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Abstract

The current understanding of major depressive disorder (MDD) and bipolar disorder
(BD) is plagued by a cacophony of controversies, as evidenced by competing schools to
understand MDD/BD. The DSM/ICD taxonomies have cemented their status as the
gold standard for diagnosing MDD/ BD. The aim of this review is to discuss the false
dogmas that reign in current MDD/ BD research with respect to the new, data-driven,
machine learning method to model psychiatric illness, namely nomothetic network
psychiatry (NNP). This review discusses many false dogmas including: MDD/BD are
mind-brain disorders that are best conceptualized using a bio-psycho-social model or
mind-brain interactions; mood disorders due to medical disease are attributable to
psychosocial stress or chemical imbalances; DSM/ICD are the gold standards to make
the MDD/BD diagnosis; severity of illness should be measured using rating scales;
clinical remission should be defined using threshold values on rating scale scores;
existing diagnostic BD boundaries are too restrictive; and mood disorder spectra are the
rule. In contrast, our NNP models show that MDD/BD are not mind-brain or psycho-
social but systemic medical disorders; the DSM/ICD taxonomies are counterproductive;
a shared core, namely the reoccurrence of illness (ROI), underpins the intertwined
recurrence of depressive and manic episodes and suicidal behaviors; mood disorders
should be ROI-defined; ROI mediates the effects of nitro-oxidative stress pathways and
early lifetime trauma on the phenome of mood disorders; severity of illness and
treatment response should be delineated using NNP-derived causome, pathway, ROI,

and integrated phenome scores; and MDD and BD are the same illness.
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Core Tip: We review the merits of machine learning-derived nomothetic network
psychiatry (NNP) models of mood disorders. The NNP models of mood disorders show
that major depressive disorder/bipolar disorder are not mind-brain or psycho-social
but systemic medical disorders. The DSM/ICD taxonomies are counterproductive. A
shared core, namely the reoccurrence of illness (ROI), underpins the intertwined
recurrence of depressive and manic episodes and suicidal behaviors. Mood disorders
should be ROI-defined. ROI mediates the effects of nitro-oxidative stress pathways and
early lifetime trauma on the phenome of mood disorders. Severity of illness and
treatment response should be delineated using NNP-derived causome, adverse

outcome pathways, ROI, and phenome scores.

INTRODUCTION

The current status-quo view is that mood disorders are disorders of the brain associated
with chemical imbalances and should be regarded as mental disorders with a multi-
factorial etiology. The status-quo is that mood disorders should be diagnosed using
DSM criterialll or ICDP! criteria and that different subtypes of mood disorders exist
including unipolar [major depressive disorder (MDD)] and bipolar disorder (BD), either
manic or a major depressive episode (MDE). It is thought that MDD and BD-type 1
(BP1) are qualitatively distinct categories, although MDD and BD-type 2 (BP2) show
quantitative differences. Furthermore, both MDD and BD show many comorbidities
with neurological and medical disease and depression due to these conditions may be
explained by psychosocial factors including loss of health or independence. Moreover,
the status-quo dictates that severity of illness should be measured using the summed
score of items of rating scale scores that assess depressive symptoms.

The conceptual MDD/BD frameworks are plagued with a cacophony of
controversies, as evidenced bhcompeting and even mutually antagonistic approaches
to understand these disorders including psychoanalysis (depression is a defense against
loss and mourning), psychodynamic psychiatry (depression is the consequence of a

pathological object relationship between parts of the self), commonsense or folk
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psychology (depression is a response to a psychological problem), self-system therapy
(the primary factor in depression is problematic self-regulation), systemic therapy
(systems e.g., the family create depression), biological psychiatry (depression is the
consequence of chemical aberrations in the brain, e.g., a deficiency in serotonin), animal
experiments (depression is sickness behavior or is the consequence of learned
helplessness), the biopsychosocial model (biological as well as psychosocial factors are
involved), cognitive-behavioral therapy (depression is the consequence of negative
cognitions), cognitive neuropsychiatry (cognitive impairments in memory or attention
are involved), the mind-brain dualism (mental and neural processes interact to cause
depression), postpsychiatry (community development and engagements with
communities are central and boredom and depression are the characteristic moods of
our epoch), molecular psychiatry (genes and intracellular networks explain depression),
and pan-omics and precision psychiatry (pan-omics data will reveal the true nature of
depression phenotypes or transdiagnostic pathway-phenotypes). A latest new
development, which indicates that contemporary psychiatry faces a profound crisis, is
critical psychiatry with psychiatric survivors networks which question psychiatric
practice, treatment, scientific methods, knowledge base, and the decontextualization of
experience, and accuse status quo psychiatrists of h ul and unethical principles?-l.

Another new direction in psychiatry is the research domain criteria (RDoC)
developed by the National Institute of Mental Health (NIMH)[¢l. Apart from criticizing
and further undermining the credibility of the DSM categorizations, RDoC relies on
dimensions of as critical measures of psychopathology, which arises from aberrations in
neural circuits in the brain, and should be examined by a matrix with 8 columns (genes,
molecules, cells, circuits physiology, behavior, self-reports, and paradigms) and a
number of rows including memory, rewards, threats, and perception. Nevertheless,
there is no evidence base for the RDoC matrix approach, which is developed in a top-
down manner.

All medical disciplines, except psychiatry, are exclusively based on nomothetic

network definitions of disease, as default mode of clinical and research operations. The
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term “nomothetic” means the tendency to derive laws from indicator (independent)
variables, which explain the variability in phenomena and allow to generalize the
modell”l. Nomothetic definitions include a variety of biological signatures which
correspond to clinical measures and constitute drug targets for implementation of
treatment. For example, the diagnosis atherosclerosis, implies that the patient suffers
from atherosclerotic plaques caused by a defined process which progressively worsen.
In contrast, the diagnosis of MDD and BD according to DSM/ICD criteria are mere de-
contextualized narratives devoid of any explanatory mechanisms.

