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ABSTRACT

Persisting symptoms and disability remain a problem for an appreciable proportion of people with schizophrenia
despite treatment with antipsychotic medication. Improving outcomes requires an understanding of the nature and
mechanisms of the pathological processes underlying persistence. Classical features of schizophrenia, which include
disorganization and impoverishment of mental activity, are well-recognized early clinical features that predict poor
long-term outcome. Substantial evidence indicates that these features reflect imprecise predictive coding. Predictive
coding provides an overarching framework for understanding efficient functioning of the nervous system. Imprecise
predictive coding also has the potential to precipitate acute psychosis characterized by reality distortion (delusions
and hallucinations) at times of stress. On the other hand, substantial evidence indicates that persistent reality
distortion itself gives rise to poor occupational and social function in the long term. Furthermore, abuse of psy-
chotomimetic drugs, which exacerbate reality distortion, contributes to poor long-term outcome in schizophrenia.
Neural circuits involved in modulating volitional acts are well understood to be implicated in addiction. Plastic
changes in these circuits may account for the association between psychotomimetic drug abuse and poor outcomes
in schizophrenia. We propose a mechanistic model according to which unbalanced inputs to the corpus striatum
disturb the precision of subcortical modulation of cortical activity supporting volitional action. This model accounts for
the evidence that early classical symptoms predict poor outcome, while in some circumstances, persistent reality
distortion also predicts poor outcome. This model has implications for the development of novel treatments that
address the risk of persisting symptoms and disabilities in schizophrenia.

https://doi.org/10.1016/j.biopsych.2024.08.007

The classical descriptions of schizophrenia by Kraepelin (1)
and Bleuler (2) emphasized disorganized and impoverished
mental activity. Kraepelin (1) emphasized disjointed and
weakened volition; Bleuler (2) regarded loose associations and
blunted affect as fundamental symptoms. However, in the
quest for increased diagnostic reliability in the second half of
the 20th century (3), focus shifted to delusions and hallucina-
tions. These symptoms are prominent in contemporary diag-
nostic criteria, i.e., DSM-5 (4) and ICD-11 (5).

DSM-5 and ICD-11 place schizophrenia at the severe end of
a continuum of psychotic disorders. Some authors argue that
the term schizophrenia should be dropped on account of
potentially harmful expectations of poor outcome (6). None-
theless, an appreciable proportion of individuals with schizo-
phrenia do experience persisting symptoms or disability despite
current treatments (7). If we are to improve outcome, we need to
understand the pathological processes leading to persistence.

Diverse symptoms occur in schizophrenia. Factor analysis
of scores based on the Signs and Symptoms of Psychotic
liness scale reveals 5 distinguishable clusters of symptoms
(Table 1) (8).

The Signs and Symptoms of Psychotic lliness scale was
designed to cover the major symptoms of psychotic iliness in a
jointly exhaustive, yet mutually exclusive manner. Meta-
analysis of factor structure of the widely used Positive and
Negative Syndrome Scale reveals 5 similar clusters of symp-
toms (9). The grouping of symptoms identified by factor anal-
ysis depends on choice of symptom scale, sample selection,
and analysis procedure. Nonetheless, clusters of symptoms
reflecting impoverished and disorganized mental activity
emerge in many analyses (10-13).

Our aim in this review is to delineate the clinical features
associated with persistent symptoms and disability and to
propose underlying mechanisms. We focus on 2 disparate
descriptions of the illness:

1. A classical description based on the accounts by Kraepelin
(1) and Bleuler (2) in which disorganization and impover-
ishment of mental activity reflect a core process predis-
posing to cognitive impairment and impaired role function
(14). This description is consistent with the evidence that a
developmental process associated with impaired social and
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Table 1. Symptom Dimensions in Psychotic lliness Derived
From Signs and Symptoms of Psychotic lliness Scale Scores

Symptom Cluster Symptoms

Reality Distortion Delusions
Hallucinations
Disorganization Positive formal disorder
Impaired attention
Inappropriate affect
Psychomotor Poverty Poverty of speech
Flat affect
Anhedonia

Motor underactivity
Psychomotor Excitation Pressure of speech
Elevated mood
Motor overactivity
Insomnia
Depression/Anxiety Depressed mood

Anxiety

occupation function before onset of psychosis predicts
poor outcome (15).

2. A description in which delusions and hallucinations are the
core process with the potential to exert toxic effects leading
to cognitive impairment, negative symptoms, and poor
outcome. This latter description is consistent with evidence
that duration of untreated psychosis (DUP) is associated
with poor outcome (16).

After presenting these disparate descriptions, we produce a
synthesis uniting the proposed underlying mechanisms.

CLASSICAL SCHIZOPHRENIA

The availability of dopamine-blocking antipsychotic medica-
tion has led to only a modest improvement in long-term
outcome of schizophrenia (17,18). While DUP predicts
outcome in the short and medium term (16), it has weaker
long-term predictive power. A meta-analysis of studies with a
mean follow-up duration of 8.1 years found that DUP exhibited
a correlation with poor social outcome of 0.18 and no signifi-
cant correlation with employment or hospitalization (19).

In a longitudinal study of 3021 young people, Dominguez
et al. (20) found that premorbid signs of disorganized mental
activity and negative symptoms predicted subsequent onset of
psychosis and further predicted poor long-term outcome.

Hafner et al. (21) found that prodromal symptoms preceded
onset of psychosis by a mean period of 5 years. These pro-
dromal symptoms included negative symptoms such as social
withdrawal and features of disorganized mental activity such
as difficulties in thinking and concentration. In young people
exhibiting features indicative of high risk of psychosis, Zier-
mans et al. (22) found that disorganized mental activity was the
strongest predictor of poor long-term outcome. In the PRONIA
(Personalised Prognostic Tools for Early Psychosis Manage-
ment) study, a large multicenter, longitudinal study of in-
dividuals at high risk of psychosis, the prodromal symptom
scores at baseline that most strongly predicted poor role
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function at follow-up were poor occupational function, lack of
ideational richness, and disorganized communication (23).

Analysis of the speech of young people at high risk of psy-
chotic disorder reveals that subtle abnormalities of the form of
thought and communication predict subsequent onset of overt
psychosis and/or poor role function. For example, Bearden et al.
(24) found that formal thought disorder and illogical thinking
predicted conversion to overt psychosis, while poverty of con-
tent of speech and lack of referential cohesion predicted poor
social and role functioning, respectively. Using automated nat-
ural language processing, Bedi et al. (25) demonstrated that
semantic coherence (meaningful relationships between words)
and speech complexity predicted subsequent overt psychosis.
Mota et al. (26) demonstrated that disorganization of speech
quantified using graph theory in individuals at high risk for
psychosis predicted onset of overt psychosis and severity of
negative symptoms within the following 6 months.

In summary, substantial evidence indicates that prodromal
features of classical schizophrenia, including disorganization
and impoverishment of mental activity, predict the onset of
overt psychosis and the risk of long-term functional deficits.
Longitudinal studies of cases with established illness reveal
that cognitive impairment at baseline also predicts poor
functional outcome (27). In the stable phase of illness, psy-
chomotor poverty and disorganization are associated with
poor occupational and social function (28,29). Furthermore, the
evidence that disorganization is the feature of schizophrenia
with the highest heritability and that polygenic score for
schizophrenia predicts disorganization and, to a lesser extent,
negative symptoms and cognitive impairment (30,31) is
consistent with the proposal that classical symptoms are pri-
mary features.

