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Neural Basis of Delusions in Schizophrenia: 
Translational Implications for Therapeutic 
Neuromodulation

1 Introduction
Schizophrenia is broadly conceptualized to com-
prise of positive, negative and cognitive domains. 
It has been quite a challenge to postulate various 
neurobiological mechanisms underlying these 
psychopathological domains. There are only a 
few experimental studies that have attempted 
to explore putative mechanisms underlying the 
delusions1. The picture gets complex because 
of the heterogeneous presentation of delusions, 
studies relying on global rating scales and antip-
sychotic medication-related changes in neural 
circuitry and processing2. This complexity also 
manifests in the varied response of delusions to 
available treatment options which are neither 
neurobiologically informed nor tailor made to 
suit that particular individual.
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Abstract | Delusions are false, fixed beliefs which are held with incred-
ible conviction, in spite of being substantiated to the contrary. These are 
present in a number of brain disorders, primarily representing one of the 
fundamental components of schizophrenia, presenting in about 70% of 
the patient population. Responsivity of delusions to antipsychotic medi-
cation, if present, is only partial, with absolutely no response in several 
other cases. Limited studies have engaged in exploring the neural sub-
strates of delusion. The most extensive study conducted in this field has 
implicated the right dorsolateral prefrontal cortex (rDLPFC) disruption, 
to be clinically associated with the severity of delusions. Using a brain 
stimulation technique, high-definition transcranial direct current stimu-
lation (HD-tDCS), targeting the rDLPFC, has a potential to induce neu-
roplasticity changes that are presumed to decrease the delusion score 
and severity. Using HD-tDCS, focalized neuromodulation of rDLPFC can 
be implemented. Alongside mainstream treatment such as antipsychotic 
medications and cognitive behavioral interventions, HD-tDCS to rDLPFC, 
holds the potential to be an effective treatment module for addressing 
refractory delusions in schizophrenia.
Keywords: Delusion, Schizophrenia, Dorsolateral prefrontal cortex, Transcranial direct current 
stimulation (tDCS), Salience network, Prediction error
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Recent studies have postulated hypotheses 
based on ‘two-factor model’ in the origin and 
maintenance of delusions3 and prediction error 
bias model that draws from the corollary dis-
charge phenomenon4. Aberrant activation of 
right prefrontal cortex has been shown to posi-
tively correlate with severity of delusions5, 6. 
Based on such neurobiological findings, this 
review attempts to establish a case for the neu-
ral basis of delusions and postulate an informed 
treatment mechanism for its amelioration. It is 
desirable to conduct further translational clinical 
research by guiding models of neuromodulatory 
treatments targeted at amelioration of persistent 
clinical symptoms such as delusions by system-
atically examining the available neurobiological 
findings explaining its pathophysiology.
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2  Genesis and Maintenance 
of Delusions: Neural Basis

Delusions, often defined as inappropriate and 
inflexible beliefs, held with supreme conviction 
are postulated to result from aberrant function-
ing of at least two important neural circuits: (1) 
prediction error pathway, and (2) the salience 
network6. The meso-cortico-limbic pathway is 
attributed an important role in the processing of 
reward prediction error. The purpose of the posi-
tive prediction error is to ascertain newer learn-
ing when the outcome of an event is unexpected 
with respect to past representations of desired 
goal7. Likewise, the purpose of negative predic-
tion error is to terminate older learning when 
newer learning is established8, 9. Empirical studies 
postulate two possible outcomes in the event of 
an aberration in the functioning of meso-cortico-
limbic pathway: (a) every outcome is considered 
new and unexpected, leading to newer incorrect 
learning. This faulty learning fuels a climate of 
confused and disoriented uncertainty which in 
turn triggers the processes of delusion formation. 
The delusions placate the sufferer by letting them 
identify with some predictability and meaningful-
ness to the situation. This effect is believed to be 
responsible for the genesis of delusions, explain-
ing its erroneous, incomprehensible nature6; (b) 
Defect in the negative prediction error, which 
causes loss of extinction learning required for ter-
mination of goal representations from past. There 
is loss of dissolution of representations that are 
no longer relevant to the present10. This lack or 
absence of termination mechanism of odd belief 
systems explains the strong and fixed nature of 
these construed beliefs, which are maintained 
with undeterred conviction in the face of con-
tradictory evidence. This effect is believed to be 
responsible for the maintenance of delusions.

