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A B S T R A C T

We previously hypothesized that depressive and manic states may be consecutive presentations of the same underlying neuronal plasticity, and that moderate
impairments in neuronal plasticity cause depressive states while further impairment to neuronal plasticity causes manic states. Psychopathological or biological
relationships between bipolar disorder and schizophrenia have also been revealed. Therefore, in addition to depressive and manic states, psychosis may also be
considered a manifestation resulting from additional impairments to neuronal plasticity. In the present manuscript, we hypothesize that moderate and more severe
impairments to neuronal plasticity cause depressive and manic states, respectively, and that more serious impairments to neuronal plasticity cause psychosis.

Many studies have suggested that impairments in neuronal plasticity contribute to schizophrenia and other mental disorders with psychotic features, and that the
impairment of neuronal plasticity in schizophrenia is more severe than that in bipolar disorder. Therefore, we hypothesize more specifically that impairments in
neuronal plasticity may be more severe in the order of the cases featuring psychosis, mania, and depression. This progression notably overlaps with the arrangement
of schizophrenia, bipolar disorder, and depressive disorder in the DSM-5. Psychotic symptoms are thought to appear further towards the base of the psycho-
pathological hierarchy than are manic or depressive symptoms. If impairments to neuronal plasticity contribute to this psychopathological hierarchy, as we contest
that they do, our hypothesis may serve as a bridge between clinical psychopathology, diagnosis, and biological psychiatry.

Introduction

We previously hypothesized that depressive and manic states might
be subserved by the same progressive neuronal plasticity [1]. Given this
hypothesis, we argued that moderate impairments to neuronal plasti-
city cause depressive states and that further impairments to neuronal
plasticity cause manic states.

Despite this background work, this hypothesis does not explain bi-
polar disorder, which presents with mood swings, and schizophrenia,
which is the most psychosis-representative mental disorder. Other have
pointed out that, from the view of psychopathology, bipolar disorder
and schizophrenia might shift into each other during their course and
lack a strictly alternative diagnosis [2]. Furthermore, recent studies
have revealed a biological relationship between bipolar disorder and
schizophrenia. Additionally, the genetic and environmental factors
which underlie the etiology of bipolar disorder and schizophrenia also
interact with one another [3] and the two share familial risk factors [4].
Many brain function abnormalities overlap in bipolar disorder and
schizophrenia [5,6]. Some atypical antipsychotics used for the treat-
ment of schizophrenia have also been used for the treatment of bipolar

disorder as mood stabilizers [7,8]. Interestingly, the animal literature
also provides some evidence for this overlap. For instance, social iso-
lation in animals is often used to induce depressive-like behavior [9],
but also often induces schizophrenia-like behavior [10].

It has been reported that impairments to neuronal plasticity con-
tribute to both bipolar disorder and also schizophrenia [11]. Therefore,
psychosis may also be thought of as a further progression of the neu-
ronal plasticity impairments that underlie depressive and manic states.

Hypothesis

Our hypothesis is that the moderate and more severe impairments in
neuronal plasticity cause depressive and manic states, respectively, and
that more serious impairments to neuronal plasticity also cause psy-
chosis. Fig. 1 illustrates this proposed relationship between normal,
depressive, manic, and psychotic states from the perspective of neu-
ronal plasticity.
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Evaluation of the hypothesis

Contribution of neurotrophins to psychosis

Brain-derived neurotrophic factor (BDNF) is one of the most critical
proteins related to neuronal plasticity [12]; impairments to BDNF have
further been linked to psychosis. In first episode schizophrenia patients,
blood concentrations of BDNF have been found to be significantly lower
than in healthy controls [13]. Serum BDNF has also been reported to be
inversely related to the severity of psychotic symptoms [14].

Psychosis is not only a feature of schizophrenia, but also of various
other mental disorders including stimulant-induced psychosis,
Alzheimer’s disease, and neuropsychiatric systemic lupus er-
ythematosus. In these diseases, decreases in blood concentrations of
BDNF or its gene polymorphism can serve as biomarkers of psychosis
[15–18]. In addition, the neuroinflammation and dysregulated oxida-
tive stress levels present in many psychopathologies, including those
enumerated above, can further impair neuronal plasticity [19,20]. For
instance, Doorduin et al. suggested that neuroinflammation in the
hippocampus is seen in psychosis in schizophrenia [21]. At the onset of
the first episode of psychosis, total antioxidant status is also positively
related to the severity of patients’ clinical status [22].

Nerve growth factor and neurotrophin 3 are also neuronal plasticity-
related proteins [23]. The immunoreactivity of these proteins was
lower in mesial temporal lobe epilepsy (MTLE) patients with psychosis
than in MTLE patients without psychosis [24]. Collectively, these data
indicate that BDNF and other growth factors may be implicated in the
aberrant synaptic physiology that underlies psychosis.