Liddle (14) proposed the term classical schizophrenia to
describe the condition in which disorganization and impover-
ishment of mental activity, as described by Kraepelin (1) and
Bleuler (2), reflect a core process predisposing to persisting
cognitive impairment and impaired role function and to overt
psychosis at times of stress.

However, contrary to the progressive decline implied by
Kraepelin’s term dementia praecox, classical schizophrenia tends
to resolve in the long term in many cases. Ciompi (32) identified 8
distinguishable trajectories of illness in 1642 cases followed for
an average of 37 years. Overall course of illness was favorable in
more than half of the cases. Similar findings were reported by
Huber et al. (33) and Bleuler (34). Harding et al. (35) followed 118
patients satisfying DSM-IlI criteria for schizophrenia and repre-
sentative of the most impaired third of the Vermont State Hospital
inpatient population before active rehabilitation in the mid-1950s.
Three decades after resettling in the community, 68% of in-
dividuals had recovered or had improved substantially. None-
theless, in contrast, a recent longitudinal study of illness time
course over 25 years from first admission reported that patients
with schizophrenia exhibited stable remission and recovery rates
of 0% and 0.6%, respectively (36).

MECHANISM OF CLASSICAL SCHIZOPHRENIA

Classical schizophrenia is related to diverse abnormalities of
brain function. Rathnaiah et al. (37) demonstrated that a latent
variable representing shared variance between the classical
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features is correlated with reduction in post-movement beta
rebound (PMBR). PMBR is an increase of power of brain
electrical oscillations in the beta frequency band (13-30 Hz) for
several seconds after movement. Hunt et al. (38) demonstrated
that disorganization and negative schizotypal features are
associated with diminished PMBR in a nonclinical sample.
Gascoyne et al. (39) confirmed that disorganized mental ac-
tivity is associated with reduced PMBR in chronic schizo-
phrenia. It is noteworthy that PMBR is also diminished in
several neurodevelopmental conditions, including attention-
deficit/hyperactivity disorder (40) and autism (41).

Beta oscillations play an important modulatory role in the
motor system. Jenkinson and Brown (42) concluded that beta
oscillations reflect the likelihood of the need to prepare a new
voluntary movement. They noted that dopamine levels in the
basal ganglia, modulated by salient internal and external cues,
determine the magnitude of beta oscillations. They proposed
that resulting beta activity is predictive, facilitating the alloca-
tion of neural resources for subsequent action.

In studies in healthy participants in which the consequences
of movements were covertly manipulated by the experimenter
to influence the participant’s confidence in the outcome of the
motor act, Tan et al. (43) demonstrated that high-amplitude
PMBR reflects confidence in the current motor plan, whereas
low-amplitude PMBR might indicate the need for adaptive
changes driven by the sensory feedback. Palmer et al. (44)
demonstrated that beta power preceding and following move-
ment during sensorimotor adaptation was inversely correlated
with the uncertainty assigned to sensory prediction errors.

Employing concurrent electroencephalography and functional
magnetic resonance imaging, Briley et al. (45) confirmed the
association between reduced PMBR and the clinical features of
classical schizophrenia. Furthermore, the patients exhibited
fewer bursts of beta oscillations relative to healthy control par-
ticipants throughout a working memory task. The relationship
between beta bursts and blood oxygen level-dependent signal
supported the hypothesis that beta bursts reactivate the neural
representation of sensorimotor information maintained in a latent
state during the working memory task. The patients exhibited
increased magnitude and spatial extent of the blood oxygen
level-dependent signal associated with beta bursts, possibly
indicating inefficiency of cortical synchrony mediated by beta
bursts. This suggests that latent neural representation of the
content of working memory is less precisely specified in
schizophrenia, potentially generating the loose associations
characteristic of disorganized mental activity.

More generally, beta bursts appear to play a role in wide-
ranging functional connectivity (46). Substantial evidence in-
dicates that the features of classical schizophrenia are asso-
ciated with widespread disturbance of functional and effective
connectivity between brain regions. Palaniyappan et al. (47)
found that a composite measure of clinical features charac-
teristic of classical schizophrenia was associated with
impaired effective connectivity in a neural pathway extending
from occipital cortex to insula and then to dorsolateral pre-
frontal cortex (DLPFC).

On the basis of the evidence regarding abnormal beta os-
cillations during working memory performance and various
other abnormalities indicating imprecise neural representation
of perceptions and plans for action, Liddle and Liddle (48)
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proposed that the disorganization and impoverishment of
mental activity characteristic of classical schizophrenia arise
from imprecise predictive coding. Predictive coding provides
an overarching framework for understanding efficient function
of the nervous system. It accounts for efficient generation of
coherent perceptions from sensory input and for the guidance
of action by internally generated plans. Furthermore, other
electrophysiological ~ abnormalities  including  reduced
mismatch negativity, reduced P300, and reduced 40-Hz
oscillatory responses are also consistent with the proposal
that imprecise predictive coding is associated with classical
clinical features and persistent disability (48).

Reviews of brain regions engaged in predictive coding reveal
that extensive frontal and temporal cortical regions and related
subcortical nodes are involved (49,50). The insula is involved in
both encoding predictions and detection of prediction errors
(49). The insula is a key node of the salience network, which
includes a regulatory corticostriatothalamic-cortical (CSTC) cir-
cuit that is modulated by dopamine. The salience network plays
a cardinal role in diverse mental disorders (51), including
schizophrenia (52). Meta-analysis and mega-analysis of gray
matter density in schizophrenia indicate widespread abnormal-
ities, though the most significant deficits are in the insula (53,54).

Imprecise predictive coding provides a mechanism by
which prior disorganization and/or impoverishment of mental
activity may lead to reality distortion at times of stress.
Ongoing imprecise neural representation of plans for action
and/or perceptions would be expected to lead to frequent
prediction errors and increased net dopamine levels (55,56).
Haarsma et al. (57) examined the effects of dopaminergic
agents on learning from information varying in precision. They
concluded that the weighting of precision is modulated by
dopamine, and this weighting is perturbed in psychosis.

The proposal that imprecise predictive coding is the core
feature of classical schizophrenia is consistent with the pro-
posal by Adams et al. (58) that trait abnormalities of schizo-
phrenia, including disorganized or impoverished mental
activity, arise from lack of precision of internally generated
predictions (or allocation of excessive weight to sensory evi-
dence). Adams et al. (58) proposed that the trait features might
arise from abnormal glutamatergic or GABAergic (gamma-
aminobutyric acidergic) transmission. Furthermore, they pro-
posed that a compensatory increase in dopaminergic trans-
mission might result in increased precision of internally
generated predictions leading to acute psychotic symptoms.

While Adams et al. (58) focused on the way in which a trait
reflecting imprecise predictions might lead to a compensatory
increase in precision of prediction and consequent acute
psychosis, we propose not only that imprecise predictive
coding associated with prodromal disorganized and/or
impoverished mental activity might lead to subsequent overt
psychosis, but also that over time a persisting tendency to
prediction errors might impair decision making and memory
formation, leading to impaired cognition and persisting
disability characteristic of classical schizophrenia.

