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Abstract 

Schizophrenia is a devastating disease that affects at least 1% of humanity. Current 

understanding is focused on two different hypotheses: excessive dopamine and excessive 

pruning. Both hypotheses are not totally compliant with observations and are inadequate to 

provide a unifying framework that explains the cause, mechanism, and symptoms. In this 

hypothetical work, we propose a unifying hypothesis of schizophrenia. The proposed 

dysmodulation  occurs as a result of growth factor deficiency and any impairment in the 

related endocrine circuitry. Consequently, synapse formation and pruning processes are 

regionally and temporally dysmodulated. This dysmodulation results in irregular wiring that 

contains residual unrelated connections and altered signaling pathways after maturation. We 

show that available evidence supports the proposed hypothesis, which can explain all the 

symptoms in a unified framework. If the proposed hypothesis is true, risk group identification 

and prevention will be straightforward. However, intervention should be performed earlier 

than currently thought. Unfortunately, after irregular wiring reaches an irreversible steady-

state, treatment may not be possible. Nonetheless, even in that case severity of symptoms can 

be attenuated if the mechanism of synapse formation and pruning is fully understood. 

 

Keywords: altered signaling pathway; dysmodulation hypothesis; growth factors; 

neurodevelopmental deficiency; synapse formation; synapse pruning; residual unrelated 

connection; schizophrenia 
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1. INTRODUCTION 

The widely acknowledged excessive dopamine hypothesis of schizophrenia [1] is not the 

cause, but a result. We come to this conclusion because we believe that the mechanism of 

schizophrenia can be understood from a connectionist perspective and accumulated 

knowledge hitherto is adequate to propose a unifying hypothesis. 

Schizophrenia is a lifelong disorder that occurs generally in early adulthood [2]. It is well 

known that there is a significant genetic tendency and also environmental factors play a 

significant role. 

Schizophrenia encompasses negative symptoms, positive symptoms, and cognitive 

impairments. However, basic faculties (memory, orientation, autonomous subsystems, etc.) 

remain generally intact. This fact points to a defect in the interconnection of subsystems and 

hierarchical organization of perceptions, feelings, and ideas as Blueler thought [3]. Bleuler [4] 

wrote: “In every case, we are confronted with a more or less clear-cut splitting of psychic 

functions. If the disease is marked, the personality loses its unity; at different times different 

psychic complexes seem to represent the personality. ... one set of complexes dominates the 

personality for a time, while other groups of ideas or drives are split off and seem either partly 

or completely impotent.” These considerations direct us to believe that the mechanism of 

schizophrenia is a higher-level issue and its cause lies in neurodevelopmental abnormalities. 

Synapse pruning is investigated since the early times and still attracts attention [5]. Recent 

findings that show combinations of genetic and environmental factors that result in 

disturbances in the neurodevelopmental process can be associated with schizophrenia [2]. 

Accumulated evidence indicates that schizophrenia is a neurodevelopmental disease and 

promising direction lies within this perspective [6]. In one of the early neurodevelopmental 
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approaches, Feinberg [3] proposed that fault in programmed synaptic elimination during 

adolescence may be the cause of schizophrenia. However, he states that both excessive and 

reduced synapse pruning may cause the same results. He also speculates this faulty 

elimination process can be triggered or entirely controlled by neuroendocrine mechanisms [3]. 

Another preeminent connectivity-based theory is the dysconnection (bad, ill connection) 

hypothesis [7,8], which states that there is abnormal (not necessarily decreased) integration 

among brain regions in schizophrenia as a result of aberrant synaptic plasticity caused by 

neuromodulatory transmitters. Friston states that “anatomical and neurodevelopmental 

characteristics of schizophrenia are consequences not causes of the underlying 

pathophysiology” because “psychosis can be induced by simply changing neuromodulatory 

status of synaptic integration” [7]. We think only this fact is not sufficient to conclude which 

one is the cause. Because, stationarity of positive symptoms may be due to overly activated 

subnetworks with aberrant connections, which will require the usage of more 

neurotransmitters and cause abnormalities in synapse plasticity.  

We believe that the correct cause and mechanism lie within the connectionist perspective. 