Comparison of neuronal plasticity impairment severity in psychosis and
manic and depressive states

As discussed above, impairments in neuronal plasticity contribute to
bipolar disorder and schizophrenia [11]. Given this, a clear follow-up
question is how the severity of these neuronal plasticity impairments
differs between psychosis, manic states, and depressive states. Schizo-
phrenia patients often have lower grey matter volumes than do bipolar
disorder patients in the fronto-temporal cortex, thalamus, and amyg-
dala [25]. In the postmortem frontal cortex of patients with schizo-
phrenia, expression of neuronal plasticity-related proteins was gen-
erally lower than that of patients with bipolar disorder [26]. Similarly,
patients with schizophrenia have lower blood concentrations of BDNF
when compared to those with bipolar/depression [27].

In adults, the hippocampal dentate gyrus has a high rate of neuro-
genesis [28]. In addition to the several brain regions mentioned above,
patients with schizophrenia show a lower volume of the hippocampus
than bipolar patients [25]. In the adult brain, the Wnt signaling
pathway plays a crucial role in neurogenesis [29]. In general, Wnt
pathway-related gene expression in the blood of patients compared to
healthy controls was quite similar for schizophrenia and bipolar dis-
order, with more obvious changes in noticed in schizophrenia [30]. N-
acetylcysteine (NAC), which is a glutathione precursor and neurogen-
esis enhancer, is one of the useful agents in the treatment of schizo-
phrenia and bipolar disorder [31], and the efficacy of adjunctive NAC
was greater for schizophrenia than bipolar disorder [32]. From these
findings, it is thought that the impairment of neurogenesis contributes
more to schizophrenia than to bipolar disorder.

In addition to discrete differences in biomarkers, neuronal

plasticity, which has been shown to regulate cognitive function [33], is
correlated with more severe and pervasive cognitive deficits in patients
with schizophrenia. Additionally, those with bipolar disorder present
with milder and more confined cognitive impairments than healthy
controls [34]. Based on these points, we hypothesize that impairments
to neuronal plasticity are more severe in psychosis than in manic or
depressive states (Fig. 1).

Interpretation of our hypothesis considering DSM criteria and affective
spectrum

Changes between the Diagnostic and Statistical Manual of Mental
Disorders (DSM)-IV and DSM-5 included separation of “Mood
Disorders” into “Bipolar and Related Disorders” and “Depressive
Disorders.” Further, the “Bipolar and Related Disorders” category was
placed between “Schizophrenia Spectrum and Other Psychotic
Disorders” and “Depressive Disorders,” bridging the symptomatology,
family history dynamics, and genetics of these two disorders [35].
Schizophrenia is the most representative mental disorder to involve
psychosis. Bipolar disorder is characterized by both depressive and
manic states. Depressive disorder is characterized by depressive states,
but not manic states. Thus, ordering these psychopathologies as they
are in the DSM-5 (schizophrenia, bipolar disorder, and depressive dis-
order) overlaps with the order we hypothesize here (psychosis, manic
states, and depressive states), which is predicated on their relative de-
grees of neuronal plasticity impairments.

In addition to the DSM-5, other organizational constructs have been
proposed for these psychopathologies. For instance, Ghaemi et al.
proposed an affective spectrum, in which bipolar disorder and depres-
sive disorder are considered to be consecutive. In this model, bipolar
spectrum disorder is located between bipolar disorder and depressive
disorder [36,37]. Furthermore, the fact that schizoaffective disorder is
located beyond bipolar disorder in this affective spectrum supports the
conclusions drawn by the proposed hypothesis.

Consequences of the hypothesis and discussion

The hypothesis proposed here provides for the explanation of some
clinical dynamics previously difficult to understand. The lifetime pre-
valence of these disorders follows the following order: depressive dis-
orders, bipolar disorder, and then schizophrenia [38,39]. This may
mean that impairments to neuronal plasticity typically remain at less
severe levels, resulting in the common occurrence of depressive dis-
order. However, when these plasticity pathologies extend to more se-
vere levels, bipolar disorder or schizophrenia can develop. Schi-
zoaffective disorder may further lie between schizophrenia and bipolar
disorder from the perspective of neuronal plasticity impairments. Based
on this hypothesis, outcomes associated with schizoaffective disorder
may further be poorer than those associated with bipolar disorder and
improved relative to those associated with schizophrenia [40]. How-
ever, our hypothesis has several limitations. For instance, the influence
of impairment of neuronal plasticity in clinical settings needs to be
clarified, and further examination is warranted in this respect.

In unitary psychosis, endogenous mental disorders, including schi-
zophrenia and bipolar disorder, are essentially considered a single
disease, with superficial clinical differences [41]. Our hypothesis sup-
ports this theory of unitary psychosis from the perspective of neuronal
plasticity impairments. From the view of the psychopathological

Fig. 1. Relationship among normal, depressive, manic, and psychotic states from the perspective of the impairment of neuronal plasticity. The moderate impairment
and further impairment of neuronal plasticity causes depressive state and manic state, respectively, and more serious impairment of neuronal plasticity causes
psychosis.
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hierarchy, psychotic symptoms are thought to be more foundational
than manic or depressive symptoms [2]. If these impairments to neu-
ronal plasticity contribute to the psychopathological hierarchy, our
hypothesis may also serve as a bridge between psychopathology and
biological psychiatry.
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