TOXIC EFFECTS OF REALITY DISTORTION

Delusions and hallucinations (reality distortion) are character-
istic features of a spectrum of psychotic disorders that differ in

Biological Psychiatry m m, 2024; m:m—m www.sobp.org/journal 3


http://www.sobp.org/journal

Biological
Psychiatry

their tendency toward persisting symptoms and disability. This
spectrum extends from schizophrenia to schizoaffective dis-
order, schizophreniform disorder, and brief psychotic disorder.
Whereas the DSM-5 criteria for schizophrenia specify contin-
uous mental disturbance for at least 6 months, brief psychotic
disorder entails the occurrence of psychotic symptoms with
sudden onset and full remission within 1 month (4). Thus, re-
ality distortion can be part of a transient disorder, but in other
circumstances, it reflects a more persistent disorder.

Effective treatment of realty distortion is associated with
favorable long-term outcome. Wyatt (59) reanalyzed data from
19 studies of early-phase cases of schizophrenia and found
that early intervention with antipsychotic medication improved
the long-term course of iliness. He proposed that psychosis
itself might have a toxic effect on the brain.

The observation that in schizophrenia, early deterioration in
function stabilizes within 2 to 5 years of onset, together with
evidence that DUP predicts poor outcome, led McGorry et al.
(60) to propose that recognition and management of early
psychosis might prevent deterioration. As noted in Classical
Schizophrenia, a recent meta-analysis confirms that long
DUP predicts poor outcome, at least in the short term (16),
though meta-analysis of studies with long duration of follow-up
found only a weak association between long DUP and poor
outcome (19).

Complex methodological issues arise in identifying mech-
anisms by which DUP might lead to poor long-term function.
For example, in cases with insidious onset, it might be that
some cases of extended DUP are cases with an extended
classical prodromal state with subclinical psychotic features. It
may be the classical features rather than reality distortion that
drive the later loss of function. Furthermore, it is difficult to
exclude the possibility that any neural abnormality associated
with proposed toxic effects of untreated psychosis might have
arisen before the onset of the psychotic symptoms. It is
nonetheless noteworthy that Crespo-Facorro et al. (61) found
that length of delay in receiving antipsychotic treatment in first-
episode schizophrenia was associated with reduced volume of
the caudate nucleus, a site rich in dopaminergic nerve
terminals.

Another source of evidence suggesting that reality
distortion might be toxic is the observation that drugs that
induce reality distortion can worsen prognosis in schizo-
phrenia (62). A meta-analysis including more than 40,000
participants showed that likelihood of transition from
substance-induced disorder to schizophrenia appeared to
mirror psychotomimetic potency (i.e., ability to induce reality
distortion) with high rates (36%-22%) for cannabis, halluci-
nogens, and amphetamines and comparatively low rates
(<12%) for opioids, alcohol, and sedatives (63). Meta-
analysis reveals that psychotomimetic substance use pre-
dicts earlier onset of illness (64). Continued use predicts
relapse and hospitalization (65). Psychotomimetic substance
use is associated with worse long-term function and higher
disability (62). Large prospective cohort studies have exam-
ined the effect of substance misuse on outcomes of psy-
chosis by comparing dual diagnosis and psychosis-only
groups (summarized in Table S1).

In the CATIE (Clinical Antipsychotic Trials of Intervention
Effectiveness) study, the largest publicly funded randomized
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clinical trial in schizophrenia to date (N = 1423), post hoc
analysis at 18 month follow-up found significantly worse
symptom scores and quality of life for moderate to severe
substance abuse compared with mild substance use or no use
(66). In the OPUS (Implementation of Early Intervention Ser-
vices) trial, a randomized clinical trial assessing early inter-
vention services, 5-year follow-up (N = 314) showed that
continuous cannabis use was associated with persisting psy-
chosis, only partly accounted for by insufficient antipsychotic
medication (67). Overall, there is replicated evidence showing
the following: 1) substance users, including cannabis users,
with psychosis have worse long-term outcome than individuals
without substance use; 2) this remains after adjusting for
confounding associations; 3) poorer symptoms in this group
are not limited to reality distortion or positive symptoms and
include poorer function and disability; and 4) decreasing sub-
stance use within 1 to 2 years modifies both short- and long-
term outcome. Nonetheless, it should also be noted that in
the presence of adequate blockade of dopamine receptors,
therapeutic use of stimulants can reduce the risk of hospital
admission for psychosis (68).

The effects of cannabis use in psychotic disorders illustrate
the trajectory of damage. Initially there is neurocognitive
sparing illustrated by fewer neurological soft signs and less
neurodevelopmental burden compared with non-users (62).
However, function deteriorates over time. In the UK National
EDEN (Evaluating the Development and Impact of Early Inter-
vention Services) study, more than a year of continued use of
cannabis was associated with higher Positive and Negative
Syndrome Scale total scores, Positive and Negative Syndrome
Scale negative symptoms scores, and Calgary Depression
Scale for Schizophrenia scores and worse global functioning
(69). A 10-year follow-up of cases of first-episode psychosis
found higher symptom scores and poorer function in cannabis
users compared with non-users (70).

The review by Sami and Bhattacharyya (62) showed that
patients using cannabis also exhibit greater deterioration in
neurobiological markers than non-users after the first 5 years
of a psychotic disorder. These include increased ventricular
size; cortical thinning; reduced gray matter; and shape
changes in hippocampus, striatum, globus pallidus, and thal-
amus. The evidence regarding clinical features and neurobio-
logical markers indicates that substance users have less neural
impairment initially but develop increasing functional impair-
ment such that after several years they resemble cases of
classical schizophrenia.

MECHANISM OF TOXIC EFFECTS OF REALITY
DISTORTION

The role of dopamine in schizophrenia has been a focus of
research since Seeman and Lee (71) demonstrated that the
efficacy of antipsychotics was strongly correlated with affinity
for the dopamine D, receptor. After reviewing research up to
2009, Howes and Kapur (72) concluded that “multiple envi-
ronmental and genetic risk factors interact to funnel through
one final common pathway of presynaptic striatal hyper-
dopaminergia.” Howes and Kapur proposed that dopamine-
blocking medication acts downstream of the critical neuro-
transmitter abnormality.
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Subsequent studies have supported the conclusions drawn
by Howes and Kapur (72). For example, using positron emis-
sion tomography with '®F-fluorodopa to assess presynaptic
dopamine synthesis in the striatum, Jauhar et al. (73)
confirmed that presynaptic dopamine synthesis is elevated in
both schizophrenia and bipolar affective disorder. Relevant to
the question of persisting symptoms and disability, 2 positron
emission tomography studies using '®F-fluorodopa found that
patients who responded to antipsychotic medication had evi-
dence of greater presynaptic dopamine synthesis in the stria-
tum than patients who did not respond to treatment, while
patients with nonresponsive symptoms exhibited no elevation
of '8F-fluorodopa uptake relative to healthy control partici-
pants (74,75). This suggests that some process other than
elevation of presynaptic dopamine in the striatum contributes
to treatment-resistant symptoms.