The aim of this paper is to review the many false dogmas which determine current
research in mood disorders; and to discuss these flaws with respect to the new, data-
driven, machine learning method to model psychiatric illness, namely nomothetic
network psychiatry (NNP)[10-13], In line with a dichotomy!!4], it could be considered that
there co-exist two major types of scientific psychiatric knowledge. A first is idiographic
and is driven by “understanding” of subjective experiences and inter-subjective
narratives, and the second is nomothetic and is governed by laws of natural and
mathematical sciences representing explanatory models of diseasel!>1l, With every
respect and awareness of the values represented in subjective narrative and relevant
cultural contexts!'?], in this review we focus on the many caveats in scientific psychiatry,
which undermine the nomothetic approach. Moreover, we show that our novel
nomothetic models also contain subjective experiences of the patient, and that these
idiographic experiences increase the richness and complexity of the nomothetic models.
Finally, we will introduce a new mathematical index reflecting the reoccurrence of

illness (ROI), which is a key factor in our nomothetic models('5191.

NNP

NNP models

None of the previous psychiatric models tried to reunite the different buildings blocks
of an illness into a data-driven model which includes causome and protectome features

(or a deduced risk/resilience ratio), adverse-outcome pathways (AOPs), brainome
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features (the aggregate of aberration in brain regions), cognitome features (the
aggregate of cognitive impairments), and ROI, symptomatome (the aggregate of
different symptom domains or clinical phenotypes), and phenomenome (the self-
description of the self-experience of the illness) features/10-131. -

Figure 1 displays a theoretical framework of MDD /BD, which is based on current
state-of-the-art knowledge and causal reasoning and reunites the different building
blocks into a causal model. It should be noted that this framework allows for the entry
and analysis of a wide range of data into the model, including genome (genomics) and
environmentome (psychosocial aspects, context-centered hermeneutic data), pan-omics
data, functional brain imaging including connectome data, neurocognitive test results,
descriptive psychopathological assessments including symptoms rated via interviews,
and idiographic or phenomenological features as assessed with self-rating scales,
including health-related quity of life (HR-QoL) data.

This theoretical causal framework can be tested and validated using partial least
squares (PLS) pathway analysis[1®-13l. Figure 2 shows the outcome of such a PLS model
(NNP1) comprising causal links between three risk/resilience ratios, namely early
lifetime trauma (ELT) indicators and paraoxonase (PON)1 genotype combined with
PON1 enzymatic activity, two AOPs, namely an antioxidant and a neuro-oxidative
toxicity indicator, one ROI-indgx, and the phenome of mood disorders!'?l. In NNP1, the
severity of ROI is represented as a reflective latent vector extracted from the number of
lifetime depressive episodes in MDD, (hypo)manic and depressive episodes in BD and
number of lifetime suicidal attempts in either MDD or BDI0l. The phenome of mood
disorders is conceptualized as a factor (latent vector) extracted from symptomatome
features (severity of depression, anxiety and global clinical impression and current
suicidal ideation) and phenomenome features, including self-rated disabilities (scoring
three subdomains, namely work/school, social and family) and self-rated HR-QoL (four
subdomains, namely physical and psychological health, and social relationships and

environment)[10],

6/ 28




Simeonova et all'?l constructed another NNP model (NNP2) whereby indicants of
increased bacterial translocation [increased immunoglobulin (Ig)A and IgM responses
to lipopolysaccharides (LPS) of specific Gram-negative bacteria] were entered as
causome factors leading to three AOPs, namely increased autoimmune responses to
oxidized low-density lipoprotein, peroxide levels, and IgM responses to a multitude of
oxidative specific epitopes. These three AOPs and a ROI index significantly predict the
phenome which was conceptualized as a factor extracted from the severity of illness
score, the presence of mood disorders, MDD and BPI1, treatment resistance, and
melancholia.

Figure 3 shows how PLS analysis was employed to construct and validate novel NNP
models. As explained previously, different statisticﬁ tests should be used to validate
the outer and inner models and the PLS models('l. Goodness of fit should be checked
with standardized root mean square residuals to avoid model ra'sspeci.fications. The
validity reliability of the latent factors should be checked using composite reliability,
rho A, or Cronbach’s alpha, and average variance extracted. All indicators of the latent
vectors should display loadings > 0.5 or by preference > 0.66[1%12 and Confirmatory
Tetrad Analysis should be employed to check whether the latent factors are not mis-
specified as reflective models. Other tests including blindfolding and PLS predict with
10-fold cross-validation may be used to assess the predictive value of the modell'0-13,
There are different methods to determine, a priori, the estimated ber of cases
including methods based on the psychometric properties and the strength of the
intercorrelations among the factors and the factor loadings, the number of arrows
pointing to a latent factor and its explained variance, and power analysis specific to
multiple regression analysis(''l. An advantage is that these methods show that relatively
small sample sizes of 70-127 cases may be sufficient to achieve a power of 0.8[11, Most
importantly, complete PLS analysis conducted on bootstrapped samples (e.g., 5.000)
allows to compute the path coefficients with P values as well as the specific indirect,

total indirect and total effects. This method allows to examine multi-step and multiple
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mediation paths as for example the links from PON1 genotype a ROI a phenome, and
PONT1 genotype a AOP1 a AOP2 a phenome.

As such we were able to build reliable and replicable, bottom-up, data-driven
nomothetic models of BD/MDD, which comprise key features of mood disorders
assembled in a knowledge-based causal framework as indicated in Figures 1 and 2[10-13].
These NNP models integrate phenome with functional and molecular pathways and,
therefore, “translate” those pathways into phenome features thereby objectivating the
clinical phenome, a method named “reification of the clinical diagnosis”[!%-13l. The NNP
method also allows to construct pathway-phenotypes (biosignatures), for example, by
constructing latent vectors which comprise pathway and phenome features2?! and
pathway classes, as described in the next section.

Importantly, our NNP models may pass critical rationalism tests as proposed by
Popperl?!l, First of all, our NNP models can be refuted or corroborated and, thus, are
falsifiable. Second, our NNP frameworks are based on state-of-the-art knowledge
including on causome, protectome, AOP, and phenome data and, thus, are progressive.
Third, new research should elaborate on our NNP models and enrich the indicators or
feature sets with pan-omics and brainome data, delete less robust features, and,
therefore, our models are changeable and provisional. Finally, through feature selection
(only significant indicators are included in the model) and feature reduction (latent
vectors are constructed based on strongly related indicators), our NNP models are

parsimonious representations of the building blocks of the illness.

