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Summary
	 Introduction: Pain is one of the basic defense responses of living organisms. Although the threshold for pain perception varies 
from person to person, there is no doubt that pain reduces a person’s quality of life. Assessing the subjective experience of pain is espe-
cially important in the treatment of patients with schizophrenia. In light of recent advances in neuroscience, we discuss pain thresholds 
in patients with schizophrenia.
	 Methods: A narrative review of pain thresholds in patients with schizophrenia was conducted. We electronically searched the 
PubMed and Google Scholar databases for articles in English with “pain,” “schizophrenia,” “neural circuits,” and “neurotransmit-
ters” in the title or abstract, for the period January 2000 through June 2022. 
	 Results: A seemingly contradictory phenomenon has been noted with regard to pain thresholds in patients with schizophrenia. 
One phenomenon is a high pain threshold for nociceptive stimuli, and the other is a low pain threshold in chronic pain. As a result, a 
pain threshold paradox has been observed.
	 Conclusions: Many schizophrenia patients appear to have an excess of dopamine in the mesolimbic system, which stimulates 
both the descending pain inhibitory pathway and the salience network. As a result, a pain threshold paradox has been observed, in 
which the threshold for acute nociceptive pain is high and the threshold for chronic pain is low.
Key words: default mode network, descending pain inhibitory pathway, mesolimbic dopamine, pain threshold paradox, salience 
network, schizophrenia

* * * * *

INTRODUCTION

The subjective sensation of pain is a complex phe-
nomenon, and while its cause is usually an injury to the 
body, pain can also originate in the central nervous sys-
tem itself. Although the threshold for pain perception 
varies from person to person, there is no doubt that pain 
reduces a person’s quality of life. Assessing the subjec-
tive experience of pain is especially important in the 
treatment of patients with schizophrenia. However, it is 
not precisely known whether pain thresholds are altered 
in patients with schizophrenia. Recent advances in neu-
roscience have provided important insights into the neu-
ral circuitry of pain. This review of the recent literature 
addresses the following questions. Is the pain threshold 
in schizophrenia higher or lower, how is it explained by 
neuroscience, and what are the implications of these find-
ings for the treatment of schizophrenia?

MATERIALS AND METHODS

We electronically searched the PubMed and Google 
Scholar databases for articles (types of studies: experi-
mental studies, case reports, and reviews) in English 
with “pain,” “schizophrenia,” “neural circuits,” and 
“neurotransmitters” in the title or abstract, for the peri-
od January 2000 through June 2022. The full text of re-
trieved articles was examined and included only if they 
covered pain thresholds in schizophrenia. The screening 
and selection process was performed by the author. Ap-
proximately 400 abstracts were initially scanned, but few 
studies fit the purpose of this study; ultimately, a total of 
14 studies were included in the review, most of which 
were either basic research or descriptive in nature. Thus, 
this paper provides a narrative review focusing on recent 
clinical and experimental findings of pain sensitivity in 
patients with schizophrenia.
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RESULTS

A seemingly contradictory phenomenon has been not-
ed with regard to pain thresholds in patients with schizo-
phrenia. One phenomenon is a high pain threshold for 
nociceptive stimuli, and the other is a low pain thresh-
old in chronic pain. In other words, they rarely complain 
of numbness or pain in response to acute inflammation, 
but may suffer from chronic pain of unknown origin. A 
phenomenon of high pain thresholds is that patients with 
schizophrenia have relatively mild complaints of pain, 
even when they suffer from serious physical illnesses that 
induce severe pain (Potvin & Marchand 2008). On the 
other hand, however, a high percentage of patients with 
schizophrenia have chronic pain disorders and may suffer 
from intractable pain. The rate of chronic pain disorders 
in patients with schizophrenia is about twice that of con-
trols (Birgenheir et al. 2013). The majority of the review 
articles noted that pain perception is impaired in various 
ways in patients with schizophrenia (Antioch et al. 2015), 
but the mechanisms are not yet fully understood, and the 
phenosmenon is seen in both high and low pain thresh-
olds. Furthermore, at present, there is no single neuro-
scientific mechanism that can explain pain thresholds in 
schizophrenia, partly because there are several sites from 
peripheral to central that induce and recognize pain. 

