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A neurodevelopment and neuroplasticity-based
framework for early intervention in
psychotic disorders
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In recent years there has been growing interest in early intervention in psychotic disorders and a number of clinical and
research programmes have been developed. The clinical staging model has been an essential part of early intervention as
it provides the rationale of existing programmes. In medicine, clinical staging is a valuable approach in disorders where
primary pathology is progressive in nature. However, the clinical staging model of psychosis has been proposed without
establishing first that schizophrenia is a primarily progressive disorder. In reviewing existing evidence, this current paper
argues that cross-sectional data interpreted as supportive of clinical staging data does not consider the effects of sampling
bias, problems in reliability in assessing ‘soft symptoms’, or false positives. Longitudinal neurobiological studies do not
provide a convincing case for primarily progressive pathology in schizophrenia. Clinical progression in schizophrenia
can be better conceptualised as neuroplastic changes in response to interaction between core developmental pathology
and environmental stimuli. An alternative rationale for early and continuous intervention targeting neurodevelopmental
abnormality and neuroplastic changes, as well as medical and psychological comorbidities, is proposed in this paper.
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In medicine, including psychiatry, most diseases
present with significant variation in degree of severity.
The degree of severity of the disorder has obvious
implications for management and prognosis of
patients; patients with milder disorder can generally
respond to less aggressive treatment and have a better
prognosis. Clinicopathological staging is a specific
degree of severity approach that can only be used
in medical disorders characterised by a progressive
pathological process such as in cancer. Classification
of cancer, Alzheimer’s disease and cardiovascular dis-
orders are good examples of the use of clinicopatholo-
gical staging in management of medical conditions. In
recent years, use of staging models has also been advo-
cated for psychiatric conditions (Cosci & Fava, 2013;
Fava & Kellner, 1993; McGorry et al. 2006; McGorry,
2010). In psychotic disorders, clinical staging models
have been put forward as an underlying rationale
behind the establishment of early intervention and
prevention services. Clinical staging models of psych-
osis assume that schizophrenia is an outcome of pro-
gressive pathological process (McGorry et al. 2006;
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McGorry, 2010). According to this model, remission
and amelioration of symptoms is possible at every
stage, though it is less likely with advancing stage
(McGorry & Van Os, 2013; McGorry et al. 2014;
Nieman & McGorry, 2015). As the underlying path-
ology of the disorder progresses, individuals develop
more and more severe and debilitating symptoms.
The most commonly used arguments by researchers
to support a staging model in psychotic disorders
include research findings suggesting better prognosis
and effectiveness of treatment in first-episode and
high-risk samples; less severe cognitive impairment
in clinical and familial high-risk studies; and less
severe brain imaging findings in high-risk and first-
episode patients. Clinical staging model of psychosis
is also popular amongst clinicians as it offers a po-
tential explanation for common clinical observations:
for example, functional decline and decreasing
efficiency of antipsychotics after repeating episodes in
schizophrenia.