NNP networks reveal drug targets at the model and idiographic level

Once the nomothetic network in constructed, latent variable scores may be calculated
which reflect the severity of causome factors, interactions between causome and
protectome factors (for example, integrated in a risk/resilience ratio), different AOPs,
the ROI-index, and the phenome. These latent variable scores, therefore, reflect severity
of the different building blocks of the illness. Our NNP models also contain idiographic

features as for example self-rated severity of depression and anxiety, and self-rated HR-
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QoL and disabilities!'?l. As a consequence, those latent variable scores not only define
the nomothetic network model, but also an idiographic image or feature profile which
is unique for every individual.

Consequently, our NNPs disclose new drug targets: (1) At the model level, namely
causome factors such as PON1 activity, ELT, bacterial translocation; AOPs, including
damage due to oxidative and nitrosative stress (O&NS) and lowered antioxidant
defenses, and ROI, which is in part determined by causome features; and (2) In each

individual because the idiomatic profile discloses specific aberrations.

New classifications based on NNP features

The NNP factor scores may be employed in consequent unsupervised machine learning
techniques including clustering analysis methods to expose novel natural clusters of
patients. Previouslyll012l we used K-median, Two-step, K-mean, Ward and Forgy’s
clustering analysis to discover new categories based on the causome, AOPs, ROI, and
phenome latent vectors. Cluster analysis conducted on NNP1 model disclosed that
69.5% of mood disorder patients were allocated to a cluster with increased causome
factors (interaction PON1 genotypes and PON1 enzymatic activity and ELT), O&NS-
associated AOPs, and increased ROI and_phenome scores. Cluster analysis conducted
on the NNP2 model showed that around 70% of the patients were allocated to a cluster
with increased bacterial translocation, O&NS-associated AOPs, and phenome
severity(12l. Consequently, we have proposed to name the clusters with high causome,
AOP, and ROI scores “Major DysMood Disorder due to neuro-affective toxicity” and

the cluster with normal causome and AOP scores “DysMood Disorder”[1012],

NNP-associated pathways

Nevertheless, both NNP1 and NNP2 are limited in that they focus on O&NS-related
and bacterial-derived features and do not comprise other well-known causome/AOP
factors of mood disorders, such as indicants of activated immune-inflammatory

pathways[22l. The latter will be addressed in other NNP models as reviewed in false
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dogmas in mood disorders. Using (un)supervised learning techniques, we repeatedly
showed that large subgroups of patients with mood disorders (MDD or MDE) show
signs of immune activation including increased expression of T cell activation markers
such as CD7+, CD25+ and CD2+, human leukocyte antigen (HLA)DR+ and cell surface
antigens such as CD25+ [interleukin (IL)-2 receptor], class II Major Histocompatibility
Complex HLA-DR, CD4+CD45RA, CD4+CD45RA+, and surface Igl?2, These findings
were further corroborated by data that mood disorders are accompanied by (1):
Incre&sed levels of pro-inflammatory cytokines including IL-2, IL-1p, interferon (IFN)-y,
and tumor necrosis factor (TNF)-a; (2) Increased expression of positive acute phase
proteins such as haptoglobin and C-reactive protein (CRP); and (3) Lowered levels of
negative acute phase proteins including albumin/?>?1, Based on these findings, there is
now evidence that MDD/BD are immune-inflammatory and O&NS (IO&NS)
disorders/2225],

Enrichment and annotation analysis using the Gene Ontology knowledgebase
pathways (Gene Ontology Resource) indicates that the protein-protein interactions in
mood disorders are associated with peripheral IO&NS pathways which are highly
significantly associated with a response to a bacterium, a response to LPS, or a cellular
response to LPS, indicating that the increased bacterial translocation established in
NNP2 is causally associated with IO&NS pathway activation [Maes et al, trabecular
bone score (TBS)]. Moreover, the GO computational model of biological systems (Gene
Ontology Resource) also shows that the IO&NS profile established in mood disorders is
accompanied by different impairments in neuronal functions including microglial cell
activation and neuroinflammation, positive regulation of gliogenesis, modulation of
chemical synaptic transmission, synapse assembly, neurogenesis and neuroblast
proliferation, axonogenesis, regulation of axon extension, retrograde axonal transport,
synaptic pruning, and more functional and molecular pathways [Maes et al, TBS]. As
explained previously, the pathway findings in mood disorders may be summarized as
indicating increased neurotoxicity and reduced neuroprotection leading to IO&NS-

induced neuro-affective toxicityl2225],
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Recently, dysfunctional, and degenerative processes were established in the brain of
mood disorder patients. For example, altered expressions of connectome circuits in the
brain were established including downregulated anterior insula connectivity, and
upregulated circuits from middle frontal gyrus and hippocampus to the frontal eye
fields, the anterior insula to the amygdala and middle frontal gyrus to the amygdala
(Kandilarova et all?l, TBS). Moreover, using a voxel-based morphometry method using
a 3T magnetic resonance imaging (MRI) system, Kandilarova et al2¢l reported that MDD
is characterized by significant reductions in grey matter volume in anterior cingulate
cortex and medial frontal and regions on the left side, and inferior frontal gyrus, middle
frontal gyrus, medial orbital gyrus, and middle temporal gyrus on the right side. Such
gray matter degeneration and dysfunctional brain connectome circuits may be
predicted by increased neurotoxicity affecting brain functions and neuronal
circuits?2®l, Tt follows that our NNP1 and NNP2 models should be enriched with
connectome (fMRI measurements) and brainome (e.g., MRI measurements) features,
yielding causal pathways from peripheral or gene X environmental interactions a
peripheral AOPs a central AOPs a connectome and brainome a ROI a phenome. We will
now discuss false dogmas in mood disorders research with respect to the new

knowledge obtained in our NNP models.