DISCUSSION

The conflicting results on pain thresholds are dis-
cussed in the following two groups of pain. Pain has two 
aspects: sensory perception, in which a pain stimulus is 
present, and central perception, in which a pain stimulus 
is not necessarily present.

A. Schizophrenia and nociceptive pain

The phenomenon of high pain thresholds in schizo-
phrenia is observed in response to acute pain stimuli (Gi-
rard et al. 2010). Pain is one of the basic defense respons-
es of living organisms. An example of a pain defense 
response is the reflexive withdrawal of the hand when 
touching something hot. Pain produced by inflammation 
or injury helps to identify the site of inflammation or in-
jury and to protect the site. Pain-inducing movements are 
also inhibited, aiding in the recovery of tissue damage. 
This is the sensory aspect of pain and is referred to as no-
ciceptive pain. Typical nociceptive pain is tingling, sharp, 
or stabbing pain. When injury occurs, a pain-producing 
substance is produced that excites nociceptors. Patients 
with schizophrenia are thought to have no abnormalities 

in nociceptors. However, as has been said in clinical 
practice for some time, when patients with schizophre-
nia have a painful disease such as myocardial infarction 
or bowel perforation, the absence of pain complaints 
can delay the detection of the disease. Several studies 
examining pain thresholds in patients with schizophre-
nia have shown that they have elevated pain thresholds 
to nociceptive stimuli compared to controls, indicating 
that they are insensitive to pain (Singh et al. 2006). Pain 
thresholds to nociceptive stimuli may be higher in pa-
tients with schizophrenia. Nociceptive pain is controlled 
by both ascending pathways to the brain and descending 
pathways from the brain to the spinal cord. The periaq-
ueductal gray matter is an important hub that relays the 
ascending and descending pathways of pain (Figure 1). 
The structure of periaqueductal gray matter is clearly 
different from that of the spinal cord and cerebral cor-
tex, which are not clusters of neurons but a meshwork 
of bundles of nerve fibers interlaced with white matter, 
allowing for the coordination of various nervous systems 
via neurotransmitters (Samineni et al. 2019). In the as-
cending pathway of pain, when nociceptors are activated 
by a nociceptive stimulus, this information is transmitted 
to the spinal cord. This information passes through the 
periaqueductal gray matter and then through the spinal 
thalamic tract to the somatosensory cortex, where pain is 
perceived. At the same time, it is sent from the thalamus 
through the medial system to the anterior cingulate gy-
rus, insular cortex, limbic system, and prefrontal cortex, 
causing an emotional response due to pain. The periaq-
ueductal gray matter not only receives ascending sensory 
input from the spinal cord, but also accepts information 
from the limbic system and transmits it descending to 
the dorsal horn of the spinal cord, where this pathway 
inhibits the transmission of pain. This descending pain 
inhibitory pathway is not a single neural pathway, but in-
cludes at least noradrenergic, serotonergic, GABAergic, 
and dopaminergic neurons (Lueptow et al. 2018). The 
possibility that dopamine levels in the periaqueductal 
gray matter could alter pain thresholds has been noted 
from studies of patients with fibromyalgia. A decrease in 
dopamine in the midbrain lowers the pain threshold and 
makes the patient more sensitive to pain, while an excess 
of dopamine raises the pain threshold for nociceptive 
stimuli (Wood 2004). 

In schizophrenia, an excess of dopamine in the mid-
brain is hypothesized to be pathognomonic. Excess do-
pamine in the periaqueductal gray matter contributes to 
pain reduction via activation of the descending pain in-
hibitory pathway. Patients with schizophrenia in a state of 
psychomotor agitation have increased levels of dopamine 
and noradrenaline and are indeed sometimes insensitive 
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to nociceptive pain, and may not report pain even if they 
have a significant physical illness including myocardi-
al infarction, which may delay its detection. Therefore, 
an excess of dopamine contributes to an elevated pain 
threshold and decreases the role of pain as an early sign 
of physical disease. Antipsychotic drugs block excess do-
pamine, which may normalize nociceptive pain threshold 
and could contribute to early detection of physical com-
plications in patients with schizophrenia. 

