|;uoѴ� Ő$�ķ� �	�Ŋ�ķ� �	�Ŋ�ő� -m7�
impulsivity (BIS-11 total score) was assessed with a multiple linear 
u;]u;vvbom�lo7;Ѵ��b|_�blr�Ѵvb�b|��v1ou;v�-v�|_;�7;r;m7;m|��-ub-0Ѵ;ķ�
1_oѴ;v|;uoѴ�Ѵ;�;Ѵv�-v�|_;�bm7;r;m7;m|��-ub-0Ѵ;�-m7�-];ķ�v;�ķ�-m7�7b-
agnostic group (schizophrenia- versus bipolar spectrum disorders) as 
1o�-ub-|;vĺ�$_;mķ�v�0-m-Ѵ�v;v�ŐN =�ƑƔƖő��b|_�|_;�-77b|bom-Ѵ�1o�-ub-
-|;v�Ő���ķ�bmr-|b;m|��;uv�v�o�|r-|b;m|�v|-|�vķ�-Ѵ1o_oѴ��v;ķ�bѴѴb1b|�v�0-
v|-m1;� �v;ķ� -m7� �v;� o=� rv�1_o|uorb1�l;7b1-|bomő��;u;� 1om7�1|;7ĺ�
��Ѵ|b1oѴѴbm;-ub|���-v�-vv;vv;7��vbm]�(�
vĺ��vv�lr|bom�o=�moul-Ѵb|��
and presence of outliers were investigated by inspection of stan-
dardized residuals and Cook's distances. Interactions between cho-
Ѵ;v|;uoѴ� Ѵ;�;Ѵv� -m7� 7b-]mov|b1� ]uo�rķ� bmr-|b;m|� �;uv�v� o�|r-|b;m|�
v|-|�vķ� -m7� v;�� �;u;� |;v|;7ĺ�);� �v;7� |_;� �om=;uuomb� l;|_o7� |o�

1ouu;1|�=ou�l�Ѵ|brѴ;�|;v|bm]�Ő-m-Ѵ�v;v��b|_�$�ķ��	�Ŋ�ķ�-m7��	�Ŋ��-v�
bm7;r;m7;m|��-ub-0Ѵ;őķ��b|_�-�vb]mb=b1-m1;�Ѵ;�;Ѵ�-|�ƏĺƏƐƕ�ŐƏĺƏƔņ�ƒőĺ

ƔՊ |Պ!�"&�$"

ƔĺƐՊ|Պ	;v1ubr|b�;�-m-Ѵ�v;v

Demographic and clinical characteristics of the sample with aggres-
sion outcome are summarized in Table 1. There were significant differ-
ences in age (p <�ĺƏƏƐőķ�;7�1-|bom�Ѵ;�;Ѵ�Őp <�ĺƏƏƐőķ�-m7�v�lr|ol�Ѵo-7�
Ő��
�Őp <�ĺƏƏƐőķ����""�|o|-Ѵ�v1ou;�Őp <�ĺƏƏƐőķ��	""�Őp <�ĺƏƏƐőķ�+�!"�
(p <� ĺƏƏƐő� 0;|�;;m� |_;� |_u;;� -]]u;vvbom� ]uo�rvķ��b|_� -];� 7;1u;-v-
ing and symptom load increasing gradually with increasing levels of 
aggression. Schizophrenia spectrum disorders were significantly more 
=u;t�;m|�|_-m�0broѴ-u�vr;1|u�l�7bvou7;uv�bm�|_;����"�]uo�r�1olr-u;7�
to the remaining groups (p =� ĺƏƏƖőĺ�$_;u;��;u;�mo�vb]mb=b1-m|�7b==;u-
ences in uncorrected cholesterol levels across the three groups.

Demographic and clinical characteristics of the subsample with 
impulsivity outcome are summarized in Table 2.

ƔĺƑՊ|Պ�]]u;vvbom

$_;� u-��7-|-� -u;�ru;v;m|;7� bm�
b]�u;�Ɛĺ��v� v_o�m� bm�$-0Ѵ;�ƒ� -m7�
$-0Ѵ;�"Ɛķ� |_;u;��;u;�mo�vb]mb=b1-m|�-vvo1b-|bomv�0;|�;;m�$�ķ��	�Ŋ
�ķ�ou��	�Ŋ��-m7�-]]u;vvbom�1-|;]ou���_;m�1om|uoѴѴ;7�=ou�o|_;u�1o-
variates. There were no significant interactions between cholesterol 
Ѵ;�;Ѵv� Ő$�ķ� �	�Ŋ�ķ� �	�Ŋ�ő� -m7� 7b-]mov|b1� ]uo�rķ� bmr-|b;m|� �;uv�v�
o�|r-|b;m|�v|-|�vķ�ou�v;�ĺ��];��-v�vb]mb=b1-m|Ѵ��m;]-|b�;Ѵ��-vvo1b-|;7�
�b|_�-]]u;vvbom�Ѵ;�;Ѵ�Ő���"��;uv�v���"�Őp < .001). There were no 
vb]mb=b1-m|� -vvo1b-|bomv� o=� v;�ķ� bmr-|b;m|� �;uv�v� o�|r-|b;m|� v|-|�vķ�
���ķ� -Ѵ1o_oѴ��v;ķ� bѴѴb1b|� v�0v|-m1;��v;ķ�ou�rv�1_o|uorb1�l;7b1-|bom�
with aggression category when controlled for other covariates. The 
total sample (N = 1 001) and the subsample with all covariates avail-
able (N =�ѵѶƖő��b;Ѵ7;7�|_;�v-l;�u;v�Ѵ|vķ��b|_�|�o�;�1;r|bomvĺ�
buv|Ѵ�ķ�
there was a significant association of diagnostic group with the 
���"��;uv�v���"�v|-|�v�bm�|_;�|o|-Ѵ�v-lrѴ;�Őp =�ĺƏƏѵőķ�-v�orrov;7�
to no significant association of diagnostic group in the subsample. 
";1om7Ѵ�ķ�|_;�v�0v-lrѴ;�v_o�;7�-m�-77b|bom-Ѵ�m;]-|b�;�-vvo1b-|bom�
o=�-];��b|_����"��;uv�v���"�v|-|�v�Őp = .011).

ƔĺƒՊ|Պ�lr�Ѵvb�b|�

"1-||;urѴo|v�o=�1_oѴ;v|;uoѴ�Ѵ;�;Ѵv�Ő$�ķ��	�Ŋ�ķ��	�Ŋ�ő�-m7�blr�Ѵvb�b|��
Ő��"ŊƐƐ�|o|-Ѵ�v1ou;ő�-u;�ru;v;m|;7�bm�
b]�u;�Ƒĺ��v�v_o�m�bm�$-0Ѵ;�Ɠ�
-m7� $-0Ѵ;� "Ƒķ� |_;u;��;u;� mo� vb]mb=b1-m|� -vvo1b-|bomv� 0;|�;;m� $�ķ�
�	�Ŋ�ķ�ou��	�Ŋ��-m7�blr�Ѵvb�b|���_;m�1om|uoѴѴ;7�=ou�o|_;u�1o�-ub-
ates. There were no significant interactions between cholesterol 
Ѵ;�;Ѵv� Ő$�ķ� �	�Ŋ�ķ� �	�Ŋ�ő� -m7� 7b-]mov|b1� ]uo�rķ� bmr-|b;m|� �;u-
v�v�o�|r-|b;m|� v|-|�v�ou� v;�ĺ� �ѴѴb1b|� v�0v|-m1;��v;��-v� vb]mb=b1-m|Ѵ��
positively associated with impulsivity (p < .001). There were no 
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vb]mb=b1-m|�-vvo1b-|bomv�o=�v;�ķ�7b-]movbvķ����ķ�bmr-|b;m|��;uv�v�o�|-
r-|b;m|�v|-|�vķ�-Ѵ1o_oѴ��v;ķ�ou��v;�o=�rv�1_o|uorb1�l;7b1-|bom��b|_�
impulsivity when controlled for other covariates. The total sample 
(N =�ƑѶѶő�-m7�|_;�v�0v-lrѴ;��b|_�-ѴѴ�1o�-ub-|;v�-�-bѴ-0Ѵ;�ŐN =�ƑƔƖő�
�b;Ѵ7;7�|_;�v-l;�u;v�Ѵ|vķ��b|_�;�1;r|bom�o=�-];�0;bm]�vb]mb=b1-m|Ѵ��
negatively associated with impulsivity in the subsample (p =�ĺƏƐѵő�-v�
opposed to nonsignificant association in the total sample.

