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Abstract

Syk, M. 2021. Immunometabolic patterns in psychiatric disease. Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of Medicine 1793. 74 pp. Uppsala: Acta
Universitatis Upsaliensis. ISBN 978-91-513-1351-1.

Many forms of immune system dysregulation are linked to psychiatric disorders. This thesis
examines specific types of immune dysregulation in broad cohorts with psychiatric disease. The
first section focuses on adipokines and other immunometabolic biomarkers and their interaction
with state vs. trait symptoms. Direct-acting autoantibodies are an increasingly recognized
mechanism for causing psychosis and obsessive-compulsive disorder, but it is unclear how
prevalent this patient group is. To identify which patients to investigate more extensively,
superior methods are needed. Therefore, the second section addresses the value of clinical red
flags in predicting elevated central nervous system (CNS) damage biomarkers and other CNS
pathology.

In paper I-III, a psychiatric cohort of young adults was examined for plasma
immunometabolic biomarkers, depressive symptom severity, bulimia nervosa and neurotic
traits. Psychiatric diagnoses were based on diagnostic interviews while depressive symptom
severity was assessed with the self-rating version of the Montgomery-Asberg Depression Rating
Scale. Personality traits were evaluated using the Swedish universities Scales of Personality.
Young adults with higher leptin levels self-reported more severe depressive symptoms (paper
I) and leptin levels were independently linked to neuroticism (paper III). Neuroticism was also
linked to other immunometabolic alterations. Women with bulimia nervosa had elevated plasma
adiponectin levels that remained stable over time (paper II), suggesting long-term metabolic
changes.

In paper IV, a psychiatric patient cohort enriched for clinical signs of suspected autoimmune
psychiatric disease was investigated for psychiatric symptoms, neurological findings and signs
of CNS pathology in radiological, neurophysiological, blood and CSF analyses. In this cohort,
27% had CSF signs of CNS tissue damage and 21% had CSF signs of neuroinflammation or
blood-brain barrier dysfunction. Six percent had known anti-neuronal autoantibodies in serum
and 2% in CSF. CNS damage biomarkers in CSF were also linked to red flags and specific
psychiatric features.

In summary, the thesis confirms different patterns of immunometabolic biomarkers and
associations with trait and state symptoms in a psychiatric patient cohort that may have
important implications for the future health of young adults with psychiatric morbidity. The final
study supports clinical red flags in previous guidelines, indicating that a more comprehensive
inclusion of patients with diverse psychiatric symptoms (not restricted to purely psychosis)
is necessary to find all psychiatric patients requiring further investigation for immune system
involvement.
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“Sometimes, the answers we need don’t match the questions we’re asking.”
— Brandon Sanderson, Skyward
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Introduction

Contemplating psychiatric disease

“What is psychiatric disease?” This is a simple yet important question without
a straightforward answer. As is implied in the name (psyche; soul/mind/spirit),
psychiatric disorders are commonly defined as disorders of the mind.
However, this statement immediately invokes the follow-up question: what is
the mind? And is the mind really a separate entity unconnected to the physical
body? Historically, there has been disagreement in psychiatry on whether
psychiatric disorders should be characterized as disorders of the mind or the
brain. However, another common viewpoint is that they are actually both —
disorders of the mind and the brain (1).

One definition of the mind is the part of intellect and consciousness that we
experience as thoughts, cognitive processes, perception, memory, emaotion,
will and imagination (2). Because these complex functions could be
considered vital aspects of our very beings, as well as fundamental for our
ability to interact and adapt to the world, it makes sense that dysfunction of
mental processes can result in severe suffering and impairment. In fact,
psychiatric disease is one of the most common causes for years lived with
disability. Moreover, it contributes significantly to premature morbidity and
mortality (3).

From a neuroscientific perspective, it is difficult to explain mental
processes apart from neural processes. Therefore the mind is often regarded
as an epiphenomenon arising from the complex signaling and organization of
the central nervous system (CNS) (1). Neuroscientific evidence shows that
alterations to the CNS can influence a person’s mental state (2). For example,
it is well known that traumatic and neurodegenerative damage to the CNS can
have far-reaching effects on our mental processes: from how we think and feel
to how we perceive and interact with the world. Similarly, psychotropic
substances (e.g., antipsychotic medication or psychedelic drugs) can alleviate
and cause psychiatric symptoms (e.g., hallucinations). Conversely, primarily
mental experiences such as exposure to psychologically traumatic events can
alter neural circuits in the brain (1).

Despite the many scientific advancements, the causes of psychiatric
disorders remain largely unknown. In more developed areas of medicine,
objective tests are used to identify the cause of a specific disease state (3). In
contrast, our current lack of insight into the etiology and pathophysiology of
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psychiatric disease and the lack of biomarkers, means that psychiatric
disorders remain syndrome diagnoses based on a collection of symptoms (3).
This lack of knowledge leads to a catch 22 situation for psychiatric research
in the sense that we need accurate and specific diagnostic criteria to find
precise biomarkers/tests and precise biomarkers/tests to establish accurate and
specific diagnostic criteria. So, at which end do we begin? With the biological
correlate or the psychopathology?

Either way, the complexity of psychiatric disease makes psychiatric
research both daunting and inspiring. Still, we must continue to face its
challenges to find better treatment options and preventive measures for
psychiatric disorders.

Homeostasis

For our body to remain healthy and functional, its internal environment needs
to be kept in balance. That is to say, the conditions inside the body (e.g., our
temperature or blood sugar levels) need to be kept relatively stable around a
physiologically optimal set-point. The active maintenance of this stability is
called homeostasis.

Like a pendulum, the internal conditions of our body can be temporarily
moved away from their optimal set-point as an adaptive response to
environmental disturbances. However, the system should then be capable of
resetting, or we risk illness or death. For example, our blood pressure should
increase in response to acute stress to improve our capacity to fight or escape
danger. However, when the threat is over, blood pressure should return to
normal physiological levels, or it may cause damage to the body.

Because of its importance for survival, homeostasis is tightly controlled by
regulatory mechanisms such as negative feedback loops. For example, high
blood sugar levels will trigger the pancreas to release insulin into the blood.
Insulin will make the cells take up more sugar from the blood, decreasing
blood sugar levels until they return to normal.

If the regulatory mechanisms fail or become too strong, homeostasis cannot
be maintained. For example, in individuals with type 2 diabetes mellitus
(T2DM), the cells become less responsive to insulin, subsequently allowing
blood sugar levels to continue rising instead of returning to normal. In
contrast, too much insulin will cause dangerously low blood sugar levels
(hypoglycemia). Typically, too little or too much of an internal variable (e.g.,
blood sugar levels) can damage the body if maintained over time. This thesis
will focus on the imbalance in inflammatory and metabolic homeostasis as it
pertains to psychiatric disease.
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Inflammation

Inflammation is a defensive mechanism that can be defined as the body’s
immune response to various stimuli (e.g., pathogens or tissue damage). The
primary purpose of inflammation is to protect the body from internal and
external threats such as invading pathogens and injury. The immune system
has a broad spectrum of functions, including localizing and eliminating the
threat, removing the damaged debris and mediating tissue repair.

Inflammation is orchestrated and regulated by cytokines and chemokines.
Cytokines are soluble messenger molecules involved in cell-to-cell
communication, usually connected to the immune response. Cytokines bind
to receptors on the membranes of target cells, triggering signaling pathways
that subsequently change key enzyme activity and gene expression. The
release of these soluble messenger molecules creates gradients that guide cell
navigation. The temporal production of different molecules in combination
also induces shifts in cell phenotypes and functions. Inflammation involves a
cascade of cytokine signaling that leads to the activation of innate and adaptive
immune cells as well as changes to the endothelial cells lining the interior
surface of blood vessels. This cytokine signaling enables the rapid recruitment
of activated immune cells to the invaded or damaged area.

The inflammatory response is normally brief and resolves after the danger
has been averted. However, when the mechanisms regulating the
inflammatory response are defective, or its ability to clear the damaged tissue
or foreign materials is impaired, the inflammatory response can be prolonged
and cause damage to cells and tissue. An inflammatory response lasting for a
prolonged period, sometimes months or years, is usually referred to as chronic
inflammation. Chronic inflammation is typically characterized by
continuously elevated levels of pro-inflammatory cytokines that can damage
the body.

Autoimmunity

Sometimes the immune system mounts a defensive response against the
organism itself and its healthy tissues or cellular components. This is referred
to as autoimmunity. Typically, autoimmunity is an adaptive immune response
involving self-reactive T cells and autoantibodies (made by B cells) that target
normal elements of an organism (autoantigens). The autoimmune response
can range from the manifestation of low levels of circulating autoantibodies
without clinical consequences to pathogenic autoimmunity, where the
immune system attacks the organism in a way that causes disease.
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Immunometabolic interactions

Metabolism provides the body with essential building blocks (proteins, lipids,
carbohydrates etc.) and the energy required to run cellular processes. In turn,
the immune system defends our bodies against tissue damage and pathogen
invasion (4). Considering their essential functions, it is not surprising that
various immune and metabolic response pathways and their interactions have
been evolutionarily conserved (4).

Overall, the key regulators of immune and metabolic functions in mammals
have evolved from shared ancestral structures (4). It has likely been a potent
evolutionary advantage to have a strong defence against pathogens, which in
turn requires access to energy reserves. As a consequence, immune response
and metabolic regulation are highly integrated (4).

White adipose tissue (WAT) is a central site for crosstalk between the
immune and metabolic response systems (5). In addition to its role in energy
storage and mobilization, WAT is an endocrine and immunological organ that
contains various cell types, including resident immune cells (5). White
adipocytes produce a large number of adipocyte-specific signaling molecules
(adipokines), including but not limited to leptin and adiponectin (5).
Adipokines regulate metabolic homeostasis by autocrine and paracrine
signaling in the adipose tissue and endocrine signaling with distal organs (e.g.,
the brain, the liver and skeletal muscle) (5). Many adipokines also have
immunoregulatory effects (5).

Integration of the immune and metabolic signaling transpires at various
levels, including gene expression, the organelles, the receptors and the kinase
pathways (4). In general, many metabolic and immune signaling molecules
have both immune and metabolic responses (4).

As an example of the integration between immune and metabolic signaling,
pattern recognition receptors (PRRs) are expressed in both innate immune
cells and metabolic cells such as hepatocytes and adipocytes (6). PRRs are
essential for the function of the innate immune system as they detect
pathogens and endogenous stress signals (6). When activated, the PRRs
promote local and systemic inflammation as well as insulin resistance (6). In
line with this, septic shock is associated with severe insulin resistance (6).

Another example of immunometabolic interactions is the NLR family pyrin
domain containing 3 (NLRP3) inflammasome (6). The NLRP3 inflammasome
can be activated by pathogen components as well as metabolic stressors. When
activated, the inflammasome cleaves pro-IL-1f and pro-1L-18 into their
bioactive forms, which initiates an inflammatory response. In addition to its
pro-inflammatory effects, bioactive IL-1f contributes to insulin resistance (6).

Recent studies further indicate a link between obesity and alterations to the
adaptive immune system. For example, a positive association between
regulatory T cells and insulin sensitivity is described in rodent obesity models.
Obese mice and humans also have an influx of CD4+ and CD8+ T cells in the
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adipose tissue (4). Obesity is also associated with abnormal B lymphocyte
function and the production of pathological immunoglobulins and
autoantibodies (4, 7, 8). In line with these findings, epidemiological studies
indicate obesity is a risk factor for autoimmune disease (7, 9).

Overall, dysfunctional cooperation between the immune and metabolic
systems can lead to chronic inflammation and metabolic dysregulation (e.g.,
insulin resistance), which can, in turn, contribute to the development of
metabolic disorders (e.g., obesity, T2DM) and cardiovascular disease (4).

Neuro-immune communication

Immune cells regulate the microenvironment homeostasis of the CNS, which
is essential for its functionality. Dysregulation of the microenvironment
homeostasis can impact aspects often affected in individuals with psychiatric
disorders, such as mood, stress responses, cognitive function and behavior
(10).

Under physiological conditions, immune cells in the CNS are mainly innate
immune cells (e.g., microglia and other tissue-specific macrophages).
However, peripheral adaptive and innate immune cells enter the CNS when
the blood-brain barrier (BBB) is impaired (10).

Progenitors of microglia migrate to the CNS during perinatal development
before the creation of the BBB (11). In the CNS, microglia function as the
brain’s constant gardeners. They survey the CNS for damage and danger
signals, remove redundant and dead neurons, axons and synapses and
eliminate pathogens and other targets that may endanger the CNS (11). In line
with this, a growing body of evidence suggests that microglia play an
important role in neurodevelopment, neurogenesis, synaptic plasticity,
maintenance of neuronal networks and injury repair (11). Microglia are also
central mediators of neuroinflammation (11).