With the help of recent findings, we propose a unifying hypothesis. For this purpose, we 

approach the issue at the system level and propose a simple neurodevelopmental framework 

that contains the cause and mechanism of schizophrenia and explains all the symptoms in a 

unified manner. 

 

2. HYPOTHESIS 

Human babies are born with almost all neurons [9]. The brain develops at a fast pace and 

makes excessive numbers of connections. Before adolescence, synapse pruning starts and 
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settles in a steady state in adulthood [10]. This pruning occurs in accordance with the 

environment through various forms of interactions and then personality forms. At least, this is 

what happens in healthy individuals. Any defection from this development path can cause 

psychiatric disorders. 

The development of the brain is a region-dependent and temporally varying process. All 

regions of the brain do not mature at the same time [11]. Gray Matter (GM) volumes (an 

indicator of synaptic density) increase during childhood, reach peak levels around 

adolescence, and decline in the frontal and parietal lobes but not in the temporal lobes [12]. 

The observations indicate that phylogenetically older brain areas mature earlier than newer 

ones [11]. There is a temporal hierarchy in the maturation of the regions:  “Higher-order 

association cortices mature only after lower-order somatosensory  and  visual  cortices  are 

developed” [11]. Even within the prefrontal cortex (PFC), there is a dependency between 

different regions and hence they mature at different times [13]. All these findings suggest that 

brain maturation occurs according to a program that involves a regional and temporal 

hierarchy. 

We claim that schizophrenia is the result of an abnormal development process that distorts the 

regional hierarchy. In this perspective, we state dysmodulation of synapse formation and 

pruning hypothesis (DMH) as follows: 

Cause: Genetic variants cause deficiency in growth factors and related endocrine circuits.  

Mechanism: Growth factor deficiency results in the alteration of the maturation of the brain 

regions. The amount of deficiency and change in temporal modulation alters the synapse 

formation process. The maximum level is attained with a time delay and possible attenuation 

in synapse count. Hierarchically dependent regions experience an exaggerated amount of 

distortion.  Hence region-dependent and temporally varying modulation process is broken. 
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The resultant dysmodulation will be a superposition of each altered modality. The 

dysmodulation will depend on the amount and temporal variation of the growth factor 

deficiency and will show higly diverse characteristics between patients.  

Result: Early maturated regions will have stronger connections. Because the delay in the 

process will yield more time to be excited and due to Hebb's rule their connections will 

become stronger and more robust to pruning. On the other hand, late maturated regions will 

have less time to strengthen their connections and will be more fragile to synapse pruning. 

Finally, in adulthood, the brain of schizophrenia patients will have an irregular wiring 

structure that is composed of hyper and hypo connected regions. 

The irregular wiring has two important and discriminative characteristics that finally leads to 

schizophrenia. The first one is the existence of unrelated but unpruned connections that would 

be normally pruned in healthy subjects. These residual unrelated connections distort the 

functional connectivity. The second one is the altered signaling pathways. Hyper and hypo 

connected regions distort the signaling pathways and hence the signal transmission times will 

be altered. This alteration will be between the regions of the brain as well as with respect to 

healthy subjects.  

 

2.1. Supporting Observations Related to Growth Factors 

There are various works [14-18] that point to growth factor involvement in psychiatric 

disorders and schizophrenia. Specifically, Van Beveren et al. [14] find a statistically 

significant negative correlation between growth factors and schizophrenia. Growth factors and 

related endocrine circuits form a complex system and they are responsible for many 

processes. They are also effective in the regulation of synapse pruning. For instance, IGF-1 
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mediates EPHRINB1 activation [19], which is observed to be effective synaptogenesis and 

synapse pruning [20]. Furthermore, reduced peripheral blood nerve growth factor (NGF) 

levels are also observed [21]. 

Recent genetic studies also indicate an apparent relation between psychiatric disorders and the 

pathways that regulate the growth and plasticity of synapses [10]: 

"Since the advent of genomic technologies, genetic risk factors for neuropsychiatric 

disorders are being identified at an unprecedented rate, providing a window into the 

molecular basis of disease. Remarkably, the pathways that are being uncovered 

intersect with mechanisms regulating the growth and structural plasticity of synapses, 

which may be important for understanding the nature of these disorders." 