ѵՊ |Պ	�"�&""���

The main finding of this study was an absence of significant associa-
tions between cholesterol levels and aggression or impulsivity in a 
large naturalistic sample of patients with schizophrenia- and bipo-
lar spectrum disorders. This is to date the largest clinical study of 
1_oѴ;v|;uoѴ� -m7� -]]u;vvbom� ou� blr�Ѵvb�b|�� bm� "�	vķ� ;�r-m7bm]� |_;�

$���� �ƐՊDemographic and clinical characteristics of the sample with aggression outcome

NAS 
(N = 270)

MLAS 
(N = 618) HLAS (N = 113)

NAS versus 
MLAS NAS versus HLAS MLAS versus HLAS

N (%) N (%) N (%) p p p

Male ƐƒƖ�ŐƔƐĺƔő ƒƑƖ�ŐƔƒĺƑő 57 (50.4) NS NS NS

Caucasian ƑƑƐ�ŐѶƐĺƖő ƔƐƐ�ŐѶƑĺƕő ѶƔ�ŐƕƔĺƑő NS NS NS

Schizophrenia spectrum 
disorder

ƐƔƐ�ŐƔƔĺƖő ƒѵѶ�ŐƔƖĺƔő ѶƑ�ŐƕƑĺѵő NS .002 .009

Bipolar spectrum disorder ƐƐƖ�ŐƓƓĺƐő 250 (40.5) 31 (27.4) NS .002 .009

OutpatientaՔ ƐѵƏ�ŐƕƏĺƑő ƒѶƐ�ŐѵѶĺƑő ѵƓ�ŐѵƏĺƓő NS NS NS

Currently smokingaՔ ƐƑƑ�ŐƓѵĺƓő 334 (55.2) ѵѵ�ŐƔƖĺƔő 0.017 .021 NS

&v;�o=�v|-|bmv Ѷ�ŐƑĺƖő Ѷ�ŐƐĺƒő 0 (0) NS NS NS

Mean (SD) Mean (SD) Mean (SD) p p p

��
Ŋ" 54.4 (14.5) ƓѶĺƒ�ŐƐƑĺƓő ƒѶĺƖ�ŐƐƏĺѵő <.001 <.001 <.001

��
Ŋ
aՔ ƔƑĺѶ�ŐƐƒĺƔő ƓѶĺƕ�ŐƐƑĺƖő 40.3 (10.7) <.001 <.001 <.001

���""�|o|-Ѵ�v1ou;aՔ ƓƔĺѵ�ŐƐƑĺƒő 57.3 (14.1) ƕƒĺƔ�ŐƐѵĺѵő <.001 <.001 <.001

TC in mmol/l 5.14 (1.07) ƔĺƏѶ�ŐƐĺƏƕő ƓĺƖƖ�ŐƏĺƖѶő NS NS NS

�	�Ŋ��bm�lloѴņѴ ƒĺƑƏ�ŐƏĺƖƕő ƒĺƐѵ�ŐƏĺƖƔő ƒĺƐƏ�ŐƏĺƖƏő NS NS NS

�	�Ŋ��bm�lloѴņѴ 1.41 (0.41) 1.40 (0.42) 1.34 (0.44) NS NS NS

Median (IQR) Median (IQR) Median (IQR) p p p

�]; 30.0 (15) ƑƖ�ŐƐƔő 25 (11) .016 .002 <.001

+;-uv�o=�;7�1-|bom 13 (3) 12 (3) 12 (2) <.001 <.001 <.001

���""Ŋ�� 5 (0) 7 (2) 12 (2) <.001 <.001 <.001

CDSSaՔ ƒ�Őѵő 5 (7) ƕ�ŐƖő <.001 <.001 .001

+�!"aՔ 1 (4) Ƒ�ŐѶő Ѷ�ŐƖő < 0.001 <.001 <.001

�&	�$aՔ Ɣ�ŐƖő Ɠ�ŐѶő ѵ�ŐƐƏő NS NS NS

	&	�$aՔ 0 (3) 0 (2) 0 (4) NS NS NS

�m|brv�1_o|b1v-ķ0Ք 0.75 (1.23) 0.75 (1.50) Əĺѵƕ�ŐƑĺƏƏő NS NS NS

�b|_b�l-ķ0Ք 0 (0) 0 (0) 0 (0) NS .017 NS

Mood stabilizers-ķ0Ք 0 (0) 0 (0) 0 (0) NS NS NS

�m|b7;ru;vv-m|v-ķ0Ք 0 (0.27) 0 (1.00) 0 (0.47) .008 NS NS

BMIaՔ ƑƔĺƕ�ŐƔĺѵő ƑƔĺƐ�ŐƔĺѶő ƑƓĺƐ�Őѵĺƕő .042 .028 NS

�00u;�b-|bomvĹ��&	�$ķ��Ѵ1o_oѴ�&v;�	bvou7;uv��7;m|b=b1-|bom�$;v|ĸ����ķ�0o7��l-vv�bm7;�ĸ��	""ķ��-Ѵ]-u��	;ru;vvbom�"1-Ѵ;�=ou�"1_b�or_u;mb-ĸ�
	&	�$ķ�	u�]�&v;�	bvou7;uv��7;m|b=b1-|bom�$;v|ĸ���
Ŋ
ķ��Ѵo0-Ѵ��vv;vvl;m|�o=�
�m1|bombm]�"rѴb|�(;uvbomŊ
�m1|bomĸ���
Ŋ"ķ��Ѵo0-Ѵ��vv;vvl;m|�o=�

�m1|bombm]�"rѴb|�(;uvbomŊ"�lr|olvĸ��	�Ŋ�ķ�_b]_Ŋ7;mvb|��Ѵbroruo|;bm�1_oѴ;v|;uoѴĸ����"�]uo�r��b|_�_b]_;u�Ѵ;�;Ѵv�o=�-]]u;vvbom�v�lr|olvĸ�� !ķ�
bm|;ut�-u|bѴ;�u-m];ĸ��	�Ŋ�ķ�Ѵo�Ŋ7;mvb|��Ѵbroruo|;bm�1_oѴ;v|;uoѴĸ����"ķ�]uo�r��b|_�lbmbl-Ѵ�Ѵ;�;Ѵ�o=�-]]u;vvbom�v�lr|olvĸ���"ķ�]uo�r��b|_�mo�
-]]u;vvbom�v�lr|olvĸ��"ķ�momvb]mb=b1-m|ĸ����""ķ��ovb|b�;�-m7��;]-|b�;�"�m7uol;�"1-Ѵ;ĸ����""Ŋ��ķ��ovb|b�;�-m7��;]-|b�;�"�m7uol;�"1-Ѵ;���1b|;7�
Component; SDķ�v|-m7-u7�7;�b-|bomĸ�$�ķ�|o|-Ѵ�1_oѴ;v|;uoѴĸ�+�!"ķ�+o�m]��-mb-�!-|bm]�"1-Ѵ;ĺ
aInformation about inpatient versus outpatient status available for N =�ѶƖƒķ�-0o�|�vlohbm]�v|-|�v�=ou�N =�ƖƕƖķ�-0o�|���
Ŋ
�=ou�N =�ƖƖƖķ�-0o�|�
���""�|o|-Ѵ�v1ou;�=ou�N =�ƖƖѵķ�-0o�|��	""�=ou�N =�ѵƖƕķ�-0o�|�+�!"�=ou�N =�ѶѶƔķ�-0o�|��&	�$�=ou�N =�ѶƐƓķ�-0o�|�	&	�$�=ou�N =�ѶƑƑķ�-0o�|�
antipsychotics for N =�ƖѶƑķ�-0o�|�Ѵb|_b�l�N =�ƖѶѶķ�-0o�|�loo7�v|-0bѴb�;uv�N =�ƖѶѶķ�-0o�|�-m|b7;ru;vv-m|v�N =�ƖѶѶķ�-m7�-0o�|�����=ou�N =�ƖѵƓĺ�
bPsychotropic medications as current daily dose relative to defined daily dose. 
p�ƽ�ĺƏƔ�bm�0oѴ7ĺ
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scope of investigations to the outpatient psychiatric population. We 
found no significant interactions between cholesterol levels and di-
agnostic group or inpatient versus outpatient status on aggression 
or impulsivity.