Recent findings indicate a bilateral communication between the peripheral
immune system and the peripheral nervous system. Immune cells release
substances with neurotransmitter or neuromodulator functions and neurons
express cytokine receptors and PRRs, enabling pathogens and active immune
cells to trigger or alter afferent neural signaling. In turn, efferent neural
activity influences the immune response. For example, vagus nerve
stimulation suppresses circulating tumor necrosis factor (TNF) levels (12).
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The immune system, the brain and the mind— partners in
crime in psychiatric disease?

An increasing body of evidence indicates a link between the immune system,
especially chronic inflammation and autoimmunity, and major psychiatric
disorders, including major depressive disorder (MDD), schizophrenia and
obsessive-compulsive disorder (OCD) (13, 14).

It has long been acknowledged that psychiatric manifestations can
accompany infections (15). These observations are supported by
contemporary epidemiological studies showing an increased risk of
psychiatric disorders after infections (16). Further linking the immune system
with psychiatric disease, comorbid autoimmune disorders are overrepresented
in patients with psychiatric disorders (17-19). Elevated levels of pro-
inflammatory cytokines and acute phase reactants are also observed in patients
with various psychiatric disorders, including acute psychosis, depression and
OCD (13, 14, 20). Schizophrenia is also associated with genes involved in the
adaptive immune system and the major histocompatibility complex (MHC)
(13).

Autoimmune encephalitis, a neuroinflammatory condition secondary to
autoantibodies targeting antigens in the CNS, can also present with cognitive
and psychiatric symptoms in addition to the more classical neurological
symptoms (21). Several case studies suggest that milder forms of autoimmune
encephalitis may present with mainly or exclusively psychiatric symptoms
(22, 23). These observations have led to concern that patients with
autoimmune encephalitis with mainly psychiatric manifestations may
sometimes be misdiagnosed with a primary psychiatric disease (24), affecting
prognosis due to delayed initiation of immunotherapy (25-27). To better
identify patients with autoimmune encephalitis with mainly psychiatric
features, different authors have proposed a variety of clinical red flags that
should raise suspicion of CNS autoimmunity and lead to further investigation
(28-30). However, these clinical red flags are yet to be validated.

Despite a growing interest in the potential role of autoimmunity and
neuroinflammation in psychiatric disease, knowledge is still lacking regarding
anti-neuronal antibodies and abnormal immunological findings in
cerebrospinal fluid (CSF) in psychiatric patients. However, contrary to the fear
of missing patients with primarily psychiatric features, established anti-
neuronal antibodies in serum and CSF are only rarely found in patients with
psychiatric disorders (31, 32). Still, it can be speculated that autoimmune
psychiatric disease may be associated with other autoantibodies than the ones
found in patients with classical (mainly neurological symptoms) autoimmune
encephalitis. Supporting this idea, a few studies using tissue-based assays
suggest that some seronegative psychiatric patients with suspected CNS
autoimmunity may have autoantibodies targeting novel unknown targets in
the CNS (23, 31).
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In summary, new data are emerging from the growing research field of
Immunopsychiatry that could help identify subgroups of psychiatric patients
who could potentially benefit from immunomodulatory treatment.

CNS damage biomarkers

When neurons, axons and glial cells are damaged in the CNS, various proteins
are released from the damaged area into the CSF and blood (33). Elevated
levels of these proteins can often be detected in the CSF before clinical
symptoms manifest or brain imaging shows signs of structural damage,
making them potentially useful for identifying diffuse CNS damage and early
CNS disease states (33).

Neurofilament light (NfL) and tau proteins are examples of cytoskeletal
constituents of neuronal cells and axons that reflect ongoing neuronal and
axonal damage when measured in CSF or blood (33). This makes them useful
as biomarkers of disease and disease progression of inflammatory and non-
inflammatory disorders associated with CNS damage. For example, NfL and
tau proteins are used as biomarkers of traumatic brain injury,
neurodegenerative  disorders  (e.g.,  Alzheimer’s  disease) and
neuroinflammatory disorders (e.g., multiple sclerosis) (33, 34). NfL especially
reflects damage to large-caliber myelinated axons, whereas total Tau (t-Tau)
is a biomarker of damage to thin non-myelinated axons (34).

Neuronal autoantibodies may be related to CNS damage. Elevated t-Tau
and NfL levels have for example been reported in patients with autoimmune
encephalitis and may have implications for the clinical outcome (35). In the
light of this, CNS damage biomarkers may be of potential interest for
identifying psychiatric patients for whom autoimmune or neurodegenerative
processes contribute to the disease state.

Blood or CSF biomarkers can also be used to assess other forms of CNS
pathology than neuronal and axonal loss. For instance, elevated Glial fibrillary
acidic protein (GFAp) levels indicate astrocyte pathology (activation,
astrogliosis or astrocyte damage). GFAp is the main intermediate filament
protein in mature astrocytes. It plays a vital role in supporting the astrocyte’s
cytoskeleton structure and its coordination of neuronal activity, promotion of
synaptic plasticity and synaptic homeostasis of neurotransmitters. GFAp is
also a critical factor in astrocytes’ ability to maintain an intact BBB (36).
When faced with basically any CNS pathology (including neuronal damage),
astrocytes increase their expression of GFAp (61, 62), which subsequently
results in elevated levels of GFAp in the CSF (36).

Despite brain imaging studies indicating signs of brain atrophy and
neurodegeneration in major psychiatric disorders such as schizophrenia and
MDD (37, 38), studies investigating biomarkers of CNS damage in a
psychiatric population are rare (35, 39-43). Still, the number is growing. For
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example, two recent studies observed a positive association between unipolar
depression and GFAp levels in serum and CSF (43, 44).

Considering that elevated CNS damage biomarkers generally reflect an
ongoing damage process, the timing of the measurement may be of
importance. Therefore, it can be speculated that biomarker levels of CNS
damage may sometimes be elevated only in the acute or preclinical state of a
psychiatric disorder and not later in the disease progression. That is, the
damage may already be done when the patient is investigated in psychiatric
care and therefore not reflected in the blood or CSF.

Depression and inflammation

MDD is a common psychiatric disorder with a large disease burden (45-47).
Core symptoms of depression are dysphoria, apathy and anhedonia. Other
depressive symptoms include affected cognition, psychomotor activity, sleep
and appetite (48). Traditional theories of the pathomechanisms of depression
include a disruption of the monoamine neurotransmitter signaling, the
hypothalamic-pituitary-adrenal (HPA)-axis, neurogenesis or neurotrophic
factor regulation (49). Still, the mechanisms behind the etiology and
pathophysiology of depression remain incompletely understood and a
substantial proportion of patients with depression have a suboptimal response
to standard treatment (49).

In the past decade, increasingly compelling evidence has been suggesting
that immune dysregulation, especially chronic low-grade inflammation, may
play a role in the pathophysiology of depression, at least for a subgroup of
patients (13, 50). In support of this theory, MDD is often comorbid with
disease conditions associated with chronic inflammation, such as rheumatoid
arthritis and cardiovascular disease (13, 51). Furthermore, several systematic
reviews and meta-analyses of cross-sectional studies corroborate that
depressed patients have altered levels of pro-inflammatory cytokines, acute-
phase reactants, chemokines and soluble adhesion molecules in peripheral
blood and CSF compared to healthy controls (13, 50, 52-54). Particularly
interleukin-6 (IL-6), IL-1B, TNF-a and CRP are repeatedly reported to be
elevated in patients with MDD (13, 50, 53, 54). Imaging studies also observe
associations between inflammation and activity alterations in brain regions
important for motivation, reward, sensitivity to aversive stimuli and anxiety
(50).

Although it remains undetermined whether chronic inflammation is a cause
or consequence of depression, increasing evidence suggests that inflammation
can cause depressive symptoms. For example, some longitudinal studies show
that elevated circulating levels of IL-6 and CRP in childhood increase the risk
for developing depressive symptoms in adulthood in a dose-respondent
manner (13). Sickness behavior induced by pro-inflammatory cytokines also
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resembles depression and interferon-alpha (INF-a) treatment induces MDD in
25% of cases, suggesting causal mechanisms (55-57). Administration of
inducers of pro-inflammatory cytokines, such as endotoxin, to non-depressed
individuals also causes temporary depressive symptoms (50, 57). Of note,
several studies indicate that antidepressants have immunomodulating effects
and that inflammation might undermine treatment response to antidepressants
(50, 53, 58-62).

While much evidence suggests inflammation is involved in the
pathophysiology of depression, elevated inflammatory markers might not be
specifically related to the diagnosis itself. Inflammation might instead be
associated with a depression subtype or symptom dimensions that are
important for depression but exist across diagnoses, such as altered motivation
and motor activity (anhedonia, fatigue, psychomotor impairment) and
increased threat sensitivity (anxiety, arousal, alarm).

Inflammation might also be a shared underlying mechanism for various
chronic disease states, not just psychiatric disorders, which are often comorbid
with each other: For example, depression, schizophrenia, cardiovascular
disease, obesity and T2DM. In support of this transdiagnostic dimensional
theory, studies observe elevated inflammatory markers also in patients with
other psychiatric disorders (50, 63, 64).

Potential mechanisms linking inflammation and depression

Little is known about the mechanisms linking depression to inflammation. A
number of suggested mechanisms based on preclinical studies are, however,
worth mentioning. First, an inflammatory response in peripheral tissues may
affect the CNS in several ways, such as modulation of peripheral nerve
signals, transport of cytokines across the BBB or trafficking of activated
immune cells to the CNS (50).

Second, inflammation affects neurotransmitters important for mood
regulation, such as serotonin. For example, activation of the enzyme
indoleamine 2,3-dioxygenase (IDO) by pro-inflammatory cytokines increases
the metabolism of the serotonin precursor tryptophan into kynurenine.
Kynurenine can in turn be transformed into a neurotoxic metabolite called
quinolinic acid by activated macrophages and monocytes in the brain.
Quinolinic acid promotes glutamate release, which contributes to
excitotoxicity and decreased production of brain-derived neurotrophic factor
(BDNF), which is important for neurogenesis (50).

The inflammatory response can also disrupt the function of the
glucocorticoid receptor, which can cause a subsequent hyperactivation of the
HPA-axis. Hyperactivation of the HPA-axis is a common finding in patients
with depression. If sustained over time, it may lead to neuronal damage in
brain regions relevant for mood regulation and cognition due to long-term
exposure to cortisol (65).
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Furthermore, the NLRP3 inflammasome might be involved in the
inflammation-depression link. In support of this, preclinical studies describe
an upregulation of the expression of NLRP3 and caspase-1 in peripheral blood
mononuclear cells of patients with depression (50). The NLRP3
inflammasome may contribute to the pathophysiology of depression through
increased production of pro-inflammatory cytokines, increased insulin
resistance and subsequently altered cerebral metabolism or chronic activation
of the HPA-axis through cleavage of the glucocorticoid receptor (65).

Depression at the interface of immunometabolic dysregulation

In addition to chronic low-grade inflammation, depression is also associated
with dysregulation of metabolic homeostasis (e.g., insulin resistance),
supporting a role for immunometabolic dysregulation in depression (65, 66).
Strong epidemiological evidence shows a bilateral link between obesity and
depression, with each increasing the risk of the other, which is not fully
explained by life-style factors or antidepressant medication (65). Recent
studies further suggest that depression and obesity-related traits have a
partially overlapping genetic base (65).

Possible shared biological mechanisms for these conditions include
hyperactivation of the HPA-axis, chronic low-grade inflammation,
dysregulation of adipokines (e.g., leptin), and other factors regulating energy
homeostasis (65, 66). All these potential biological mechanisms can cause
damage to cerebral regions relevant for mood and behavior, such as the
hippocampus and the amygdala. They are also interconnected, which could
contribute to a vicious cycle of adverse physiological adaptations (65).
Moreover, it is important to consider that many behavioural and psychosocial
factors that increase the risk for immunometabolic dysregulation and obesity
are also common in patients with a depressed state (66). These factors include
but are not limited to smoking, alcohol use, poor nutrition, poor sleep, low
physical activity and socioeconomic status (66).

Several studies suggest that obesity and immunometabolic dysregulation
may be specifically linked to atypical depressive symptoms, particularly
increased appetite and weight gain (65, 66).