Abnormal glutamatergic neurotransmission might
contribute. Glutamate concentration in anterior cingulate cor-
tex is inversely related to striatal dopamine synthesis capacity
in patients with psychosis (76). There is evidence for a similar
relationship between striatal dopamine and hippocampal
glutamate for individuals at risk for psychosis (77). Some
studies have indicated that perturbed glutamatergic indices
are a marker of treatment resistance (78-80).

Nonetheless, studies of psychotomimetic drugs indicate
that dopamine overactivity plays a role in persistent symp-
toms. In a review, Wearne and Cornish (81) demonstrated that
chronic psychosis associated with repeated use of metham-
phetamine, a stimulant that enhances dopamine release from
presynaptic terminals, exhibits diverse clinical features similar
to schizophrenia including cognitive impairments.

The mechanism of subcortical and cortical neuroplastic
changes occurring during addiction are potentially relevant to
the mechanism of the toxic effects of reality distortion. These
changes were described in detail by Everitt and Robbins (82)
and by Koob and Volkow (83). An essential feature is that
dopamine overactivity in the striatum is associated with plastic
changes that disrupt the balance of inputs from prefrontal
cortex, amygdala, and hippocampus to the striatum. These
striatal inputs shape the regulatory role of subcortical nuclei on
the cortical activity supporting volitional behavior. Disruption of
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the balance between the influence of amygdala and hippo-
campus would be expected to disrupt the balance between
influence of immediate sensory information transmitted via the
amygdala and contextual information mediated by the hippo-
campus on the regulation of voluntary behavior. This might
lead to the secondary features associated with addiction such
as decreased volition, apathy, and impaired role function.

In light of the evidence that repeated use of psychotomi-
metics that enhance dopamine release in the striatum can lead
to a psychotic disorder resembling chronic schizophrenia (81),
that psychotomimetics can worsen prognosis in schizophrenia
(62), and that dopamine overactivity is associated with reality
distortion (72), we propose that plastic changes in CSTC loops
induced by persistent reality distortion can lead to persisting
symptoms and disability in schizophrenia. In light of the evi-
dence that patients whose symptoms do not respond to
dopamine-blocking antipsychotic medication do not exhibit
evidence of elevated presynaptic dopamine synthesis (74,75),
some other pathological process must be involved. Such
processes might involve other neurotransmitters involved in
the CSTC circuits, i.e., glutamate, GABA, or acetylcholine.

When Alexander et al. (84) first delineated the role of mul-
tiple CSTC loops in regulating cortical activity in primates, they
identified 5 distinguishable loops involving different areas of
cortex and corresponding regions of striatum and thalamus.
Subsequent studies have shown a similar but more complex
pattern of CSTC loops in humans. Resting-state functional
magnetic resonance imaging studies reveal the salience loop
involving bilateral insula, anterior cingulate cortex, parts of the
striatum, and dorsomedial thalamus (85), mentioned earlier in
Mechanism of Classical Schizophrenia. This loop is involved in
the identification of behaviorally salient stimuli and in recruit-
ment of relevant brain circuits (86). Substantial evidence in-
dicates that abnormality of the salience loop is involved in
diverse symptoms of schizophrenia, including reality distortion,
disorganization, and psychomotor poverty (52).

There is also substantial evidence for involvement of DLPFC
in schizophrenia, especially in the cognitive impairments such
as impaired executive function (87). We therefore propose that
a CSTC loop involving DLPFC, striatum, and dorsomedial
thalamus also plays a role in persisting symptoms and

Figure 1. The corticostriatothalamic-cortical cir-

A AR owts t B c cuits that play a central role in reality distortion and
o /‘«\‘ P classical schizophrenia. These corticostriatothalamic-
k| i cortical circuits interact with extensive cortical net-

/ = ( "E’,’k works contributing to wide-ranging dysfunction in
Zie schizophrenia. (A) Coronal section illustrating the

[

salience circuit, with inset illustrating interactions be-
tween interneurons and pyramidal cells that might
modify synaptic gain of pyramidal neurons. Brain re-
gions: light blue, anterior cingulate cortex; dark blue,
insula cortex and claustrum; orange, thalamus and
basal ganglia. (B) Schematic illustration of the contri-
bution of medial temporal lobe structures to regulation
of the corticostriatothalamic-cortical circuits. Brain

regions: dark blue, parahippocampal gyrus and fusiform gyrus; purple, hippocampal formation; light blue, amygdala; orange, thalamus and basal ganglia. (C)
Sagittal view illustrating some likely sites of action of predisposing and exacerbating factors, including genetic load (represented by a DNA strand with nu-
cleotides adenine [A], thymine [T], guanine [G], and cytosine [C]), cannabis, neurodevelopmental injury, and stress. Brain regions: light blue, frontal cortex;
orange, thalamus and basal ganglia. Anatomical locations are approximate for purpose of demonstration. Projections: green, glutamatergic; blue, GABAergic;

red, dopaminergic projections from midbrain. (Created with BioRender.com.)
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disability in schizophrenia. Dopaminergic abnormalities in
schizophrenia are especially pronounced in associative re-
gions that are involved in both the DLPFC and the salience
CSTC loops (88). There is interaction between the loops, and it
is likely that other loops also undergo plastic change.

SYNTHESIS

Our proposed mechanisms of classical schizophrenia and of
the toxic effects of reality distortion are complementary. Both
mechanisms entail plastic changes in CSTC circuits, especially
the DLPFC and salience loops (Figure 1). The mechanisms
differ in the nature of the postulated primary problem.

In classical schizophrenia, we propose that the primary
abnormality is disorganization and impoverishment of mental
activity reflecting relatively widespread cortical and subcortical
abnormality. We propose that the associated imprecision of
predictive coding leads to excessive dopamine release in the
striatum predisposing to reality distortion, especially at times
of stress.

Conversely, in the case of primary reality distortion arising
from causes such as repeated use of psychotomimetic drugs,
we propose that sustained reality distortion leads to plastic
changes in the CSTC loops that result in impaired regulation of
cortical regions supporting voluntary activity. This sustained
aberrant regulation might lead to the loss of synaptic gain in
pyramidal cells, which Adams et al. (89) demonstrated ac-
counts for electrophysiological abnormalities associated with
trait features of schizophrenia. These plastic changes result in
disorganized and impoverished mental activity and sustained
impairment of cognition and role function.

IMPLICATIONS FOR RESEARCH AND PRACTICE

Our proposal opens paths to further investigation of the
mechanisms of persisting symptoms and disability in schizo-
phrenia. Mathematical predictive coding models provide a
promising approach to delineating neural mechanisms under-
lying classical clinical features. We propose modeling in-
teractions between cortical regions and subcortical nuclei,
including the modeling of plastic change over time (90,91), with
the goal of comparing modeled predictions with observed
longitudinal changes in brain function. We also propose
modeling the generation of transient beta oscillations (92) to
clarify the role of imprecise predictive coding in abnormal
sensorimotor beta oscillations in classical schizophrenia. A
major classical feature is abnormal speech and language
(14,93). During speech processing, beta oscillations in the left
hemisphere are diminished and delayed in schizophrenia (94),
possibly reflecting abnormal modulation of prediction error
precision (95). Computational predictive coding models offer a
promising approach to investigating relevant speech abnor-
malities (95). Our proposals also have implications for the
development of novel therapies, such as neuromodulation
techniques targeting CSTC circuits (51), as outlined in the
Supplement.