Another theory explaining the genesis and 
maintenance of delusions is the aberrant func-
tioning of salience network. Under normal cir-
cumstances, this network engages in identifying 
a particularly vital or novel signal, by assigning 
attentional resources to it on priority. The signal 
is then forwarded to the prefrontal cortex, the 
seat of causal learning, where causality between 
effect and outcome is established. Imprinting 
of salience to stimuli is regulated by the neuro-
transmitter dopamine, and the indiscriminate 
hyper-assignment of salience results from its over 
activity11. As there is no one signal, but a variety, a 
chaotic input is presented to the prefrontal cortex 
for assessment12. This jumble leads to establish-
ment of inappropriate causality between events 

and outcomes yielding to the coagulation of 
unrelated ideas as delusions11. These thusly mal-
formed beliefs impart some amount of plausibil-
ity to the confusion that the sufferers experiences. 
After some time, there is a shift of the neural cir-
cuit of dopamine from flexible ventral striatum 
to fixed dorsal striatum, causing the beliefs to get 
habituated and become fixed in nature6. This shift 
explains the maintenance of delusional beliefs, in 
spite of the questionable reliability of its founda-
tion. These are the two models that attempt to 
explain the genesis of delusions and the manner 
in which these erroneous beliefs are maintained 
against proof to the contrary.

3  Tonic and phasic dopamine, 
prefrontal cortex and its association 
with delusions

In line with the dopamine hypothesis of schizo-
phrenia, some interesting findings have been evi-
denced. Across studies, it has been identified that 
schizophrenia is associated with attenuated activ-
ity of frontal cortex, especially the prefrontal cor-
tex13–15. The latter, which is postulated to be the 
seat of tonic dopamine release is based on NMDA 
receptor-based glutamate activity16, 17. This tonic 
dopamine is claimed to play a very important role 
in the homeostasis of extracellular dopamine18 
and modulate the activity of the dopamine recep-
tors that are important recipients of phasic dopa-
mine input. The other form of dopamine activity 
occurs in the form of phasic dopamine release. 
It is released instantly from the ventral tegmen-
tal area and has a rapid re-uptake19–21. Further-
more, on account of high collateral connections 
in the striatum22, 23, it is released instantaneously 
in escalated volumes. This phasic activity is found 
to be released in response to behaviorally relevant 
stimuli. Or, it is said to be important for condi-
tioning the responses to stimuli24–28.

When there is decreased prefrontal activity 
and resultant decrease in tonic dopamine, there 
is an upregulation of dopamine receptors in the 
striatum and loss of inhibition of downregulation 
of the receptors29–31. Now, when there is a phasic 
dopamine release in response to relevant stimuli, 
there is more than usual or rather escalated dopa-
mine response on account of increased receptors. 
As mentioned earlier from one of the studies, 
dopamine stamps salience to stimuli and under 
these circumstances, increased response would 
make a subject vulnerable to a variety of stimuli. 
These stimuli would then be sent to prefrontal 
cortex where in absence of single attentive signal, 
inappropriate causality would be drawn between 



585

Neural Basis of Delusions in Schizophrenia: Translational Implications for Therapeutic Neuromodulation