Leptin
Leptin, general aspects

The discovery of the hormone leptin (derived from the Greek word leptos for
“thin”) in 1994 by Friedman and colleagues was a breakthrough for the
understanding of energy homeostasis (67) and confirmed the theory that the
adipose tissue is an endocrine organ (67).
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Leptin is mainly synthesized in WAT, encoded by the LEP gene (68). In
humans, leptin expression is greater in subcutaneous adipose tissue, whereas
in rodents it is greater in visceral fat (69). Leptin is also synthesized in the
placenta, ovaries, bone marrow and mammary epithelial cells in humans (70).

Leptin expression is correlated to adipocyte size, with larger adipocytes
expressing more leptin (70). Levels of circulating leptin are in turn
proportional to adipose tissue size and body mass index (BMI) (68, 70).
Women have higher leptin concentrations than men. Whether sex hormones
lead to the higher leptin concentrations in women is still controversial,
although a study on murine adipocytes indicates a direct effect of sex steroid
hormones on leptin transcription accumulation and secretion (70, 71). Other
factors increasing human circulating leptin levels are overfeeding, impaired
renal function, insulin, glucocorticoids, pro-inflammatory cytokines and
alcohol (70).

Animal models show that the sympathetic nervous system tightly regulates
the activity of adipocytes, including the synthesis and secretion of leptin (69).
In response to fasting or cold exposure, the sympathetic tone to WAT
increases, causing a decrease in circulating leptin levels (69). Fasting reduces
circulating leptin levels by about 60-70% in obese and normal-weight humans
(69). Other factors decreasing circulating leptin levels in humans are long-
term exercise, lack of sleep and smoking (70, 72). Human leptin secretion has
a circadian rhythm, peaking between 2:00 and 3:00 am (72).

Although leptin signaling typically occurs through the downstream targets
signal transducer and activator of transcription (STAT)-3, STAT-5 and
mitogen-activated protein kinase (MAPK), it has also been suggested to act
through the phosphoinositide 3-kinase (PI3K) and AMP-activated protein
kinase (AMPK) pathways (68, 69, 72). The leptin receptor is expressed widely
inthe CNS in humans, including the hypothalamus, the cerebellum, neocortex,
amygdala and cranial nerve nuclei (73). Leptin is transported across the BBB
by a regulated saturable transport system (68, 74).

Higher circulating leptin levels are common in individuals with obesity and
can be regarded as a marker for leptin resistance. Different mechanisms of
leptin resistance have been suggested. Some examples include genetic
mutations causing secretion of leptin with ineffective signaling, self-
regulation through leptin-induced receptor downregulation, limited tissue
access through saturation of the transport across the BBB or cellular and
circulating molecules that suppress leptin signaling or prevent leptin from
binding to its receptor (75).

Consequences of leptin signaling

The key function of leptin is to regulate energy homeostasis, but there is
increasing evidence that leptin is a hormone with multiple functions in various
tissues, both in the periphery and the CNS (69, 70, 72). For example, studies
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suggest that leptin influences reproductive functions, bone metabolism,
cognitive function, normal brain development, innate and adaptive immunity
and the HPA axis (68, 70, 72, 76, 77). Higher leptin levels are associated with
increased risk of insulin resistance and cardiovascular disease (75).

In the immune system, leptin signaling has a primarily pro-inflammatory
effect. For example, leptin promotes phagocytosis in monocytes, up-regulates
expression of adhesion molecules and pro-inflammatory cytokine secretion
and modulates the activation and proliferation of T cells with a switch towards
Th1/Th17 cell immune responses. Leptin levels increase during acute
infection and sepsis and some studies also show increased levels of leptin in
autoimmune conditions such as rheumatoid arthritis and systemic lupus
erythematosus (SLE) (77).

Leptin and depression

Central or systemic administration of leptin in rodents has anti-depressant
effects in animal models of depression-like behavior, such as the tail
suspension test or forced swim test (47). Several mechanisms have been
suggested for how leptin could affect mood, including HPA axis regulation,
immunomodulatory effects, increased neurogenesis and neuroplasticity in the
hippocampus and the direct targeting of leptin receptors in the CNS (47). In
support of a direct impact by leptin receptor signaling, deletion of the leptin
receptor in the hippocampus or the prefrontal cortex in mice causes
depression-like behavior (47).

However, the results from clinical studies concerning the role of leptin in
depression are conflicting. Several studies have observed lower circulating
leptin levels in patients with MDD compared to healthy controls (78-81). A
few also describe a negative correlation between circulating leptin levels and
depressive symptom severity (78, 82). In contrast, other studies show higher
leptin levels in individuals with MDD or a lifetime history of depression (83-
88). Several studies have also observed a positive correlation between leptin
levels and depressive symptom severity (85, 87, 89-91), whereas some studies
found no association between leptin levels and depression or depressive
symptoms (92-97). A recent meta-analysis observed no difference in leptin
levels between groups with and without MDD but described higher leptin
levels in a sample of older patients with BMI >25 and MDD (98).

One explanation for the conflicting results may be the clinical
heterogeneity of depression, where separate biological underpinnings could
explain different symptom profiles. In line with this view, recent studies report
a specific positive association between leptin and atypical depressive features
of MDD, especially increased appetite and weight gain (65, 66, 82, 99). Other
potential explanations for the conflicting results include between-studies
differences in age, sex, recruitment proceedings, choice of assay and
depression severity. It is also possible that the relationship between depression
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and circulating leptin is nonlinear. In support of this theory, high leptin levels
in the periphery may not necessarily reflect high leptin signaling in the CNS.
Instead, high levels of leptin in the periphery can be a consequence of leptin
resistance (100).

A potential explanation for the discrepancy between preclinical and clinical
studies is that all but one clinical study measured leptin in plasma or serum.
Although leptin is generally highly correlated between CSF and plasma (101),
it can be speculated that leptin resistance may affect the results when leptin is
measured only in the periphery (100). In line with the suggested anti-
depressive effect of leptin in preclinical studies, a study from Sweden reported
lower CSF leptin levels in MDD inpatients with a recent suicide attempt
compared to non-MDD inpatients with a recent suicide attempt. The study
further reported a negative correlation between CSF leptin and depression
severity in women (102).

Another possibility is that the preclinical studies measured other aspects of
depression than the clinical studies. Although animal models have proven
useful in psychiatric research, they are limited in that they can only assess the
behavioral aspects of psychiatric symptoms (103). For example, an animal
model can measure depressive behaviors (e.g., social withdrawal) but not
assess subjective feelings of sadness, thoughts of worthlessness/quilt or
suicidal ideation (103). Animal models can therefore only partially reproduce
the state of depression observed in humans. Furthermore, few animal models
have been developed to assess atypical depressive features (103).

Adiponectin

Adiponectin, general aspects

Adiponectin is another adipose-derived hormone discovered in the middle of
the 1990s. It has received growing attention as a potential therapeutic target
in recent years due to its many beneficial health effects. Adiponectin is present
in high concentrations in the circulation in three major forms including low
molecular weight (LMW) trimers, middle molecular weight (MMW)
hexamers and high molecular weight (HMW) multimers (104-108). A
globular fraction of full-length adiponectin can also be created with
proteolytic cleaving in the circulation (105, 109).

The different forms of adiponectin have distinct biological properties and
do not interconvert once they are in the circulation (107, 108). They also have
a varying affinity to the two major adiponectin receptors: AdipoR1 and
AdipoR2 (105). AdipoR1 has a higher affinity for globular adiponectin and
AdipoR2 has a preference for HMW adiponectin (110). Downstream
signaling of AdipoR1 and AdipoR2 is mediated mainly by activation of the
AMPK, MAPK and peroxisome proliferator-activated receptor (PPAR)-a
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signaling pathways (105). T-cadherin is considered a third receptor for
adiponectin, but less is known about its effects (110). Expression of
adiponectin receptors is described in various tissues, including adipose tissue,
skeletal muscle, the liver, the myocardium, endothelial cells, macrophages,
lymphocytes and the brain (111).

Adiponectin is constitutively produced and reported concentrations in
plasma or serum vary between 0.5-30 ug/ml (104, 106, 109). However, there
is presently no precise determination of what constitutes physiological levels
of adiponectin in serum or plasma. Even though the degree of degradation of
adiponectin is minimal in the circulation, adiponectin has a short plasma half-
life of approximately 45-75 minutes (109). The primary site of adiponectin
clearance is the liver (109).

Women have higher peripheral adiponectin concentration than men (105,
106), which might be caused by an inhibitory effect of testosterone on the
secretion of HMW from adipocytes (106). Serum levels are also negatively
correlated with obesity (105). Other factors important to consider when
measuring adiponectin in blood is body fat distribution, renal and cardiac
function, smoking, dietary factors and physical exercise (112). Several
medications (e.g., statins and several blood pressure medications) and weight
loss increase adiponectin levels (105-107, 113). Oxidative stress, endoplasmic
reticulum stress, B-adrenergic agonists and sympathetic nervous system
stimulation, pro-inflammatory cytokines (IL-6, TNF-a) and testosterone
decrease adiponectin levels (105, 106, 108, 113).

Adiponectin is present in CSF and its receptors are expressed in the human
pituitary, hypothalamus and hippocampus (108, 114-119). Adiponectin is
known to pass the BBB in rodents (120) and adiponectin may also cross the
BBB in humans (119). However, CSF concentrations of adiponectin are
approximately 1000-fold lower in CSF than in serum (121).

Consequences of adiponectin signaling

Like most hormones, adiponectin has various and sometimes tissue-selective
functions. In the periphery, adiponectin signaling leads to increased insulin
sensitivity, increased glucose consumption and decreased gluconeogenesis
and glycogenolysis. Together, these effects reduce blood sugar levels and
protect the body against the development of T2DM. Adiponectin signaling
also increases fatty acid oxidation and promotes the accumulation of lipids in
adipocytes instead of hepatocytes, decreasing circulating lipid levels and
ectopic lipid storage (105-108). Adiponectin is also described to have anti-
atherogenic, antioxidant and mainly anti-inflammatory properties (104, 106,
109).

For example, adiponectin decreases the secretion of pro-inflammatory
cytokines TNF-a and IL-6 by innate immune cells and promotes their
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production of anti-inflammatory cytokines like IL-10 (9). Adiponectin also
promotes the activation of dendritic cells, increases the number of regulatory
T cells and limits macrophage proliferation and phagocytic activity (9).
Surprisingly, some studies observe a more dual role for adiponectin in the
immune system, with pro-inflammatory effects in autoimmune disease (9).

Lower peripheral adiponectin levels are associated with insulin resistance,
atherosclerotic cardiovascular disease, essential hypertension, metabolic
syndrome, obesity, non-alcoholic fatty liver disease, T2DM and dyslipidemia
(104, 105, 107, 112). Higher adiponectin levels are associated with chronic
renal failure and congestive heart failure (104, 105, 112). Finally, many
studies further show a protective role by adiponectin against cancer (110).

Although much remains unknown regarding the role of adiponectin in the
CNS, cumulative evidence suggests that adiponectin signaling has central
effects. In rodents, adiponectin seems to regulate food intake and energy
through AMPK signaling in the hypothalamus (121, 122). Preclinical studies
also suggest that adiponectin has neuroprotective effects and promote
neurogenesis (120, 121).

Adiponectin and depression

Similarly to leptin, systemic or intracerebroventricular administration of
adiponectin in rodents has anti-depressant effects in animal models of
depression-like behavior (47). Intracerebroventricular injection of an
adiponectin neutralizing antibody also advances stress-induced depressive-
like behavior (120, 123). A study in mice further suggests that physical
exercise decreases depressive-like behavior and induces hippocampal
neurogenesis mediated by adiponectin through AdipoR1-mediated activation
of the AMPK pathway (120).

Most clinical studies observed lower circulating adiponectin in patients
with MDD (83, 124-128), with some describing an inverse correlation
between adiponectin levels and depressive symptom severity (83, 125, 127,
129). On the other hand, some studies reported no association between
adiponectin and depression (86, 93, 128, 130-134) and a few studies observed
higher adiponectin levels in patients with depression (128). A meta-analysis
by Carvalho et al found lower adiponectin levels in patients with MDD than
controls when measured with radioimmunoassay (RIA), but not enzyme-
linked immunosorbent assay (ELISA) (135). A more recent meta-analysis by
Cao et al also observed a negative association between MDD and adiponectin
levels, although with a small effect size (98).

Although the accumulating preclinical and clinical findings suggest that
adiponectin signaling may protect against depression, little is known about the
underlying mechanisms. Based on the known effects of AdipoR1 and
AdipoR2 signaling, potential mechanisms could however include
neuroprotective effects through decreased neuroinflammation and oxidative
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stress, increased hippocampal neurogenesis and direct effects on serotonin
transmission (120, 136, 137). In support of the latter, the results of a recent
study in mice indicate that adiponectin may directly affect 5-HT neurons
through AdipoR1 receptors that influence depression-like behavior in a sex-
dependent manner (136).