ACKNOWLEDGMENTS AND DISCLOSURES

This work was supported by the Medical Research Council (Grant Nos.
G0901321 and MR/J01186X/1 [to PFL and colleagues] and Grant No. MR/
P001408/1 [to MBS]).

6 Biological Psychiatry m m, 2024; m:m—m www.sobp.org/journal

Mechanisms of Persisting Disability in Schizophrenia

PFL and MBS jointly conceived the article, performed literature
searches, developed the concepts presented, and collaborated in writing
and revising the manuscript. Both authors approved the final submitted
version.

We thank Elizabeth B. Liddle, Ph.D., for helpful comments on the
manuscript.

The authors report no biomedical financial interests or potential conflicts
of interest.

ARTICLE INFORMATION

From the Institute of Mental Health, University of Nottingham, Nottingham,
United Kingdom.

Address correspondence to Peter F. Liddle, Ph.D., at peter.liddle@
nottingham.ac.uk.

Received Jan 22, 2024; revised Aug 5, 2024; accepted Aug 14, 2024.

Supplementary material cited in this article is available online at https://
doi.org/10.1016/j.biopsych.2024.08.007.

REFERENCES

1. Kraepelin E (1974): Patterns of mental disorder. In: Hirsch SR,
Shepherd M, editors. Themes and Variations in European Psychiatry
[Marshal H, transl]. Bristol: Wright.

2. Bleuler E (1911): Dementia Praecox or the Group of Schizophrenias
[Zinkin J, transl, 1951]. London: Allen & Unwin.

3. Sartorius N, Shapiro R, Kimura M, Barrett K (1972): WHO International
Pilot Study of Schizophrenia. Psychol Med 2:422-425.

4. American Psychiatric Association (2013): Diagnostic and Statistical
Manual of Mental Disorders, 5th ed. Arlington, VA: American Psychi-
atric Association.

5.  World Health Organization: ICD-11. Available at: https://icd.who.int/en.
Accessed May 29, 2021.

6. van Os J (2016): “Schizophrenia” does not exist. BMJ 352:i375.

7. Lally J, Ajnakina O, Stubbs B, Cullinane M, Murphy KC, Gaughran F,
Murray RM (2017): Remission and recovery from first-episode psy-
chosis in adults: Systematic review and meta-analysis of long-term
outcome studies. Br J Psychiatry 211:350-358.

8. Liddle PF, Ngan ETC, Duffield G, Kho K, Warren AJ (2002): Signs and
Symptoms of Psychotic lliness (SSPI): A rating scale. Br J Psychiatry
180:45-50.

9. Shafer A, Dazzi F (2019): Meta-analysis of the positive and Negative

Syndrome Scale (PANSS) factor structure. J Psychiatr Res 115:113-120.

Chen J, Patil KR, Weis S, Sim K, Nickl-Jockschat T, Zhou J, et al.

(2020): Neurobiological divergence of the positive and negative

schizophrenia subtypes identified on a new factor structure of psy-

chopathology using non-negative factorization: An international ma-

chine learning study. Biol Psychiatry 87:282-293.

11. Peralta V, Cuesta MJ (2001): How many and which are the psycho-
pathological dimensions in schizophrenia? Issues influencing their
ascertainment. Schizophr Res 49:269-285.

12. Emsley R, Rabinowitz J, Torreman M, RIS-INT-35 Early Psychosis
Global Working Group (2003): The factor structure for the Positive and
Negative Syndrome Scale (PANSS) in recent-onset psychosis.
Schizophr Res 61:47-57.

13. Levine SZ, Rabinowitz J (2007): Revisiting the 5 dimensions of the

Positive and Negative Syndrome Scale. J Clin Psychopharmacol

27:431-436.

Liddle PF (2019): The core deficit of classical schizophrenia: Im-

plications for predicting the functional outcome of psychotic

illness and developing effective treatments. Can J Psychiatry

64:680-685.

15. Strauss JS, Carpenter WT (1974): The prediction of outcome in

schizophrenia. Il. Relationships between predictor and outcome vari-

ables: A report from the WHO International Pilot Study of Schizo-

phrenia. Arch Gen Psychiatry 31:37-42.

Howes OD, Whitehurst T, Shatalina E, Townsend L, Onwordi EC,

Mak TLA, et al. (2021): The clinical significance of duration of untreated

psychosis: An umbrella review and random-effects meta-analysis.

World Psychiatry 20:75-95.

10.

14.

16.


mailto:peter.liddle@nottingham.ac.uk
mailto:peter.liddle@nottingham.ac.uk
https://doi.org/10.1016/j.biopsych.2024.08.007
https://doi.org/10.1016/j.biopsych.2024.08.007
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref1
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref1
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref1
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref2
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref2
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref3
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref3
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref4
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref4
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref4
https://icd.who.int/en
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref6
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref7
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref7
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref7
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref7
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref8
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref8
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref8
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref9
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref9
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref10
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref10
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref10
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref10
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref10
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref11
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref11
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref11
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref12
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref12
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref12
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref12
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref13
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref13
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref13
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref14
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref14
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref14
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref14
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref15
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref15
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref15
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref15
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref16
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref16
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref16
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref16
http://www.sobp.org/journal

Mechanisms of Persisting Disability in Schizophrenia

20.

21.

22.

283.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Harrow M, Jobe TH (2018): Long-term antipsychotic treatment of
schizophrenia: Does it help or hurt over a 20-year period? World
Psychiatry 17:162-163.

Moilanen JM, Haapea M, Jaaskeldinen E, Veijola JM, Isohanni MK,
Koponen HJ, Miettunen J (2016): Long-term antipsychotic use and its
association with outcomes in schizophrenia—the Northern Finland
Birth Cohort 1966. Eur Psychiatry 36:7-14.

Penttila M, Jaaskeldinen E, Hirvonen N, Isohanni M, Miettunen J
(2014): Duration of untreated psychosis as predictor of long-term
outcome in schizophrenia: Systematic review and meta-analysis. Br
J Psychiatry 205:88-94.

Dominguez M-G, Saka MC, Lieb R, Wittchen H-U, van Os J (2010):
Early expression of negative/disorganized symptoms predicting psy-
chotic experiences and subsequent clinical psychosis: A 10-year
study. Am J Psychiatry 167:1075-1082.

Hafner H, Maurer K, Loffler W, Bustamante S, an der Heiden W,
Riechler-Rossler A, Nowotny B (1995): Onset and early course of
schizophrenia. In: Hafner H, Gattaz WF, editors. (1995), Search for the
Causes of Schizophrenia, vol. 3. Berlin: Springer-Verlag, 43-66.
Ziermans T, de Wit S, Schothorst P, Sprong M, van Engeland H,
Kahn R, Durston S (2014): Neurocognitive and clinical predictors of
long-term outcome in adolescents at ultra-high risk for psychosis: A 6-
year follow-up. PLoS One 9:€93994.