�m�1om|u-v|�|o�o�u�_�ro|_;vbvķ�Ѵo�;u�1_oѴ;v|;uoѴ�Ѵ;�;Ѵv��;u;�mo|�
associated with higher levels of aggression or impulsivity. The litera-
ture on cholesterol and aggression in psychiatric populations is con-
flicting. Several studies have shown inverse associations between 
$��-m7�-]]u;vvbom�Ő�bѴѴ0u-m7�;|�-Ѵĺķ�ƐƖƖƔĸ���=|b�;|�-Ѵĺķ�ƐƖƖѶĸ��--�oѴ-�
;|�-Ѵĺķ�ƑƏƏƑĸ�!o-Ѵ7v;|�;|�-Ѵĺķ�ƑƏƐƐĸ�"�m;vom�;|�-Ѵĺķ�ƑƏƐƖő�ou�blr�Ѵvb�-
b|�� Ő�-�oou� ;|� -Ѵĺķ� ƑƏƐƕĸ� $uobvbķ� ƑƏƐƐőķ��_;u;-v� o|_;u� v|�7b;v� _-�;�
reported no significant associations between TC and aggression 
Ő�r|;u�;|�-Ѵĺķ�ƐƖƖƖĸ��ubhv;m�;|�-Ѵĺķ�ƑƏƐƕĸ���-m]�ş�)�ķ�ƑƏƏƏĸ��-�oou�
;|�-Ѵĺķ�ƑƏƐƕĸ�"|;bm;u|�;|�-Ѵĺķ�ƐƖƖƖő�ou�blr�Ѵvb�b|��Ő�r|;u�;|�-Ѵĺķ�ƐƖƖƖőĺ�
�lrou|-m|Ѵ�ķ�|_;v;��;u;�o0v;u�-|bom-Ѵ�v|�7b;vķ�-m7�|_;�=bm7bm]v�l-��
represent reverse causality with cholesterol levels reflecting the se-
verity of distress among specific psychiatric populations. The nega-
tive findings in the current study are based on investigations among 
r-|b;m|v��b|_bm�-��b7;�u-m];�o=�bѴѴm;vv�v|-];v�-m7�v;�;ub|�ķ��_b1_�l-��
;�rѴ-bm� vol;� o=� |_;� 7bv1u;r-m1�ĺ� �v� ru;�bo�vѴ�� r�0Ѵbv_;7� Ő�o_-u�
;|�-Ѵĺķ�ƑƏƐƖőķ�-m�o�;uѴ-rrbm]�v-lrѴ;�u;�;-Ѵ;7�mo�vb]mb=b1-m|�-vvo1b--
tions between TC and suicidal behavior. Considering the relationship 
between cholesterol levels and adverse mental symptoms in gen-
;u-Ѵķ�|_;�l;|-Ŋ-m-Ѵ�|b1�bm�;v|b]-|bom�o=�|_;�u;Ѵ-|bomv_br�0;|�;;m�$��
and suicidality showing an inverse association is of importance (Wu 
;|�-Ѵĺķ�ƑƏƐѵőĺ�"bm1;�|_bv�l;|-Ŋ-m-Ѵ�vbv��-v�0-v;7�om�1uovvŊv;1|bom-Ѵ�
7;vb]mvķ�1-�v-Ѵb|��u;l-bmv��m;Ѵ�1b7-|;7ĺ��ou;o�;uķ�|_;�m;;7�o=�;�-
rѴoubm]�1om=o�m7bm]��-ub-0Ѵ;v�_-v�0;;m�_b]_Ѵb]_|;7� bm� |_bv� 1om|;�|�
Ő�-u|oѴb�;|�-Ѵĺķ�ƑƏƐƕőĺ���u�u;v�Ѵ|v�-u;�lou;�bm�Ѵbm;��b|_�u;v�Ѵ|v�=uol�
RCTs in the general population which have not indicated adverse 
rv�1_oѴo]b1-Ѵ� ;==;1|v� o=� 1_oѴ;v|;uoѴ� Ѵo�;ubm]� Ő�oѴѴbmv� ;|� -Ѵĺķ� ƑƏƐѵĸ�
�oѴol0� ;|� -Ѵĺķ� ƑƏƐƔĸ� ��Ѵ7oom� ;|� -Ѵĺķ� ƑƏƏƐőĺ� ��r;ubl;m|-Ѵ� -mbl-Ѵ�
v|�7b;v�Ő�--];mv;m�;|�-Ѵĺķ�ƑƏƐƓĸ��-rѴ-mķ��-m�1hķ�ş�"_b�;Ѵ�ķ�ƐƖƖƐĸő�
suggest that very high TC levels (above double the high end of the 
normal range) might indeed have protective effects against aggres-
vb�;�0;_-�bouĺ� �m|;u;v|bm]Ѵ�ķ�-�m;]-|b�;�-vvo1b-|bom�0;|�;;m�ru;r�-
bertal TC and adulthood impulsivity has been reported in healthy 
l;m� Ő$olvomŊ�o_-mvomķ��--u|ķ��bb�;|ķ�(;b7;0-�lķ�ş��-uuoķ�ƑƏƐƖőĺ�
�v�-]]u;vvbom�bv�-�_b]_Ѵ��1olrѴ;��r_;mol;momķ�|_;�rovvb0bѴb|��|_-|�
unmeasured confounders overshadow weak associations between 
1_oѴ;v|;uoѴ�Ѵ;�;Ѵv�-m7�-]]u;vvbom�1-mmo|�0;�u�Ѵ;7�o�|ĺ��o�;�;uķ�-ѴѴ�
Ѵbm;v�o=�;�b7;m1;� |-h;m� |o];|_;uķ� =bm7bm]v�7o�mo|�v�]];v|�1Ѵbmb1-ѴѴ��
significant adverse effects of cholesterol lowering on aggression in 
adults with SMDs.

"ol;�v|�7b;vķ�|_;�ru;v;m|�v|�7��bm1Ѵ�7;7ķ�-bl;7�-|�;v|bl-|bm]�
|_;�-vvo1b-|bom�0;|�;;m�;�rov�u;�Őbĺ;ĺķ�1_oѴ;v|;uoѴ�Ѵ;�;Ѵvő�-m7�o�|-
1ol;� Őbĺ;ĺķ� -]]u;vvbomőķ� �_bѴ;� o|_;u� v|�7b;v� -vrbu;7� ru;7b1|bom� o=�
the outcome using range of available covariates including variables 
such as history of violence or involuntary hospitalization (Roaldset 
;|� -Ѵĺķ� ƑƏƐƐőĺ��v� v�1_ķ� 1olrѴ;�b|�� o=� |_;� Ѵb|;u-|�u;�l-�� 0;� r-u|Ѵ��
;�rѴ-bm;7�0��|_;v;�7b==;u;m|�l;|_o7oѴo]b1-Ѵ�-rruo-1_;v�lo|b�-|;7�
0��7b==;u;m|�-blv�Ő�;-uѴķ�ƑƏƏƏőĺ�	;vrb|;�;�|;mvb�;�l;|_o7oѴo]b1-Ѵ�

$���� �ƑՊDemographic and clinical characteristics of the sample 
with impulsivity outcome

N = 288

N (%)

Male ƐƓѵ�ŐƔƏĺƕő

Caucasian ƑƒƑ�ŐѶƏĺѶő

Schizophrenia spectrum disorder 157 (54.5)

Bipolar spectrum disorder 131 (45.5)

Outpatient ƑƏƕ�ŐƕƑĺƖő

Currently smoking ƐƓƔ�ŐƔƏĺƖő

&v;�o=�v|-|bmv 1 (0.3)

Mean (SD)

��"ƴƐƐ�|o|-Ѵ�v1ou; ѵѶĺѵ�ŐƐƏĺѶő

��
Ŋ" ƔƒĺƔ�ŐƐƒĺѵő

��
Ŋ
 ƔƑĺƕ�ŐƐƒĺѵő

���""�|o|-Ѵ�v1ou; ƔƑĺƑ�ŐƐƒĺѶő

$��bm�lloѴņ� ƓĺѶѶ�ŐƏĺƖƔő

�	�Ŋ��bm�lloѴņ� ƒĺƏѵ�ŐƏĺѶƔő

�	�Ŋ��bm�lloѴņ� 1.43 (0.44)

Median (IQR)

�]; 27 (13)

+;-uv�o=�;7�1-|bom 12 (3)

���""Ŋ�� ѵ�Őƒő

CDSSaՔ 4 (7)

+�!"aՔ 2 (4)

�&	�$aՔ Ɣ�ŐѶő

	&	�$aՔ 0 (4)

�m|brv�1_o|b1v-ķ0Ք 0.75 (1.50)

�b|_b�l-ķ0Ք 0 (0)

Mood stabilizers-ķ0Ք 0 (0)

�m|b7;ru;vv-m|v-ķ0Ք 0 (0.17)

BMIaՔ ƑƔĺƑ�ŐѵĺƑő

�00u;�b-|bomvĸ��&	�$ķ��Ѵ1o_oѴ�&v;�	bvou7;uv��7;m|b=b1-|bom�$;v|ĸ���"Ŋ
ƐƐķ��-uu-||��lr�Ѵvb�;m;vv�"1-Ѵ;ĸ����ķ�0o7��l-vv�bm7;�ĸ��	""ķ��-Ѵ]-u��
	;ru;vvbom�"1-Ѵ;�=ou�"1_b�or_u;mb-ĸ�	&	�$ķ�	u�]�&v;�	bvou7;uv�
�7;m|b=b1-|bom�$;v|ĸ���
Ŋ
ķ��Ѵo0-Ѵ��vv;vvl;m|�o=�
�m1|bombm]�"rѴb|�
(;uvbomŊ
�m1|bomĸ���
Ŋ"ķ��Ѵo0-Ѵ��vv;vvl;m|�o=�
�m1|bombm]�"rѴb|�
(;uvbomŊ"�lr|olvĸ��	�Ŋ�ķ�_b]_Ŋ7;mvb|��Ѵbroruo|;bm�1_oѴ;v|;uoѴĸ�
� !ķ�bm|;ut�-u|bѴ;�u-m];ĸ��	�Ŋ�ķ�Ѵo�Ŋ7;mvb|��Ѵbroruo|;bm�1_oѴ;v|;uoѴĸ�
���""ķ��ovb|b�;�-m7��;]-|b�;�"�m7uol;�"1-Ѵ;ĸ����""Ŋ��ķ��ovb|b�;�-m7�
�;]-|b�;�"�m7uol;�"1-Ѵ;���1b|;7��olrom;m|ĸ�SDķ�v|-m7-u7�7;�b-|bomĸ�
$�ķ�|o|-Ѵ�1_oѴ;v|;uoѴĸ�+�!"ķ�+o�m]��-mb-�!-|bm]�"1-Ѵ;ĺ
aInformation about inpatient versus outpatient status available for 
N =�ƑѶƕķ�-0o�|�vlohbm]�v|-|�v�=ou�N =�ƑѶƔķ�-0o�|���
Ŋ
�=ou�N =�ƑѶѵķ�
-0o�|����""�|o|-Ѵ�v1ou;�=ou�N =�ƑѶƔķ�-0o�|��	""�=ou�N =�ƑѶƔķ�-0o�|�
+�!"�=ou�N =�ƑƒƓķ�-0o�|��&	�$�=ou�N =�ƑѶƒķ�-0o�|�	&	�$�=ou�
N =�ƑѶѵķ�-0o�|�-m|brv�1_o|b1v�=ou�N =�ƑƕƑķ�-0o�|�Ѵb|_b�l�N =�Ƒƕѵķ�
about mood stabilizers N =�Ƒƕѵķ�-0o�|�-m|b7;ru;vv-m|v�N =�ƑƕƔķ�-m7�
about BMI for N =�ƑѶƑĺ�
bPsychotropic medications as current daily dose relative to defined daily 
dose. 
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_;|;uo];m;b|�ķ�|_;u;�-u;�vol;�1ollom�-vr;1|v�o=�|_;�ru;�bo�v�u;-
search. Several previous studies have limited sample size (Kavoor 
;|� -Ѵĺķ� ƑƏƐƕĸ� ��=|b� ;|� -Ѵĺķ� ƐƖƖѶĸ� "�m;vom� ;|� -Ѵĺķ� ƑƏƐƖőĺ� �-m�� o=�
the previous study designs involve testing for multiple choles-
|;uoѴ� =u-1|bomv� Ő�ubhv;m� ;|� -Ѵĺķ� ƑƏƐƕĸ� �-�oou� ;|� -Ѵĺķ� ƑƏƐƕĸ� �--�oѴ-�

;|�-Ѵĺķ�ƑƏƏƑĸ�"�m;vom�;|�-Ѵĺķ�ƑƏƐƖĸ�$uobvbķ�ƑƏƐƐőĺ��o�;�;uķ�mom;�o=�
|_;v;�v|�7b;v�-rrѴ��1ouu;1|bom�=ou�l�Ѵ|brѴ;�|;v|bm]ķ�blrѴ�bm]�-�ubvh�
o=� =-Ѵv;Ŋrovb|b�;� u;v�Ѵ|vĺ� �m� |;ulv� o=� ro|;m|b-Ѵ� 1om=o�m7bm]ķ�lov|�
of the previous study designs controlled for demographic variables 
v�1_�-v�v;��-m7�-];ķ��_;u;-v�|_;�1�uu;m|�v|�7��-11o�m|;7�-Ѵvo�=ou�


 ��&!� �ƐՊ�]]u;vvbom�0��1_oѴ;v|;uoѴ�
Ѵ;�;ѴvĹ�Ő-ő�$�ķ�Ő0ő��	�Ŋ�ķ�Ő1ő��	�Ŋ�ĺ�
�]]u;vvbom�l;-v�u;7�0�����""Ŋ���
Ő�Ŋ-�bvőĺ��_oѴ;v|;uoѴ�Ѵ;�;Ѵv�bm�lloѴņѴ�
Ő�Ŋ-�bvőĺ��	�Ŋ�ķ�_b]_Ŋ7;mvb|��Ѵbroruo|;bm�
1_oѴ;v|;uoѴĸ��	�Ŋ�ķ�Ѵo�Ŋ7;mvb|��
Ѵbroruo|;bm�1_oѴ;v|;uoѴĸ����""Ŋ��ķ�
Positive and Negative Syndrome Scale 
��1b|;7��olrom;m|ĸ�$�ķ�|o|-Ѵ�1_oѴ;v|;uoѴ

(a)

(b)

(c)
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$���� �ƒՊMultinomial logistic regression with aggression categories as dependent and TC as independent variable

B (SE) Wald p OR (95% CI)

���"��;uv�v���"ķ�|o|-Ѵ�v-lrѴ;�ŐN = 1001)

TC 0.00 (0.12) 0.00 ĺƖƕƐ ƐĺƏƏ�ŐƏĺѶƏ�|o�ƐĺƑѵő

�]; ƴƏĺƏƔ�ŐƏĺƏƐő 13.37 <.001 ƏĺƖƔ�ŐƏĺƖƒ�|o�ƏĺƖѶő

�;m7;u�= male ƴƏĺƑƒ�ŐƏĺƑƒő ƏĺƖƓ .332 ƏĺѶƏ�ŐƏĺƔƐ�|o�ƐĺƑѵő

Diagnosis = schizophrenia 
spectrum disorderaՔ

0.70 (0.25) ƕĺѵƖ .006 ƑĺƏƐ�ŐƐĺƑƒ�|o�ƒĺƑƖő

���"��;uv�v���"ķ�|o|-Ѵ�v-lrѴ;�ŐN = 1001)

TC ƴƏĺƏƐ�ŐƏĺƏƕő 0.02 ĺѶƖƔ ƏĺƖƖ�ŐƏĺѶѵ�|o�ƐĺƐƔő

�]; ƴƏĺƏƐ�ŐƏĺƏƐő 3.00 ĺƏѶƒ ƏĺƖƖ�ŐƏĺƖƕ�|o�ƐĺƏƏő

�;m7;u�= male 0.03 (0.15) 0.05 ĺѶƑƒ ƐĺƏƒ�ŐƏĺƕƕ�|o�ƐĺƒƖő

Diagnosis = schizophrenia 
spectrum disorderaՔ

0.11 (0.15) 0.55 ĺƓƔѶ ƐĺƐƑ�ŐƏĺѶƒ�|o�ƐĺƔƐő

���"��;uv�v���"ķ�v�0v-lrѴ;�ŐN =�ѵѶƖő
TC ƏĺƏƓ�ŐƏĺƐѵő 0.07 ĺƕƖѵ 1.04 (0.77 to 1.42)

�]; ƴƏĺƏƔ�ŐƏĺƏƑő ƖĺƔƑ .002 ƏĺƖƔ�ŐƏĺƖƑ�|o�ƏĺƖѶő

�;m7;u�= male ƴƏĺƒƒ�ŐƏĺƒƏő 1.22 .270 0.72 (0.40 to 1.30)

Diagnosis = schizophrenia 
spectrum disorderaՔ

0.51 (0.35) 2.13 .144 Ɛĺѵƕ�ŐƏĺѶƓ�|o�ƒĺƒƒő

Inpatient versus outpatient 
status = inpatient

ƴƏĺƒƑ�ŐƏĺƒƓő ƏĺѶƖ ĺƒƓѵ 0.73 (0.37 to 1.42)

BMI ƴƏĺƏƑ�ŐƏĺƏƒő 0.53 ĺƓѵƕ ƏĺƖѶ�ŐƏĺƖƑ�|o�ƐĺƏƓő

�&	�$ 0.03 (0.02) ƐĺƕƖ ĺƐѶƐ ƐĺƏƒ�ŐƏĺƖƖ�|o�ƐĺƏѶő

	&	�$ ƴƏĺƏƏ�ŐƏĺƏƑő 0.04 ĺѶƒѵ ƐĺƏƏ�ŐƏĺƖѵ�|o�ƐĺƏƓő

�m|brv�1_o|b1v ƴƏĺƏƔ�ŐƏĺƐƕő 0.10 .755 ƏĺƖƔ�ŐƏĺѵѶ�|o�ƐĺƒƑő

�m|b7;ru;vv-m|v ƴƏĺƏƔ�ŐƏĺƐƖő 0.07 ĺƕƖѶ ƏĺƖƔ�ŐƏĺѵѵ�|o�ƐĺƒѶő

Mood stabilizers ƴƏĺƐƔ�ŐƏĺƓƕő 0.10 .752 ƏĺѶѵ�ŐƏĺƒƔ�|o�ƑĺƐƔő

�b|_b�l ƴƏĺƒƖ�ŐƏĺƔƒő 0.55 ĺƓƔƖ ƏĺѵѶ�ŐƏĺƑƓ�|o�ƐĺƖƐő

���"��;uv�v���"ķ�v�0v-lrѴ;�ŐN =�ѵѶƖő
TC 0.02 (0.10) 0.03 ĺѶƔƖ ƐĺƏƑ�ŐƏĺѶƓ�|o�ƐĺƑƓő

�]; ƴƏĺƏƑ�ŐƏĺƏƐő ƔĺѵƖ .017 ƏĺƖѶ�ŐƏĺƖѵ�|o�ƐĺƏƏő

�;m7;u�= male ƏĺƏѶ�ŐƏĺƐƖő 0.17 ĺѵѶƏ ƐĺƏѶ�ŐƏĺƕƔ�|o�ƐĺƔƕő

Diagnosis = schizophrenia 
spectrum disorderaՔ

0.10 (0.22) 0.23 ĺѵƒƏ 1.11 (0.73 to 1.70)

Inpatient versus outpatient 
status = inpatient

ƴƏĺƏѶ�ŐƏĺƑƑő 0.12 .730 ƏĺƖƒ�ŐƏĺѵƏ�|o�ƐĺƓƓő

BMI ƴƏĺƏƑ�ŐƏĺƏƑő ƐĺƓƖ .223 ƏĺƖѶ�ŐƏĺƖƓ�|o�ƐĺƏƑő

�&	�$ ƴƏĺƏƑ�ŐƏĺƏƑő ƏĺƖƔ ĺƒƑƖ ƏĺƖƖ�ŐƏĺƖѵ�|o�ƐĺƏƑő

	&	�$ ƴƏĺƏƏ�ŐƏĺƏƑő 0.00 ĺƖƔƔ ƐĺƏƏ�ŐƏĺƖƕ�|o�ƐĺƏƒő

�m|brv�1_o|b1v ƴƏĺƏƓ�ŐƏĺƐƐő 0.14 .711 ƏĺƖѵ�ŐƏĺƕѶ�|o�ƐĺƐƖő

�m|b7;ru;vv-m|v ƏĺƐƖ�ŐƏĺƐƐő ƑĺƖƖ ĺƏѶƓ ƐĺƑƐ�ŐƏĺƖѶ�|o�ƐĺƓƖő

Mood stabilizers 0.11 (0.25) ƏĺƐƖ ĺѵѵƏ ƐĺƐƑ�ŐƏĺѵѶ�|o�ƐĺѶƓő

�b|_b�l ƴƏĺƒƑ�ŐƏĺƑƔő 1.71 ĺƐƖƐ 0.73 (0.45 to 1.17)