The role of leptin and adiponectin in eating behavior

One of leptin’s main functions is to regulate energy balance by creating a
sensation of satiety, as a negative feedback mechanism on energy storage (68).
Overfeeding increases peripheral leptin levels in healthy humans and
treatment with leptin causes weight loss and reduces food intake in patients
with leptin deficiency (76). Similarly, in animal models, leptin signaling
causes weight loss and decreases food intake as well as food-related reward
(68, 69).

Overfeeding induces leptin expression, which indirectly activates
proopiomelanocortin  (POMC)/cocaine- and amphetamine- regulated
transcript (CART) neurons. Leptin signaling also promotes the expression of
anorexigenic neuropeptides POMC and CART (68, 69) in the hypothalamus.
Simultaneously, leptin decreases the expression of orexigenic neuropeptides
neuropeptide Y (NPY) and agouti-related protein (AgRP) and inhibits
NPY/AgRP neurons (68, 69). Leptin signaling also promotes anorexigenic
effects independent of hypothalamic signals, i.e. in the nucleus tractus
solitarius (68). Moreover, preclinical studies indicate that leptin signaling
suppresses food-related reward by influencing the activity of the mesolimbic
dopamine system (138). In contrast, starvation decreases leptin signaling (68,
69).

While leptin’s role in food intake and energy homeostasis is well studied
in animals, less is known about adiponectin. A study by Kubota et al observed
a decrease in serum and CSF adiponectin levels in mice after refeeding and an
increase during fasting (122). The same study showed that adiponectin
increases food intake and reduces energy expenditure in mice through
stimulation of the AMPK pathway, enhancement of orexigenic signals in the
hypothalamus and inhibition of leptin’s suppressing actions on AMPK (122).
In contrast, another study observed a decrease in food intake in rats after
intracerebroventricular injection of adiponectin (139). A third study reported
no effect of adiponectin on food intake in mice (140).

In support of a potential role for adiponectin in human eating behavior, a
recent clinical study reported an association between an adiponectin gene
variant (ADIPOQ rs1501299) and emotional eating behavior (i.e., a tendency
to overeat in response to negative emotions) (141). In line with the
observations in mice by Kubota et al, another clinical study indicated that
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adiponectin contributes to disinhibited eating behavior but not to restrained
eating behavior or hunger (142).
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Figure 1. Hlustration of the role of leptin and adiponectin in food intake. The thin
arrows indicate stimulation/increased signaling and the fat arrows describe the effects
of overfeeding. DA = Dopamine.

Leptin, adiponectin and bulimia nervosa

Because of their actions related to energy homeostasis, food-related reward
and eating behavior, adipokines have been hypothesized to be involved in the
development or maintenance of disordered eating behavior in patients with
bulimia nervosa. Bulimia nervosa is an eating disorder characterized by
recurrent episodes of binge eating, inappropriate compensatory behavior to
prevent weight gain and self-evaluation unduly influenced by body weight or
shape (48). The pathophysiology of bulimia nervosa is still mostly unknown.
However, emerging evidence suggests that individuals with bulimia nervosa
have dysregulation in central and peripheral modulators of appetite and energy
homeostasis (143). Still, it remains unclear whether this is a state or trait.

Studies concerning leptin levels in individuals with bulimia nervosa show
diverse results, but most observe reduced circulating leptin levels (143-149).
Studies investigating circulating adiponectin levels in patients with bulimia
nervosa are few, use different methods and have inconsistent and
contradictory results (150-152). One study described elevated plasma levels
of adiponectin in patients with bulimia nervosa that correlated to the severity
of bingeing/purging behavior (150). Another observed reduced serum levels
(152) and a third noted no significant difference in serum levels compared to
controls (151).
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AIms

The overall aim of this thesis was to investigate the role of immune
dysregulation in the pathophysiology of psychiatric disease, with a primary
focus on adipokines and other molecules involved in the crosstalk between the
immune and metabolic response systems.

The specific aims of the thesis listed in number points was to:
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Investigate to what extent plasma levels of leptin and adiponectin are
associated with dimensional measures of depressive symptoms in
young adults with and without psychiatric disorders.

Study the association between bulimia nervosa and adipokine levels and
their longitudinal variation in patients with bulimia nervosa compared
to age-matched patients without psychiatric disorders and controls.

Examine  whether neuroticism is associated with early
immunometabolic biomarkers for cardiovascular and metabolic disease
in young adults from a psychiatry cohort.

i) Describe the prevalence of demonstrable biological CNS pathology
in a psychiatric patient cohort enriched for clinical red flags of
suspected autoimmune psychiatric disease and ii) Explore associations
between CNS damage biomarkers in CSF and clinical red flags and
psychiatric symptoms.



Materials and methods

Design

The four studies in this thesis were cross-sectional observational studies.
Paper Il also included longitudinal data from patients with bulimia nervosa.

Setting

Uppsala Psychiatric Patient samples

The data used in paper I-1V were collected as part of the Uppsala Psychiatric
Patient (UPP) samples, a research infrastructure designed to collect biological
materials and psychiatric assessments from patients seeking psychiatric care
at the Department of Psychiatry, Uppsala University Hospital. Controls
without current or previous contact with psychiatry are recruited to UPP from
university personnel and students.

Paper I-111

For paper I-1ll, patient data were collected between 2012 and 2014 from
psychiatric patients aged 18-25 years. Most of these patients were diagnosed
with mood or anxiety disorders. Control data were collected between 2013
and 2015. For study I, the patients with bulimia nervosa were contacted again
to collect follow-up data in 2015.

Paper IV

For paper 1V, patient data were collected from 2012 to 2020 from the Uppsala
Immunopsychiatry (UIP) cohort. The UIP cohort consists of patients with
moderate-severe psychiatric symptoms and clinical signs of suspected
neuroinflammation or autoimmune disease in the CNS. Most UIP patients are
recruited from the Uppsala Immunopsychiatry Clinic, which investigates and
treats patients with established or suspected autoimmunity or other
immunological involvement that may cause psychiatric symptoms.
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Study populations

Paper |

623 consecutive patients were invited to participate in the UPP between 2012
and 2014. 230 patients (37%) agreed to participate. Patients with established
cancer, systemic inflammatory disease, diabetes mellitus, celiac disease,
pregnancy or ongoing testosterone treatment were excluded. Patients were
also excluded if they had incomplete data, insufficient diagnostic assessments,
or more than 4 months between the BMI measurement and the blood sample
collection. In total, 194 (84%) patients were included in study I.

60 controls, 18-30 years old, agreed to participate in the UPP between 2013
and 2015. 57 (95%) were included in study I. Controls were excluded for the
same reasons as patients, with two exceptions. First, controls were excluded
if they had a current depressive episode, and second, an insufficient diagnostic
assessment was not an exclusion criterion for the controls.

Paper Il

The 230 patients and 60 controls from the UPP in study | were also considered
for inclusion in study II: however, only the female patients (n=179) and
controls (n=45) were included. Only women were included because too few
men were diagnosed with bulimia nervosa in the UPP.

Patients were excluded from study Il for the same reasons as in study I,
with a few exceptions. First, patients treated with antibiotics within a one-
month range of blood sample collection were also excluded. Second, patients
with eating disorders were excluded if the time between blood sample
collection and measurement of BMI diverted more than one month. Third,
patients with celiac disease were included in the study. There were no
exclusion criteria for the controls in study II.

In total, 148 female patients and 45 female controls were included in the
statistical analyses. Fifteen of the patients were diagnosed with bulimia
nervosa and 10 of these returned for follow-up data collection.

Paper Il

Patients from the UPP in study I-11 were also considered for inclusion in study
I11. These patients were excluded for the same reasons as in study I, with one
exception. In study I, patients were also excluded if they had bulimia nervosa
or anorexia nervosa. Controls were excluded for the same reasons as patients
or if they screened positive for a current psychiatric disorder in diagnostic
interviews or had current psychotropic medication.

In total, 218 participants (172 patients and 46 controls) were included in
the study population in study Ill. However, one patient without known
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diabetes was later excluded when discovered that she had an HbA1lc value of
67.

Paper IV

In September 2020, 167 patients had been considered for participation in the
UIP cohort. Of these, 156 (93%) consented to participate in the study. No
patient declined to participate, but nine were unable to give informed consent
and two withdrew their consent. Patients were excluded from the study if they
lacked important clinical data or CSF or were included in other ongoing
studies (Covid-19 or mastocytosis). Totally, 127 patients were included in the
study population in study IV.

Psychiatric and other clinical assessments

Psychiatric diagnostic assessment — Paper I, Il and 11

Psychiatric diagnoses were assessed using the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM- IV) criteria. Patients were
interviewed with the Mini International Neuropsychiatric Interview (M.I.N.1.)
or the Structural Clinical Interview for DSM IV axis | disorders (SCID-1) by
trained physicians or psychologists at the psychiatric outpatient clinic for
young adults. Controls were interviewed with M.1.N.I. by trained personnel in
the research group.

Psychiatric self-assessment — Paper I, Il and 11|

Montgomery-Asberg Depression Rating Scale — Paper |

Depressive symptoms and severity were assessed with the self-rating version
of the Montgomery-Asberg Depression Rating Scale (MADRS-S). It is a self-
rating scale assessing nine items: mood, feelings of unease, sleep, appetite,
ability to concentrate, initiative, emotional involvement, pessimism and zest
for life. The items are rated on a Likert scale from 0 to 6 points, with higher
scores indicating greater severity. The total score ranges from 0 to 54 points.
For the items sleep and appetite, 0 points indicate “normal or elevated” sleep
or appetite. For the other items 0 points indicate “normal/not present”.

Eating Disorder Examination Questionnaire — Paper Il

The Eating Disorder Examination Questionnaire (EDE-Q) was used to assess
eating disorder symptoms. The EDE-Q is a self-report questionnaire that
assesses a wide range of eating disorder symptoms and their severity. The
EDE-Q produces two types of data: frequency of key behaviors featured in
eating disorders (e.g., binge eating, fasting) and a global score and 4 subscale
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scores (Restraint, Eating Concern, Shape Concern and Weight Concern)
reflecting the severity of the eating disorder. A higher score indicates higher
severity. The EDE-Q was administered retrospectively by telephone to
patients with bulimia nervosa who returned for follow-up data collection.

Swedish universities Scales of Personality — Paper 111

Personality traits were assessed with the Swedish universities Scales of
Personality (SSP). It is a self-rating questionnaire designed to determine
personality traits linked to vulnerability to psychopathology. The SSP is rated
on a four-point Likert scale (I “does not apply at all” to 4 “applies
completely”) with 91 items grouped into 13 scales where each scale is
composed of seven items. It has previously demonstrated good psychometric
properties in a Swedish normative sample. A neuroticism factor was
constructed from the ratings on the following SSP subscales: Somatic trait
anxiety, Psychic trait anxiety, Stress susceptibility, Lack of assertiveness,
Embitterment and Mistrust.

Psychiatric clinician assessment — Paper 1V

Busch Francis Catatonia Rating Scale

Catatonia symptoms and severity were assessed with the clinician-rated 23-
item Bush Francis Catatonia Rating Scale (BFCRS). For assessment of
catatonia severity, items 1-23 are rated using a scale of 0 to 3, with a higher
score indicating increased symptom severity. The total BFCRS score is the
sum of the scores on all 23 items, with a possible total score of 0 to 69. In
addition to the total score, a four-factor model was used for BFCRS with the
following factors: F1: Negative/withdrawal, F2: Automatic, F3:
Repetitive/echo and F4: Agitated/resistive (153).

Brief Psychiatric Rating Scale-Expanded

Psychiatric symptoms and their severity were assessed with the extended
version of the Brief Psychiatric Rating Scale (BPRS-E). The BRPRS-E is a
24-item semi-structured interview assessing a wide range of psychiatric
symptoms. The BPRS-E items are rated on a seven-point Likert scale (1, not
present; 7 extremely severe). The possible BPRS-E total score ranges from 24
to 168. In addition to the total score, a four-factor categorization termed
“added value set model” (154) was used that included the factors: F1:
Depressed/Anxiety, F2: Psychosis, F3: Negative Symptoms and F4:
Activation.

Clinical Global Impression scale

Overall psychiatric disease severity was estimated with the Clinical Global
Impression (CGI) rating scale (155). The GCl is a clinician-rated seven-point
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scale, used to assess the severity of a patient’s disease state at the time of
assessment, relative to the clinician’s experience. The score ranges from 1 to
7, with a higher score indicating higher severity. A score of 1 point indicates
that the patient is “normal, not at all ilI” and 7 points indicate that the patient
is “among the most extremely ill of subjects”.