As a specific example, CACNA1C, which is effective in synaptic plasticity, is reported to be a 

significant risk factor [22] and in a recent work it is found to behave differently during 

embryonic development and adulthood [23]: 

"... embryonic deletion of CACNA1C in forebrain glutamatergic neurons promotes the 

manifestation of endophenotypes related to psychiatric disorders ... depletion of 

CACNA1C during embryonic development also increases the susceptibility to chronic 

stress ... Remarkably, this was not observed when CACNA1C was deleted in 

glutamatergic neurons during adulthood ..."  

This ineffectiveness in adulthood is very interesting. We think it coincides with our 

hypothesis in the following manner: depletion in adulthood has no effect since synapse count  

that is already converged to the normal level. 

 

2.2. Supporting Observations Related to Abnormal Connectivity 
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Structural and functional connectivity is significantly disturbed in schizophrenia [24]. Gray 

matter reduction in schizophrenia is a consistent observation and supported by longitudinal 

MRI studies [25]. Especially, structural connectivity is reduced in the prefrontal cortex 

(hypofrontality) [26].  These abnormalities do not arise as co-morbidities associated with 

schizophrenia or a result of the treatments [27].  

Post-mortem gray matter reduction observations are also supported by in vivo observations of 

postsynaptic elements with positron emission tomography (PET). Observation of  synaptic 

vesicle glycoprotein 2A (SV2A) levels indicated significantly lower connectivity in the 

frontal and anterior cingulate cortices whereas there was no significant difference in the 

hippocampus [28]. 

Heterogenous functional connectivity patterns are also found. For instance, increased 

connectivity in the cerebello–thalamo–cortical circuitry is observed [29].   Hyper and hypo 

connectivity are observed in different regions of the brain: Thalamocortical hypoconnectivity 

in middle frontal, cingulate, and thalamic regions, and hyperconnectivity in motor, 

somatosensory, temporal, occipital, and insular cortical regions [30].  Similarly, temporal-

thalamic hyperconnectivity and cingulo-opercular hypoconnectivity are observed [31]. 

Interestingly, these heterogeneous connectivity disturbances coincide with the maturation 

order of the regions: hypoconnectivity  in cortical regions  and hyperconnectivity in temporal 

and temporal-thalamic regions. Therefore they are perfectly in line with DMH. 

 

3. EXPLANATION OF SYMPTOMS 
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A hypothesis of schizophrenia should explain all symptoms in a unified framework. In the 

following subsections, we provide our explanations according to DMH. 

 

3.1. Dopamine aberration 

The initial idea of hyperdopaminergia as the etiology of schizophrenia was transformed to  

subcortical hyperdopaminergia and prefrontal hypodopaminergia [1].  Dopamine metabolites 

were not universally elevated in the cerebrospinal fluid (CSF) and post-mortem and in vivo 

imaging data revelated differences between cortical and subcortical regions [1].  Most of the 

antipsychotic drugs block striatal dopamine D2 receptors [1], which are found mainly in the 

subcortical regions [32].  

Aberrant dopamine levels totally comply with the hyper and hypo connectivity that is 

expected as a result of DMH.  

We should note that expected irregular wiring is not specific to dopaminergic networks. There 

should be alterations in all neurotransmitter levels. However, they are not as apparent as 

dopamine. We think the main reason is the role of the dopaminergic D2 receptor networks. 

Dopamine is involved in motivation, long-term planning, and learning which require 

feedback. The recurrent structure of these subnetworks results in the secretion of an excessive 

amount of dopamine when activated continuously or for a longer period. Conflicting ideas for 

which consciousness (prefrontal cortex) can not settle on one of them result in longer 

activation of these networks. Excessive connectivity and residual unrelated connections keep 

these subnetworks active. Because unrelated inputs can excite and keep them active without 

any reason that consciousness can resolve. This in turn keeps recurrent subnetworks active 

and yields excessive dopamine secretion. 
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3.2. Multiple Inner voices 

Consciousness attaches a single, compact inner voice to itself. The identification of his own 

voice necessitates temporal coherence. Irregular wiring can alter the networks in which ideas 

form. The time required to reach the frontal cortex may deviate from the main voice as a 

result of altered signaling pathways. In that case, temporal coherence is broken and 

consciousness can not associate the voice with itself. In order to provide a complete 

understanding, it generates a plausible narrative and associates them with other persons or 

beings. According to this explanation, there is no need for a corollary discharge [33] like 

mechanism. 