However, variation in severity of the disorder and
clinical progression do not always reflect clinicopatho-
logical progression. Firstly, clinical progression might
be related to an interaction of an underlying neuro-
developmental abnormality with environmental fac-
tors. Thus, the clinicopathological staging model is
not applicable to most developmental conditions in
which the medical disorder is the outcome of faulty
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development, such as a number of hereditary condi-
tions, specifically in this case, those which include
neurodevelopmental impact. While these disorders
present with variable degrees of severity (such as in
mental retardation or osteogenesis imperfecta), the
pathological process is not generally progressive and
the degree of severity of the condition is determined
by variation in genetic cause. For example, in osteogen-
esis imperfecta, which is a congenital bone disorder
characterised by brittle bones that are prone to fracture,
different genetic mutations lead to different types of
the disease, with significant variation in severity of
clinical presentation (i.e. types I-VII) (Forlino et al.
2011). If we had not known its aetiology, it could
have been possible to propose a ‘clinical staging’
model of osteogenesis imperfecta based on the extent
of fractures and functional losses. However, clinical
progression in osteogenesis imperfecta (more fractures
and functional loss by time) is better explained by
developmental pathology and its interaction with
environmental stress (i.e. physical stress and minor
trauma) than true pathological progression. Similarly,
the relatively small amount of age-related amyloid
accumulation or vascular changes can lead to signifi-
cant cognitive symptoms in individuals with low cog-
nitive reserve, unlike those seen in healthy subjects
(Stern, 2002; La Rue, 2010). Furthermore, hereditary
abnormalities are not static: in neurodevelopmental
conditions, such as Fragile X, some clinical progression
(i.e. more academic problems in late adolescence)
might be a reflection of slower gain (i.e. frontal lobe
functions) compared with healthy subjects (Bray et al.
2011). In the context of psychotic disorder, it could
be hypothesised that variation of severity of disorder
might be related to genetic factors, level of neurodeve-
lopmental abnormalities and their relationship with
environmental factors (Weinberger, 1986, Murray &
Lewis, 1987; Kapur, 2003; Bora, 2015).

Secondly, the plastic nature of the brain, which is
critical for development, learning, adapting to en-
vironments and recovery from brain damage, provides
another avenue for clinical progression in disorders not
caused by a core progressive pathology. Neuroplastic
changes in a healthy brain in response to persistent
changes in effect, behaviours, thoughts, body and
environment might be maladaptive in nature (Cohen
et al. 1997; Cramer et al. 2011). Also, the interaction of
a ‘dysfunctional brain network’ caused by develop-
mental or acquired abnormalities with environmental
stimuli over the years can lead to cortical reorganisa-
tion in other brain regions. Such neuroplastic changes
can lead to the emergence of symptoms, followed by
chronification and treatment unresponsiveness over
time. For example, maladaptive neuroplastic changes
could be considered to play a primary role in chronic
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pain in someone who has a back injury (Luo et al.
2014). In the context of psychotic disorders, emergence
and gradual chronification of hallucinations and delu-
sions, as well as associated functional decline, can be
considered as a result of secondary cortical and subcor-
tical reorganisation over the years in someone who had
already baseline neurodevelopmental dysfunction in
relevant brain networks. Unlike neuropathological
progression, which leads to unidirectional movement
across stages, these maladaptive neuroplastic changes
might have bidirectional effects on illness severity
overtime allowing complete or partial remission.

Finally, the effects of medical (i.e. hypertension,
obesity, diabetes mellitus, treatment side effects, alco-
hol abuse) and psychological comorbidities (stress,
trauma) can also contribute to the clinical progression
of non-specific symptoms, functional decline and
age-related cognitive decline, and increased incidence
of dementia in old age. In the context of schizophrenia
and psychotic disorders, such factors are important
because they are observed more often in schizophrenia
than healthy individuals. Patients with schizophrenia
might also be more sensitive to the negative effects of
these variables due to abnormal plasticity and devel-
opmental abnormality (Bora, 2015).

The clinical staging model of psychosis has been pro-
posed without establishing first that schizophrenia is a
primarily progressive disorder. Therefore, it is im-
portant to establish whether rationale of early interven-
tion in schizophrenia can be best provided by staging
model or alternatives discussed above.

Illusion of progression in schizophrenia

Staging models of psychosis suggest that cognitive and
brain imaging abnormalities in schizophrenia grad-
ually deteriorate as individual progress from stage I
to IV (Fava & Kellner, 1993; McGorry et al. 2006;
McGorry, 2010). However, one important consider-
ation in the comparison of patients in different ‘stages’
is the sample bias. First-episode psychosis (FEP) and
ultra-high-risk-to-psychosis (UHR) groups typically
include a higher percentage of patients with good
prognosis, in comparison with chronic samples.
Another important consideration is the heterogeneity
of individuals in ‘early stages’. Diagnosis is less clear
and eventual diagnostic outcome is more variable in
FEP and UHR and many patients end up with diagno-
ses other than schizophrenia.

