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Nociceptive Reflex in Patients With Schizophrenia:
A Case-Control Study
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Abstract

Background: Diminished pain sensitivity has been reported in pa-
tients in the acute phase of psychosis, as well as in stable patients. The
cause of hypoalgesia in those patients is unknown. The aim of this
study was to investigate the sensory thresholds, pain modalities, or
other factors contributing to the perception or expression of physical
pain in patients with schizophrenia (SCZ).

Methods: This case-control study was conducted on 24 patients with
SCZ and 12 healthy controls. Patients with SCZ were assessed by the
Structured Clinical Interview for Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Positive and Negative Symp-
tom Scale and Schizophrenia Cognition Rating Scale. All participants
were subjected to full medical and neurological examination and no-
ciceptive reflex.

Results: There was no significant difference between cases and con-
trols in nociceptive threshold, while it showed a significant difference
at the subjective pain threshold as the case group needed a higher in-
tensity of current to perceive as painful. There was a significant posi-
tive correlation between age, duration of SCZ and number of episodes
and the nociceptive reflex. Also, there was a significant positive cor-
relation between the negative symptoms of SCZ and cognitive impair-
ment on one arm and the subjective pain threshold on the other arm.

Conclusion: The pain insensitivity in patients with SCZ is not related
to physiological changes in the nociceptive pathway, but rather may
be related to change in the experience and expression of pain. Older
age, longer duration of disease, more frequent episodes, negative
symptoms, and cognitive impairment, but not antipsychotic medica-
tions, all are positively correlated with the increase in subjective pain
threshold.
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Introduction

Schizophrenia (SCZ) is a severe chronic mental disorder
which affects how a person thinks, feels and behaves. Patients
with SCZ seem like they have lost touch with reality [1]. SCZ
usually presents with long-standing delusions, non-affective
psychosis and negative symptoms [2]. The structural and func-
tional neuroanatomical deficits observed in SCZ using recent
techniques have shed some light on the pathology of the disor-
der and also, highlighted the role of different brain areas and
functional networks in the presence of different symptoms [3].
Sometimes, it is not clear what patients with SCZ can or cannot
feel. It is acknowledged that patients with SCZ are very sensi-
tive to stressful events. However, with this observation, there
are also descriptions of reduced sensitivity to outside world.
Those contradictory observations make it hard to know how
patients react to different stimuli and situations, especially to
unpleasant information [4].

Decreased pain sensitivity has been reported in patients
with SCZ in the acute phase, as well as in stable phase. It has
been observed that in patients with severe psychotic symp-
toms what is called psychotic analgesia occurs. The cause of
hypoalgesia in patients with SCZ in stable phase is unknown
[5]. Neuroleptic-induced analgesia, influence of neuropeptides
with analgesic properties, lesions in the pain pathway, severe
negative symptoms and cognitive impairment have been sug-
gested. The hypothesis of an increased level of endogenous
opioids was proposed but the results of the few studies are con-
tradictory [6, 7].

So, we aimed in this study to investigate how patients with
SCZ differ from normal persons in their perception and ex-
pression of pain and find explanations and factors contributing
to these differences.

Materials and Methods

This case-control study was conducted on 36 participants,
24 patients with SCZ and 12 healthy individuals as a control
group. They were selected from March 2017 to December
2018. The patients in the case group were selected carefully
across the span of about 2 years from the patients who were
seen for follow-up visits at the psychiatric outpatient clinic, or
if hospitalized, they were scheduled for discharge based on the
clinical assessment of symptoms.

The study was approved by the Ethical Committee in Jan-
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uary 2017. The study was performed in accordance with the
Declaration of Helsinki.

Patient selection

Inclusion criteria

Both genders were included, and age ranged between 18 and
40 years. Patients were clinically fulfilling the criteria for the
diagnosis of SCZ according to Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-5), in a full remission based on
clinical assessment carried out by a senior psychiatrist, tak-
ing antipsychotic treatment in therapeutic doses. In this study,
we selected patients on monotherapy only, antipsychotic drug
doses were standardized using chlorpromazine equivalents,
and such technique gave an estimation of therapeutic chlor-
promazine dose equivalence for each antipsychotic drug and
was used to statistically control the effects of medication.

