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Abstract
More than 100 years after its conceptual definition as ‘Dementia Praecox’ by Emil Kraepelin, which was changed to schizo-
phrenia by Eugen Bleuler, this is still a serious and debilitating psychiatric illness. The neurodevelopmental hypothesis of 
schizophrenia, introduced more than 30 years ago, states that schizophrenia is a consequence of failed neurodevelopmental 
processes leading to a dysfunctional neuronal network forming the basis for a psychosis proneness. Subsequently, significant 
research efforts were made to prove the neurodevelopmental or the neurodegenerative perspective. This review summarizes 
key arguments speaking for or against the two hypotheses leading to a concept with both aspects position side by side.
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Introduction

The neurodevelopmental hypothesis of schizophrenia was 
introduced more than 30 years ago (Weinberger 1986) stat-
ing that schizophrenia is a consequence of failed neurode-
velopmental processes leading to a dysfunctional neuronal 
network forming the basis for a psychosis proneness. This 
will in young adulthood lead to psychotic symptoms under 
adding up environmental stressors, e.g. ranging from place 
and season of birth, bullying to cannabis consumption and 
several others. The neurodegenerative hypothesis on the 
other hand suggests that schizophrenia is a consequence 
of a “destructive process of the brain leading to peculiar 
changes of the psyche” as outlined by E Kraepelin in his 

books (Kraepelin 1913). This “destructive process” was 
based on the first histopathological study by A. Alzheimer 
(1893) describing “loosening of neural elements in the neo-
cortex” of patients. Subsequently, significant research efforts 
were made to prove the neurodevelopmental or the neurode-
generative perspective. Meanwhile, the neurodevelopmental 
hypothesis was widened by the “pandysmaturational hypoth-
esis” (Fish 1987), which enlarges the aspects of disturbed 
neurodevelopment into adulthood and beyond. The neurode-
generative hypothesis on the other hand currently embarked 
on neuroimmunological mechanisms based on innovative 
new technical advances in research.

Long‑term course and functional outcome

There is a large number of studies evaluating the long-term 
course of schizophrenia, which are summarized in several 
meta-analyses (Lang et al. 2001;  Hasan et al. 2013]. As 
summarized in Fig. 1 below, about 50% of the patients have 
no or very little residual symptoms following the first mani-
festation of the illness or the relapsing course (two upper 
rows). The other 50% of patients will, however, have residual 
symptoms (as depicted in yellow or green to red in the lower 
two rows), especially negative symptoms and cognitive dys-
function, leading to a significant disturbance of their daily 
functioning. Taken together, only 20% of patients are able to 
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find a job on the primary labour market and only about 30% 
can keep up a stable long-term relationship (Häfner 2003).

Following the transition from at risk mental or prodro-
mal states of psychosis to the first episode illness, negative 
symptoms and cognitive dysfunction develop early in the 
course and remain stable even after 10 years of follow up 
and are very difficult to treat (Hoff et al. 2005). A substantial 
proportion of patients reveal a step-like decrease of cognitive 
functioning, which they have difficulties to climb up again. 
This gap remains somewhat stable in comparison to control 
groups where at each follow-up session the test performance 
improves as the contents of the tests are learned step-by-
step (Hoff et al. 1999; DeLisi and Hoff 2005). Beside the 
step-like decrease of cognitive functioning and negative 
symptoms, there is very little evidence for a further decline 
over time for the majority of patients. An exception can be 
made for a subgroup of patients often named “Kraepelinian 
schizophrenics” (Keefe et al. 1996). They possibly represent 
a subgroup with a degenerative course resembling patients 
with fronto-temporal dementia (FTLD) as has recently been 
described (Koutsouleris 2021). Even if it is a small subgroup 
once replicated it would possibly allow specific interventions 

only working here and not in the majority of patients. The 
attempt to identify good and bad outcome schizophrenia has 
a long tradition, e.g. Type I and II (Crow 1985), primary 
(deficit state) and secondary negative syndrome (Carpen-
ter and Kirkpatrick 1988) and has certainly raised attention 
to sub-syndromes to find better treatment options for them 
(Ventura et al. 2019).

Structural brain‑imaging variables 
and illness course

Structural brain imaging parameters are more stable over 
time than functional measures or other biological variables. 
They are less likely representing a functional state, but are 
less vulnerable to short-term factors like changes in physical 
conditions or the mental state. Taken together, long-term 
follow-up MRI studies show a decrease of the brain volumes 
over time, which is influenced by cumulative antipsychotic 
exposure (Vita et al. 2015). This is more pronounced under 
antipsychotics like Haloperidol and to a lesser extent present 
under Olanzapin or Risperidone (Lieberman et al. 2003). 