FALSE DOGMAS IN MOOD DISORDERS

False dogma 1: Mood disorders are mind-brain disorders that are best conceptualized
using a bio-psycho-social model or mind-brain interactions

MDD/BD is most often conceptualized as a brain - mind illness as it is thought that the
brain mediates the mind and that psychosocial factors may alter the brain - mind axis to
cause mood disorders/?l. Another predominant view is that MDD/MDE are brain
disorders which are caused by a faulty mood regulation as a consequence of
interactions between a number of factors including biological features, genetic
vulnerability, psychosocial stressors including losses and ELT, temperament, and

comorbidities/?8l. Other theories posit that psychosocial stressors cause changes in
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chemicals (e.g., serotonin) especially in the brain regions which mediate mood, affection
and reward inclyding the thalamus, amygdala, and hippocampusl?l. According to
Kendlerl®l, the goal should be to understand how the psychosocial environment
interacts with the networks within the mind-brain system that cause psychiatric
illnesses. Accordingly, Kendler/2°l proposed a philosophical structure for psychiatry
with the acceptance of a bidirectional brain a mind and mind a brain causality.
Nevertheless, the discussions as exemplified in Kendlerl?!" paper are reductionist. Why
would psychosocial stressors be the sole stressors that induce MDD/MDE, while other
environmentome variables such as viral and bacterial infections, environmental toxins,
and dietary factors are not taken into account?

Nevertheless, as described in NNP-associated pathways, we have shown that
MDD/BD may have a peripheral origin and as a consequence should be regarded as a
systemic disease. There is a growing realization that the AOPs of mood disorders are
‘holistic’ in nature comprising not only central but also peripheral processes. Thus,
NNP2 showed that increased gut permeability and increased peripheral levels of
neurotoxic substances (including LPS) are major causome factors in mood disorders
which, in turn, may cause activated peripheral IO&NS pathways and
neuroinflammation???>3l, Qur NNP models showed causal links from strictly
peripheral factors (bacterial translocation) or gene X environmental interactions (PON1
gene x ELT) a AOPs (IO&NS pathways) and ROI a phenome. Enrichment and
annotation analysis show how these peripheral pathways may cause neuro-affective
toxicity which may explain fMRI and 3T MRI findings and the phenome of mood
disorders (see NNP-associated pathways). Moreover, it should be added that a larger
part of the variance in the severity of the phenome is explained by direct and indirect
effects of causome, AOP and ROI features, namely around 57.7% and 44.2% in NNP2
and NNP1, respectivelyl!®!2. This evidence contrasts the view that mood disorders
should be regarded as pure brain disorders or mind-brain disorders and that mind a
brain causality and or psychosocial stress a brain dysfunctions are the main drivers of

the illness.
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False dogmma 2: Mood disorders due to brain disease are attributable to psychosocial
stress or chemical imbalances

A number on neurological brain disorders are associated with MDD/MDE (symptoms)
including Parkinson’s and Alzheimer’s disease, multiple sclerosis, stroke, and
Huntington’s diseasel3!l. The widely held belief is that comorbid depression is caused
by chemical imbalances in the brain (e.g., dopamine and serotonin), or that it is the
result of negative thoughts following a diagnosis, helplessness, severe stress from living
with a medical disorder, loss of independence, or as a side effect of medication used to
treat brain disorders28l. Nonetheless, comorbid depression may worsen the morbidity
and cause increased mortality of some brain disorders, and the existence of depression
may precede some neurological disorders, such as Alzheime’s and Parkinson’s disease,
implying that depression is a key component of these conditionsl3!l.

In addition, in these neuro-immune and neurodegenerative brain disorders,
depressive symptoms are associated with increased IO&NS pathways. For example,
depression due to multiple sclerosis is associated with increased IL-6 and lowered
albuminl®l. Depression due to stroke is largely predicted by hypertension and
atherosclerosis as indicated by white matter hyperintensities (assessed with T2-
weighted and fluid-attenuated inversion recovery MRI), and the volume of the acute
stroke lesions (measured with diffusion-weighted MRI) (Supasitthumrong et al, TBS).
White matter hyperintensities are a consequence of a chronic mild inflammatory
process, while the acute stroke lesions are accompanied by peripheral and central
IO&NS responses(335l. The severity of the disabilities induced by stroke was not
associated with the onset of depressive symptoms, indicating that the latter are a
consequence of [O&NS pathways associated with the cause of stroke (atherosclerosis) as
well as the systemic inflammation and neurodegeneration due to stroke
(Supasitthumrong et al, TBS). In schizophrenia, another systemic neuro-immune
diseasel?’], the severity of depression and manic symptoms is significantly associated

with IO&NS indicants including increased levels of IL-6, high mobility group box1, and
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cytokine-induced activation of the tryptophan catabolite pathway!1. In temporal lobe
epilepsy (TLE), depression, anxiety and excitation aggregate with the clinical hallmarks
of the illness (including seizure frequency, controlled vs uncontrolled TLE, presence of
post-ictal confusion and aura) and a latent vector extracted from these clinical features
is associated with PON-1 genotype-associated reductions in enzyme activity[383].
Furthermore, affective symptoms in TLE are strongly associated with protein oxidation
and aldehyde formation and lowered-thiol groups indicating that damage to oxidative
stress plays a key role in affective symptoms due to TLEB#®I. In Parkinson's disease,
increased CRP, and chemokine (C-C motif) ligand 2 (a pro-inflammatory chemokine)
are associated with the severity of depressive symptomsl4°l.

To sum it up, the current theory that depression in neuroinflammatory and
neurodegenerative brain disorders is caused by psychological stress or chemical
imbalances in neurotransmission is at best skewed toward reductionism and should be
abandoned in favor of the novel findings that (neuro)inflammatory processes are to

blame for these disorders” associated mood symptoms.

False dogina 3: Mood disorders due to comorbid systemic illness are attributable to

According to the ABC of psychiatric medicine, depression caused by medical diseases is

psychosocial stress

explained by a variety of stressors linked to the illness, such as functional losses, the
personal meaning ascribed to these stressors, and attitudes about the illness itselfl4!].
Furthermore, personality traits, social support, and stage of life, as well as earlier
experiences, modify those personal meaning and beliefs[4ll. Once sadness, anxiety and
somatic distress appear, the risk to develop depressive disorders and persistent
subthreshold symptoms is increased and modified by social support, medical
complications, genetic loading, and coping strategies.

It appears that these authors and the psycho-social school in general take for granted
that a load on the mind-brain pathway causes depression, a folk psychology

explanation. Folk or commonsense psychology explains the “mental state” of behaviors
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as the outcome of daily life experiences, as for example, “depression” is a response to a
perception, pain, a belief, etcl!ll. Based on this folk-like theories, treatment plans are then
worked out to treat depression due to medical disease and these comprise advice,
education and reassurance, specialized cognitive or dynamic behavioral
psychotherapies, interpersonal therapy, problem solving and of course antidepressant
treatment/4!l. Some of these treatments may even be performed by non-specialists in
primary and secondary care, including cognitive therapy to correct distorted thinking,
encourage a sense of mastery, and promote more accurate coping strategies.