Exclusion criteria

Exclusion criteria included age < 18 years and > 40 years, tak-
ing antidepressants, or anticonvulsive drugs in last 8 weeks,
any mental disorders other than SCZ, presence of comorbid
depressive symptoms on clinical examination, presence of
any acute or chronic pain condition or taking any pain medi-
cation in the last 24 h, peripheral neuropathy, limb trauma in
the past, degenerative diseases of the musculoskeletal system
or any neurological deficits, presence of intellectual disabil-
ity or substance use disorder, presence of cardiac, respiratory,
endocrine, or metabolic diseases, and a current diagnosis of
diabetes or cancer.

Methodology

All cases and controls subjected to full medical history and full
medical and neurological examination to detect any neurologi-
cal or chronic medical condition that would lead to exclusion
from the study.

Patients with SCZ were assessed with the following: 1)
Diagnosis using the Structured Clinical Interview for Diagnos-
tic and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-1V) (SCID-I) [8], Arabic version [9], which is a clini-
cian-administered interview for use with psychiatric patients
or with non-patient community subjects who are undergoing
evaluation for psychopathology. The SCID-I was developed
to provide broad coverage of psychiatric diagnoses according
to DSM-IV. Arabic version used in this study was validated
through its use in many studies that were conducted at the In-
stitute of Psychiatry, Ain Shams University. 2) Assessment for
positive and negative SCZ symptoms by Positive and Nega-
tive Symptom Scale (PANSS) [10], which comprises 30 items
rated with a seven-point rating scale. It is a carefully defined
and operationalized method that evaluates positive, negative
and other symptom dimensions on the basis of a formal semi-
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structured clinical interview and other informational sources
as caregivers and nursing staff. The positive scale (PANSS
P) consists of seven items measuring symptoms that are su-
per-added to a normal mental status, while the negative scale
(PANSS N) consists of seven items measuring features absent
from it. Finally, a third index, the General Psychopathology
Scale (PANSS G), gauges the overall severity of SCZ disor-
der, including comorbid depressive and anxiety symptoms,
by summation of the remaining 16 items. PANSS is a reliable
tool to assess the severity of SCZ disorder. As 1 rather than
0 is given as the lowest score for each item, a patient can-
not score lower than 30 for the total PANSS score. Scores are
often given separately for the positive items, negative items,
and general psychopathology. 3) Cognition assessment by
Schizophrenia Cognition Rating Scale (SCoRS) [11] which is
a 20-item interview-based assessment covering all cognitive
domains, and takes approximately 12 min to complete. It is ad-
ministered separately to the patient and to an informant (who is
a person with regular contact with the patient in everyday situ-
ations), and in our study, we chose only members of the family
like parents or spouses. The interviewer is asked to rate the
patient’s level of difficulty performing various cognitive func-
tions on a four-point scale, with 4 being the most difficult and
1 being the least difficult. A rating of “not applicable” is also
possible if a particular question does not apply to an individual
patient. Upon completion of the 20 items, the interviewee is
asked to give a global rating of the patient’s cognitive func-
tioning on a scale of 1 to 10. After the interview is completed
by both the patient and the informant, the interviewer ranks
the patient on all the 20 items, and gives a global score based
on the responses of both patient and informant as well as the
interviewer’s observations of the patient. The global rating re-
flects the overall impression of the patient’s level of cognitive
difficulty on a scale of 1 - 10. Higher ratings indicate greater
degrees of impairment.

All subjects underwent electrophysiological pain tests by
nociceptive reflex [12]. In general aspects, all the experiments
were performed by a senior neurologist (at the Department of
Neurology, Menoufia University). Nerve conduction studies
were performed using a TruTrace EMG device (Deymed Diag-
nostic, Czech Republic). The examiner was blinded to whether
the participants were classified as cases or controls. During the
testing session, the volunteers were lying in a bed, in a quiet
room. A leg rest was placed under the knee to obtain a 30° semi-
flexion. Each participant underwent a training session for the
test in order to get familiar with the stimulation procedures be-
fore starting the data collection. All tests were applied to the
right side of the body. Nociceptive reflex threshold was detect-
ed with surface electrodes placed near the lateral malleolus, at
the anatomical surface area of the sural nerve. Using a comput-
er-controlled current stimulator, a group of five square wave
impulses was applied which was perceived as a single stimulus.
Electromyographic reflex responses were recorded from the
biceps femoris and the rectus femoris muscles. The current in-
tensity was increased from 1 mA in steps of 0.5 mA until the
nociceptive threshold was detected which was defined as the
mean minimal stimulation intensity, at which a reflex motor re-
sponse was elicited at 100%. The subjective pain threshold was
detected which was defined as the minimal current intensity
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Table 1. Socio-Demographic Data of the Case and Control Groups