Antonucci LA, Penzel N, Sanfelici R, Pigoni A, Kambeitz-llankovic L,
Dwyer D, et al. (2022): Using combined environmental-clinical classi-
fication models to predict role functioning outcome in clinical high-risk
states for psychosis and recent-onset depression [published online
Feb 14]. Br J Psychiatry.

Bearden CE, Wu KN, Caplan R, Cannon TD (2011): Thought disorder
and communication deviance as predictors of outcome in youth at
clinical high risk for psychosis. J Am Acad Child Adolesc Psychiatry
50:669-680.

Bedi G, Carrillo F, Cecchi GA, Slezak DF, Sigman M, Mota NB, et al.
(2015): Automated analysis of free speech predicts psychosis onset in
high-risk youths. NPJ Schizophr 1:15030.

Mota NB, Copelli M, Ribeiro S (2017): Thought disorder measured as
random speech structure classifies negative symptoms and schizo-
phrenia diagnosis 6 months in advance. NPJ Schizophr 3:18.

Green MF, Kern RS, Heaton RK (2004): Longitudinal studies of
cognition and functional outcome in schizophrenia: Implications for
MATRICS. Schizophr Res 72:41-51.

Liddle PF (1987): The symptoms of chronic schizophrenia. A re-
examination of the positive-negative dichotomy. Br J Psychiatry
151:145-151.

Bowie CR, Gupta M, Holshausen K (2011): Disconnected and under-
productive speech in schizophrenia: Unique relationships across
multiple indicators of social functioning. Schizophr Res 131:152-156.
Fanous AH, Zhou B, Aggen SH, Bergen SE, Amdur RL, Duan J, et al.
(2012): Genome-wide association study of clinical dimensions of
schizophrenia: Polygenic effect on disorganized symptoms. Am J
Psychiatry 169:1309-1317.

Legge SE, Cardno AG, Allardyce J, Dennison C, Hubbard L,
Pardifias AF, et al. (2021): Associations between schizophrenia poly-
genic liability, symptom dimensions, and cognitive ability in schizo-
phrenia. JAMA Psychiatry 78:1143-1151.

Ciompi L (1980): Catamnestic long-term study on the course of life and
aging of schizophrenics. Schizophr Bull 6:606-618.

Huber G, Gross G, Schiittler R, Linz M (1980): Longitudinal studies of
schizophrenic patients. Schizophr Bull 6:592-605.

Bleuler M (1968): A 23-year longitudinal study of 208 schizophrenics
and impressions in regard to the nature of schizophrenia. In:
Rodenthal D, Kety SS, editors. The Transmission of Schizophrenia.
Oxford: Pergamon, 3-12.

Harding CM, Brooks GW, Ashikaga T, Strauss JS, Breier A (1987): The
Vermont longitudinal study of persons with severe mental illness, I
Methodology, study sample, and overall status 32 years later. Am J
Psychiatry 144:718-726.

Tramazzo S, Lian W, Ajnakina O, Carlson G, Bromet E, Kotov R,
Jonas K (2024): Long-term course of remission and recovery in psy-
chotic disorders. Am J Psychiatry 181:532-540.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

49.

50.

52.

53.

54.

55.

56.

57.

Biological
Psychiatry

Rathnaiah M, Liddle EB, Gascoyne LE, Kumar J, Katshu MZU,
Farugi C, et al. (2020): Quantifying the core deficit in classical
schizophrenia. Schizophr Bull Open 1:sgaa031.

Hunt BAE, Liddle EB, Gascoyne LE, Magazzini L, Routley BC,
Singh KD, et al. (2019): Attenuated post-movement beta rebound
associated with schizotypal features in healthy people. Schizophr Bull
45:883-891.

Gascoyne LE, Brookes MJ, Rathnaiah M, Katshu MZUH, Koelewijn L,
Williams G, et al. (2021): Motor-related oscillatory activity in schizo-
phrenia according to phase of illness and clinical symptom severity.
Neuroimage Clin 29:102524.

Dockstader C, Gaetz W, Cheyne D, Wang F, Castellanos FX,
Tannock R (2008): MEG event-related desynchronization and syn-
chronization deficits during basic somatosensory processing in in-
dividuals with ADHD. Behav Brain Funct 4:8.

Gaetz W, Rhodes E, Bloy L, Blaskey L, Jackel CR, Brodkin ES, et al.
(2020): Evaluating motor cortical oscillations and age-related change
in autism spectrum disorder. Neuroimage 207:116349.

Jenkinson N, Brown P (2011): New insights into the relationship be-
tween dopamine, beta oscillations and motor function. Trends Neu-
rosci 34:611-618.

Tan H, Wade C, Brown P (2016): Post-movement beta activity in
sensorimotor cortex indexes confidence in the estimations from in-
ternal models. J Neurosci 36:1516-1528.

Palmer CE, Auksztulewicz R, Ondobaka S, Kilner JM (2019): Senso-
rimotor beta power reflects the precision-weighting afforded to sen-
sory prediction errors. Neuroimage 200:59-71.

Briley PM, Liddle EB, Simmonite M, Jansen M, White TP, Balain V,
et al. (2021): Regional brain correlates of beta bursts in health and
psychosis: A concurrent electroencephalography and functional
magnetic resonance imaging study. Biol Psychiatry Cogn Neurosci
Neuroimaging 6:1145-1156.

Seedat ZA, Quinn AJ, Vidaurre D, Liuzzi L, Gascoyne LE, Hunt BAE,
et al. (2020): The role of transient spectral ‘bursts’ in functional con-
nectivity: A magnetoencephalography study. Neuroimage 209:
116537.

Palaniyappan L, Simmonite M, White TP, Liddle EB, Liddle PF (2013):
Neural primacy of the salience processing system in schizophrenia.
Neuron 79:814-828.

Liddle PF, Liddle EB (2022): Imprecise predictive coding is at the core
of classical schizophrenia. Front Hum Neurosci 16:818711.

Ficco L, Mancuso L, Manuello J, Teneggi A, Liloia D, Duca S, et al.
(2021): Disentangling predictive processing in the brain: A meta-
analytic study in favour of a predictive network. Sci Rep 11:16258.
Siman-Tov T, Granot RY, Shany O, Singer N, Hendler T, Gordon CR
(2019): Is there a prediction network? Meta-analytic evidence for a
cortical-subcortical network likely subserving prediction. Neurosci
Biobehav Rev 105:262-275.

Peters SK, Dunlop K, Downar J (2016): Cortico-striatal-thalamic loop
circuits of the salience network: A central pathway in psychiatric dis-
ease and treatment. Front Syst Neurosci 10:104.

Palaniyappan L, Liddle PF (2012): Does the salience network play a
cardinal role in psychosis? An emerging hypothesis of insular
dysfunction. J Psychiatry Neurosci 37:17-27.

Glahn DC, Laird AR, Ellison-Wright |, Thelen SM, Robinson JL,
Lancaster JL, et al. (2008): Meta-analysis of gray matter anomalies in
schizophrenia: Application of anatomic likelihood estimation and
network analysis. Biol Psychiatry 64:774-781.