Neurological examination — Paper 1V

When feasible, a neurological examination was performed by an experienced
neurologist or psychiatrist at the Uppsala Immunopsychiatry clinic. However,
some patients were instead examined by the treating physician in conjunction
with emergency care. The findings from the neurological examination
documented in the medical records were evaluated and categorized for the
study by an experienced neurologist.

Physical health examination

Participants in UPP have their weight, height and blood pressure measured at
the time of inclusion. BMI was calculated as weight in kgs divided by height
in squared meters.

Biological assessments

Blood and CSF sample collection

Whole blood and CSF were collected from non-fasting participants during
office hours. Plasma and CSF were stored at —80° C in the Uppsala Biobank.
Routine serum tests were performed at the Department of Clinical Chemistry
and Clinical Immunology at Uppsala University Hospital.

Hormone analysis in plasma — Paper I, 1l and 1l

Total leptin and adiponectin were analyzed with a solid-phase sandwich
ELISA (Mercodia AB, Uppsala, Sweden). To create a leptin/adiponectin
(L/A) ratio, the plasma leptin concentration (ng/mL) was divided by the
plasma adiponectin concentration (ug/mL).

Analysis of inflammatory biomarkers in plasma— Paper |11

CRP, IL-6 and TNF-a were analyzed with an electrochemiluminescence
sandwich immunoassay using the Meso Scale Discovery multiplex platform
(K15049D and K15198D, Rockville, MD, USA).
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Basic analysis in CSF and CNS damage biomarkers — Paper 1V

Basic analysis in CSF was performed at an accredited medical laboratory. It
included the measurement and assessment of IgG indices, age-related
CSF/serum albumin quotient (AQ), oligoclonal bands (OCBs) in serum/and
or CSF and white blood cell count (WBC). Neurofilament light (NfL) and glial
fibrillary acidic protein (GFAp) concentrations were measured with ELISAS
in CSF at Sahlgrenska University Hospital. T-Tau was analyzed with
Lumipulse technology (Fujirebio, Ghent, Belgium).

Analysis of anti-neuronal antibodies in serum and CSF — Paper
v

The presence of anti-neuronal autoantibodies was investigated in serum and
CSF using a fixed cell assay. Immunofluorescence was used to test for
antibodies against established cell surface antigens NMDAR, voltage-gated
potassium channel (VGKC)-associated antigen (including LGI1), a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR) and gamma-
aminobutyric acid (GABA) receptors on transfected cells (Euroimmune,
Libeck, Germany). If the Immunofluorescence screening suggested
antibodies against intracellular neuronal antigens, an immunoblot was
performed to test for specific antibodies against the established intracellular
antigens Hu, Ri, Yo, Ma2, amphiphysin and CV.2. If the Immunofluorescence
screening suggested the presence of antibodies targeting GAD, an ELISA was
performed to specifically test for anti-GAD.

Neuroimaging and EEG — Paper IV

The study collected and re-evaluated all available results from magnetic
resonance imaging (MRI) and electroencephalogram (EEG).

Magnetic resonance imaging

Patients’ MRI images were systematically re-evaluated by a specialist in
neuroradiology using a data extraction form. White matter changes were
graded using the Fazekas scale and reported according to their localization
(156). Atrophy was graded with the Scheltens’ scale for medial temporal
atrophy (157) and global cortical atrophy scale.

Electroencephalogram

The saved portions of standard EEG recordings between 2012 and 2020 were
systematically re-evaluated by two specialists in neurophysiology. Three
broad categories of EEG abnormalities were noted: (1) background
abnormalities (e.g., diffuse slowing) (2) periodic and rhythmic patterns and
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(3) seizures/status epilepticus or other epileptiform changes. The use of
medication (e.g., antipsychotics) in conjunction with the EEG was also noted.

Statistics

Paper |

Statistical analyses were performed on men and women separately.
Associations between total MADRS-S score and plasma levels of leptin and
adiponectin were assessed by Spearman's correlation coefficients.

To better visualize the skewed leptin and adiponectin levels, they were
divided into quartiles. The relationships between the total MADRS-S score
and quartiles of leptin and adiponectin were then assessed with generalized
linear models (GlzMs). The GlzMs were first carried out without and then
with the inclusion of potential confounding factors (BMI and antidepressants).

In a post-hoc analysis, the Mann-Whitney test was performed to compare
leptin and adiponectin levels between controls and patients with current MDD,
followed by the Kruskal-Wallis test for comparisons between more than two
groups (controls with total MADRS-S score <10, patients with no current
depressive episode, patients with current MDD and patients with bipolar
depression). Significant results of the post-hoc analyses were adjusted for
potential confounders in a GlzM with gamma distribution. The Mann-
Whitney test was further used to investigate how leptin levels relate to the use
of mood stabilizers or antipsychotics.

Paper 11

The Mann-Whitney test was performed to compare plasma adiponectin, leptin
and L/A ratio levels between patients with and without bulimia nervosa and
between patients with bulimia nervosa and controls.

Stepwise multiple linear regression analyses were performed to adjust for
the effects of predetermined potential confounders. Transformed data with
natural logarithms were used for leptin and L/A ratio in these analyses.

The Wilcoxon Signed Ranks Test was used to test if plasma adiponectin or
leptin levels had changed between baseline and follow-up in patients with
bulimia nervosa. Associations between plasma adiponectin and the EDE-Q
global score and subscale scores were assessed with Spearman's correlation
coefficients.

Paper Il

Associations between the neuroticism score and immunometabolic
biomarkers were assessed with Spearman’s correlation coefficients. The
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Mann-Whitney test was used to compare the plasma biomarkers associated
with neuroticism between participants with a high neuroticism score (1 SD or
more above the norm) and a low-normative neuroticism score (below the
norm). Effect size was estimated with Rosenthal’s effect size algorithm ((r =
Z/(SQRT(n)))). The statistical analyses were repeated in men and women
separately. GlzMs with gamma log link distribution were constructed for the
variables associated with neuroticism in the Spearman’s test. The GLzMs
were repeated in the patient population and the female study population as a
sensitivity analysis. The male study population was too small to perform
GLzMs.

In an exploratory post-hoc analysis, Spearman’s bivariate correlation
coefficients were used to explore the associations between the SSP subscales
constituting the neuroticism score and the immunometabolic biomarkers
measured in plasma.

Paper IV

In study IV, descriptive statistics were used for the primary analyses. Chi-
square tests were then used to compare clinical parameters (e.qg., clinical red
flags) and biological variables (e.g., elevated CNS damage biomarkers). The
Mann-Whitney test was also used to compare psychiatric symptom ratings
(BPRS-E and BFCRS scores) between subgroups of patients. Because of the
exploratory approach of the non-descriptive statistical analyses, no correction
for multiple testing was performed. To assess the predictive performance of
clinical variables, random forest models (158) were fitted with binary
variables indicating presence or non-presence of elevated levels of NfL, t-Tau
and GFAp as response variables.
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Summary of results

Leptin, adiponectin and depressive symptoms (Paper 1)

Plasma leptin levels were weakly correlated with total MADRS-S scores in
women (r=0.18, p=0.01) but not in men. The women with plasma leptin levels
in the highest quartile (28.87 ng/mL), reported an approximately six-point
higher MADRS-S total score than the women in the lowest quartile (< 9.99
ng/mL) in the generalized linear model. However, this association did not
withstand adjustment for the effects of BMI and the use of antidepressants.
However, in a subgroup analysis of the women without antidepressants, the
plasma leptin levels remained positively associated with the total MADRS-S
score, independently of BMI.

Despite the link between leptin levels and depressive symptom severity,
leptin levels were not associated with current MDD.

Plasma adiponectin levels were not associated with the total MADRS-S
score or current MDD.

Leptin, adiponectin and bulimia nervosa (Paper 1)

Patients with bulimia nervosa (n=15) had elevated plasma adiponectin levels
compared to psychiatric patients without bulimia nervosa (p<0.004) and
controls (p<0.008). Bulimia nervosa also remained a significant predictor of
plasma adiponectin levels in a stepwise multiple linear regression analysis
adjusting for the effects of BMI, substance addiction, smoking and the use of
antipsychotics or mood stabilizers (p<0.002).

There was no significant difference in plasma leptin levels between patients
with bulimia nervosa and other patients or controls in the Mann-Whitney test.
However, bulimia nervosa was a significant predictor of plasma leptin levels
in the stepwise multiple linear regression analysis adjusting for the effects of
BMI, substance addiction, smoking, use of antipsychotics or mood stabilizers,
hormonal contraceptives and thyroid disorder (p<0.01). Here, there was a
negative association between leptin and bulimia nervosa.

The L/A ratio was reduced in patients with bulimia nervosa compared to
patients without (p<0.04), but not to controls (p<0.41). Similar to adiponectin
and leptin, bulimia nervosa was a significant predictor of the L/A ratio in the
stepwise multiple regression analysis adjusting for the effects of BMI and
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other confounders. Overall, bulimia nervosa and BMI were the best predictors
of plasma adiponectin, leptin and the L/A ratio.

Plasma adiponectin levels did not change significantly between baseline
and follow-up in patients with bulimia nervosa who returned for follow-up 1-
2 years after baseline (n=10).

EDE-Q scores were not associated with plasma adiponectin levels at
follow-up in patients with bulimia nervosa. However, after a patient with
extreme outlying values and BMI >40 was excluded, the plasma adiponectin
levels were positively correlated with the EDE-Q global score (r=0.72,
p<0.04) and subscales Restraint (r=0.68, p<0.05) and Eating concern (r=0.79,
p<0.02).

S 25.00
B
g2  20.00 0 -T- ==
o g
Q.
=E 15.00 T
B
sZ 10.00
&
8 500 L = =
o
.00

Controls Patients Patients Patients
without  with bulimia with bulimia
bulimia nervosa nervosa
nervosa  (baseline) (follow-up)

Figure 2. Boxplots of plasma adiponectin levels (ug/mL) in controls at baseline,
patients without bulimia nervosa at baseline and patients with bulimia nervosa at
baseline and follow-up.

Immunometabolic biomarkers and neuroticism (Paper
1)

The neuroticism score was positively associated with the L/A ratio and plasma
leptin and IL-6 levels when controlling for sex, MDD, anxiety disorder,
antidepressants and substance addiction in the generalized linear models.
However, adiponectin, CRP and TNF-a were not associated with the
neuroticism score. In a subgroup analysis, the associations remained
significant in the patient and the female study populations but not in the male
study population.

The group with a high (>60) neuroticism score had a higher L/A ratio
(median=1.59) than the group with a low-normative (<50) neuroticism score
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(median=0.89, p=0.002). Leptin levels were also higher in the high
neuroticism group (median=17.01 ng/mL) than in the low-normative
neuroticism score group (median=11.03 ng/mL, p=0.002). Similarly, the
women reporting high neuroticism scores had more than twice as high L/A
ratio and plasma leptin levels as those in the low-normative neuroticism score
group.

In the exploratory post-hoc analyses, the L/A ratio and plasma leptin levels
were positively correlated with several SSP subscales constituting the
neuroticism score. The SSP subscale Stress susceptibility was also positively
correlated with IL-6 and negatively correlated with adiponectin levels. Less
consistent associations were found between IL-6, CRP and other SSP
subscales.

CNS damage biomarkers in a patient cohort enriched for
suspected autoimmune psychiatric disease (Paper 1V)

Psychiatric and neurological symptomatology

The most common psychiatric symptoms in the cohort were psychosis,
cognitive dysfunction, observable affective dysregulation symptoms and
obsessions-compulsions. Twenty-three percent had a documented history of
catatonia features. The median CGI at the time of assessment was 5 (markedly
ill).

Eighty-four percent of patients were evaluated with a neurological
examination and 46% of these had abnormal neurological findings. Seventeen
percent had motor symptoms (e.g., dyskinesia, tremor), 14% had
balance/coordination abnormalities, 12% had sensory symptoms (e.g.,
paresthesia, hypo/hyperalgesia), 11% had reflex abnormalities, 9% had eye
movement abnormalities and 6% had weakness/paralysis.

Pathological findings suggesting CNS damage

127 patients were included in the study. Eighty-eight patients (69%) had
available MRI images and 70 (55%) had available EEG recordings.

Thirty-three patients (27%) had elevated CNS damage biomarkers (NfL,
GFAp or t-Tau) in CSF, suggesting neuronal-axonal damage or astroglial
activation/damage. Fourteen patients had elevated NfL (11%), 14 patients had
elevated GFAp (11%) and 16 patients had elevated t-Tau (13%).