The association of voices may alternate between subnetworks depending on the activation 

power of the subnetwork. The most activated one can surpass the others and be recognized as 

the main voice. 

 

3.3. Thought Disorganization 

One of the severe positive symptoms of schizophrenia is the disorganization of thoughts. The 

relation between thoughts can not be established correctly. A consistent structure between 

thoughts can not be built. This situation can easily arise in an irregular wiring structure that 

can be excited with unrelated inputs due to residual unrelated connections. These irrelevant 

excitations may occur in an incoherent way temporally. This in turn prevents the formation of 

stationary and consistent thoughts. 
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3.4. Delusions 

Delusions are permanent beliefs or thoughts that humans stick to even if they contradict facts. 

Delusions can be triggered by real facts. Even healthy individuals can adhere to their 

delusions for a certain period of time. But they can refute the delusion with the help of 

substantial evidence. On the other hand, schizophrenics can not refute it easily as a result of 

residual unrelated connections that have no relation with that specific belief or thought. 

Irrelevant connections feed it with irrelevant excitations. Once schizophrenics can not resolve 

the delusion by means of reasoning, they start to reflect on it more. Because it contradicts 

reality and there is no way to settle down. This incessant contemplation makes the 

subnetwork of the delusion and its synapses stronger. Hence, it becomes permanent and never 

vanishes. 

The delusional disorder was previously considered as a member of the schizophrenia 

spectrum. We believe the same mechanism is also valid for it. 

 

3.5. There are no blind schizophrenics 

Several works indicate that congenital or early blindness may serve as a protective factor 

against schizophrenia [34]. The same is not valid for blindness developed later in life. This is 

very important. Because neurotransmitters do not have any effect on congenital blindness. On 

the other hand, it can be explained from a connectionist perspective. 

Silverstein et. al. [34] mention pruning as a possible cause of the difference in visual cortex 

thickness: 

“Schizophrenia is typically characterized by cortical thinning [35] and it has been 

hypothesized that excessive neuronal pruning takes place during adolescence [5]. In 
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contrast, the visual cortex of C/E blind people ... is thicker than in sighted people, and 

is thought to be characterized by a less than normal amount of pruning, due to 

deprivation of visual experience [36]. A consequence of this thickening is that, even if 

genes related to schizophrenia cause excessive pruning in someone with C/E 

blindness, the remaining number of neurons may still be greater than normal in some 

areas. This ... may protect blind people against crossing the threshold needed for 

psychotic symptoms to emerge (i.e. an adequate number of neurons devoted to specific 

types of processing may be present even if pruning is excessive).”  

Excessive pruning can not be the cause. Because Shultz et al. [37] observed cortical thinness 

in only a certain area and more importantly, they observed hypergyrification. Then, how can 

early blindness protect from schizophrenia? We claim that congenital or early blind people 

can not form as many synapses as sighted people. Therefore, even if they have the genetic 

variants that may cause growth factor deficiency, they do not have enough number of 

synapses to form irregular wiring. We base our claim on the high entropy of the visual input. 

Its high entropy yields more activations and hence it is the main factor for the proliferation of 

synapse formation.  

 

3.6. Psychedelics excite similar positive symptoms 

It is well known that psychedelics and some drugs cause temporary hallucinations in healthy 

individuals [38]. They achieve this by exciting the receptors without pre-synaptic activations. 

When the drug diminishes it can no more activate the receptors and hallucination disappears. 

The drugs do not form synapses and hence their effect is temporary. We think this is totally 

compliant with the persistent existence of irregular wiring.  
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3.7. Negative symptoms 

Negative symptoms like blunted affect, alogia, avolition, asociality, and anhedonia  

accompany schizophrenia, although not specific to it [39]. We think these negative symptoms 

can be easily explained according to DMH. First of all, we think that they are precursors or 

alarming signs in the path to psychosis. In the beginning, when conflicting ideas and rival 

subnetworks emerge due to residual unrelated connections, the brain starts to focus on them. 

If the consciousness can not cope up with these conflicts, the brain enters into an alarming 

state and starts to take control by activating precautions. Social withdrawal or similar 

introversions are protection mechanisms of the subconscious brain against the outside world. 