Gupta CN, Calhoun VD, Rachakonda S, Chen J, Patel V, Liu J, et al.
(2015): Patterns of gray matter abnormalities in schizophrenia based
on an international mega-analysis. Schizophr Bull 41:1133-1142.
Friston K, Schwartenbeck P, FitzGerald T, Moutoussis M, Behrens T,
Dolan RJ (2014): The anatomy of choice: Dopamine and decision-
making. Philos Trans R Soc B Biol Sci 369:20130481.

Diederen KMJ, Fletcher PC (2021): Dopamine, prediction error and
beyond. Neuroscientist 27:30-46.

Haarsma J, Fletcher PC, Griffin JD, Taverne HJ, Ziauddeen H,
Spencer TJ, et al. (2021): Precision weighting of cortical unsigned
prediction error signals benefits learning, is mediated by dopamine,
and is impaired in psychosis. Mol Psychiatry 26:5320-53383.

Biological Psychiatry m m, 2024; m:m—m www.sobp.org/journal 7


http://refhub.elsevier.com/S0006-3223(24)01535-X/sref17
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref17
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref17
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref18
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref18
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref18
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref18
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref19
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref19
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref19
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref19
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref20
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref20
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref20
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref20
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref21
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref21
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref21
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref21
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref22
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref22
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref22
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref22
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref23
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref23
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref23
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref23
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref23
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref24
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref24
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref24
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref24
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref25
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref25
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref25
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref26
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref26
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref26
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref27
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref27
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref27
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref28
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref28
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref28
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref29
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref29
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref29
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref30
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref30
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref30
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref30
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref31
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref31
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref31
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref31
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref32
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref32
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref33
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref33
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref34
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref34
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref34
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref34
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref35
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref35
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref35
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref35
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref36
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref36
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref36
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref37
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref37
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref37
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref38
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref38
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref38
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref38
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref39
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref39
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref39
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref39
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref40
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref40
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref40
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref40
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref41
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref41
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref41
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref42
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref42
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref42
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref43
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref43
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref43
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref44
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref44
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref44
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref45
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref45
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref45
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref45
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref45
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref46
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref46
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref46
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref46
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref47
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref47
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref47
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref48
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref48
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref49
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref49
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref49
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref50
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref50
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref50
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref50
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref51
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref51
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref51
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref52
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref52
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref52
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref53
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref53
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref53
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref53
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref54
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref54
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref54
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref55
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref55
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref55
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref56
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref56
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref57
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref57
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref57
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref57
http://www.sobp.org/journal

Biological
Psychiatry

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Adams RA, Stephan KE, Brown HR, Frith CD, Friston KJ (2013): The
computational anatomy of psychosis. Front Psychiatry 4:47.

Wyatt RJ (1991): Neuroleptics and the natural course of schizophrenia.
Schizophr Bull 17:325-351.

McGorry PD, Edwards J, Mihalopoulos C, Harrigan SM, Jackson HJ
(1996): EPPIC: An evolving system of early detection and optimal
management. Schizophr Bull 22:305-326.

Crespo-Facorro B, Roiz-Santiadfiez R, Pelayo-Teran JM, Gonzalez-
Blanch C, Pérez-Iglesias R, Gutiérrez A, et al. (2007): Caudate nucleus
volume and its clinical and cognitive correlations in first episode
schizophrenia. Schizophr Res 91:87-96.

Sami MB, Bhattacharyya S (2018): Are cannabis-using and non-using
patients different groups? Towards understanding the neurobiology of
cannabis use in psychotic disorders. J Psychopharmacol 32:825-849.
Murrie B, Lappin J, Large M, Sara G (2020): Transition of substance-
induced, brief, and atypical psychoses to schizophrenia: A system-
atic review and meta-analysis. Schizophr Bull 46:505-516.

Large M, Sharma S, Compton MT, Slade T, Nielssen O (2011):
Cannabis use and earlier onset of psychosis: a systematic meta-
analysis. Arch Gen Psychiatry 68:555-561.

Schoeler T, Petros N, Di Forti M, Klamerus E, Foglia E, Ajnakina O,
et al. (2016): Effects of continuation, frequency, and type of cannabis
use on relapse in the first 2 years after onset of psychosis: an
observational study. Lancet Psychiatry 3:947-953.

Kerfoot KE, Rosenheck RA, Petrakis IL, Swartz MS, Keefe RSE,
McEvoy JP, et al. (2011): Substance use and schizophrenia: Adverse
correlates in the CATIE study sample. Schizophr Res 132:177-182.
Clausen L, Hijorthej CR, Thorup A, Jeppesen P, Petersen L,
Bertelsen M, Nordentoft M (2014): Change in cannabis use, clinical
symptoms and social functioning among patients with first-episode
psychosis: A 5-year follow-up study of patients in the OPUS trial.
Psychol Med 44:117-126.

Corbeil O, Brodeur S, Courteau J, Béchard L, Huot-Lavoie M,
Angelopoulos E, et al. (2024): Treatment with psychostimulants and
atomoxetine in people with psychotic disorders: Reassessing the risk of
clinical deterioration in a real-world setting. Br J Psychiatry 224:98-105.
Seddon JL, Birchwood M, Copello A, Everard L, Jones PB, Fowler D,
et al. (2016): Cannabis use is associated with increased psychotic
symptoms and poorer psychosocial functioning in first-episode psy-
chosis: A report from the UK National EDEN Study. Schizophr Bull
42:619-625.

Setién-Suero E, Neergaard K, Ortiz-Garcia de la Foz V, Suérez-
Pinilla P, Martinez-Garcia O, Crespo-Facorro B, Ayesa-Arriola R
(2019): Stopping cannabis use benefits outcome in psychosis: Find-
ings from 10-year follow-up study in the PAFIP-cohort. Acta Psychiatr
Scand 140:349-359.

Seeman P, Lee T (1975): Antipsychotic drugs: direct correlation be-
tween clinical potency and presynaptic action on dopamine neurons.
Science 188:1217-1219.

Howes OD, Kapur S (2009): The dopamine hypothesis of schizophrenia:
Version lll—the final common pathway. Schizophr Bull 35:49-562.
Jauhar S, Nour MM, Veronese M, Rogdaki M, Bonoldi |, Azis M, et al.
(2017): A test of the transdiagnostic dopamine hypothesis of psy-
chosis using positron emission tomographic imaging in bipolar af-
fective disorder and schizophrenia. JAMA Psychiatry 74:1206-1213.
Demjaha A, Murray RM, McGuire PK, Kapur S, Howes OD (2012):
Dopamine synthesis capacity in patients with treatment-resistant
schizophrenia. Am J Psychiatry 169:1203-1210.

Jauhar S, Veronese M, Nour MM, Rogdaki M, Hathway P,
Turkheimer FE, et al. (2019): Determinants of treatment response in
first-episode psychosis: An 18F-DOPA PET study. Mol Psychiatry
24:1502-1512.