�00u;�b-|bomvĹ��&	�$ķ��Ѵ1o_oѴ�&v;�	bvou7;uv��7;m|b=b1-|bom�$;v|ĸ����ķ�0o7��l-vv�bm7;�ĸ���ķ�1om=b7;m1;�bm|;u�-Ѵĸ�	&	�$ķ�	u�]�&v;�	bvou7;uv�
�7;m|b=b1-|bom�$;v|ĸ����"�]uo�r��b|_�_b]_;u�Ѵ;�;Ѵv�o=�-]]u;vvbom�v�lr|olvĸ����"ķ�]uo�r��b|_�lbmbl-Ѵ�Ѵ;�;Ѵ�o=�-]]u;vvbom�v�lr|olvĸ���"ķ�]uo�r�
�b|_�mo�-]]u;vvbom�v�lr|olvĸ��!ķ�o77v�u-|boĸ�"�ķ�v|-m7-u7�;uuouĸ�$�ķ�|o|-Ѵ�1_oѴ;v|;uoѴĺ
aDiagnosis variable: schizophrenia spectrum disorder versus bipolar spectrum disorder. 
p�ƽ�ĺƏƐƕ�bm�0oѴ7ĺ
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7b-]movbvķ�l;7b1-|bomķ� ���ķ� -m7� v�0v|-m1;� �v;ĺ� $_;v;� bvv�;v� -u;�
addressed in the current study by the large sample size and strin-
];m|� v|-|bv|b1-Ѵ� -rruo-1_ĺ��ou;o�;uķ� -� �-ub;|�� o=� -]]u;vvbom� o�|-
come measures are applied in the field. Findings linking low TC with 
aggressive behavior are based on studies that have operationalized 

registrations of aggressive behavior over a longer time period 
Ő�bѴѴ0u-m7� ;|� -Ѵĺķ� ƐƖƖƔĸ� ��=|b� ;|� -Ѵĺķ� ƐƖƖѶĸ� �--�oѴ-� ;|� -Ѵĺķ� ƑƏƏƑĸ�
!o-Ѵ7v;|�;|�-Ѵĺķ�ƑƏƐƐőķ��_;u;-v�v|�7b;v�|_-|�_-�;��v;7�u;]bv|u-|bomv�
-1t�bu;7�o�;u�-� v_ou|;u� |bl;�r;ubo7� Ő�r|;u�;|�-Ѵĺķ�ƐƖƖƖĸ���-m]�ş�
)�ķ�ƑƏƏƏĸ��-�oou�;|�-Ѵĺķ�ƑƏƐƕĸ�"|;bm;u|�;|�-Ѵĺķ�ƐƖƖƖő�7o�mo|�v_o��


 ��&!� �ƑՊScatterplot of cholesterol 
Ѵ;�;Ѵv�-m7�blr�Ѵvb�b|�Ĺ�Ő-ő�$�ķ�Ő0ő��	�Ŋ�ķ�Ő1ő�
�	�Ŋ�ĺ��lr�Ѵvb�b|��l;-v�u;7�0����"ŊƐƐ�
|o|-Ѵ�v1ou;�Ő�Ŋ-�bvőĺ��_oѴ;v|;uoѴ�Ѵ;�;Ѵv�bm�
lloѴņѴ�Ő�Ŋ-�bvőĺ��00u;�b-|bomvĹ���"ŊƐƐķ�
�-uu-||��lr�Ѵvb�;m;vv�"1-Ѵ;ĸ��	�Ŋ�ķ�_b]_Ŋ
7;mvb|��Ѵbroruo|;bm�1_oѴ;v|;uoѴĸ��	�Ŋ�ķ�
Ѵo�Ŋ7;mvb|��Ѵbroruo|;bm�1_oѴ;v|;uoѴĸ�$�ķ�
total cholesterol

(a)

(b)

(c)
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this link. This may suggest that trait properties of aggression impli-
cated in this link can be descriptive of antisocial personality traits 
rather than of acts of aggression itself. This is supported by find-
bm]v�=uol�1ublbm-Ѵ�v;||bm]v�Ő(buhh�m;mķ�ƐƖƕƖő�-m7�];m;u-Ѵ�ror�Ѵ--
|bom�Ő
u;;7l-m�;|�-Ѵĺķ�ƐƖƖƔőĺ�$�o�o�|1ol;�l;-v�u;v��b|_�7b==;u;m|�
ruor;u|b;v��;u;��v;7�|o�-vv;vv�-]]u;vvbomŊu;Ѵ-|;7�0;_-�bou�Ő�-u1b-Ŋ

ou;uoķ��-ѴѴ-u7oŊ��foѴķ��-�7;�Ŋ�Ѵb�-u;vķ�ş��m7u;vŊ��;�oķ� ƑƏƏƖő�
bm�o�u�v|�7��7;vb]mĺ��v�v�1_ķ�-]]u;vvbom�-m7�blr�Ѵvb�b|���;u;�-7-
7u;vv;7��vbm]�0o|_�v|-|;� Ő���""Ŋ��ő�-m7�|u-b|� Ő��"ŊƐƐő�l;-v�u;vķ�
;m1olr-vvbm]�0o|_�bm|;u�b;�;uŊu-|;7�-m7�t�;v|bomm-bu;Ŋ0-v;7�-r-
ruo-1_;v�|o�o�|1ol;�l;-v�u;�-1t�bvb|bomĺ

The main strengths of our study are representativeness of in-
r-|b;m|Ŋ� -m7� o�|r-|b;m|� v;||bm]vķ� |_ouo�]_� 1_-u-1|;ub�-|bom� o=� |_;�
v-lrѴ;ķ� Ѵ-u];� v-lrѴ;� vb�;ķ� -m7� |_�v� |_;� orrou|�mb|�� o=� -rrѴ�bm]� -�
stringent statistical approach. We controlled for potential confound-
bm]�=-1|ouv�v�1_�-v����ķ�l;7b1-|bomķ�-m7�v�0v|-m1;��v;ķ�-m7��;�-7-
justed for multiple comparisons. These are methodological aspects 
|-u];|bm]�|_;�h;��1_-ѴѴ;m];v�bm�|_;�=b;Ѵ7�v�1_�-v�;�|;um-Ѵ��-Ѵb7b|��-m7�
risk of false-positive findings.

The present study also has some noteworthy limitations. Despite 
-7f�v|l;m|v� =ou�-� 1olru;_;mvb�;� u-m];�o=��-ub-0Ѵ;vķ� u;vb7�-Ѵ� 1om-
=o�m7bm]�1-mmo|�0;� u�Ѵ;7�o�|ĺ��ou;o�;uķ�-v�-�1omv;t�;m1;�o=� |_;�
m-|�u-Ѵbv|b1� v|�7�� 7;vb]mķ� |_;� _b]_;v|� Ѵ;�;Ѵv� o=� -]]u;vvbom� �;u;�
v1-u1;Ѵ�� u;ru;v;m|;7� -lom]� |_;� v|�7�� r-u|b1br-m|vĺ� ��rѴou-|ou��

plots presented in the current study did not indicate nonlinear as-
vo1b-|bomv�0;|�;;m�1_oѴ;v|;uoѴ�-m7�-]]u;vvbom�ou�blr�Ѵvb�b|�ĸ�|_�vķ�
mo�1olru;_;mvb�;�bm�;v|b]-|bomv�|-u];|;7�-|�momѴbm;-ub|��Ő";7]�b1hķ�
+o�m]ķ�	-vķ�ş���l-ubķ�ƑƏƐѵő��;u;�1om7�1|;7ĺ

�v� o=� u;Ѵ;�-m1;� =ou� �(	� ubvh� l-m-];l;m|ķ� |_;� l;7b-m� -];�
o=�r-|b;m|v� bm�o�u�v-lrѴ;��-v�ƑƖ��;-uvķ��_b1_� bv�0;Ѵo��|_;� u;1-
ommended age of 40 years for initiation of systematic CVD risk 
;�-Ѵ�-|bom� -m7� 1omv;1�|b�;� v|-|bm� |_;u-r�� bmb|b-|bomĺ� �v� v�1_ķ�
o�u�v-lrѴ;��b|_�omѴ��Ɛѵ�v|-|bm��v;uv��-v�mo|�v�b|-0Ѵ;�|o�bm�;v|b-
gate specific associations between statin use and adverse men-
tal symptoms. Studies from psychiatric settings linking TC and 
aggression have been mainly conducted among statin nonusers 
Ő��=|b� ;|� -Ѵĺķ� ƐƖƖѶĸ� �--�oѴ-� ;|� -Ѵĺķ� ƑƏƏƑĸ� "�m;vom� ;|� -Ѵĺķ� ƑƏƐƖőĺ�
$_;u;� -u;� m;b|_;u� =bm7bm]v� =uol� "�	� ror�Ѵ-|bomv� Ő�;rrb;mķ�
��Ѵ1-_�ķ�	;lѴ;uķ� $ub]o0o==ķ� ş��rѴ;uķ� ƑƏƐѶő� mou� uo0�v|� =bm7bm]v�
=uol�|_;�];m;u-Ѵ�ror�Ѵ-|bom�Ő�oѴѴbmv�;|�-Ѵĺķ�ƑƏƐѵő�v�rrou|bm]�|_;�
1om1;r|�o=�-]]u;vvbom�-v�-�vb7;�;==;1|�o=�v|-|bm��v;ķ�bm7;r;m7;m|�
of cholesterol levels.