As a protection strategy brain tries to minimize the interaction with the outer world to avoid 

the risks to which consciousness can not respond. In schizophrenia, consciousness can never 

resolve the problems as the negative symptoms deepen and this protection mechanism may 

even evolve to more severe symptoms eventually. 

 

3.8. Different response to antipsychotics 

Patients show different responses to antipsychotics. We think this is because every individual 

has a unique network structure. The connectivity, required activation energy of subnetworks, 

amount of hypo and hyper-connectivity are all specific to the individual. Therefore, receptor 

blocking agents behave differently in each person. Furthermore, connectivity aberrations are 

not limited to dopaminergic networks. For those connections, antipsychotics will have no use. 

 

4. DEDUCTIONS 
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4.1. Minor Physical Anomalies 

Even if not conclusive, minor physical anomalies (for instance small head size) are reported 

[2]. Growth factor deficiency should yield such physical anomalies. Even infinitesimal, it 

should even be distinguishable in a physical feature that is a result of the interaction of many 

factors such as height. We expect to observe distinguishable distributions as in Figure 1. The 

discrepancy should be more apparent towards the tails. Towards gigantism end, excessive 

growth factors prune synapses drastically and eliminate the risk of schizophrenia. On the 

other hand, towards the dwarfism end, the brain can not form a normal amount of synapses 

and this also should decrease the risk of schizophrenia. 

 Figure 1. Expected height distributions of groups of the same gender, age, and geography. 

 

4.2. Less cancer  

Inspired by Laron syndrome [40], in which congenital IGF-1 deficiency protects from cancer, 

we claim that schizophrenics should have a lower incident rate than the normal population. 

Although there are reports indicating such a possibility, the literature is not conclusive [41]. 

For instance, Kisely et al. [41] report that the male cancer incidence rate with respect to the 

healthy population is 79%, whereas the same rate is 97% in females. The lung cancer 
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incidence rate appears to be higher. Heavy smoking, alcohol, or drug usage in schizophrenia 

might play a significant role here. Therefore, if the effect of substance usage can be canceled 

out, we would expect a smaller incidence rate and late onset in schizophrenia. 

 

4.3. Abundance of genetic variants related to growth factors 

There are dozens of genes related to growth factors and associated endocrine circuits. 

Probably, there are also undiscovered related genes. We believe that genome-wide association 

studies should reveal a significantly higher amount of genetic variants in the growth factor  

related genes with respect to a healthy population, whereas there should not be any apparent 

discrimination in the rest of the genome. 

 

4.4. Altered Energy Metabolism 

It is evident that energy metabolism is altered in schizophrenia [42]. Impaired energy 

production can be associated with impaired neural connectivity [43]. “Schizophrenic patients 

appear to be at an increased risk for diabetes mellitus and hyperglycemia, however, there is 

little genetic overlap with diabetes and schizophrenia” [44]. Schizophrenic patients also show 

a failure of deactivation in the prefrontal cortex [45], which may lead to more energy 

consumption. We claim that this altered energy metabolism is a consequence of irregular 

wiring and incessant activation of rival subnetworks.  

This fact may also explain the short life expectance in schizophrenia. The brain uses a 

significant portion of its resources for the interplay of the rival subnetworks and can not 

reserve resources to autonomous systems as much as the healthy subjects do. This in turn 

results in the early aging of all subsystems. 
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We also expect a similarly altered energy metabolism in the whole body. Because, growth 

factors are negatively correlated with the HPA axis, which regulates the metabolism rate by 

modulating cortisol levels. For instance, children with growth hormone deficiency 

experienced a significant reduction in cortisol levels after recombinant human growth 

hormone therapy [46]. Similarly, schizophrenics should have higher metabolism rates during 

childhood due to growth factor deficiency as well as any impairment in related endocrine 

circuitry including the HPA axis. Interestingly, larger pituitary volume, suggesting activation 

of the HPA axis, is correlated to the onset of psychosis [47]. 

 

5. DISCUSSION 

The idea of faulty synapse pruning of Feinberg [3] led to a consensus of excessive pruning 

hypothesis, even though he stated that both excessive and reduced pruning can be possible. 