Cases (n =24) Controls (n = 12) Test of significance P-value
Age (mean = SD), years 27.54 +£5.509 28.08 £5.418 t=0.280 0.781
Gender $*=0.00 1.000
Male, n (%) 14 (58.3) 7 (58.3)
Female, n (%) 10 (41.7) 5(41.7)
Smoking x> =0.223 0.637
Smoker, n (%) 12 (50) 5(41.7)
Non-smoker, n (%) 12 (50) 7 (58.3)
Education $2=2.250 0.522
Can read, n (%) 4 (16.67) 0(0.00)
Primary, n (%) 5(20.83) 3 (25.0)
High school, n (%) 10 (41.66) 6 (50.0)
College, n (%) 5(20.83) 3(25.0)

x2: Chi-square test. t: independent samples test. P value < 0.05 is considered significant. P value < 0.001 is considered highly significant. SD: stand-

ard deviation.

perceived by participants as painful. The current stimulator ap-
plied these impulses at random time intervals, so the participant
was unaware of the time the stimulus was applied.

Statistical analysis

Results were tabulated and statistically analyzed by using a
personal computer using Microsoft Excel 2016 and SPSS v. 21
(SPSS Inc., Chicago, IL, USA). Statistical analysis was done
using: descriptive: e.g. percentage (%), mean and standard de-
viation; analytical: independent samples test, Mann-Whitney
U test, one-way analysis of variance (ANOVA) test, Kruskal-
Wallis H test, Chi-squared (y2) test, McNemar test and Pearson
correlation test. A P value less than 0.05 was considered statis-
tically significant.

Results

Socio-demographic data for patients and controls are shown
in Table 1 with no statistically significant difference between

Table 2. Studied Patients’ Clinical Criteria

both groups.

Table 2 shows the clinical criteria for the SCZ group, age,
onset and duration of illness, number of psychotic episodes
along the course of the disorder, the score of PANSS for the
patients which consists of a PANSS P with a mean of 18.96, a
PANSS N with a mean of 18.75 and a PANSS G with a mean
0f29.25, which indicates that all the patients in the case group
were chosen to be in a stable mental state with no active posi-
tive or negative psychotic symptoms, while the interviewer
global rating score of SCoRS with a mean of 2.63, indicating a
non- to mild cognitive impairment.

On comparing electrophysiological findings in case and
control groups, there was no significant difference at nocicep-
tive threshold, while it showed a significant difference at the
subjective pain threshold being higher in case group.

In case group, among the demographic factors, including
age, gender, smoking and education, only age showed a sig-
nificant positive correlation with the subjective pain threshold,
and a highly significant positive correlation with the nocic-
eptive threshold. Also, there was a highly significant positive
correlation between the duration of SCZ disorder and number
of psychotic episodes and both the subjective pain threshold

Mean £+ SD Range (min. - max.)

Age at onset of disorder, years 22.58 £4.169 16 - 31

Duration of disorder, years 4.96 +3.043 1-12

Number of episodes 3.29+1.853 1-7

PANSS P score 18.96 £3.316 13-23

PANSS N score 18.75 +£3.970 12-27

PANSS G score 29.25+5.318 20 -38

SCoRS global rating score 2.63 +£0.576 2-4

PANSS: Positive and Negative Syndrome Scale; PANSS P: Positive Scale; PANSS N: Negative Scale; PANSS G: General Psychopathology Scale;

SCoRS: Schizophrenia Cognition Rating Scale; SD: standard deviation.
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Table 3. Correlation Between Demographic Data, PANSS and SCoRS and the Nociceptive Reflex