ƕՊ |Պ�����&"���

We found no associations between cholesterol levels and aggres-
sion or impulsivity in this representative large sample of patients 

$���� �ƓՊMultiple linear regression with impulsivity scores as dependent and TC as independent variable

B (SE) β p 95% CI for B

Total sample (N =�ƑѶѶő
TC ƴƏĺƏѵ�ŐƏĺƕƑő ƴƏĺƏƐ ĺƖƒƑ ƴƐĺƓѶ�|o�Ɛĺƒѵ

�]; ƴƏĺƐƔ�ŐƏĺƏƕő ƴƏĺƐƓ .025 ƴƏĺƑѶ�|o�ƴƏĺƏƑ

�;m7;u0ķ-Ք ƴƏĺƐƒ�ŐƐĺƒƐő ƴƏĺƏƐ ĺƖƑƓ ƴƑĺƕƏ�|o�ƑĺƓƔ

Diagnosis-ķ0Ք ƴƐĺƕƐ�ŐƐĺƒƒő ƴƏĺƏѶ .200 ƴƓĺƒƒ�|o�ƏĺƖƐ

Subsample (N =�ƑƔƖő
TC ƴƏĺƒƏ�ŐƏĺƕƔő ƴƏĺƏƒ ĺѵѶѶ ƴƐĺƕƖ�|o�ƐĺƐѶ

�]; ƴƏĺƐƐ�ŐƏĺƏƕő ƴƏĺƐƏ .132 ƴƏĺƑƔ�|o�ƏĺƏƒ

�;m7;u0ķ-Ք ƏĺƖƖ�ŐƐĺƒƓő 0.05 ĺƓѵƓ ƴƐĺѵѵ�|o�ƒĺѵƒ

Diagnosis-ķ0Ք ƴƑĺƑƏ�ŐƐĺƔƓő ƴƏĺƐƏ .154 ƴƔĺƑƓ�|o�ƏĺѶƒ

BMI 0.15 (0.14) 0.07 ĺƑѵƒ ƴƏĺƐƑ�|o�ƏĺƓƒ

Inpatient versus outpatient status0ķ1Ք ƴƐĺƖƓ�ŐƐĺѵƒő ƴƏĺƏѶ .234 ƴƔĺƐƔ�|o�ƐĺƑѵ

�&	�$ 0.22 (0.13) 0.12 ĺƏѶƒ ƴƏĺƏƒ�|o�ƏĺƓƕ

	&	�$ 0.41 (0.11) ƏĺƑѵ <.001 ƏĺƐƖ�|o�ƏĺѵƑ

�m|brv�1_o|b1v ƴƏĺƐƏ�ŐƏĺƕƏő ƴƏĺƏƐ ĺѶƖƒ ƴƐĺƓѶ�|o�ƐĺƑƖ

�m|b7;ru;vv-m|v ƐĺƖƖ�ŐƏĺƖƖő 0.12 .045 ƏĺƏƓ�|o�ƒĺƖƒ

Mood stabilizers ƴƐĺƒѶ�ŐƐĺѶƕő ƴƏĺƏƔ ĺƓѵƒ ƴƔĺƏѵ�|o�ƑĺƒƐ

�b|_b�l ƴƑĺѵƓ�ŐƑĺƏƒő ƴƏĺƏѶ ĺƐƖƔ ƴѵĺѵƓ�|o�Ɛĺƒѵ
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with schizophrenia- and bipolar spectrum disorders. This has clini-
cal implications as CVDs are among leading causes of substantially 
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Abstract:  

Background  

Impulsivity is a transdiagnostic feature linked to severe clinical expression and a potential target for 

psychopharmacological strategies. Biological underpinnings are largely unknown, but involvement of immune 

dysregulation has been indicated, and the effects of psychopharmacological agents vary. We investigated if 

impulsivity was associated with circulating immune marker levels and with a range of psychopharmacological 

treatment regimens in severe mental disorders.  

Methods 

Impulsivity was assessed in a sample (N=657) of patients with schizophrenia or schizophreniform disorder 

(SCZ) (N=116) or bipolar disorder (BD) (N=159) and healthy participants (N=382) using the Barratt 

Impulsiveness Scale (BIS-11) questionnaire. Plasma levels of systemic immune markers (RANTES, IL-1RA, 

IL-18, IL-18BP, sTNFR-1) were measured by enzyme immunoassays. Patients underwent thorough clinical 

assessment, including evaluation of psychotropic medication. Associations were assessed using linear 

regressions. 

Results 

Impulsivity was positively associated with SCZ (p<0.001) and BD (p<0.001) diagnosis and negatively 

associated with age (p<0.05), but not significantly associated with any of the circulating immune markers 

independently of diagnostic status. Among patients, impulsivity was negatively associated with lithium 

treatment (p=0.008) and positively associated with antidepressant treatment (p=0.006) after controlling for 

diagnosis and psychotropic co-medications.  

Conclusions  

We report elevated impulsivity across SCZ and BD but no associations to systemic immune dysregulation based 

on the current immune marker selection. The present study reveals associations between impulsivity in severe 

mental disorders and treatment with lithium and antidepressants, with opposite directions. Future studies are 

warranted to determine the causal directionality of the observed associations with psychopharmacotherapy. 

 

Keywords: Impulsiveness, Cytokines, Interleukin-1, Tumor necrosis factor, Chemokine CCL5, 

Psychopharmacology, Lithium, Antidepressants, Schizophrenia, Bipolar disorder 
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Main text: 

Background 

Schizophrenia and bipolar disorder are severe mental disorders with overlapping clinical presentations, 

environmental risk factors, and polygenic architectures (1, 2). The development of a severe mental disorder 

affects quality of life and functioning, although illness course varies substantially between individuals (3). 

Impulsivity can be conceptualized as a tendency to react without considering the consequences (4). Elevated 

impulsivity has been demonstrated in bipolar and schizophrenia spectrum disorders as well as in a range of other 

mental disorders such as attention-deficit hyperactivity disorder, borderline and antisocial personality disorders, 

and intermittent explosive disorder (5, 6, 7). Impulsivity has been linked to severe clinical expression, including 

suicidality, aggression, and early onset of the disorder (7, 8, 9). Thus, it has been proposed that patients across 

psychiatric diagnostic categories that express high impulsivity levels may benefit from preventive and 

therapeutic strategies targeting impulsivity (7, 8). However, the biological underpinnings of impulsivity are 

largely unknown, which imposes limitations to the development of optimized treatment and prevention of 

adverse outcomes. 

A growing body of evidence points to involvement of the immune system in mental health and illness. 

Clinical genome-wide association studies and transcriptome-wide approach in human brain tissue have 

suggested a role of immune pathways across severe mental disorders (10, 11). Furthermore, elevations of 

circulating inflammatory immune markers have been demonstrated in schizophrenia, bipolar, as well as major 

depressive disorder (12). Intriguingly, impulsivity and overlapping clinical phenomena such as agitation and 

aggression have been linked to disturbances in inflammatory pathways, both in the general population (13) and 

across mental disorders (14, 15, 16, 17, 18, 19). Specifically, the chemokine Regulated on activation normal T 

cell expressed and secreted (RANTES), interleukin (IL)-1 family, and tumor necrosis factor (TNF) pathways 

have been proposed as pathophysiological candidates of impulsivity based on studies among individuals with 

alcohol dependence (20) and suicidal behavior (21), as well as on rodent models (22). The IL-1 family signaling 

pathways include immune markers such as IL-1β, IL-1 receptor antagonist (IL-1RA), IL-18, and IL-18 binding 

protein (IL-18BP), while markers such as TNF and soluble TNF receptor 1 (sTNFR1) belong to the TNF 

superfamily. The IL-1 family and TNF signaling pathways are involved in the coordination of innate immune 

responses and have potent pro-inflammatory properties (23, 24). As ligands in these immune marker 

superfamilies circulate at levels just above the detection limit of commercially available assays, use of surrogate 

stable markers such as IL-1RA and sTNFR1 can be employed to reliably reflect the activity within IL-1 and 
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TNF systems (25, 26). Interestingly, the IL-1 family and TNF signaling pathways have been proposed to 

interplay with neurotransmission and neuronal excitability (27). Likewise, the inflammatory chemoattractant 

RANTES has been suggested to play a neuromodulatory role (28, 29). However, potential links between these 

immune pathways and impulsivity, with their possible impact on psychopathology in severe mental disorders, 

are yet to be determined.   

Impulse control impairments are often seen in the context of illness exacerbations such as psychotic or 

manic episodes, which can be treated with antipsychotics, anticonvulsants, and lithium (30, 31, 32). 

Intriguingly, animal models have shown impulsivity-lowering effect of lithium (33, 34), paralleled by anti-

inflammatory effects (i.e., decrease of RANTES and IL-1β levels in plasma and brain tissue) (22). However, 

reports that focus on links between psychopharmacological treatment and specifically defined measures of 

impulsivity in severe mental disorders are sparse (35, 36, 37). In particular, despite that adjunctive 

psychopharmacotherapy with antidepressants is broadly used in clinical practice across bipolar and 

schizophrenia spectrum disorders (38, 39), its relationship to impulsivity in severe mental disorders has not been 

assessed.  

The aim of the present study was to (1) investigate associations between impulsivity and plasma levels 

of immune markers in a large cross-sectional sample of individuals with and without severe mental disorder and 

(2) explore links between impulsivity and psychopharmacological treatment in a naturalistic setting. We 

hypothesized that plasma levels of RANTES, IL-1RA, IL-18, IL-18BP, and sTNFR1 would be positively 

associated with impulsivity across the diagnostic categories. Further, we hypothesized that antipsychotic, 

anticonvulsant, and lithium treatment would be negatively associated with impulsivity. Given the sparsity of 

evidence regarding the relationship between antidepressants and impulsivity in severe mental disorders, the 

corresponding part of our study was explorative.  

Methods 

Study design and participants 

The present study is a cross-sectional investigation of impulsivity in a sample (N=657) of participants 

recruited between the years 2011 and 2018 through the ongoing Thematically Organized Psychosis (TOP) study 

at the NORMENT research center, Oslo, Norway. The TOP study enrolls patients with severe mental disorders 

referred from psychiatric inpatient and outpatient clinics and age- and catchment area matched healthy controls 

randomly selected from the national population registry. In the patient group (N=275), the main inclusion 

criterion was a schizophrenia or schizophreniform disorder diagnosis (SCZ) or a bipolar disorder diagnosis (BD) 
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assigned according to the Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-IV) (40). 

Further inclusion criteria were age between 18 and 65 years and the ability to give informed consent. The 

exclusion criteria consisted of pronounced cognitive deficit (IQ scores below 70), history of severe head trauma, 

neurological disorder, immunological condition, current infection (indicated by medical records, self-report, 

medication use, or C-reactive protein (CRP) level above 10 mg/L), and use of any immunomodulatory agents. 