Apart from the excessive pruning hypothesis, reduced synapse formation is also considered as 

a possible cause [48]. Either way can not explain the heterogeneous structural and functional 

connectivity in schizophrenia. Furthermore, the excessive pruning hypothesis alone can not 

explain excessive dopamine secretion or aberrations in any other neurotransmitters. It should 

be complemented with additional dysfunctional neurotransmitter modulation schemes that are 

specific to each region.  

Another observation that contradicts the excessive pruning hypothesis but can be explained by 

DMH is pyrotherapy (fever therapy), which dates back to antiquity [49]. Even Hippocrates 

and Galen mentioned the curative effect of pyrotherapy on mental diseases [49]. Many similar 

positive reports followed thereafter. In the previous century, Wagner-Jauregg was awarded 

the Nobel prize for medicine for his malaria therapy for the treatment of mental diseases. 

However, the therapy was very dangerous and yielded inconsistent results. It was abandoned 
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especially after the discovery of the neuroleptics.  We think that the  high-grade fever induced 

by pyrotherapy excites the autoimmune system. The autoimmune system attacks all the 

synapses and exacerbates synapse pruning. Since this attack is made blindly, the beneficial 

results are obtained by just coincidence. While the positive effect, achieved by chance, cannot 

occur according to the idea of excessive synapse pruning, it is plausible in the framework 

DMH, since residual unrelated connections can be pruned in this way. 

In order to explain the inner workings of the proposed mechanism, we make some conceptual 

definitions. One of the key definitions is rival subnetworks. They are contradicting 

subnetworks that are activated by residual unrelated connections. They provide conflicting 

feedback and hence consciousness can not resolve the situation and settle on one of them. As 

a result, they enter a loop where they are incessantly excited. This incessant activation 

strengthens the inner connections and makes them permanent. In this regard, we define 

psychosis as the clash of these rival subnetworks after which consciousness collapses onto the 

one that contradicts reality. Depending on the environmental conditions and changes in 

excitation, consciousness may alternate between the rival subnetworks. Usage of neuroleptics 

suppresses the activation of these rival subnetworks. In this regard, their early usage may be 

more beneficial. Because the interconnectivity and strength of the rival subnetworks increase 

with time as a  result of Hebb's rule. 

Actually, every human experience the rival subnetworks phenomenon. Even if the 

subnetworks are not fed with unrelated connections, when the multiple input sources 

contradict the previously trained models, healthy subjects also experience a similar 

phenomenon. McGurk effect [50] is an interesting example in this respect. Speech recognition 

is not a pure auditory process, visual information is also utilized. When these two input 

sources conflict, the consciousness is confronted with an unusual situation that needs to be 
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resolved. However, in this case, incessant activation does not occur, because there are no 

unrelated feedback  connections between auditory and visual inputs.   

Another definition is the temporal coherence that we make use of during the explanation of 

multiple inner voices. We think consciousness associates a temporal coherency margin for 

each inner voice and recognizes filtered out ones as distinct voices. This temporal incoherence 

is caused by the altered signaling pathways that result in different propagation times of signals 

between subnetworks. These temporally incoherent subnetworks and pathways form different 

clusters. The emergence and continuous activation of these clusters make their discrimination 

stronger and result in a state of orthogonality. In this way, the existence of  totally conflicting 

inner voices becomes possible. 

We think the disruption in the temporal coherence is the main cause of abnormalities in the 

self-monitoring mechanism of schizophrenia. They fail to discriminate between self-produced 

and externally produced stimuli [51]. For instance, some schizophrenics can tickle 

themselves, unlike healthy individuals. This is because, when temporal coherence is impaired 

self-produced stimuli can not be associated with the perceived input signal. Hence, the 

received signal is recognized as an external stimulus. 

   

6. CONCLUSIONS 

We believe accumulated knowledge on schizophrenia is adequate to propose a unifying 

hypothesis. DMH is such an attempt that contains the cause, mechanism, and explanation of 

all the symptoms in a consistent framework. If DMH holds true, identification of risk groups 

and prevention will be easily possible. However, intervention should be performed earlier 

than thought. On the other hand, after irregular wiring reaches a steady-state it may be 
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irreversible even if the mechanism of synapse formation and pruning is completely 

understood.  
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