Subjective pain threshold Nociceptive threshold

Correlation coefficient P value Correlation coefficient P value
Age 0.377 0.023* 0.456 0.005**
Gender -0.310 0.066 -0.177 0.301
Smoking 0.035 0.840 0.054 0.755
Education -0.024 0.890 0.059 0.731
Duration of disorder 0.594 0.002** 0.589 0.002**
Number of psychotic episodes 0.545 0.006** 0.553 0.005%*
PANSS P -0.178 0.406 -0.291 0.168
PANSS N 0.413 0.045* 0.365 0.080
PANSS G 0.403 0.051 0.225 0.291
SCoRS global rating 0.512 0.011* 0.345 0.099

*Correlation is significant at the 0.05 level (two-tailed). **Correlation is highly significant at the 0.01 level (two-tailed). PANSS: Positive and Negative
Syndrome Scale; PANSS P: Positive Scale; PANSS N: Negative Scale; PANSS G: General Psychopathology Scale; SCoRS: Schizophrenia Cogni-

tion Rating Scale.

and the nociceptive threshold. And there is a significant posi-
tive correlation between both the negative symptoms of SCZ
and cognitive impairment and the subjective pain threshold
(Table 3). Additionally, the current study shows that there is no
effect of the different drugs on the subjective pain threshold or
nociceptive threshold (Table 4).

Discussion

In people with SCZ, pain perception may be heightened or re-
duced as a result of delusions or other aspects of the disease.
Moreover, it is often not possible to distinguish physical from

mental pain, which makes pain control all the more important
because, no matter its source, pain reduces quality of life in
psychosis [13].

Many previous studies have been conducted to address the
issue of pain perception and expression in patients with SCZ
in the last two decades, with use of different modalities for
assessment, on different numbers of patients in each study. In
our study, we included 24 patients with SCZ and 12 healthy
controls and we used the nociceptive reflex as the tool for pain
assessment. We found that there was no significant difference
between the case and control groups regarding the nociceptive
threshold; however, there was significant difference regard-
ing subjective pain threshold indicating that SCZ is associated

Table 4. Effect of Different Treatments on the Subjective Pain Threshold and Nociceptive Threshold

Treatment No. Mean + SD Test of significance P value
Subjective pain threshold F=2516 0.068
Haloperidol 4 40.00 +20.06
Risperidone 7 48.00 +19.86
Olanzapine 4 37.75+14.24
Clozapine 1 100.00
Aripiprazole 3 39.33£9.23
Amisulpride 5 4240+ 13.16
Nociceptive threshold F=1.955 0.135
Haloperidol 4 30.0£2.82
Risperidone 7 38.29+11.85
Olanzapine 4 35.0 £ 6.63
Clozapine 1 60.00
Aripiprazole 3 34.00 £5.29
Amisulpride 5 35.20+£9.65

F: analysis of variance test. *Correlation is significant at the 0.05 level (two-tailed). **Correlation is highly significant at the 0.01 level (two-tailed). SD:
standard deviation.
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with decreased pain sensitivity only when subjective pain as-
sessment is tested as concluded in the systematic review done
by Sakson-Obada, and that the physiological and basic affec-
tive responses to pain are intact, but the complex psychologi-
cal elaboration seems to be impaired [6].

This is in agreement with Levesque et al, who used in-
termittent, transcutaneous stimulations of the left sural nerve,
and found that, compared with controls, subjects with SCZ
presented a specific experimental pain response profile, char-
acterized by elevated sensitivity to acute pain but reduced
sensitivity to prolonged pain. Group differences in subjective
pain sensitization were not accompanied by group differences
in nociceptive reflex activity, suggesting supraspinal origins
to the change in pain experienced by subjects with SCZ [14].
Also Wojakiewicz et al found that patients with SCZ have a
deficit of the identification and categorization of pain both in
themselves and in others assessed by sensitivity to expressions
of pain (STEP) test, pain video and situational pain question-
naire (SPQ) scores [15].

Jochum et al investigated the thresholds of warmth per-
ception (WP), thermal pain onset (TPO) and thermal pain tol-
erance (TPT) in patients with acute SCZ and found that pa-
tients with SCZ showed significantly increased thresholds of
WP and TPO relative to healthy controls. They believe that
their findings can be attributed to information processing ab-
normalities of the disorder and that they are not specific to pain
processing [16].