In the healthy participant group (N=382), the presence or history of a severe mental disorder among the 

participants or their first-degree relatives constituted an additional exclusion criterion.  

Clinical assessment  

Participants in the patient group underwent general physical examination, review of medical records, 

and clinical interviews, including the Structured Clinical Interview for DSM-IV axis I disorders (SCID-I) (41). 

The assessments resulted in assigning one of the following diagnoses; SCZ (N=116): schizophrenia (DSM-IV 

295.1, 295.3, 295.6, 295.9, N=103), schizophreniform disorder (DSM-IV 295.4, N=13) or BD (N=159): bipolar 

I (DSM-IV 296.0, 296.4, 296.5, 296.6, 296.7, N=90), bipolar II (DSM-IV 296.89, N=59), bipolar not otherwise 

specified (DSM-IV 296.80, N=10). Symptom load was evaluated with the Positive and Negative Syndrome 

Scale (PANSS) (42), the Young Mania Rating Scale (YMRS) (43), and the Calgary Depression Scale for 

Schizophrenia (CDSS) (44). The level of functioning was measured according to the Global Assessment of 

Functioning Split Version (GAF-F) (45). In addition to a comprehensive review of somatic and psychiatric 

history, healthy participants were assessed using the Primary Care Evaluation of Mental Disorders (46).   

Impulsivity scores 

Impulsivity was measured using the Barratt Impulsiveness Scale (BIS-11) questionnaire (47). The BIS-

11 is commonly used to assess behavioral and personality constructs of impulsivity across general- and patient 

populations (48). The BIS-11 consists of 30 items, which are self-evaluated on a 4-point Likert scale. The total 

score ranges from 30 to 120, with higher scores reflecting higher levels of impulsivity. Internal consistency of 

the total score has been reported as acceptable (4, 47, 48, 49, 50).  

Psychotropic medication 

All patients were interviewed about their current pharmacological treatment, and medical records were 

used to validate the information. The psychopharmacological agents were sorted into the following groups: 

antipsychotics (olanzapine, risperidone, paliperidone, amisulpride, aripiprazole, clozapine, quetiapine, 

zuclopenthixol, perphenazine, ziprasidone, chlorprothixene, levomepromazine), anticonvulsants (valproate, 

lamotrigine, carbamazepine), lithium, and antidepressants (escitalopram, fluoxetine, sertraline, paroxetine, 
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venlafaxine, mirtazapine, mianserin, bupropion). The current dose relative to the defined daily dose (DDD) was 

calculated for the antipsychotics, anticonvulsants, lithium, and antidepressants, according to the guidelines from 

the World Health Organization Collaborating Center for Drug Statistics Methodology 

(https://www.whocc.no/atc_ddd_index/).  

Immune markers 

Blood samples were collected using venipuncture and EDTA vials. Plasma was isolated the next 

working day and stored at -80 °C in the biobank. Plasma concentrations of immune markers were measured 

with enzyme-linked immunosorbent assay (ELISA) methods, using IL-1RA antibodies (Cat#900K474) from 

PeproTech (Cranbury, NJ, USA) and IL-18 (Cat#DY318-05), IL-18BP (Cat#DY119), sTNFR1 (Cat#DY225), 

and RANTES antibodies (Cat#DY278) from R&D Systems (Stillwater, MN, USA). RANTES, IL-18 and IL-

18BP were analyzed in 2018, while IL-1RA and sTNFR1 were analyzed in a subsample of participants (N=240) 

in 2013. All analyses were conducted in duplicate in a 384-well format, using a pipetting robot (SELMA, 

Analytik Jena, Jena, Germany) and a washer dispenser (BioTek, Winooski, VT, USA). Absorption was read by 

ELISA plate reader (BioTek, Winooski, VT, USA) at 450 nm with 540 nm wavelength correction. The assay 

sensitivities were: 20 pg/mL for RANTES, 25 pg/mL for IL-1RA, 22 pg/mL for IL-18, 25 pg/mL for IL-18BP, 

and 20 pg/mL for sTNFR1. In 10 samples (1.5 %), levels of RANTES were under the detection limit and were 

set to 20 pg/mL, while level of IL1-RA was under the detection limit in 1 sample (0.4 %) and thus set to 25 

pg/mL. Intra- and inter-assay coefficients of variation were below 10 % for all analyses. To ensure compliance 

with the exclusion criteria, samples were screened for serum CRP levels above 10 mg/L, using particle-

enhanced immunoturbidimetric methods from Roche Diagnostics (Indianapolis, IN, USA) at the Department of 

Medical Biochemistry, Oslo University Hospital, Oslo, Norway.  

Statistical analyses  

Data were analyzed using the R software package version 4.2.1 (www.R-project.org). Differences in 

Descriptive characteristics were compared across diagnostic categories using Wilcoxon rank-sum tests, Kruskal-

Wallis tests with post hoc pair-wise comparisons, or chi-squared tests. Before further analyses, the BIS-11 total 

scores (measure of impulsivity) were successfully log-transformed to attain normality. Following inspection of 

the immune marker distributions, extreme values exceeding the first or third quantile by three interquartile 

ranges or more were removed prior to entry into analyses (1.4% of RANTES, 3.8% of IL-1RA, 0.5% of IL-18, 

1.7% of IL-18BP, and 0.4% of sTNFR1). Linear regressions with one immune marker at a time as the 

independent variable and impulsivity as the dependent variable were employed, while controlling for sex, age, 
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and diagnosis (healthy individuals, SCZ, and BD coded as dummy variables). Next, associations between 

psychopharmacological treatment and impulsivity were investigated in the patient group. We ran a linear 

regression with DDD of antipsychotics, anticonvulsants, lithium, and antidepressants as independent variables 

and impulsivity as the dependent variable, while controlling for sex, age and diagnosis (SCZ versus BD). 

Influence of the current affective state (YMRS and CDSS scores) was assessed in follow-up analyses. 

Standardized residuals, variance inflation factors, and Cook’s distances were inspected to ensure no violation of 

the model assumptions. All analyses were two-tailed, with a general significance level at 0.05. Based on 

Bonferroni correction for multiple testing, significance level was set at 0.01 (0.05/5) for the immune marker 

analyses and at 0.0125 (0.05/4) for the analyses of psychopharmacotherapy.  

Results 

Descriptive characteristics 

The median of the BIS-11 total score was 66 in the SCZ group, 68 in the BD group, and 58 in the 

healthy participant group. The BIS-11 total scores were higher in both the SCZ (p<0.001) and the BD (p<0.001) 

group, compared to the healthy participants, while there were no significant differences in the BIS-11 total 

scores between the patient groups (p=0.09) (Figure 1). Patients in the BD group were more often female and had 

a higher level of functioning, more depressive symptoms, and lower total PANSS scores than patients in the 

SCZ group. Compared to patients in the SCZ group, patients in the BD group also less often used antipsychotics 

and more often used anticonvulsants and lithium. Descriptive characteristics are presented in more detail in 

Table 1 and Table S1. 
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Fig. 1 Impulsivity across individuals with severe mental disorders and healthy individuals 
 

 
BD bipolar disorder; SCZ, schizophrenia or schizophreniform disorder; HC, healthy participant group. 
Impulsivity displayed as total scores on Barratt Impulsiveness Scale 11.  
 
 
Table 1 Demographic and clinical characteristics 
 

 SCZ BD HC Group differencesa 

Total N=657 N=116 N=159 N=382  
N (%)     
Male 78 (67) 63 (40) 221 (58) SCZ, HC > BD 
Antipsychotics 104 (90) 72 (45) NA SCZ > BD 
Anticonvulsants 9 (8) 43 (27) NA BD > SCZ 
Lithium 5 (4) 27 (17) NA BD > SCZ 
Antidepressants 21 (18) 35 (22) NA NS 
Median (IQR)     
Age 28 (14) 30 (17) 31 (13) NS 
BIS-11 total score 66 (15) 68 (16) 58 (10) SCZ, BD > HC 
PANSS total score 62 (18) 42 (11) NA SCZ > BD 
CDSS 3 (5) 4 (7) NA BD > SCZ 
YMRS 2 (4) 2 (4) NA NS 
GAF-F 42 (16) 60 (19) NA BD > SCZ 

SCZ, schizophrenia or schizophreniform disorder; BD bipolar disorder; HC, healthy participant group.  
BIS-11, Barratt Impulsiveness scale; CDSS, Calgary Depression Scale for Schizophrenia; GAF-F, Global Assessment of 
Functioning; PANSS, Positive and Negative Syndrome Scale; YMRS, Young Mania Rating Scale.  
NA, not applicable; NS, nonsignificant; IQR, interquartile range.  
ap < 0.05; based on chi-squared-, Wilcoxon rank-sum-, or Kruskal-Wallis tests with post hoc pair-wise comparisons. 
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Associations between impulsivity and the immune markers 

In the full model, impulsivity was positively associated with SCZ (p<0.001) and BD (p<0.001) diagnosis and 

negatively associated with age (p<0.05), while there was no significant association with sex. As shown in Table 

2, there were no significant associations between the immune markers and impulsivity independent of 

diagnostic status. Visualization of the relationships between the immune markers and impulsivity is presented in 

Figure 2.  