Nevertheless, this psycho-social dogma fails to explain how or why the mind or
mental pathways could lead to the behavioral and cognitive changes associated with
MDD/MBDE. In fact, depression due to a variety of medical illnesses may be attributed
to the activated IO&NS pathways which characterize these disorders(3!l. Thus, diabetes
mellitus type 1 and 2, rheumatoid arthritis, inflammatory bowel disease,
atherosclerosis, lupus erythematosus, chronic obstructive pulmonary disease, chronic
kidney disease, and psoriasis are all IO&NS disorders accompanied by a significantly
higher prevalence of mood disordersPl. The post-partum period, blood dialysis and
IFN-a treatment are frequently accompanied by depression and also these conditions
are characterized by activated IO&NS pathwaysP1l.

New evidence shows that activated peripheral IO&NS pathways are directly
associated with depressive symptoms in medical disorders. For example, depression is
strongly comorbid with chronic apical periodontitis (CAP)I#2l. Root canal LPS levels are
increased in patients with CAP and are significantly associated with clinical depression
due to CAP, as well as with severity of depression and HR-QoLH2l. Moreover, MDD
due to CAP is characterized by increased indicants of O&NS including increased nitric
oxide metabolites, lipid hydroperoxides, and advanced oxidation protein products!#2l.

Moreover, previous NNP research examining depression associated with medical
disease demonstrated that depressive and anxious symptoms are part of the same
clinical core that encompasses the characteristics of those medical disorders. For

example, in atherosclerosis and unstable angina, depression severity is substantially
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associated with the same core (latent vector), which also includes clinical characteristics
such as atherosclerosis, unstable angina, class III/IV unstable angina, and enhanced
atherogenicity and insulin resistancel®’]. The latter features are reflective manifestations
of a common core, namely severe heart disease, which, therefore, is the cause of its
manifestations. Moreover, a larger part of the variance (66.6%) in this common core was
explained by peripheral IO&NS pathways!*l.

A recent NNP constructed in children with depression due to transfusion-dependent
thalassemia showed that depressive symptoms are strongly associated with indicants of
peripheral iron-overload and immune-inflammatory responses caused by thalassemia
and the repeated transfusions/#l. Moreover, the constructed NNP model showed that
iron-overload indices (increased iron and ferritin) and immune-inflammatory
biomarkers (increased IL-1p, TNF-a and IL-10) and key depressive subdomains such as
sadness, physiosomatic symptoms (fatigue and pain), social isolation and irritability
symptoms, and lowered self-esteem belong to the same core. Furthermore, 73.0% of the
variance in this common core was explained by number of transfusions and hospital
admissions and use of Desferrall#l.

We constructed another NNP in depression due to type 2 diabetes mellitus and
established that 61.7% of the variance in depressive and anxiety symptoms could be
explained by indicants of immune activation and the combined effects of insulin
resistance and atherogenicity, which partially mediated the effects of immune activation
on depressive symptomsl*®l. In patients with depressign and anxiety due to established
coronavirus disease 2019 infection, we found that 70.0% of the variance in the severity
of affective symptoms was explained by the combined effects of lung inflammation (as
assessed with lung computed tomography scan) and reduced oxygen saturation and
that these effects were partially mediated by IL-6, IL-10, CRP, soluble advanced
glycation products and lowered albuminl*l. Overall, the current view that depression
caused by medical disorders should be explained by losses or beliefs about the illness is
at best reductionist and should be replaced by NNP models indicating that activated

I0&NS pathways in medical disease are responsible for comorbid depression.
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False dogma 4: DSM/ICD are the gold standards to make the MDD/BD diagnosis
MDD/MDE are commonly defined as a cluster of symptoms which are more severe
than sadness and may be discriminated from the latter by the duration of symptoms
(more than two weeks according to DSM) and the number of symptoms (more than 5 in
DSM). However, the decision whether a patient suffers from MDD /MDE rather that a
sadness reaction is made by the clinician (either psychiatrist or general practitioner)
who will treat the patient with antidepressants depending on whether MDD is present
or not. BD formerly known as manic-depressive psychosis is characterized by recurrent
episodes of MDE and mania (BP type 1) or hypomania (BP type 2). ICD classifies “mood
disorders” which is further subdivided into MDD and BD, whereas the DSM-5 classifies
two separate categories, namely MDD and BDI%.2.,

Nevertheless, there are several serious problems with the DSM/ICD case definitions
of MDD, MDE and BD, BPP1 and BPP2. First, the case definitions are often unreliable with
an intraclass kappa reliability of 0.28 indicating minimal agreement among
psychiatrists¥4l. Furthermore, the DSM case definitions of affective disorders are
unreliable and invalid4849l. BD is often over diagnosed with studies showing that only
42.9% of patients diagnosed with the DSM criteria of BD meet the diagnostic criterial*9l.
The misdiagnosis rate is associated with the low demarcation of BD from personality
disorders including borderline personality disorder, polysubstance abuse, and attention
deficit disorder#l. BD patients are often misclassified as suffering from MDD or other
conditions with a rate as high as 60%°°l. Another major problem is that the diagnosis of
BD is often underrated when the patient presents with a depressive index episode and
an atypical course of manic or hypomanic symptoms/42L

A more fundamental flaw of the DSM /ICD case definitions of mood disorders is their
top-down manner of generation!!ll. Both taxonomies diagnose mood disorders prior to
biomarker and neurocognitive investigation, treating these features as ancillary data
that may or may not support the diaénosis[ml?*l. Most current biological, neurocognitive

and molecular research employs these top-down case definitions as independent
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variables, whilst the key features and even causome, protectome and cognitome
features are employed as dependent variables in statistical analyses. Nevertheless,
causal reasoning indicates that those features should be the explanatory variables,
whilst the diagnosis of mood disorders is a higher-order concept constructed using
these features!'0-12l. Based on these inadequate model assumptions, researchers then use
unreliable diagnostic classes, based on value laden and controversial criteria, as
explanatory variables in analysis of variance to analyze biomarker levels, brainome
data, and neurocognitive test scores and sometimes even causome/protectome data. As
such, current biomarker research continues to employ unreliable diagnostic classes
applied in inadequate model assumptions further confounded by the use of
inappropriate statistical analysis['%!!l. Overall, no falsification of the dogma-like, top-
down DSM/ICD classes or criteria is possible using data from sources other than the