The predominant consideration in interpreting avail-
able evidence is the high prevalence of false-positives
in subjects who are considered to be in the early
stage of psychotic disorders. In the earlier ‘stages’ of
the illness, individuals present with mild or non-
specific symptoms (stage Ia), then progress to
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moderate but subthreshold symptoms (stage Ib), and
finally present with FEP (stage II). However, it seems
that only a minority of individuals progress from
stages Ia to II. Most individuals who meet the criteria
of UHR never develop full-blown psychotic disorders
(Fusar-Poli et al. 2012; 20134, Yung et al. 2007).
Transition rate is much lower in adolescents and
young adults who present with mild psychotic symp-
toms in the community (stage Ia) (Van Os et al. 2009;
Dominguez et al. 2011).

The fact that the majority of individuals in stage I,
especially in stage Ia, never develop psychotic disor-
ders, it can be concluded that a very high percentage
of these cases were in fact never within the psychotic
spectrum. However, staging and continuum models
of psychosis tend to equate the high-prevalence psych-
otic-like experiences to early and subclinical forms of
true psychotic symptoms. Some authors, extended
this continuum to include even non-specific symp-
toms, such as anxiety, and advocated for early pluripo-
tential risk syndrome rather than multiple risk
syndromes for different mental disorders (McGorry,
2010). In these approaches, most non-transition is
explained as either a spontaneous remission (non-
persisting) or as having a persistent but a subclinical
and mild form of illness (Van Os et al. 2009;
Dominguez et al. 2011). However, it is important to
note that, in the absence of a biological marker, ‘soft’
symptoms are much less reliable than ‘hard” symp-
toms: it can be very hard to distinguish mild psychotic
experiences from other symptoms, such as dissoci-
ation. As a result, the false-positive rate would be
higher as less severe psychotic experiences are
assessed.

These findings have important implications for argu-
ments put forward to support the staging model of
psychosis. Most importantly, comparing different
‘stages’ creates the illusion of progression, as indivi-
duals with a milder psychotic condition or without
true psychotic condition would have less severe or
no brain imaging abnormalities and cognitive deficits
and can respond to interventions, which do not work
in established illness. It is also important to note that
the problems surrounding the concepts of UHR and
‘transition” (Van Os & Guloksuz, 2017) can also lead
to false impression of progression of neurobiological
findings. For example, the differences between Ia com-
pared with Ib might be mainly related to sample
enrichment rather than pathological progression of
psychotic illness (Fusar-Poli et al. 2016; Van Os &
Guloksuz, 2017) as help-seeking populations would
include higher percentage of individuals with true
psychotic conditions compared with non-help-seeking
individuals with psychotic-like experiences. Similarly,
the overreliance on positive symptoms for defining
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both risk and transition and not taking account of nat-
ural fluctuations of transdiagnostic psychotic-like
symptoms (Van Os & Guloksuz, 2017) can lead to
false-positives in detecting illness onset (FEP) within
the UHR samples. Again, this misclassification will
lead to artificial neurobiological differences in findings
of FEP (stage II) and UHR with transition (stage Ib), as
latter would include individuals who have no true
psychotic disorder.

Evidence for illness-related pathological progression
in schizophrenia

However, these findings do not exclude the possibility
of additional genuine neurodegeneration, which can be
supported only by longitudinal studies.

It has been hypothesised that schizophrenia and
severe mood disorders might be associated with neu-
rodegeneration as a result of cumulative toxic effects
of psychotic episodes or excessive regressive neurode-
velopment (i.e. excessive pruning) (Feinberg, 1982;
Keshavan et al. 1994; Anderson et al. 2014). It was
also argued that the neurodegenerative process in
schizophrenia had been supported by ‘progressive’
cognitive difficulties and cortical MRI abnormalities.