Twenty-six patients had basic CSF alterations (21% of the tested),
suggesting neuroinflammation or BBB dysfunction. These CSF alterations
included detection of CSF-specific OCBs (8%), elevated IgG indices (5%),
pleocytosis (3%) and elevated AQ (12%).
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Established anti-neuronal antibodies were detected in serum or CSF in
eight patients (6%). Three patients had antibodies targeting the NMDAR and
five had antibodies targeting intracellular antigens (Ma2/Ta, Zic4, GADG65).

In the MRI images, 41% had white matter changes and 50% had some form
of atrophy. Interestingly, white matter changes and atrophy were not
exclusively found in older patients. Instead, 33% had white matter changes
and 42% had at least grade 1 atrophy in patients <40 years old (n=73).

Twenty-seven percent (of 70 tested) had pathological EEG findings.
Background abnormalities were observed in 19 patients, periodic and
rhythmic patterns in 3 and seizures/status epilepticus or other epileptiform
changes in 2.

|
L

Figure 3. A fourth of the tested psychiatric patients with suspected autoimmune
psychiatric disease had elevated CNS damage biomarkers (NfL, GFAp or t-Tau) in
CSF.

CNS damage biomarkers and clinical red flags

Elevated levels of NfL were more common in CSF in patients with a comorbid
autoimmune disorder (21%) than in patients without (6%, p=0.018) and less
common in patients with a prodromal infection (4% vs. 16%, p=0.046).

Elevated GFAp levels were more common in patients with an atypical
disease presentation (15% vs. 0%, p=0.021). Elevated GFAp levels were also
more prevalent in patients with a rapid onset (17% vs 5%, p=0.044) and in
patients with a prodromal infection (21% vs. 5%, p=0.008).

Elevated t-Tau levels were more common in patients with catatonia
symptoms (27% vs. 9%, p=0.026).
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Other suggested clinical red flags (comorbid tumors, suspected malignant
neuroleptic syndrome, any abnormal finding in the neurological examination,
accompanying motor symptoms and novel seizures) were not associated with
elevated NfL, GFAp or t-Tau levels in CSF.

CNS damage biomarkers and psychiatric symptoms

Patients with elevated GFAp levels had a higher total BPRS-E score and a
higher score on the BPRS-E factor F1: Depressed/Anxiety (p=0.021).
Elevated GFAp levels were also positively associated with tics (p=0.006).

Patients with elevated t-Tau had higher ratings on the BPRS-E factor F3:
Activation (p=0.033) and the BFCRS factor F4: Agitated/resistive (p=0.041).

Elevated NfL was not associated with BPRS-E or BFCRS scores. However,
observable affective dysregulation symptoms were more common in patients
with elevated NfL (86% vs. 48%, p=0.008).
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Figure 4. Boxplots of the total score on the Brief Psychiatric Rating Scale-Expanded
(BPRS-E) in patients with GFAp levels above reference value and patients with
normal GFAp in cerebrospinal fluid.
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Discussion

The studies of this thesis have expanded the current knowledge of
immunometabolic patterns in psychiatric disease. They demonstrated that
those with higher plasma leptin levels among young adults with psychiatric
morbidity, reported more severe depressive symptoms and a higher degree of
neuroticism. Neuroticism was also linked to other signs of immunometabolic
dysregulation. Moreover, we confirmed our hypothesis from paper Il that
bulimia nervosa is linked to elevated adiponectin levels in plasma. In women
with bulimia nervosa, long-term stability in elevated plasma adiponectin
levels was also observed. Finally, we showed that in a patient cohort enriched
for suspected autoimmune psychiatric disease, a fourth had signs of
neuronal/axonal damage or astroglial activation/damage and a fifth had CSF
signs of neuroinflammation or BBB dysfunction. We also reported novel links
between CNS damage biomarkers and clinical red flags for autoimmune
psychiatric disease, as well as a positive association with overall psychiatric
symptom burden and specific psychiatric features.

Immunometabolic biomarkers in depression and
neuroticism

In paper | and 111, immunometabolic alterations were observed in relation to
high neuroticism and more severe depressive symptoms in a cohort of young
adults with psychiatric morbidity. Unfortunately, it is not possible to
determine the direction of causality for the correlations based on the data from
paper | and Ill. However, inflammation and metabolic dysregulation could
theoretically cause depressive symptoms, as described in-depth in the
introduction. On the other hand, depressive behavior and chronic stress related
to neuroticism could also contribute to the development of immunometabolic
dysregulation.

Leptin has pro-inflammatory effects (77) and modulatory effects on the
reward system (138, 149), which could theoretically contribute to anhedonia
and fatigue. High leptin levels are also associated with insulin resistance (75),
which has been linked to depression in previous studies (65, 159). However,
in opposition to these hypotheses, leptin treatment in animals has anxiolytic
and anti-depressive effects (47). Therefore, the elevated leptin levels we
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observed in the periphery may actually be a sign of decreased leptin signaling
in the CNS. This possibility needs further assessment in future work through
simultaneous leptin measurements in plasma/serum and CSF.

Correlation heatmap

After completing study Ill, | had the nagging feeling that we might have
measured the same phenomenon in paper | and 11, given that the associations
to leptin were so similar and a depressive state might make a person view
themselves and the world through a depressive filter. Thus, writing the
framework for this thesis, | created a correlation heatmap to overview how the
subtraits of neuroticism (SSP subscales) and the different depressive
symptoms (MADRS-S items) correlate with the immunometabolic
biomarkers from paper Ill. The female study population from paper Il was
selected for these exploratory analyses for two reasons: 1) MADRS-S and SSP
data were readily available in this population and 2) we only had negative
findings in the male study population.
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Figure 5. Correlation heatmap illustrating Spearman's coefficients between
immunometabolic biomarkers and SSP and MADRS-S subscales in the female study
population from paper 111. ADN = Adiponectin; * = Significant correlation (p<0.05).
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As can be seen in the correlation heatmap, it turned out that the
immunometabolic patterns related to neuroticism and depressive symptoms
had similarities and differences (see Figure 5). This finding suggests that
although neuroticism and depressive symptoms overlap, we did not measure
the same phenomenon in paper | and I11.

Both depressive symptom severity and degree of neuroticism were
positively correlated with leptin and L/A ratio, with moderate effect sizes (see
group B in Figure 5). A reduced ability to feel (low emotional involvement)
was the depressive symptom having the strongest correlation with
immunometabolic dysregulation (higher CRP, leptin, L/A ratio and I1L-6). A
reduced ability to feel and lassitude (low initiative) were also the depressive
symptoms most strongly associated with CRP levels.

The largest difference between neuroticism and depressive symptoms was
the associations with CRP. While higher CRP levels were clearly associated
with more severe depressive symptoms, they were not linked to neuroticism
or most of its subtraits. Higher CRP and IL-6 levels, but not leptin or the L/A
ratio, were also correlated with a decreased concentration ability (see group
C, Figure 5). Insomnia was also correlated with CRP levels, but no other
immunometabolic parameters.

Adiponectin was negatively associated with stress susceptibility but not
with other neuroticism or depression features (see group D, Figure 5). As is
discussed in paper I, this is in line with previous reports that adiponectin is
protective against stress-induced negative effects (160, 161). Adiponectin
levels also decrease in stress-susceptible mice in response to chronic stress
(160).

The lack of an association between TNF-o and depressive symptoms is
perplexing, as it has consistently been associated with depression in previous
studies (54). Surprisingly, TNF-o. levels were also correlated with IL-6 levels
(r=0.44, p<0.001) but not with CRP (r=0.104, p=0.19). Because TNF-a. is the
only immunometabolic biomarker in plasma that was not correlated with the
L/A ratio, BMI or waist-hip ratio, one interpretation of the results could be
that depressive symptom severity and neuroticism were more related to
immunometabolic dysregulation in the WAT than acute inflammation in our
patient cohort of young adults with psychiatric morbidity.

Considering that it is relatively well-established that neuroticism is a risk
factor for depression, it could be speculated that the immunometabolic
variations observed in relation to high neuroticism might be a milder version
or a pre-stage of what happens in depression (see Figure 6). This theory could
explain why depressive symptoms are correlated with a wider range of
immunometabolic dysregulation than neuroticism. However, it is also
possible that this difference is explained by a pathomechanism specific for a
depressed state, independent of neuroticism.
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Figure 6. An illustration of a hypothesis for how immunometabolic dysregulation may
relate to neuroticism and depressive symptoms.

Altered adipokine levels in bulimia nervosa

Our hypothesis in paper 1l that patients with bulimia nervosa have elevated
plasma adiponectin and decreased plasma leptin and L/A ratio was confirmed.
The results on leptin were in line with most previous studies (143-148). As for
adiponectin, the results support an investigation by Monteleone et al. (150),
that also reported elevated adiponectin levels in bulimia nervosa. Monteleone
et al. also measured plasma adiponectin with ELISA-based methods (150),
whereas the two studies with negative findings or contrasting results used RIA
(151, 152).

The observed adipokine alterations may contribute to the maintenance of a
vicious cycle of bulimic behavior. It is not unusual that the triggering factor
for bulimia is a period of dieting. Fasting will decrease leptin and increase
adiponectin levels in plasma (70, 122), increasing appetite, food reward and
disinhibited and emotional eating behavior, thereby possibly triggering binge
eating.

Fasting and other compensatory behavior are, however, not enough to
explain our novel finding that patients with bulimia continued to have elevated
adiponectin levels over time, despite reduced eating disordered behavior. The
elevation in plasma adiponectin over time may instead be a protective
mechanism to counteract insulin resistance and development of T2DM
induced by binge eating, as suggested by Monteleone et al. (150). Consistent
with this contention, patients with bulimia nervosa seem to have an increased
lifetime risk for T2DM, likely linked to binge eating (162).
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It is also possible that patients with bulimia nervosa have genetic or
epigenetic variations that tilt the metabolic system towards higher adiponectin
and lower leptin levels in plasma. This possibility could become a risk factor
for overweight in childhood, which is a risk factor for eating disorders (163).
It could also increase the risk for emotional or disinhibited eating behavior,
thereby becoming a risk trait for the development of bulimia nervosa.
Adiponectin gene (ADIPOQ) variations have previously been associated with
eating behavior (141, 142, 164), but it is unknown if this is the case in patients
with bulimia.

Screening for anti-neuronal antibodies in a psychiatric
cohort

The high proportion of patients who consented to investigation with a lumbar
puncture (88%) suggests that lumbar puncture examination is often feasible
even in patients with severe psychiatric symptoms.

In paper IV, established anti-neuronal antibodies were detected in serum in
6% and CSF in 2%. This result supports previous findings that only a minority
of psychiatric disease cases is explained by known anti-neuronal antibodies
(31, 32, 165-167), also in a population enriched for clinical red flags.

Clinical red flags may still be helpful for the clinician trying to determine
which psychiatric patients to investigate with a lumbar puncture. However,
because there was no control group in paper 1V, this hypothesis needs to be
tested in future studies by comparisons between psychiatric patient groups
with and without clinical red flags.

Previous studies have shown considerable variation in the prevalence of
anti-neuronal antibodies in primary psychiatric populations, which is likely
due to differences in population selection and methodology (167). For
example, using fixed cell rather than live cell assays in this study may have
underestimated the prevalence of anti-neuronal antibodies (167, 168).
Seronegative findings also do not exclude the existence of an autoimmune
process explaining the patient’s psychiatric symptoms. For example, an
increasing number of cases of young patients with suspected autoimmunity
and psychiatric manifestations that are responsive to immunotherapy despite
completely or almost normal CSF findings have been described (13,17-19).

CNS damage biomarkers, clinical red flags and
psychiatric symptoms

Paper IV revealed that the CNS damage biomarkers (NfL, t-Tau, GFAp)
appear related to different, specific clinical profiles.
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Elevated NfL levels were related to comorbid autoimmune disease,
especially SLE. This finding agrees with two previous studies describing NfL
as a biomarker of brain involvement in SLE and primary Sjogren’s syndrome
(169, 170). Neuro-SLE or other autoimmune disorders with brain involvement
should therefore be considered in patients with elevated NfL levels and
neuropsychiatric symptoms. The usefulness of NfL as a potential biomarker
for systemic autoimmune disorders with brain involvement in psychiatric
patients should also be addressed in future work.

For the first time, we showed that elevated t-Tau levels might be linked to
catatonia symptoms and psychomotor activation/agitation, suggesting a
possible involvement of damage to thin non-myelinated axons in the
pathophysiology of catatonia and excited catatonia features. However, the
direction of causality is uncertain and needs to be further investigated with
longitudinal studies.