1 3J. Indian Inst. Sci. | VOL 97:4| 583–590 December 2017 | journal.iisc.ernet.in

varied stimuli resulting in erroneous beliefs of 
delusional nature. Studies exploring the disrup-
tion of prediction error signaling have essentially 
found another implication for the activity of pha-
sic dopamine release5. In the context of predicta-
ble outcome from a particular set of stimuli, there 
is no room for new learning to occur6. However, 
in the context of an unexpected outcome, there 
is a phasic dopamine release from the midbrain 
ventral tegmental area that essentially engages 
the prefrontal area for the processing of these 
unanticipated associations and facilitates newer 
learning. The previous goal representations from 
the past are thusly modified and newer repre-
sentations are established32–34. Sometimes due 
to disruption in the signaling process, even the 
expected outcomes are perceived as unexpected, 
triggering the process of learning to generate 
newer representations when none are warranted. 
Increased dopamine affects the prefrontal cortex 
representations, and eventually leads to inappro-
priate goal-based representations; this in turn 
leads to the possibility of raising inappropriate 
conclusions. The functional role of prefrontal 
cortex in the cascade of thought conclusion pro-
cess has been thusly established from evidences.

Anatomical components of the prefrontal 
cortex have also been explored for their contribu-
tion to the formation of delusional belief process. 
Research studies have tried to identify specific 
region whose disruption is more vigorously 
responsible for the formation or maintenance of 
delusions. Prefrontal cortex, other than its vital 
functions, executes an important role in the sali-
ence network circuit6 and prediction error sign-
aling process35. In the salience network circuit, 
prefrontal cortex is responsible for establishing 
causality between events. Salience network, which 
is normally engaged in effective thought process 
required for directing the subject’s attention to 
a particular salient/vital signal, is believed to be 
disrupted in patients with delusions36. Salience 
circuit is comprised of midbrain dopaminergic 
nuclei, associative striatum and finally prefron-
tal cortex37. When increased dopamine in the 
midbrain adds hyper-salience to varied stimuli, 
the striatum presents the chaotic information to 
prefrontal cortex which establishes inappropriate 
causality among them leading to the formation of 
delusions.

Left hemisphere is primarily held account-
able for organization of new information within 
old schemas, whereas right hemisphere is held 
responsible for keeping a validation check on the 
saved information38, 39. From this premise, it has 
been postulated that damage to left side of the 

hemisphere will interfere with the attribution of 
relevance to new information, whereas damage 
to right side, especially the right parietal lobe, 
will lead to inadequate validation of the causality 
association in context. The latter will hinder the 
reality check of the incongruent belief or reason, 
paving way for acceptance of erroneous ideas38, 40. 
The incomprehensible erroneous nature of delu-
sion thus, may indirectly be contribution from 
damage incurred to the right parietal lobe and 
right prefrontal cortex including areas such as 
the right DLPFC and the ventromedial prefrontal 
cortex.

Several studies have evaluated the association 
between of right-sided lesions and delusional 
state. In one of the studies evaluating disinhibi-
tion syndromes, where among many others, pre-
diction error signaling is also involved, found that 
the right hemisphere lesions are most often than 
not affected in such patients41. One of the factors 
that up holds the basis of delusions is the defect 
in the reasoning process behind a belief, that 
engages working memory functions and plays a 
vital role in the decision-making process42. Stud-
ies on schizophrenia patients reveal that, when 
subjected to working memory tasks (that are 
important for the process of belief system pro-
cessing), schizophrenia patients do not show the 
expected activation in the right frontal cortex 
as observed in control group; specifically in the 
dorsolateral prefrontal cortex43. Studies examin-
ing the delusional features of patients with Alz-
heimer’s disease have reported similar findings. 
A PET- and SPECT-based study, exploring the 
regional brain abnormalities among Alzheimer’s 
patients with delusions, reported decreased per-
fusion in the right prefrontal cortex along with 
right anterior cingulate gyri, right medial tem-
poral cortex, and right parietal cortex44. Another 
study with similar investigation methodology 
reported hypo-metabolism in the right superior 
DLPFC, the right inferior frontal pole and right 
lateral orbitofrontal region45. Taken together, 
these evidences enlist an imperative contribution 
of right-sided brain structures in pathophysiol-
ogy of delusion that is not specifically restricted 
to the schizophrenia, as converging findings have 
been reported from studies on patient population 
with Alzheimer’s disease as well.