However, longitudinal neuropsychological studies
in first-episode and established schizophrenia and
UHR have not found evidence of cumulative cognitive
decline (Szoke et al. 2008; Bonner-Jackson et al. 2010;
Irani et al. 2011; Bora & Murray, 2014). In these patient
samples, cognitive deficits are stable or even slightly
improved at follow-up. Also, duration of untreated
psychosis has no significant effect on the severity of
cognitive impairment in schizophrenia (Bora et al.
2017a). The evidence regarding the stability of cogni-
tive functions before and after the onset of psychosis
contradicts the idea that schizophrenia is a progressive
dementia and does not support the staging model.

Other authors suggested that schizophrenia can be
in fact characterised by premorbid cognitive decline,
which starts many years before the prodrome (Reich-
enberg et al. 2010; Kahn & Keefe, 2013; MacCabe
et al. 2013). However, ‘relative ‘decline’ found in
these studies was a reflection of slower gain (develop-
mental lag or arrest) in schizophrenia patients in com-
parison with their healthy peers. There was no
consistent evidence for real decline in raw scores, as
previous longitudinal studies at follow-up were age-
corrected or included more challenging items (Bora,
2015). These findings do not support the idea of pre-
morbid cognitive decline in schizophrenia either
(Bora, 2014). Current evidence suggests that illness-
related cognitive abnormalities in schizophrenia are
mostly neurodevelopmental in origin. Medical and

psychological comorbidities can also play an
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additional role in cognitive deficits, especially in older
patients with schizophrenia (Goodman et al. 2007;
Dickinson et al. 2008; Manning et al. 2009; Friedman
et al. 2010; Bora, 2015; Bora et al. 2017b).

Unlike neuropsychological studies, many but not all
(Sponheim et al. 1991; Roiz-Santidfiez et al. 2015;
Haukvik et al. 2016) longitudinal brain imaging studies
have found evidence of apparently progressive abnor-
malities (i.e. increasing ventricular volume and loss of
gray matter) in chronic and FE schizophrenia and in
UHR patients who develop psychosis at follow-up
(Lieberman et al. 2001; Pantelis et al. 2003; Olabi
et al. 2011; Vita et al. 2012; Fusar-Poli et al. 2013b).
However, a more important question is whether
these changes are related to the progressive pathology
of schizophrenia or reflections of other factors.
Neuroplastic, developmental and medical (including
iatrogenic) factors can play a role in these MRI findings
(Zipursky et al. 2013; Bora, 2015). One important con-
founder is antipsychotic use, as animal studies pro-
vided strong evidence suggesting that antipsychotics
can decrease cortical volume (Konopaske et al. 2008).
In schizophrenia, findings have suggested that cumu-
lative exposure to antipsychotics is associated with
more severe cortical gray matter losses (Ho et al.
2011; Fusar-Poli et al. 2013b).

Co-morbid medical problems, stress and alcohol and
drug use are associated with brain abnormalities and
can contribute to MRI findings in schizophrenia (Karl
et al. 2006; Segura et al. 2009; Zatorre et al. 2012;
Elofson et al. 2013; Bora, 2015). Some findings during
adolescence and early adulthood might be related to
differences in timing of developmental gray matter
loss in schizophrenia. More importantly, not only func-
tional imaging, but also structural imaging findings
have dynamic characteristics and can be reversible
(de Lange et al. 2008; Sagi et al. 2012; Taubert et al.
2012). Emergence and fluctuations of symptoms, stress,
adaptive and maladaptive neuroplastic changes in
response to primary pathophysiological processes or
even effects of consequences of illness such as social
isolation can lead to structural changes.