Elevated GFAp levels were related to several clinical red flags (atypical
disease presentation, rapid onset, prodromal infection) for psychiatric
autoimmune disease. These clinical red flags are all included in the proposed
guidelines for identifying cases of suspected autoimmune OCD (171).
Astrocyte pathology could contribute to CNS autoimmunity or
neuroinflammation in several ways. For example, astrocyte damage or
dysfunction could disrupt the BBB, thereby permitting the entry of cytokines
and autoantibodies into the brain (172). However, the causal direction may be
the opposite, with neuroinflammation or neurodegenerative processes in the
brain causing astroglial activation or damage (172).

Elevated GFAp levels were also associated with tics, which is a symptom
of Pediatric Acute-onset Neuropsychiatric Syndrome. Elevated GFAp levels
were further linked to more severe anxiety/depressive symptoms and overall
psychiatric symptom burden. This observation concurs with two recent studies
showing a link between major depression and elevated GFAp in CSF and
serum (43, 44). Loss of astrocytes has also been connected to depression in
animal and post-mortem tissue studies (173). Animal models further suggest
that stress, a risk factor for depression, may cause a reduction of GFAp-
positive astrocytes in the CNS (174).

Based on the data in paper 1V, it is not possible to determine whether the
elevated GFAp levels are a sign of astroglial damage or astroglia activation
(e.g., as a response to neuronal damage). Still, the results of paper IV support
a potential role for astroglial pathology in psychiatric disease, at least for a
subgroup of patients.

Methodological considerations and limitations

The work included in this thesis needs to be considered in light of several
limitations. First, the cross-sectional study design of papers I-1V prevents

49



conclusions on causality. Second, the focus on young adults in paper I-111
limits the generalizability of the results to other age groups. Furthermore, a
larger male sample size would have increased the informative value of study
I and I1l. These studies need to be repeated in a more extensive male study
population to determine whether the lack of associations observed in the men
is caused by genuine sex-specific associations in women or a lack of power in
the male study population of paper I and IIl.

Another limitation in paper | is that we could not assess “atypical”
depressive symptoms, which might be specifically associated with leptin and
immunometabolic dysregulation (82, 99). In this context, the MADRS-S is
also sub-optimally designed for the rating of neurovegetative depressive
symptoms. The answering option “0” on the MADRS-S items Sleep and
Appetite is a conflated value, reflecting both absence of symptoms and
increased sleep/appetite. This flaw makes the items difficult to interpret and
might introduce information bias in how the total score reflects the depressive
severity of patients with atypical depression. In accordance with this
reasoning, the effect sizes for the plasma leptin vs. MADRS-S total score
correlations increase slightly if the Sleep and Appetite items are removed from
the MADRS-S total score. The design of the MADRS-S Appetite item may
also explain why no association was found between plasma leptin and appetite
in our cohort (see Figure 5), a finding in contrast with previous studies.

In paper 11, the EDE-Q is used out of context by a retrospective telephone
interview, which introduces the possibility of recall bias.

Because of the effects of food intake and circadian rhythms on plasma
adipokine levels, another significant limitation of paper I-111 was the choice to
use non-fasting blood samples collected during office hours. However, a
recent study reported high correlations between fasting and non-fasting blood
samples for leptin, adiponectin and the L/A ratio (175). This finding suggests
that the possible bias introduced by non-fasting blood samples may not be as
significant as was previously feared.

Another limitation of paper | and 111 was that data on several potentially
important confounders/mediators (e.g., sleep, physical activity, childhood
trauma, diet) were unavailable. Most of the men also had missing data on
smoking status. The missing data might be explained by the construction of
the basic information questionnaire, as the question of smoking status was in
close conjunction with questions concerning menstrual health.

BMI was chosen as the primary adiposity index in paper I-111 because of its
higher availability than waist-hip ratio. The missing data for waist and hip
circumferences suggests that these measurements might be less tolerable for
young psychiatric outpatients than weight measurement. However, the waist-
hip ratio might provide more information on abdominal obesity, which has
been linked to depression. Therefore, the waist-hip ratio may be more relevant
than BMI for the research questions imposed in paper | and I11.

50



Similar to most previous studies concerning depression, we analyzed only
peripheral biomarkers in paper I-11l. However, it is possible that peripheral
alterations of these biomarkers do not reflect pathophysiological processes in
the CNS. This reasoning would explain the discrepancies between our results
in paper | and previous results in animal models. This assertation needs to be
addressed in future work, with concurrent measurements of leptin and
adiponectin in both plasma and CSF. Measurement of HMW and LMW
adiponectin should also be considered in addition to total adiponectin, as the
different isoforms of adiponectin may have varying physiological and
pathophysiological effects. For instance, some studies suggest that the LMW
isoforms may be the most important for adiponectin’s central effects, whereas
HMW is the major bioactive form in the periphery (176). The choice of assay
to measure adiponectin should also be considered with caution in that different
antibody-dependent assays (e.g., ELISA or RIA) may have different
preferences for the isoforms of adiponectin (177). In this regard, a previous
study described an inaccurate quantification of total adiponectin levels by RIA
in individuals carrying an ADIPOQ mutation influencing isoform proportions
7).

Important limitations for paper IV include a selected study population
without a control group, that patients were investigated at different stages in
their disease progress (e.g., acute or chronic) and that some variables had
missing data. For example, only half of the patients were investigated with
EEG. This selection was most likely not random but based on a higher degree
of suspicion of organic cause. The EEG results may therefore be influenced
by selection bias. The selected study population limits the generalizability of
the observed links between psychiatric symptomatology and CNS damage
biomarkers to a general psychiatric population. Furthermore, the clinical red
flag “atypical presentation” was difficult to define because it is mostly based
on the clinician’s experience of what constitutes a typical pattern for a
psychiatric disorder. Such a broad definition will affect the reproducibility of
the results. Another limitation in paper IV was that we could not reliably
assess some of the clinical red flags suggested in previous studies (e.g.,
treatment resistance).

One methodological question that repeatedly re-surfaced was how we
should adjust our observations for potential confounders. As can be seen in
paper I-111, there is a progression in how we have managed this question that
reflects an advancement in the literature. Because confounding bias can
threaten the validity of the results, adjusting for the effects of confounders is
vital in observational studies. However, adjustment for variables that are not
confounders (e.g., mediators or colliders) may also reduce the validity of the
results through over adjustment bias or reduced precision of the effect
estimates (178). Thus, it is essential to carefully consider which variables may
be confounders and which may be mediators or colliders, and then only adjust
for the confounders. However, this ability to differentiate is sometimes easier
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said than done, especially when it is unknown which variables precede the
others or have a bilateral relationship.

Future considerations and clinical implications

The research field of Immunopsychiatry is rapidly growing and brings hope
of new tools for patient stratification and treatment options for a group of
patients with severe psychiatric symptoms. Still, interactions between the
immune system, the metabolic system and the nervous system are complex
and challenging to study. One way to find innovative approaches to address
this complexity is through collaborations that bridge classical medical fields
and involve researchers of both preclinical and clinical backgrounds.

It is now clear that there are links between immune regulation and
psychiatric disease. Nevertheless, it remains to be explored how specific these
immune alterations are for different psychiatric conditions, whether they are
important only for subgroups of patients and how they relate to prognosis and
treatment response. The question of causality also needs to be further
investigated with longitudinal studies with repeated measurements, case
studies and randomized controlled trials (RCTS).

Several RCTs for immunomodulatory treatments are now ongoing or
planned for patients with depression and those with autoimmune psychiatric
disorders. This research is a necessary step to determine causality and the
clinical relevance of immune dysregulation in psychiatric disease. It is also
the next step towards translating theoretical knowledge from the field of
Immunopsychiatry into something that is directly useful for the patients. Some
observational studies show promising results from immunotherapy in
reducing psychiatric symptoms and improving functionality in psychiatric
patients with positive findings of anti-neuronal antibodies (179). Moreover,
observational studies and a few RCTs have shown beneficial effects of anti-
inflammatory and anti-cytokine drugs for some patients with depression (13).
Selection based on signs of inflammation (e.g., elevated IL-6) may help find
appropriate candidates for immunotherapy within psychiatry, but this remains
to be determined.

Clinical red flags may be a valuable tool for identifying patients who should
be investigated for objective findings of autoimmune psychiatric disease and
may be potential candidates for treatment with immunotherapy in clinical
trials. Clinical red flags may also help detect psychiatric patients with signs of
suspected autoimmune psychiatric disease, with seronegative findings for
established anti-neuronal antibodies. For some of these patients, their
psychiatric symptoms will not be explained by anti-neuronal antibodies. For
others, the symptoms may be explained by novel and unknown anti-neuronal
antibodies that are yet to be specified. If these patients can be better identified
through clinical screening and with the help of biomarkers in blood and CSF,
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their CSF can be tested on rodent brain tissue (“tissue tests”) to determine
whether they have antibodies in the CSF that bind to brain tissue.

In addition to immunomodulatory treatment, metabolic targets have been
considered potential therapeutic targets for treating depression. For example,
leptin-based treatments have been suggested for depression because of their
antidepressant-like effects in animal models. These suggestions are not
supported by the data of this thesis, as we observed a positive correlation
between depressive symptoms and leptin and the L/A ratio. Still, much remains
unknown regarding how leptin and adiponectin act in the CNS in relation to
depression in humans. Future studies where leptin and adiponectin levels are
measured simultaneously in blood and CSF are needed to better address this
issue.

The results of paper 1 and 111 collaborate the position that immunometabolic
alterations appear to be connected to a depressive state and depressive/anxiety
traits. These alterations were observed already in young adults, suggesting that
early preventive measures for metabolic health in teenagers and young adults
should be of higher importance in society and health care, especially for
individuals with psychiatric morbidity or ill-health. Preventive non-
pharmaceutical interventions, such as exercise, have previously been shown
to increase adiponectin and decrease leptin and inflammatory markers in both
children and adults (180-183). Some studies in rodents and humans also
suggest that exercise improves leptin resistance (184). Yet, it is unknown what
the optimal plasma leptin and adiponectin levels are in young adults.
Consequently, the paper | and Il results cannot determine whether young
patients with psychiatric morbidity have pathological values. This issue and
the long-term effects of these alterations need to be further investigated in
future studies.

Substantially less is known about biological alterations and their long-term
effects on health in bulimia nervosa than in anorexia nervosa. Future work
should address the metabolic dysregulations observed in paper 11, preferably
by investigating long-term metabolic regulation concerning eating disorder
symptoms and genetic and epigenetic variations. The genes of neuropeptides
involved in energy balance and food reward (e.g., adiponectin) are of
particular interest. It also needs to be investigated if elevated plasma
adiponectin may be a risk factor for the development or maintenance of
bulimia nervosa, or if it is a consequence of the disorder. Neuropeptides
involved in energy balance and food reward may also be potential therapeutic
targets.

Paper IV found noteworthy links between psychiatric features and CNS
damage biomarkers that need confirmation in other populations. Future work
should also address whether CNS damage biomarker levels are related to
disease progression or treatment response: For example, this could be
executed by including repeated CNS damage biomarker measurements in
RCTs.
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Paper IV only used biomarkers and other readily available investigations
in the psychiatric or neurological clinic. Investigations with more
experimental biomarkers could be of interest in the future (such as biomarkers
more specific for neuroinflammation).
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Conclusions

Higher plasma levels of immunometabolic biomarkers, such as leptin, L/A
ratio and 1L-6, are related to more severe depressive symptoms and a higher
degree of neuroticism in young women with psychiatric morbidity. Higher
CRP is also linked to depressive symptom severity in young women but not
to neuroticism.

In contrast, women with bulimia nervosa have higher adiponectin levels
and lower leptin and L/A ratios in plasma. The plasma adiponectin levels also
remain elevated over time despite improvement in eating disordered behavior,
suggesting long-term metabolic dysregulation in patients with bulimia
nervosa.

The thesis results demonstrate preliminary links between astrocyte and tau
pathology and psychiatric features that need to be confirmed and explored in
future work. The final study also shows that CSF analysis is feasible within
psychiatry even in patients with severe psychiatric symptoms. The study
further demonstrates that CNS pathology is found in CSF in patients with a
broader range of psychiatric manifestations, not only psychosis, when other
clinical red flags are present.

Taken together, the results of the thesis confirm a link between
immunometabolic regulation and mental states and traits in patients with
psychiatric morbidity.
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Sammanfattning pa Svenska

Bakgrund

Psykiatriska sjukdomar ar komplexa tillstand som drabbar var tankeformaga,
vart kansloliv, vara beteenden och hur vi uppfattar oss sjalva och omvérlden
—med ofta allvarliga konsekvenser och ett stort lidande som foljd. Trots att vi
hela tiden l&r oss mer vet vi fortfarande valdigt lite om deras bakomliggande
orsaker och sjukdomsmekanismer, vilket bidrar till en bristfallighet i bade
diagnostik och behandling.