DSM/ICD, precluding a deductive approachl'l,

False dogma 5: Severity of illness should be measured using rating scales

Another gold-standard dogma is that the severity of mood disorders should be assessed
using rating scales such as the Hamilton Depression Rating Scale (HDRS)F51.
Instruments which aim to assess severity of depression encompass a number of
observable or self-rated symptoms including loss of interest, sadness, fatigue,
concentration problems, insomnia, lowered self-esteem, feelings of worthlessness or
suicidal ideation. Because psychiatrists consider such symptoms to be reflective
measurements of an underlying phenomenon, they typically add the scores on the
separate items and construct an unweighted sum-score, which is thought to reflect
severity of illness. However, to compute such sum scores, rating scales should be
unidimensional, i.e., all items should load heavily on one primary factor that has
additional adequate psychometric properties!>253l, discussed beforel! that the
indicators of latent vectors should have loadings > 0.5 with Cronbach_alpha > 0.7,
composite reliability > 0.8, and average explained variance > 0.5 Wu\fhilel-gJ

onfirmatory

Tetrad Analysis should show that the model is not mis-specified as a reflective model.
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Our analyses showed that the HDRS (and other scales as well) do not comply with
these criteria and that the total unweighted sum of the items may not be used as a
severity index. Fried et all®2 reported that the HDRS and other commonly used rating
scales of depression do not comply with the unidimensioniality criterion. Moreover,
these rating scales cannot be used as outcome variables in randomized controlled
studies because in order to interpret repeated measurements, rating scales must be
unidimensional and show measurement invariancel52l.

There are more serious issues with the rating scales currently in use. Numerous items
on these rating scales are based on descriptions from folk psychology, such as “I feel
down”, “I feel depressed”, “I cry easily”, “I feel sad”, and “I feel disappointed”. To
obtain meaningful data for psychiatric inventories, folk psychology-like terminology is
translated into Likert scale items and useful statistical entities are created after some
window dressing[!ll. As such, commonsense psychology terms are used as proxies for
severe symptoms such as anhedonia and feelings of guilt and incorporated as criteria to
make the diagnosis of mood disorders without reference to any independent validator,
including causome, AOP or brainome markers.

Of course, psychological concepts such as mood ot be directly assessed, but the
best approach is to assess multiple observable manifestations of the underlying
construct, which is the cause of the covariation among its indicators. In fact, our NNP
models consist of unidimensional, reliable, validated, and replicable latent vectors,
including a phenome latent vector(ll. In fact, the severity of illness should not be
assessed using one folk-psychology-derived rating scale, but by the causome, AOP, ROI
and phenome latent vector scores. The latter should be based on various assessments
including interview-based measurements of illness severity and suicidal ideation, and
self-rated scores, including HR-QoL and disabilities[’?. We are aware that the final
reflective latent vector (based on feature selection and reduction), will almost certainly
contain folk psychology-like expressions, but this is less significant in the context of a

NNP model, as the clinical phenome latent vector is reified as a concrete construct.
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False dogma 6: Clinical remission should be defined using threshold values on rating
scale scores

It is common practice to employ rating scale scores to define remission and partial
remission. For example, influential psychiatrists, including Eugene Paykel, David
Kupfer, Michael Thase, and Roger McIntyre developed criteria to delineate remission
and partial remission based on a single depression rating scale score, often the HDRS.
However, such methods are not accurate. Firstly, as described above, the HDRS cannot
be employed as a measure of change during treatment/53l. Secondly, and more
importantly, remission, partial remission, and relapse should be defined using the
modifiable building blocks of the illness (thus excluding genotypes and the ROI-index),
namely causome, AOP, cognitome, brainome, and phenome features as computed in
our NNPs.

Furthermore, remission of a psychiatric disorder should be delineated using Soft
Independent Modelling of Class Analogy (SIMCA) and not by a threshold value
applied to an unreliable scalel2l. Thus, a principal component model should be built
around the healthy control class using causome, AOP and phenome features (excluding
the unmodifiable features) and the apparent remitters should be projected into this
SIMCA model and be authenticated as controls (that is, being allocated to the healthy
class) or rejected as belonging to the control class/>l. Cases that cannot be authenticated
as normal controls are non-remitters and, in the latter, the “relative improvement”
should be assessed as an improvement in the modifiable AOPs, brainome, cognitome

and phenome latent vector scores.

False dogmas 7: Existing diagnostic boundaries are too restrictive, and spectra are the
rule

The diagnosis of BD should be inclusive: Another problem is that the diagnosis of BD
became more and more inclusive and that the diagnosis of MDD became more
restricted®l. As such, the classical prevalence rate of BD, which is around 0.5% to 1.5%,

has increased and may even reach a rate as high as 10%[51. It is debated whether a lack
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of well-defined MDD and BD case definitions leads to an overdiagnosis of MDD or BD
to the detriment of BD or MDD, The downside of overdiagnosing BD is that patients
with other conditions will be treated with mood stabilizers some of which have
detrimental side effects on HR-QoLI%¢l. The downside of overdiagnosing MDD to the
detriment of BD is that those patients will be devoid of more targeted treatments with
mood stabilizers. In fact, another pointless debate is that BD is frequently
undiagnosed!57l or overdiagnosed|58l.

An even greater problem is the status of BP2. Some studies suggest that BP2 is a
distinct category which should be separated from recurrent MDD and BP1 this based on
proband studies[*l. Nevertheless, some studies suggest that the reliability coefficient of
BP2 is not greater than that of chance, whereas other authors claim that a good
interrater reliability may be obtained when BP2 is diagnosed by experienced
psychiatrists®l. Consequently, some authors have relaxed the case definitions of BP2
for example using new hypomania checklists which include subsyndromal hypomania
or subthreshold bipolarity, which is considered to belong to the soft BP spectruml6061].
Consequently, these authors use this checklist, which shows a sensitivity of 80% to
detect true bipolar patients and a specificity of 51% (computed vs MDD) to diagnose
BD. Consequently, up to 79% of fibromyalgia patients suddenly belong to the bipolar

spectrum using a diagnostic algorithm which is grossly inadequatel®2.