B. Schizophrenia and chronic pain

The phenomenon of low pain thresholds in schizo-
phrenia has been reported in prolonged pain or chronic 
pain (Lévesque et al. 2012). Chronic pain is common in 
patients with schizophrenia and is caused by emotional 
cognitions influenced by anxiety, fear, or past memories. 
In contrast to nociceptive pain, chronic pain including 
psychological pain does not involve sensory receptors 
but stimulates the same cortical pain areas. Multiple brain 

regions are active when the brain perceives pain in the ab-
sence of nociceptive stimuli. Functional connectivity of 
brain regions has been elucidated by functional magnet-
ic resonance imaging (fMRI) and are called large-scale 
brain networks. Chronic pain is associated with changes 
in the functional connectivity of large-scale brain net-
works, with the salience network becoming stronger and 
the default mode network becoming weaker (van Etting-
er-Veenstra et al. 2019). 

1.	 Salience Network
Alterations in large-scale brain networks are begin-

ning to be investigated in a variety of painful diseases, 
but accurate measurements in clinical patients are lim-
ited because the presence of pain itself prevents some 
time-consuming testing. Therefore, measurements of 
active regions of large-scale brain networks have been 
made by inducing psychological pain in healthy subjects 
in experiments. Brain regions associated with psycho-
logical pain have been studied in detail in the cyberball 
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Figure 1. The Role of Periaqueductal Gray Matter in Nociceptive Pain Pathways 
The periaqueductal gray matter of the midbrain is an important hub that relays the ascending and descending pathways 
of nociceptive pain. It receives sensory input from the spinal cord, but also receives information from the limbic system, 
which descends to the dorsal horn of the spinal cord to inhibit pain transmission.
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social exclusion task, an online game of catch. In the 
cyberball task, experimental participants are asked to 
play catch with two other players. In reality, however, 
the other players are computer programs. The number of 
passes given to the experimental participant is pre-set by 
the experimenter, and if the number of passes received 
during the game is extremely small, the experimental 
participant feels psychological distress. Participants who 
receive fewer passes during the game feel psychological 
pain, have lower self-esteem, and value their existence 
less than participants who receive the same number of 
passes as other players (Xu et al. 2022). A fMRI study 
of brain function during psychological exclusion in the 
Cyberball task reveals activation of the anterior cingulate 
gyrus and insular cortex, components of the salience net-
work (Figure 2), and activation of the anterior cingulate 
gyrus was positively correlated with the degree of pain 
(Kim 2019). When psychological pain is intense, medial 
cortical midline structures, consisting of the medial orbi-
tofrontal cortex, dorsomedial prefrontal cortex, anterior 
cingulate gyrus, precuneus, and posterior cingulate gyrus, 
to which the midbrain dopamine nervous system projects, 
are activated. Although still in the validation phase, it has 
been suggested that the salience network may have stron-
ger functional connectivity in patients with schizophre-
nia, and it has been speculated that it may be related to 
not only to psychotic symptoms but also to chronic pain. 
Excess dopamine may alter functional connections in the 
brain, making it more susceptible to chronic pain.

2.	 Default mode network
Another large-scale brain network associated with 

chronic pain is default mode network. When the brain 
performs certain tasks while conscious, the dorsolateral 
prefrontal cortex becomes more active, while the posteri-
or cingulate gyrus and medial frontal lobe, two regions lo-
cated farther apart, become less active. This is referred to 
as the executive control network. Conversely, the regions 
of reduced activity in the executive control network are 
activated when the brain does not perform any task, re-
ferred to as the default mode network. The default mode 
network, so named because it does not involve thought, 
interest, or attention, and thus is the resting basal state, 
is interestingly much higher than the executive function 
network in terms of brain energy consumption, with the 
posterior cingulate gyrus and medial frontal lobes con-
suming more energy (Raichle 2015). A triple network 
model has recently been proposed for chronic pain. The 
salience network and the executive control network are 
correlated, and both are anti-correlated to the default 
mode network (De Ridder et al. 2022). In chronic pain, 
functional connectivity in the posterior cingulate and 
right insular is decreased with functional coupling within 
the default mode network weakened (Figure 2). Recent 
studies have also suggested reduced functional coordina-
tion between default mode network and descending pain 
inhibitory pathways (Cottam et al. 2018). In chronic pain, 
the default mode network itself is less active and its func-
tional connectivity with other brain regions is reduced.