Det har lange funnits en misstanke om att psykisk sjukdom kan vara
kopplat till forandringar i immunsystemet, atminstone for en del patienter. De
senaste decennierna har ett vaxande antal studier visat pa just sadana
kopplingar. Till exempel har laggradig, kronisk inflammation kopplats till
flera psykiatriska diagnoser, som depression, schizofreni och tvangssyndrom.
Det har ocksa tillkommit fallbeskrivningar av patienter med terapiresistent
psykisk sjukdom som forbattrats i sitt psykiska tillstdnd av lakemedel som
paverkar immunsystemet.

Immunfdérsvaret och  kroppens  energiregleringssystem  &r  tatt
sammankopplade och paverkan pa det ena innebér ofta en paverkan ocksa pa
det andra. Forandringar av immunfoérsvaret eller kroppens energibalans (t.ex.
regleringen av blodsockernivaer) kan gemensamt kallas for immunometabola
foréandringar. Hormoner som produceras av fettvdvnaden, t.ex. leptin och
adiponektin, ar ofta involverade i regleringen av bade immunférsvaret och
kroppens energibalans. Nivaerna av leptin och adiponektin i blodet har i
tidigare studier visats vara kopplade till depression.

Leptinnivaerna okar och adiponektinnivaerna minskar nar fettvavnadens
storlek dkar. Leptin hammar aptiten och minskar matintaget. Leptin ar ocksa
pro-inflammatoriskt och paverkar hjarnans stressregleringssystem (HPA-
axeln) och normala utveckling. Adiponektin okar insulinkansligheten och
minskar risken att utveckla diabetes, hjartkarlsjukdom och cancer. Till
skillnad fran leptin verkar adiponektin vara i huvudsak anti-inflammatoriskt
och o6kar eventuellt matintaget.

Autoimmuna mekanismer i hjarnan, dvs. nar immunforsvaret attackerar
nervsystemets egen vavnad, har ocksa kopplats till allvarliga psykiska
symtom som psykos, svart tvang och paverkad formaga att minnas, fatta beslut
och tolka information. Har ar det fortfarande mycket som &r oklart avseende
diagnostiken, men typiskt for tillstanden ar att symtombilden ofta ar
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forknippad med vissa varningsflaggor (s.k. rdda flaggor), som ett snabbt
sjukdomsforlopp och symtomdebut efter en period med infektionssymtom.
Rdda flaggor har foreslagits som ett mojligt screeningverktyg for att hitta de
patienter med psykiska symtom som boér utredas mer utforligt for misstankta
foréandringar i immunsystemet som kan téankas bidra till sjukdomsbilden.

Motsvarande tillstaind med framtradande neurologiska symtom har
behandlats framgangsrikt med immunoterapi. Foérhoppningen inom
forskningsfaltet ar darfor att immunoterapi ocksa skulle kunna vara till nytta
for patienter med tecken pad autoimmunitet och overvagande psykiska
symtom. Olika metoder har foreslagits for att hitta de patienter som skulle
kunna ha nytta av immunoterapi. Dessa metoder inkluderar utredning med
hjarnavbildningstekniker och biomarkérer i blod och ryggmérgsvatska, som
kan pavisa tecken pa skada, inflammation eller autoimmunitet i hjarnan.
Exempel pa hjarnskademarkorer som kan anvéndas for att pavisa olika typer
av skada i hjarnan &r t.ex. GFAp, totalt Tau (t-Tau) och NfL. GFAp &r en
biomarkor for skada pa astrocyter, medan Tau och NfL ar biomarkorer for
skada pa nervceller och deras axon.

Fortfarande kvarstar mycket att klargéra avseende hur immunometabola
mekanismer kan paverka och paverkas av psykiska tillstand och hur detta
relaterar till diagnostik, prognos och behandlingsméjligheter fér psykiatriska
patienter. Forhoppningen med den hér avhandlingen har varit att bidra med
ytterligare en pusselbit som kan leda till nya insikter om hur immunometabola
forandringar &r kopplade till olika aspekter av psykisk sjukdom och hur olika
biomarkérer i blod och ryggmargsvétska kan anvandas for att biologiskt
stratifiera patienter med psykiska symtom.

Syfte

Det 6vergripande syftet med avhandlingen har varit att undersdka sambandet
mellan psykisk sjukdom och en felriktad reglering av immunforsvaret. Syftet
med de olika delarbetena i avhandlingen har varit foljande:

I.  Att undersoka kopplingen mellan svarighetsgraden av depressiva
symtom och nivaer av hormonerna leptin och adiponektin i blod.

II.  Attunderstka kopplingen mellan bulimi och nivaerna av leptin och
adiponektin i blod och hur de varierar Gver tid hos personer med
bulimi.

1. Att undersbka sambandet mellan neuroticism och leptin,
adiponektin och andra inflammatoriska biomarkorer som kan tyda
pa okad risk for hjartkarlsjukdom/diabetes hos unga vuxna med
psykiatriska tillstand.
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IV. Att undersoka forekomsten av objektiva tecken pa
hjarnskada/hjarninflammation hos en patientgrupp med kliniska
tecken pa misstankt autoimmun psykiatrisk sjukdom. Delarbetet
hade vidare som syfte att undersoka kopplingen mellan olika
hjarnskademarkarer, psykiatrisk symtombild och kliniska tecken pa
misstankt autoimmun psykiatrisk sjukdom (réda flaggor).

Metod

Studie I-111

I studie I, 11 och Il undersoktes unga vuxna psykiatriska patienter (18-25 ar)
och kontroller (18-30 ar). | alla tre studierna mattes nivaerna av hormonerna
leptin och adiponektin i blod med en teknik som kallas for ELISA. | studie 11
och 1l skapades ocksa en kvot av leptin och adiponektin nivaerna som
kallades for L/A kvot. | studie 11 mattes utéver leptin och adiponektin ocksa
nivaerna av CRP, IL-6 och TNF-a i blod med en teknik som kallas for
electrochemiluminescence immunoassay.

| studie | uppskattades svérighetsgraden av depressiva symtom med
sjalvskattningsformularet MADRS-S.

I studie 11 fick patienterna med bulimi lamna blodprov vid tva tillfallen med
ca 1-2 ars mellanrum. | samband med att de lamnade det andra blodprovet
intervjuades de over telefon om forekomsten och svarighetsgraden av olika
atstorningssymtom.

| studie Il mattes graden av neurotiska personlighetsdrag (t.ex.
angestbendgenhet och stresskanslighet) med ett sjalvskattningsformulér.

Studie IV

| studie IV undersoktes patienter med svar psykisk sjukdom som misstanktes
ha forandringar i immunforsvaret, t.ex. autoimmunitet, som bidrog till
psykiska symtom. Patienterna genomgick en noggrann klinisk bedémning
med psykiatrisk intervju, neurologisk undersékning och olika
skattningsformuldr av psykiska symtom. Patienterna undersoktes aven med
blodprov och lumbalpunktion for att méta hjarnskademarkorer (NfL, GFAp,
t-Tau), antikroppar riktade mot den egna hjarnvavnaden och andra tecken pa
inflammation/autoimmunitet i blod eller ryggmargsvatska. | de fall
patienterna hade undersokts med hjarnavbildningstekniker
(magnetkameraundersékning eller EEG) samlades resultaten in och
eftergranskades for tecken pa hjarnskada eller hjarninflammation.
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Resultat och slutsats

I.  Hogre nivaer av leptin i blodet var kopplade till svarare depressiva
symtom hos kvinnorna, men inte hos mannen. Kopplingen var
beroende av BMI och anvandning av antidepressiva lakemedel.

II.  Kvinnorna med bulimi hade hogre nivaer av adiponektin i blodet.
Nivaerna av adiponektin i blodet forblev forhdjda over tid, trots
minskat atstérningsbeteende.

I1l.  Hogre grad av neurotiska personlighetsdrag var kopplat till hdgre
nivaer av leptin, L/A kvot och IL-6 i blodet. Associationen kvarstod
aven efter korrigering for depression och angestsyndrom. Légre
nivaer av adiponektin var kopplade till en okad stresskanslighet.

IV. En fjardedel av patienterna med kliniska tecken pa misstankt
autoimmun  psykiatrisk sjukdom hade forhéjda nivaer av
hjarnskademarkdrerna NfL, GFAp eller t-Tau. Forhojt NfL var
vanligare hos patienter med SLE eller annan autoimmun sjukdom
och kopplat till observerbara affektiva symtom. Férhojt GFAp var
kopplat till  tics, storre psykiatrisk symtombérda och
depression/angest. Forhojt GFAp var ocksa kopplat till foljande roda
flaggor: atypisk psykiatrisk sjukdomsbild, hastig sjukdomsdebut och
infektion i anslutning till insjuknandet. Forhojt t-Tau var kopplat
katatoni och till symtom tydande pa hyperaktivering och agitation.
21 % av patienterna som undersoktes med lumbalpunktion hade
tecken pa inflammation i nervsystemet eller stord blod-hjarnbarrir.
Antikroppar mot egen hjarnvavnad pavisades i blodet hos 6 % av
patienterna och i ryggmargsvatskan hos 2 %. 58 % av patienterna
hade psykotiska symptom, 42 % hade tvangssymtom och 24 % hade
katatoni. Flera andra psykiska symtom forekom ocksa, t.ex.
somnpaverkan, kognitiv paverkan och affektiva symtom som
nedstdmdhet.

Sammantaget visar dessa studier att hogre nivaer av immunometabola
biomarkarer i blodet ar kopplade till svarare depressiva symtom och en hogre
grad av neuroticism hos unga kvinnor. Detta stérker vikten av forebyggande
atgarder for forbattrad kroppslig hélsa hos unga vuxna med bendgenhet for
angest eller depressivitet. Studierna visar dven pa en koppling mellan bulimi
och langvarigt forandrade nivaer i blodet av hormoner som kontrollerar
kroppens energibalans och paverkar dtbeteenden, vilket skulle kunna bade
orsaka och vara orsakat av symtombilden vid bulimi.

Psykiatriska patienter med en atypisk sjukdomsbild, hastig sjukdomsdebut
eller infektion i anslutning till insjuknandet verkar ha en hdgre férekomst av
fornojda GFAp nivaer, vilket kan tyda pa 6kad astrocyt-aktivering eller skada.
Patienter med forhojda GFAp nivaer verkar ocksd i hogre utstrackning
besvaras av tics och depression/angest. For forsta gangen visar vi ocksa en
koppling mellan katatoni och forh6jda t-Tau nivaer i ryggmargsvatska, vilket
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tyder pa en pagéaende skada i nervcellerna eller deras axon. Forhojda t-Tau
nivaer var ocksa kopplat till 6kad agitation/hyperaktivering. Vi pavisar ocksa
en koppling mellan forhojt NfL och autoimmun sjukdom (sérskilt SLE), vilket
starker bilden av en autoimmun paverkan i nervsystemet hos dessa patienter
med autoimmun sjukdom och psykiska symtom.

Resultaten i studie IV stddjer anvandandet av rdda flaggor for att hitta
patienter med avvikelser i blod och ryggmargsvatska som tyder pa
inflammation, autoimmunitet eller skada i hjarnan som kan bidra till psykiska
symtom. Samtidigt visar resultaten att inte bara patienter med psykos bor
overvagas for utredning av autoimmun psykiatrisk sjukdom, utan ocksa
patienter med andra psykiska symtom som katatoni, tvang, affektiva symtom
och kognitiv paverkan.

Sammanfattningsvis bekraftar avhandlingen att det finns olika typer av
kopplingar mellan psykiska besvér/sjukdomar och tecken pa hjarnskada och
immunometabola férdndringar i blod och ryggmaérgsvétska, som potentiellt
skulle kunna vara anvandbara for att biologiskt stratifiera patienter med
psykiska symtom. Tydligare biologisk stratifiering skulle i sin tur kunna vara
ett stod i valet av behandling. Framdver behdvs fortsatta studier for att
vidareutveckla hur kunskapen om dessa kopplingar kan anvéndas for att
forbattra behandlingen av patienter med psykisk sjukdom, t.ex. genom att
behandla de patienter som har psykisk sjukdom och tecken pa autoimmunitet
i nervsystemet med Idkemedel riktade mot immunforsvaret.
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Errata

Paper 11

In the Abstract in paper Il the statement “P-leptin-adiponectin-ratio was
significantly lower in patients with BN compared to controls (p<0.04)” should
be “P-leptin-adiponectin-ratio was significantly lower in patients with BN
compared to patients without BN (p<0.04)”.
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