 

Table 2 Linear regressions of associations between circulating immune markers and impulsivity* 

 

 
Coefficient estimate 
(95% CI) 

Standardized  
coefficient β 

t 
 

p  

RANTES -0.07 (-0.25 to 0.12) -0.03 -0.74 0.46 
IL-1RA 0.07 (-0.04 to 0.18) 0.07 1.21 0.23 
IL-18 0.01 (-0.004 to 0.01) 0.04 1.13 0.26 
IL-18BP 0.001 (-0.01 to 0.01) 0.01 0.18 0.85 
sTNFR1 -0.001 (-0.03 to 0.02) -0.01 -0.12 0.91 

CI, confidence interval  
RANTES, Regulated on activation normal T cell expressed and secreted; IL-1RA, Interleukin-1 receptor antagonist; IL-18, 
Interleukin-18; IL-18BP, Interleukin-18 binding protein; sTNFR1, Soluble tumor necrosis factor receptor 1. 
*Also controlled for sex, age, and diagnosis.  
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Fig. 2 Associations between circulating immune marker levels and impulsivity 
 
 

 

 
 

 
X axis: Plasma level of the immune marker (ng/mL). Y axis: Barratt Impulsiveness scale 11, total score. 
RANTES, Regulated on activation normal T cell expressed and secreted ; IL-1RA, Interleukin-1 receptor antagonist; IL-18, 
Interleukin-18; IL-18BP, Interleukin-18 binding protein; sTNFR1, Soluble tumor necrosis factor receptor 1.  
SCZ, schizophrenia or schizophreniform disorder; BD bipolar disorder; HC, healthy participant group.  
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Associations between impulsivity and psychopharmacological treatment 

Among the patients, impulsivity was negatively associated with DDD of lithium (β=-0.16, t=-2.68, 

p=0.008) and positively associated with DDD of antidepressants (β=0.16, t=2.78, p=0.006) after controlling for 

sex, age, diagnosis, and other psychotropic medications (Table 3). There were no significant associations 

between impulsivity and DDD of antipsychotics (β=0.03, t=0.49, p=0.63) or anticonvulsants (β=-0.11, t=-1.80, 

p=0.07). Controlling for the current affective state (YMRS and CDSS scores) did not influence the significant 

associations between impulsivity and lithium (β=-0.19, t=-3.00, p=0.003) or antidepressants (β=0.16, t=2.58, 

p=0.011) (Table S2). 

 

Table 3 Linear regression model of associations between psychopharmacotherapy and impulsivity among 
patients with severe mental disorders 
 

 
Coefficient estimate 
(95% CI) 

Standardized  
coefficient β 

t 
 

p  R2 

     0.08 

Diagnosisa -0.06 (-0.11 to -0.01) -0.17 -2.39 0.02  

Sexb 0.01 (-0.03 to 0.05) 0.02 0.33 0.75  

Age -0.002 (-0.004 to -0.0001) -0.12 -2.03 0.04  

Antipsychotics, DDD 0.01 (-0.02 to 0.03) 0.03 0.49 0.63  

Anticonvulsants, DDD -0.05 (-0.10 to 0.004) -0.11 -1.80 0.07  

Lithium, DDD -0.08 (-0.13 to -0.02) -0.16 -2.68 0.008  

Antidepressants, DDD 0.04 (0.01 to 0.06) 0.16 2.78 0.006  
CI, confidence interval, DDD, defined daily dose. 
aBipolar disorder coded as 0, Schizophrenia and schizophreniform disorder coded as 1 
bFemale coded as 0, Male coded as 1 
 

Discussion  

We investigated links between impulsivity and circulating immune markers within putative 

pathophysiological pathways, and we examined associations between impulsivity and psychopharmacotherapy 

in severe mental disorders. The main findings were (1) no significant associations between circulating levels of 

RANTES, TNF, or IL-1 family immune markers and impulsivity, (2) a negative association between impulsivity 

and lithium treatment, and a positive association between impulsivity and antidepressant treatment.  

We found a negative association between lithium treatment and impulsivity, which is in line with 

reported impulsivity-reducing properties of lithium in rodent models (22, 34). While the exact molecular 

mechanisms that may underlie lithium effects are not fully understood, inhibition of glycogen synthase kinase-3 

as well as of inositol monophosphatase and subsequent interplay with cellular signaling and neurotransmission 
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have been identified as the main candidates (51, 52, 53, 54). Impulsivity-reducing properties of lithium 

treatment have also been described among patients with bipolar disorder in the context of manic episodes (37) 

or comorbid pathological gambling (36). Moreover, impaired impulse control has been indicated as one of the 

major factors in suicidality (55), and lithium has shown protective effects on suicide risk in mood disorders (56, 

57, 58). On the other hand, a link between clinical characteristics and the lithium prescription practice (59) may 

also underlie the observed association between impulsivity and lithium treatment. 

 We found a positive association between antidepressant treatment and impulsivity. This association 

might reflect a causal effect of antidepressants on impulsivity or a more intensive antidepressant prescription 

practice in impulsive patient populations. Indeed, clinical characteristics have been suggested to affect the 

antidepressant prescription practice, with deflections from the standard first-line treatment of major depressive 

disorder in more severely ill patient populations at higher suicide risk (60). A large register-based observational 

study has shown an increased risk of suicide attempt repetition in individuals prescribed antidepressants, which 

was not apparent after accounting for the baseline risk of suicide attempt repetition (61). However, meta-

analyses of randomized controlled trials of antidepressants have indicated an increase in suicidality among 

adolescents (62) and young adults (63), while no significant increase was detected across the adult population 

(63). Interestingly, it has been proposed that impulsivity may be particularly related to suicide risk among 

younger adults (64). Importantly, antidepressants typically target serotonergic signaling, but the effects beyond 

reduction of depressive symptoms (65) and exact mechanisms of action remain elusive and likely complex (66, 

67).  

There were no significant associations between anticonvulsant or antipsychotic treatment and 

impulsivity. This is in line with impulsivity reductions in rodents exposed to lithium but not in those exposed to 

anticonvulsants such as valproate or carbamazepine (33, 34). However, clinical studies have previously 

indicated an inverse relationship between impulsivity and treatment with valproate (37) as well as antipsychotics 

(35). These inconsistencies might reflect differences in the conceptualization of impulsivity, distinct 

characteristics of the patient populations, or pharmacological heterogeneity within the medication groups (68).  

We tested the hypothesized associations between immune signaling and impulsivity across a broad 

spectrum of impulsivity levels, including impulsivity variance among healthy participants. While the current 

study captured elevated impulsivity across BD and SCZ disorders, no significant associations to the immune 

marker levels independent of diagnostic status were detected. This result is in contrast to earlier findings of  

links between the plasma level of the chemokine RANTES and impulsivity in individuals with alcohol 
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dependence (20) and changes in impulsivity in rodents (22). The rodent model of impulsivity has also shown 

parallel reductions in plasma IL-1β and impulsivity (22), but we found no corresponding associations between 

systemic signaling within IL-1 family, as reflected by IL-1RA, and impulsivity in the present study. Moreover, 

circulating levels of sTNFR1 were not significantly associated with impulsivity, in contrast to previous findings 

of a positive association between circulating TNF mRNA levels and impulsivity among individuals with 

suicidal behavior (21). These disparities may indicate a relationship specific to certain populations, 

characterized by high substance use, suicide risk, or other distinct clinical features. Since some key immune 

markers such as IL-1β or TNF often circulate at levels just above the detection limit of commercially available 

assays and have relatively short biological half-life, we assessed the activity of IL-1 and TNF systems by using 

robust markers that are known to reflect the activity of these systems (i.e., sTNFR1, IL-1RA, IL-18, and IL-

18BP) (25, 26). However, the observed discrepancy may also be due to disparate sources (e.g., leukocytes, 

activated vascular endothelium, or fibroblasts) and expression patterns of these immune markers.  

One of the strengths of the present study is a large well-characterized sample, which facilitated well-

powered analyses of impulsivity levels across diagnostic categories and enabled the focus on associations with 

psychopharmacological treatment. Moreover, with a hypothesis-driven approach, we investigated candidate 

immune markers that have emerged across the clinical and experimental research fields. The current study 

should, however, be interpreted in light of its limitations. The cross-sectional observational design prevents 

inferences about causal directions, and the effects of confounding factors cannot be ruled out. We only studied 

one single measure of impulsivity (i.e., the total score of the BIS-11), which may not fully reflect the 

multifaceted construct of impulsivity (7). Furthermore, we used the prescribed dose of psychotropic medication 

as a proxy of the exposure to the psychotropic agent and thus were not able to account for possible 

pharmacokinetic influences or treatment non-compliance.  

Conclusions  

We show elevated impulsivity across BD and SCZ disorders but no significant associations between impulsivity 

and circulating immune markers within TNF and IL-1 superfamilies or RANTES. Interestingly, we found a 

significant negative relationship between impulsivity and lithium and a positive association with antidepressant 

treatment. Future investigations in clinical settings are warranted to determine the causal mechanisms of the 

observed associations between lithium and antidepressants and impulsivity.  
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BD: bipolar disorder diagnosis 

BIS-11: Barratt Impulsiveness Scale 

CDSS: Calgary Depression Scale for Schizophrenia 

CRP: C-reactive protein 

DDD: defined daily dose 

DSM-IV: Diagnostic and Statistical Manual of Mental Disorders Fourth Edition 

ELISA: enzyme-linked immunosorbent assay 

GAF-F: Global Assessment of Functioning Split Version 

IL: Interleukin 

IL-1RA: Interleukin-1 receptor antagonist 

IL-18BP: IL-18 binding protein 

PANSS: Positive and Negative Syndrome Scale 

RANTES: Regulated on activation normal T cell expressed and secreted 

SCID-I: Structured Clinical Interview for DSM-IV axis I disorders 

SCZ: schizophrenia or schizophreniform disorder diagnosis 

sTNFR1: soluble TNF receptor 1 

TNF: Tumor necrosis factor 

TOP: Thematically Organized Psychosis 

YMRS: Young Mania Rating Scale 
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