4  Delusions and Right‑Dorsolateral 
Prefrontal Cortex (rDLPFC)

Prefrontal cortex, perhaps particularly plays an 
important role in the delusional pathogenesis, 
this hypothesis has led many studies to examine 
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its components for their role in formation and 
maintenance of delusion 46, 47. A fMRI study 
aimed at evaluation of the neural component of 
delusions, specifically implicated right prefrontal 
cortex in prediction error processing48–50. Fur-
ther intensive studies have elucidated contribu-
tion of right dorsolateral prefrontal activation 
in enhancement of logical reasoning over belief-
generated ideas. The ventromedial PFC activation 
has been related to increase in belief-generated 
idea over logic38, 40, 51. DLPFC has been impli-
cated in working memory functions and cru-
cially so in the blocking of distractions 46. Right 
DLPFC functioning, that is responsible for causal 
learning, has been found to be negatively cor-
related with delusional severity in patients5, 52. 
That is, patients with preserved link between the 
prefrontal cortex and the prediction error signal-
ing via the meso-cortico-limbic pathway showed 
lowest delusional scores. This study noted down 
the measure of the unusual thought content on 
Brief Psychiatric Rating Scale for grading of the 
delusional scores. The fMRI study specifically 
found a direct correlation of disruption in the 
meso-cortico-limbic pathway and the prediction 
error signaling with severity of delusions in the 
patients.

One of the studies evaluating delusions elu-
cidated a model of two-step damage in two dis-
tinct functional areas: (1) the perceptual area, 
and (2) the belief evaluation area. The latter is the 
function of DLPFC as established from previous 
reports, and involves the prediction error signal-
ing pathway6. Another study investigating the role 
of prediction error signaling and response inhibi-
tion depending upon the learned behavior found 
rDLPFC to be activated (as seen in the fMRI 
BOLD signal activation), whereas the left dor-
solateral prefrontal cortex was found to be acti-
vated in the context of behavioral changes made 
in response to the learned errors53. This study 
has comprehensively elaborated the role of the 
rDLPFC in the process of elucidating appropri-
ate inhibitions in prediction errors and associated 
behaviors on the basis of learned behaviors. This 
study indirectly suggests the effects of aberrant 
functioning of error signaling and response inhi-
bition in rDLPFC disruption.

5  Transcranial Direct Current Stimulation 
(tDCS) for Treatment of Clinical 
Symptoms

Transcranial direct current stimulation (tDCS) 
is a very specific focused brain stimulation tech-
nique in which a targeted part of the brain is 

stimulated by placing electrodes on the corre-
sponding part of the scalp of a patient. The oper-
ating principle of this techniques, that electrical 
stimulation may have therapeutic benefit, is an 
old idea54 that came to be revived as having clini-
cal benefit in psychiatric conditions such as schiz-
ophrenia in the recent times. tDCS is safe, easy to 
operate and relatively convenient to handle. This 
technique is based on the concept of using weak 
direct currents effecting changes in cortical excit-
ability. The basic mechanism of action as pro-
posed by one of the studies is by increasing the 
local glutamatergic activity and N-acetyl aspar-
tate action55. The applied constant weak current 
modulates the cortical excitability in a polarity-
dependent fashion. These localized changes are 
believed to be responsible for the cognitive and 
the learning effects of tDCS. Studies examin-
ing the efficacy of tDCS in treating persistent 
auditory hallucination, negative and cognitive 
symptoms among schizophrenia patients have 
reported positive findings56–58. Some studies also 
indicate that tDCS has clinical edge in decreasing 
the refractory symptoms such as auditory halluci-
nation among schizophrenia patients that do not 
respond well to antipsychotic medications (see 
review for details58).