Fig. 1   Stratifying Schizophrenia based on its long-term course (Häfner 2003)
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Remarkably, this brain volume reduction is correlated with 
worse functional outcome (Haren et al. 2003) and seems to 
represent the underlying neural substrate of the long-term 
outcome in schizophrenia.

Cellular elements contributing to the brain 
volume reduction

What does the volume reduction mentioned in the last para-
graph mean? Brain volume reduction is usually associated 
with neuronal loss and permanent loss of function as part of 
a neurodegenerative process. This association is too simple, 
as the brain volume consists of different elements like neu-
rons, glial cells and neuropil. The neuropil itself contains 
synaptic, axonal and dendritic components. Therefore, a vol-
ume reduction can have several reasons. Focussing on the 
hippocampal formation, one of the key regions involved in 
volume change in schizophrenia (Erp et al. 2016), stereologi-
cally based studies do not show a significant neuronal loss in 
its sub-segments. Astroglial and interneuronal numbers are 
unchanged as well but oligodendroglia was reduced in the 
CA4 subregion (Schmitt et al. 2009). The latter finding was 
replicated recently in a completely different brain sample 
using unbiased stereology (Schmitt et al. 2021). Searching 
for the neural substrate of plasticity related changes due to 
exercise in the hippocampal formation (Pajonk et al. 2010; 
Papiol et al. 2017), oligodendroglial precursors and radial 
glia was connected to the genetic vulnerability to develop 
schizophrenia (Papiol et  al. 2019). Using iPSCs from 
patients with schizophrenia this finding could be replicated 
(Skene et al. 2018).

Beside myelin-associated pathology there is consolidated 
evidence that in schizophrenia synaptic proteins are changed 
and/or diminished with a focus on fronto-temporal regions 
(Berdenis van Berlekom et al. 2020) Synaptic changes in 
the hippocampus seem to be connected with neurodevelop-
mental abnormalities in the entorhinal cortex (Falkai et al. 
2000) supporting the “pandysmaturational hypothesis” , stat-
ing that disturbed neurodevelopment relates to all phases of 
normal development until adulthood and beyond.

Underlying mechanisms of cellular changes

In a comprehensive meta-analysis on glial cells in schizo-
phrenia, it was found that microglia was increased/activated 
relating to an acute inflammatory response (Marques et al. 
2019). There is a long history of studies searching for bacte-
rial, viral or fungal elements causing inflammatory reactions 
leading to neural changes underlying the pathophysiology of 
schizophrenia. None of them has led to replicated candidates 
relating to the inflammatory response, though it seems clear 

that the activation of the immune system in the sense of a 
low-grade inflammation is a well-replicated finding in schiz-
ophrenia (Marques et al. 2019; Torrey and Yolken    2019). 
The related post-mortem literature points to local processes 
not crossing the blood–brain barrier and can therefore be 
qualified as an activation of the immune system due to any 
unspecific insult (Kesteren et al. 2017). Therefore, the acti-
vation of the immune system in schizophrenia is part of the 
plastic response, where the brain and its neural elements try 
to compensate for processes leading to psychotic symptoms 
including negative symptoms and cognitive dysfunction in 
a about half of the patients (see Fig. 1). Depending on how 
successful the compensation works this will leading to dif-
ferent outcomes (see Fig. 1 from top to bottom row). The 
pathophysiological process starts with disturbed synaptic 
and/or myelin-associated mechanisms leading to reduced 
functioning in neuronal and glial elements, which are most 
heavily involved in brain activity like interneurons or oligo-
dendroglia. In schizophrenia the relationship of interneuron 
with oligodendrocyte pathology is unknown. Parvalbumin-
ergic interneurons are ensheathed by myelinating oligoden-
drocytes and their fast-spiking and very high tonic activity 
may require the function of myelin in supporting the high-
energy demands. Glycolytic oligodendrocytes are known to 
deliver lactate to axons, thereby providing energetic sup-
port of the axonal intermediate metabolism. The concept 
of metabolic coupling of myelin and axons is an important 
new development in neuroscience, but it remains to be 
established if all types of neurons, specifically interneurons 
need this metabolic support (Schmitt 2019). In summary, 
understanding molecular processes leading to synaptic and/
or myelin-associated pathology and the interplay between 
neurons and oligodendroglia should be key to understand 
the pathophysiology of schizophrenia.
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