Jauhar S, McCutcheon R, Borgan F, Veronese M, Nour M, Pepper F,
et al. (2018): The relationship between cortical glutamate and striatal
dopamine in first-episode psychosis: A cross-sectional multimodal
PET and magnetic resonance spectroscopy imaging study. Lancet
Psychiatry 5:816-823.

Biological Psychiatry m m, 2024; m:m-m www.sobp.org/journal

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Mechanisms of Persisting Disability in Schizophrenia

Stone JM, Howes OD, Egerton A, Kambeitz J, Allen P, Lythgoe DJ,
et al. (2010): Altered relationship between hippocampal glutamate
levels and striatal dopamine function in subjects at ultra high risk of
psychosis. Biol Psychiatry 68:599-602.

Demjaha A, Egerton A, Murray RM, Kapur S, Howes OD, Stone JM,
McGuire PK (2014): Antipsychotic treatment resistance in schizo-
phrenia associated with elevated glutamate levels but normal dopa-
mine function. Biol Psychiatry 75:e11-e13.

Mouchlianitis E, Bloomfield MAP, Law V, Beck K, Selvaraj S,
Rasquinha N, et al. (2016): Treatment-resistant schizophrenia patients
show elevated anterior cingulate cortex glutamate compared to
treatment-responsive. Schizophr Bull 42:744-752.

Egerton A, Murphy A, Donocik J, Anton A, Barker GJ, Collier T, et al.
(2021): Dopamine and glutamate in antipsychotic-responsive
compared with antipsychotic-nonresponsive psychosis: A multi-
center positron emission tomography and magnetic resonance
spectroscopy study (STRATA). Schizophr Bull 47:505-516.

Wearne TA, Cornish JL (2018): A comparison of methamphetamine-
induced psychosis and schizophrenia: A review of positive, negative,
and cognitive symptomatology. Front Psychiatry 9:491.

Everitt BJ, Robbins TW (2005): Neural systems of reinforcement for
drug addiction: From actions to habits to compulsion. Nat Neurosci
8:1481-1489.

Koob GF, Volkow ND (2010): Neurocircuitry of addiction. Neuro-
psychopharmacology 35:217-238.

Alexander GE, DeLong MR, Strick PL (1986): Parallel organization of
functionally segregated circuits linking basal ganglia and cortex. Annu
Rev Neurosci 9:357-381.

Seeley WW, Menon V, Schatzberg AF, Keller J, Glover GH, Kenna H,
et al. (2007): Dissociable intrinsic connectivity networks for salience
processing and executive control. J Neurosci 27:2349-2356.
Sridharan D, Levitin DJ, Menon V (2008): A critical role for the right
fronto-insular cortex in switching between central-executive and
default-mode networks. Proc Natl Acad Sci U S A 105:12569-12574.
Minzenberg MJ, Laird AR, Thelen S, Carter CS, Glahn DC (2009):
Meta-analysis of 41 functional neuroimaging studies of executive
function in schizophrenia. Arch Gen Psychiatry 66:811-822.

Kegeles LS, Abi-Dargham A, Frankle WG, Gil R, Cooper TB,
Slifstein M, et al. (2010): Increased synaptic dopamine function in
associative regions of the striatum in schizophrenia. Arch Gen Psy-
chiatry 67:231-239.

Adams RA, Pinotsis D, Tsirlis K, Unruh L, Mahajan A, Horas AM, et al.
(2022): Computational modeling of electroencephalography and
functional magnetic resonance imaging paradigms indicates a
consistent loss of pyramidal cell synaptic gain in schizophrenia. Biol
Psychiatry 91:202-215.

Chrol-Cannon J, Jin Y (2014): Computational modeling of neural
plasticity for self-organization of neural networks. Biosystems
125:43-54.

Carhart-Harris RL, Chandaria S, Erritzoe DE, Gazzaley A, Girn M,
Kettner H, et al. (2023): Canalization and plasticity in psychopathology.
Neuropharmacology 226:109398.

Sherman MA, Lee S, Law R, Haegens S, Thorn CA, Hamalainen MS,
et al. (2016): Neural mechanisms of transient neocortical beta rhythms:
Converging evidence from humans, computational modeling, mon-
keys, and mice. Proc Natl Acad Sci U S A 113:E4885-E4894.
Oeztuerk OF, Pigoni A, Antonucci LA, Koutsouleris N (2022): Associ-
ation between formal thought disorders, neurocognition and func-
tioning in the early stages of psychosis: A systematic review of the last
half-century studies. Eur Arch Psychiatry Clin Neurosci 272:381-393.
Hirano S, Hirano Y, Maekawa T, Obayashi C, Oribe N, Kuroki T, et al.
(2008): Abnormal neural oscillatory activity to speech sounds in
schizophrenia: A magnetoencephalography study. J Neurosci
28:4897-4903.

Hovsepyan S, Olasagasti |, Giraud A-L (2023): Rhythmic modulation of
prediction errors: A top-down gating role for the beta-range in speech
processing. PLOS Comput Biol 19:e1011595.


http://refhub.elsevier.com/S0006-3223(24)01535-X/sref58
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref58
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref59
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref59
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref60
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref60
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref60
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref61
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref61
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref61
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref61
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref62
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref62
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref62
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref63
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref63
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref63
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref64
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref64
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref64
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref65
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref65
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref65
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref65
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref66
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref66
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref66
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref67
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref67
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref67
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref67
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref67
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref68
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref68
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref68
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref68
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref69
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref69
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref69
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref69
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref69
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref70
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref70
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref70
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref70
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref70
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref71
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref71
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref71
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref72
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref72
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref73
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref73
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref73
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref73
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref74
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref74
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref74
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref75
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref75
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref75
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref75
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref76
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref76
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref76
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref76
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref76
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref77
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref77
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref77
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref77
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref78
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref78
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref78
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref78
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref79
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref79
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref79
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref79
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref80
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref80
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref80
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref80
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref80
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref81
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref81
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref81
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref82
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref82
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref82
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref83
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref83
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref84
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref84
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref84
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref85
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref85
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref85
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref86
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref86
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref86
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref87
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref87
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref87
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref88
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref88
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref88
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref88
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref89
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref89
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref89
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref89
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref89
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref90
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref90
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref90
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref91
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref91
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref91
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref92
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref92
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref92
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref92
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref93
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref93
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref93
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref93
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref94
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref94
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref94
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref94
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref95
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref95
http://refhub.elsevier.com/S0006-3223(24)01535-X/sref95
http://www.sobp.org/journal

	The Mechanisms of Persisting Disability in Schizophrenia: Imprecise Predictive Coding via Corticostriatothalamic-Cortical L ...
	Classical Schizophrenia
	Mechanism of Classical Schizophrenia
	Toxic Effects of Reality Distortion
	Mechanism of Toxic Effects of Reality Distortion
	Synthesis
	Implications for Research and Practice
	References