However, there are several limitations to using 
conventional tDCS. It employs large electrodes, 
invariably gives both excitatory and inhibitory 
stimulation to brain areas larger than the actual 
area of interest. As conventional tDCS involves 
the establishment of a complete anodal and 
cathodal circuit, inhibiting a brain area is accom-
panied by stimulating another brain area. This is 
believed to influence the result of the treatment 
procedure since it becomes unclear if the stimula-
tion of an area or the inhibition of another area is 
responsible for the enhancement or in some cases, 
the lack of improvement. These limitations can 
be overcome by HD-tDCS which though operates 
on the same principle as conventional tDCS but 
has technical edge over it. Empirical evidences 
indicate that HD-tDCS leads to a focused and 
enhanced field of electrical stimulation as com-
pared to conventional tDCS59, 60. Evidences from 
PET and fMRI indicate that the neurophysiologi-
cal efficacy of HD-tDCS to be superior to that of 
conventional tDCS59, 61, 62. A study conducted to 
compare the efficacy of the two procedures found 
that the peak current was delayed for a much 
longer time after HD-tDCS (about 30 min) as 
compared to tDCS63. In addition, the after effects 
of HD-tDCS lasted for about 2 h longer than 
conventional tDCS. These studies compositely 
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indicate technical edge of HD-tDCS over conven-
tional tDCS.

HD-tDCS is a safe and well-tolerated neu-
romodulatory treatment used in clinical setting. 
HD-tDCS procedure can be done using stand-
ard equipment (Soterix Medical MxN HD-tDCS 
stimulator) as per established guidelines64. Such 
devices are battery-powered current generator 
capable of delivering a weak and constant current 
stimulation to targeted circumscribed brain areas 
with a maximum output (of ± 2.5) in strength 
range of milli-amperes (mA). These devices 
operate on rechargeable batteries. Electrodes can 
deliver direct current (DC) of either polarity; the 
stimulation can be anodal (excitatory) or cathodal 
(inhibitory) depending on how they are plugged 
into the 4 × 1 configuration of the output cable. 
This montage yields flexibility in choice of stimu-
lation polarity, that is, either anodal or cathodal 
stimulation can be given. It also allows achieve-
ment of much greater focality in the stimulation 
protocol than possible the conventional tDCS. 
Special gel-based sintered silver chloride elec-
trodes are used to achieve higher specificity in 
current delivery.

6  A Case for Stimulation of rDLPFC 
for Treating Resistant Delusions

Theoretically, because of the technical rigor 
that yields better focality, specificity and choice 
of polarity in unipolar stimulation, neuro-
modulation with HD-tDCS holds remarkable 
potential for treatment of resistant delusions in 
schizophrenia. The prefrontal cortex which has 
been identified as a seat of causal learning (dis-
rupted in the patients suffering from delusions 
in schizophrenia) can be considered as the broad 
region of interest, while the right dorsolateral 
prefrontal cortex can be the region of targeted 
anodal stimulation. The central electrode (giving 
anodal stimulating) can be placed at the rDLPFC, 
and the surrounding electrodes can be positioned 
around it in ring configuration as per the estab-
lished guidelines64. As twice daily, HD-tDCS ses-
sions with a current strength of 2 mA for 20 min 
has been found to be well tolerated and clinically 
effective (unpublished data from pilot studies 
from our lab), an add-on HD-tDCS therapy can 
be given to schizophrenia patients with persistent 
delusion for 5 days.

7  Summary
In conclusion, the pathophysiology of persistent 
delusions that are non-responsive to mainstream 
antipsychotic treatment in schizophrenia patients 

is evidenced to be associated with disruptive 
functioning of the right dorsolateral prefrontal 
cortex along with midbrain hyper-dopaminergic 
activity. Hence, alongside conventional treatment 
antipsychotic medications, add-on neuromodu-
latory therapy such as HD-tDCS addressing the 
hypo-activity rDLPFC would serve as a poten-
tial treatment module in the treatment of delu-
sions. Such direct current stimulation enhances 
activity of targeted brain regions such as the r- 
DLPFC by modulating its local neuroplasticity. 
Together with medications, psychotherapy and 
other forms of treatment, HD-tDCS stimulation 
to the rDLPFC can serve as a potential tool in 
the treatment of persistent delusions in chronic 
schizophrenia.
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