BD subtypes shape a continuum: Some authors proposed the “bipolar spectrum”
concept which considers that bipolarity occurs along a continuum from soft to clear
forms of BD, thus contrasting the categorical view of the DSMI®l. As a result, the
increased prevalence of BD may be explained by the detection of softer BD phenotypes
such as BP-2, BP-3, rapid cyclers, and cyclothymial5l. The BP spectrum may also
comprise MDD with hyperthymic traits, depressive mixed states with hypomanic
symptoms including sexual arousal, ultrarapid-cycling forms, patients with lifelong
temperamental dysregulation, and cyclic irritable-dysphoric, intermittently explosive,

or impulse-ridden clinical expression!®l. Even the status of agitated depression appears
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to have remained elusive, with some suggesting that this type of depression is a mixed
state or, more accurately, “pseudo-unipolar”, and should be renamed “excited mixed
depression” 4. One can only speculate on the number of additional surreal labels that

will be coined in the near future.

Mood disorders subtypes are part of a continuum: Another heavily debated issue is
whether MDD and BP belong to a continuum (continuous theory) or whether they
constitute distinct categogpies (discontinuous theory)®%0l. Some authors claim that
research consolidated the existence of a broad bipolar spectrum between the extremes
of unipolar MDD and psychotic manic-depressive illnessl®?l. It is thought that the
continuity spectrum between MDD and BD is supported by a number of findings
including the presence of mixed states (both mania and depressive symptoms co-occur),
no real separation between MDD and MDE in BD, and that many MDD patients may
shift into BD. On the other hand, some findings would support the discontinuous
theory, namely BP occurs more frequently in BP probands’ relatives and BD shows an
equal sex distribution whereas MDD shows a higher frequency in females; and BP
shows a more recurrent course than MDDI®566], Nevertheless, some results support the
dimensional and categorical approach with the mood disorders extremes (severe MDD
and BP1) showing a categorical distinction, and the moderate mood disorders (BP2 and
MDD) showing continuous differencesl®l. Nevertheless, these studies have no merit
because the accurate machine learning tests were not used to examine the continuum vs

discontinuum theories.

There are different depressive subtypes: Modern psychiatry generally considers that
there are different MDD/MDE subtypes including atypical depression, melancholia,
recurrent depressive disorder, dysthymia, bipolar depression, double depression,
psychotic depression, seasonal affective disorder, depression with postpartum onset,
perinatal depression, postpartum depression, prenatal depression, depression with

catatonic features, chronic depression, persistent depressive disorder, geriatric
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depression, premenstrual dysphoric disorder, and treatment resistant depressionl8.
Some of these subtypes came and went including reactive depression, situational
depression, vital depression, endogenous depression, endogenomorph depression,
hidden depression, concealed depression, anxious depression, and a mixed episode in
BDs.

Nevertheless, because the reliability of their parent classes (MDD and MDE) is very
low, we may speculate that those different classes have zero reliability. In addition,
virtually none of these classes, except melancholia, has been validated using
unsupervised and supervised machine learning techniquesl®l. Using both supervised
(SIMCA) and unsupervised (clustering and factor analysis) methods we were able to
show that melancholia is at the same time a continuous and a discrete classl®l. Thus,
along the continuum of severity of illness, some symptoms (namely the melancholic
symptoms) become more severe and more prevalent and as, a consequence, may shape
a distinct symptom profile, i.e., major depression with melancholic features. As such,
qualitative distinctions may be the result of quantitative distinctions, implying that all

debates over continuum or discontinuum theories are pointless.

There are differences between unipolar MDD vs bipolar MDE: Another pointless
discussion is whether there are differences between unipolar MDD and bipolar MDE,
and whether they are the same or different diseasesl?l. As a result, “depression with
and without mania might be understood as the same condition”, while “BD disorder”
could be thought of as mania, with or without depression. Another point of view is that
unipolar MDD and BD depression are separate illnesses that can coexist/”l. Biological
dysregulation is a risk factor for both MDD and BD, although it appears to be more
strongly linked to BD than unipolar MDD, implying that BD is linked to more excessive
responses to psychosocial stresses than MDDI7l. From a biological standpoint, the
I0&NS pathways in MDD, BP1 and BP2 differ significantly, with those pathways being
more expressed in MDD and BP1 than in BP2 and more in MDD than in BP1[71l. In

depression, cell-mediated immunity is activated as well, but not in mania or
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hypomanial”2l. All the changes, however, are quantitative rather than qualitative [Maes
et al, personal data]. Some studies found immune-inflammatory pathway differences
between unipolar and bipolar depression!”], while others found no IO&NS differences

between MDE in MDD and BDI74,

It is better to abolish all psychiatric diagnostic systems: Overall, the dimensional
approach to the mood disorders spectrum idea, as well as the overdiagnosing of BD
with more inclusive diagnostic criteria, have blurred the lines between distinct
diagnostic categories, lowering the diaga)stic reliability of these mood disorders/7l.
Given the above it is not surprising that the DSM and ICD taxonomies lack reliability
validity and, therefore, are counterproductive for research purposes!®7678l, As a result, it
is not unexpected that some authors came to the conclusion that all psychiatric
diagnostic systems should be abolished!”.

Based on the NNP models we developed in our research, we believe it is best to
eliminate all the above-mentioned mood disorders diagnostic classes and labels. To
begin with, none of these classes has been designated as a separate category. Second,
our NNP models show that none of the major classes MDD, BD, BP1, or BP2 are
significant. For example, supervised methods like SIMCA were unable to validate these
classes as distinct entities when applied to clinical and biomarker data in our data set
(personal data). More importantly, two-step cluster analyses using all features of NNP1
and NNP2 as categorical variables revealed new trans-diagnostic clusters (see new
classifications based on NNP features), which are more influential than the classification
into MDD, BD, BP1 and BP2[1012], These negative findings on the MDD and BD
classifications may be explained by the fact that: (1) They are binary concepts (present
or not present); (2) They are top-down taxonomies based on unreliable clinical criteria
and without external validation; and (3) The latent vector scores of causome, AOP,
cognitome, ROI, and phenome contain more accurate information on mood disorders

than the binary diagnosis into MDD and BD.
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Dogma 8: No need to ROI-define mood disorders: The DSM and ICD categorization
systems have never placed a high value on course trajectory specifiers. Symptoms,
symptom clusters, and BD polarity, as well as a few course specifiers like rapid cycling,
chronic depression, and seasonal patterns, are used to classify DSM/ICD disorders.
Interestingly, a recent project proposed to make a clinical course-graphing scale for
DSM-5 disorders, namely the Timeline Course Graphing Scale for the DSM-5 Mood
Disorders (TCGS)[80. This new method takes a more systematic approach to graphing
the course of mood disorders, allowing researchers to estimate the onset of mood
disorders (early vs late onset) as well as the severity of the illness (chronicity,
subthreshold syndrome, and so on). The TCGS’ major goal is to distinguish MDD from
the new DSM-5 class Persistent Depression, because it was anticipated that failing to
distinguish the two diseases could cause treatment efforts to faill®l. Another way to
prospectively study the alternating symptoms in BD is the NIMH Life Chart Method!®!,