Figure 2. Alterations in Large-Scale Brain 
Networks in Chronic Pain 
In patients with chronic pain, the functional 
connectivity between the anterior cingulate 
gyrus and the left and right insular cortices, 
which forms the salience network, are 
stronger. In contrast, connectivity between 
the posterior cingulate gyrus and medial 
frontal cortex, which forms the default 
mode network, are weaker.
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Dopamine and serotonin have opposing effects on 
the activity of large-scale brain networks, and the default 
mode network often functionally activated in serotoner-
gic systems (Conio et al. 2020). Moreover, dopamine and 
serotonin imbalances have been shown to affect the emo-
tional system via the bed nucleus of the stria terminalis. 
Inhibitory inputs to the bed nucleus of the stria terminalis, 
which projects to the lateral hypothalamus, are increased 
in chronic neuropathic pain. Release of persistent inhibi-
tion of the bed nucleus of the stria terminalis by chemo-
genetic manipulation reduces pain-induced anxiety (Ya-
mauchi et al. 2022). Chronic pain weakens the functional 
connectivity between the default mode network and the 
bed nucleus of the stria terminalis, making it more likely 
to induce anxiety. Thus, changes in monoamines, e.g., in-
creased dopamine and decreased serotonin, alter the func-
tional connectivity of large-scale brain networks (Bannis-
ter & Dickenson 2016).

3.	 The insular cortex and molecular 
memories of pain 
The patients with schizophrenia may experience 

chronic pain syndromes even in the absence of nocicep-
tive stimuli. However, pain is usually not elicited with-
out triggers. If past pain information is encoded within 
the salience network, it theoretically reinforces that the 
salience network is closely related to development of 
chronic pain. In a recent elaborate experiment, when 
intestinal inflammation was artificially induced in mice, 
this inflammation and pain memory was stored in the in-
sular cortex, and after recovery from inflammation, acti-
vation of the insular cortex by chemogenetics reproduced 
intestinal inflammation and pain (Koren et al. 2021). The 
insular cortex stores information about past inflammation 
and pain, and surprisingly, this immunological “memory 
engram” may be pathologically replayed after the activa-
tion of the insula cortex, a part of salience network. When 
the salience network is activated, past pain memories are 
reproduced, triggering chronic pain even in the absence 
of nociceptive stimuli. 

Patients with schizophrenia show a duality with re-
spect to pain thresholds: an elevated pain threshold in 
acute pain and a lowered pain threshold in chronic pain. 
The altered function of the nervous system, which is reg-
ulated by dopamine and other monoamines in the pain 
circuit from the periphery to the cortex, may explain this 
phenomenon.

LIMITATIONS

This is the first narrative review, based on the lat-
est neuroscience data, to consider two aspects of pain 
thresholds in schizophrenia. A major limitation of this 
review, however, is that most reported study participants 
are investigated when on antipsychotic medications, do-
pamine blockers which undoubtedly affect their pain 
thresholds. Nevertheless, there are studies of drug-naïve 
schizophrenia patients who have shown increased pain 
thresholds for nociceptive pain (Potvin & Marchand 
2008). Thus, an elevated threshold for acute pain may be 
present even if drug effects are excluded. Ideally, what 
is needed are pain studies in drug naïve schizophrenia 
patients and in pain patients after administration of an-
tipsychotic medication. Another overarching limitation, 
present in all schizophrenia studies, is that schizophrenia 
is a heterogeneous disorder. Patients given this diagnosis 
do not all respond in the same way. The pain paradox 
reviewed here may, thus, be true for some schizophrenia 
patients and not for others.

CONCLUSION

Many schizophrenia patients appear to have an excess 
of dopamine in the mesolimbic system, which stimulates 
both the descending pain inhibitory pathway and the sa-
lience network. As a result, a pain threshold paradox has 
been observed, in which the threshold for acute nocicep-
tive pain is high and the threshold for chronic pain is low. 
However, most studies of pain thresholds in schizophre-
nia patients are on antipsychotic medications, and their 
influence cannot be ruled out. Nevertheless, it is possi-
ble to conclude that appropriate regulation of dopamine 
transmission via dose modulation of antipsychotic med-
ications could normalize pain thresholds. Monoamine 
modulation in schizophrenia patients may, thus, be effec-
tive not only in improving psychotic symptoms but also 
in removing the pain threshold paradox. Further research 
is needed on pain thresholds in drug-naïve schizophrenia 
patients and the effects of antipsychotic medications on 
pain.
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