Rationale of early intervention in schizophrenia

Clinicopathological staging, which is a unidirectional
approach, is not a suitable concept for psychotic disor-
ders. Dynamic and bidirectional changes in illness
severity overtime in schizophrenia can be better
explained by maladaptive neuroplasticity in a condi-
tion characterised by a core neurodevelopmental path-
ology, which might be complicated by comorbidities.
However, early intervention in psychotic disorders
remains to be an important goal. The importance of
targeting core neurodevelopmental pathology and
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secondary cortical and subcortical changes [in
response to interaction of primary pathological abnor-
malities with environment (i.e. dopamine and aberrant
salience)] and associated comorbidities is a sufficient
ground for advocating early intervention. However,
timing, duration and goal of such interventions are dif-
ferent than proposed in clinical staging models
(Table 1).

Early and continuing intervention, neuroplasticity
and modification of prognosis in youth

Effective treatment starting from FEP can increase the
chance to reduce and delay neuroplastic changes lead-
ing to chronic symptoms. Treating individuals with
clinical high risk is not prevention, but it has the poten-
tial to be an even more effective way of improving out-
come than intervention in first-episode and has the
additional benefit of decreasing the chance of cata-
strophic experience for the individual and family dur-
ing the first-episode. However, in the absence of
biological tests, the high false-positive rate remains a
major challenge. On the other hand, it might be rela-
tively late for more meaningful modification of out-
come even for individuals with prodromal psychosis.
If we were able to detect individuals who are in the
schizophrenia spectrum with precision, it would be
important to design studies investigating the potential
effectiveness of pharmacological (i.e. low dose of anti-
psychotics or novel agents) agents given years before
the onset of psychosis on prognosis and functioning.
Clearly, without such groundbreaking development
in our early diagnosis methods, harmful effects of
such treatments would far exceed benefits in most indi-
viduals. Until such progress is achieved, psychological,
social interventions and educational support would
remain the main approach in management of indivi-
duals at risk for developing psychotic disorders
(Table 1).

Neurocognitive rehabilitation and early social inter-
ventions, including support in education and employ-
ment, can improve functioning levels in at-risk subjects
with significant cognitive impairment and develop-
mental abnormalities. Neurostimulation and func-
tional imaging guided feedback can also potentially
be used to promote adaptive plasticity in developing
brain. Ideally, these interventions would be most
effective if started during childhood when brain has
maximum capacity for adaptive plasticity.

Another potential strategy is development of treat-
ments that can reverse or modify maladaptive neuro-
plastic changes in schizophrenia. Cognitive behaviour
therapy and other psychological treatments have the
potential to modify such changes or cause adaptive
neuroplastic alterations that may help to reduce
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Table 1. Early interventions targeting neurodevelopmental abnormalities, neuroplastic changes and co-morbidities in psychotic disorders

Interventions Goals Target age Current Potential
Developmental Prevention and
modification of
outcome
Genetic Intrauterine-early =~ Counselling Genetic interventions
childhood Modification of gene
expression
Environmental Intrauterine to Health and substance/alcohol Comprehensive and inclusive
adolescence counselling in pregnancy public health programmes
Social and medical
interventions-targeting effects
of poverty, infections,
malnutrition, vitamin
deficiency, acquired brain
injury during pregnancy and
early childhood
Public education
Neuroplastic Modification of
changes outcome
Promoting Rehabilitation of Childhood to Special education Neurostimulation and other
adaptive developmental adolescence Neuropsychological and novel therapies
neuroplasticity ~ and acquired Social cognitive training Functional imaging guided
difficulties School counselling feedback
Preventing Early treatment Childhood to CBT and other psychological Diagnosis in prespychotic
maladaptive young adulthood  treatments starting from period with high accuracy
neuroplasticity clinical and genetic high-risk Novel pharmacological
individuals agents or low dose
Antipsychotic treatment after antipsychotics in
first-episode or in selected prepsychotic period
prodromal patients
Reversing Preventing Childhood to CBT and other psychological Medications (i.e. targeting
maladaptive chronicity adulthood treatments glutamatergic system)
neuroplasticity Neuroplasticity-based

Co-morbidities

Medical

Psychological

Prevention of

further functional
decline
Adolescence to
adulthood
Childhood to
adulthood
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Lifestyle interventions

Early and effective monitoring

and management of medical
conditions

Rationale choice of
Ppsychotropics

Counselling and
psychoeducation
Trauma focused therapies
CBT and other psychological
therapies for depression and
anxiety
Antidepressants

psychological treatments
Advanced neurostimulation
methods

Novel antipsychotics with
minimal metabolic side
effects
Genetic risk profiling for
medical disorders and
including this information in
psychiatric treatment
decisions

Modifications to adjust
existing therapies to needs of
youth, people with psychosis
and developmental
abnormalities
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Table 1 (cont.)