Nevertheless, the DSM/ICD categorization systems and the TCGS/NIMH proposals
do not take into account the disease’s recurrence pattern, severity of recurrence,
recurrence of suicidal behaviors, and recurrence-related worsening in cognitive
functioning, HR-QoL life, and increased impairments!!8l. Previously, some authors
proposed staging models which included criteria considering functional and cognitive
impairments®>%l, However, these were theoretical models, whereas the ROI-index
produced from the NNP model is calculated using predictive mathematical algorithms
and real patient data. Furthermore, earlier theoretical models provided phase-related
classifications of unipolar and bipolar patients, but we computed continuous ROI scores
in the combined MDD and BD group and derived externally validated ROI phases by
binning the ROI into three ROI groups!'8l. This ROI, as discussed in NNP models,
includes information on episode and suicide recurrence, as well as the binary
classification of BD and MDD /MDE.

The ROl is a crucial component of the NNP models because it predicts the phenome
of mood disorders and mediates the effects of the causome (interactions between the

PON1 gene and ELT) on the phenome, as detailed in NNP models. Furthermore, ROI
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was found to be associated with not only the phenomell), but also the severity of
depressive and manic symptoms, current suicidal ideation, and cognitive impairments
in semantic memory and executive functions, as well as socioeconomic status,
treatment, and biomarkers such as lowered antioxidant defenses, increased nitro-
oxidative stressors, insulin resistance, CRP, and a variety of other biomarkers!'?l. More
crucially, the ROI index is influenced by the interactions between ELTs and PON1
enzymatic activityl'0l.

Most importantly, our ROI latent vector is unidimensional and fits a reflective model
with adequate reliability validity and replicability and, therefore, the ROI (i.e., its
organic substrate) is the cause of the reoccurrence of depressive episodes in MDD and
depressive and manic episodes in BD and suicidal attempts in both MDD/BD as well.
By inference, the reoccurrence of these phenomena is determined by a same underlying
phenomenon which is partly determined by PON1 genotype and ELT interactions, and
IO&NS pathways[10l. The ROI-index is not only strongly associated with PON1 gene x
ELT interactions, but also with O&NS pathways indicating lipid and protein
oxidation!’l. Moreover, a recent meta-analysis showed that there are strong associations
between suicide attempts and ideation and IO&NS pathways with a high effect sizel8¢l.
There is also some evidence that sensitization of IO&NS pathways may underpin this
reoccurrencel”,

Through binning, we constructed three patient groups that reflect relevant phases of
mood disorders, namely: “(1) An early phase; (2) A relapse-retrogression phase; and (3)
A suicidal-retrogression phase”['8l. Table 1 shows that these phases are externally
validated by clinical features. Figure 4 shows that the causal links from ELTs and PON1
genotype a ROI a phenome capture the lifetime trajectory of MDD/BD patients from
childhood to an increasing number of episodes and suicidal behaviors to the
progressive worsening of disease in terms of cognitive deficits, HR-QoL, and
disabilitiesl$l.

Such findings indicate that MDD, BD, and recurrent episodes and suicidal attempts

share a common substrate and that MDD and BD should be regarded as the same
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disorder, namely “DysMood disorder” whereby the causome, AOPs, and ROI shape a

distinct class namely “Major DysMood Disorder due to neuro-affective toxicity”.

CONCLUSION

Psychosocial or mind-brain models have traditionally been used to explain mood
disorders, but these models are inadequate because such models are not even falsifiable.
The DSM/ICD criteria for mood disorders are narratives that have been stripped of
their context and are therefore w'éhout any mechanistic explanation. The DSM/ICD
classifications of mood disorders are not only unreliable, but their dogma-like nature
prevents inductive (as top-down) and deductive (as incontrovertible) remodeling of the
case-definitions.

We built new bottom-up, data-driven, machine learning NNP models of mood
disorders that reify all the components of mood disorders, as is the case in all medical
disciplines where diagnosis offers a pathophysiological explanation. Neuro-affective
toxicity causes functional and structural impairments in the brain, as shown by these
NNP models and enrichment/annotation analysis. In mood disorders, the ROI index
plays a critical role in mediating the effects of causome pathways on the phenome. The
ROI index is also significantly linked to a progressive worsening of cognitive
impairments, phenome severity, disabilities, and HR-QoL. As a result, MDD and BD
should be treated as if they were one and the same illness.

Our findings show that the causome, AOP, and ROI features identified in our NNPs
should be new drug targets for treating “Major DysMood Disorder”, rather than the
binary diagnosis of BD or MDD. The new drug targets include: Reduced PON1 enzyme
activity and its consequences, increased Gram-negative bacterial or LPS translocation,
increased ELTs and their consequences, lowered levels of antioxidants and elevated
reactive oxygen and nitrogen species, lipid peroxidation with higher levels of
aldehydes, protein oxidation and formation of oxidative-specific epitopes, nitrosative
stress and increased autoimmune responses to oxidative-specific epitopes. As discussed

in NNP-associated pathways, these O&NS disorders are strongly linked to activated
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immune-inflammatory pathways and together they may cause functional and structural
changes in the brain indicative of neuro-affective toxicity. It is important to note, as
well, that PONT1 activity and ELT-associated sensitization of IO&NS pathways are new
drug targets, and that targeted treatments may help prevent further episodes and
worsening of the disease, including progression into later phases with increased

cognitive and functional deterioration, as well as suicide risk.
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