Interventions Goals Target age Current Potential
Social Childhood to Interventions for employment More comprehensive and
adulthood and social support inclusive social programmes

Family and marital therapies
Public education, advocacy and
reducing stigma

Substance/ Adolescence to Youth friendly drug/alcohol Modifications to adjust

alcohol adulthood rehabilitation programmes existing programmes to needs

of people with psychosis and
developmental abnormalities

symptoms. It may be possible to develop pharmaco-
logical (i.e. targeting glutamate receptors) or other
strategies to reverse such neuroplastic changes.

It is also essential to emphasise the importance of
continuing these interventions during the life course
of individuals with psychotic disorders. Gains after
time-limited intense early intervention can be lost at
follow-up without adequate support in adulthood.
Chronification can happen in coming years, even after
effective early intervention, and many people can
have their first-episode well into their thirties or later.
Sufficient allocation of financial and other resources
during the lifetime of the individual is important.

Prevention of effects of medical, social and
psychological comorbidities leading to functional
decline in schizophrenia

While the core pathology of schizophrenia is neurode-
velopmental in origin, common medical comorbidities
(i.e. cardiovascular) affecting humankind might have
greater impact on individuals with schizophrenia.
Introducing evidence-based interventions for cardio-
vascular health, including diet and exercise in early
years of illness, can have significant long-term benefits.
Modifying these treatments to the needs of individuals
with schizophrenia and youth is essential. Education
and support to engage with such programmes should
start from at-risk state and first-episode. Employment
support and other social interventions and psycho-
logical counselling for at-risk and first-episode indivi-
duals for alcohol/drug abuse, past trauma and stress
associated with consequences of illness can be benefi-
cial to prevent further functional decline (Table 1).

Early intervention, neurodevelopment and prevention
in childhood and intrauterine life

True prevention of schizophrenia can only be achieved
by interventions targeting neurodevelopment in intra-
uterine life and early years of post-natal life. The effects
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of vulnerability of ‘schizophrenia genes’ are likely to be
non-specific and is associated with more general
neurodevelopmental problems that increase the risk
of multiple disorders, including schizophrenia.
Interventions targeting expressions of such deficits in
limited brain regions that are associated with psychosis
can also be possible. With advancement of our knowl-
edge in the genetics of schizophrenia(s), risk analysis
based on genotyping of individuals (i.e. polygenic
risk scores) might be routinely available in the future
(Kendler, 2016). Specific and non-specific genetic inter-
ventions remain to be futuristic and have many ethical
issues. However, public health and medical health
interventions targeting environmental factors that
have negative impact on brain development in preg-
nancy and early years (i.e. nutrition, vitamin D, birth
complications, drug and alcohol use in pregnancy,
trauma and poverty) can make a significant impact
(McGrath et al. 2004; Boeke et al. 2013) (Table 1).

Conclusion

Clinicopathological staging is not applicable in schizo-
phrenia management. True prevention of schizophrenia
can only be achieved by interventions targeting neuro-
development in early life. However, early (and continu-
ous) interventions targeting neuroplastic changes in
adolescence and adults with schizophrenia, and non-
specific interventions starting from early days of
psychotic disorder, can improve outcome. Developing
methods with high accuracy to detect at-risk indivi-
duals who are truly in the schizophrenia-spectrum dur-
ing childhood and adolescence can substantially
improve the efficiency of early intervention.
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