However, Zhou et al, combining psychophysics, electro-
encephalography (EEG) and functional magnetic resonance
imaging (fMRI) techniques to investigate neural mechanisms
of pain insensitivity in patients with SCZ, found that patients
with SCZ were insensitive to nociceptive stimuli compared to
healthy controls. Whereas perceived intensities to non-noci-
ceptive somatosensory and auditory stimuli were not signifi-
cantly different thus verifying the modality-specific nature of
the modulation of nociceptive information processing in pa-
tients with SCZ and localizing the abnormality, using EEG and
fMRI, to the thalamus and periaqueductal gray that are key
nodes in ascending and descending pain pathways respective-
ly, suggesting a possible contribution of cortical-subcortical
dysfunction to the phenomenon [17].

This is in agreement with a previous study by De la Fuente-
Sandoval et al, using fMRI, who examined the blood oxygen
level-dependent (BOLD) changes induced by experimental
pain-tolerance (endure) hot stimuli vs. non-painful stimuli dur-
ing an acute psychotic episode in 12 drug-free patients with
SCZ and in 13 gender- and age-matched healthy controls and
confirmed that unmedicated patients with SCZ have a higher
pain tolerance than controls, decreased activation in pain af-
fective-cognitive processing regions (insula, posterior cingu-
late cortex and brainstem), and an over-activation of the pri-
mary sensory-discriminative pain processing region (S1) [18].

In comparison to other psychiatric disorders, Minichino
et al compared pain processing in SCZ to bipolar I and II, and
found that, compared to healthy subjects, patients with SCZ
showed pain-processing and pain-perception abnormalities;
however, patients with bipolar I showed only pain-processing
abnormalities and patients with bipolar II did not differ for any
of the variables investigated [19].
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On the contrary, Girard et al found that patients with SCZ
needed less pressure and a shorter duration of ischemia than
controls to record moderate pain, and they felt more pain
from a fixed pressure stimulus. Pain responses were unrelat-
ed to the clinical characteristics of the patients with SCZ, al-
though hallucination production correlated with the pain felt
during the fixed pressure test [20]. Also Urban-Kowalczyk et
al found that there were no differences in nociceptive reflex
testing among study groups but the mean -endorphin con-
centration was about 20% higher in patients than in healthy
controls [5].

In regards to the effect of demographic data on pain per-
ception, we found there is a highly positive correlation between
age and both the nociceptive threshold and the subjective pain-
ful threshold, which is consistent with other published results
going back as far as the first half of the past century, when
researchers found that the mean pain threshold of the subject
group aged 10 - 22 years was significantly lower than the mean
pain threshold of the group aged 23 - 44 years indicating that
pain perception decreased with age [7, 21].

In our study, the results show a highly significant positive
correlation between the duration of SCZ disorder and number
of the psychotic episodes and both the subjective pain thresh-
old and the nociceptive threshold. These results agreed with
a previous study who found that there is a link between the
occurrence of psychotic episodes and functional and structural
abnormalities of the neural system mainly the anterior cingu-
late cortex and the anterior insular cortex which are the core
regions of both the affective-motivational pain pathway and
the salience network, such that a higher number of psychotic
episodes correspond to greater network dysfunctions [19].

Also we found positive correlation between the negative
symptoms of SCZ and the subjective pain threshold. They
justify this fact that negative symptoms make the patient less
likely to express their pain [22, 23]. However, Urban-Kowal-
czyk et al found strong negative correlation between PANSS
N scores and subjective pain threshold on the right lower limb
as patients described even a very low current stimulus as pain-
ful [5]. This can be explained by the patient selection, as the
author selected patients with severe negative symptoms and
working memory disturbances. Also Levesque et al found that
positive symptoms correlated negatively with pain threshold
values among participants with SCZ, suggesting that distor-
tions of thought and function relate to pain sensitivity in pa-
tients with SCZ [14].

On the other hand, we found no significant association
between the general psychopathology scores of PANSS and
subjective pain threshold, and nociceptive threshold. Although
there are several studies connecting depression and anxiety
symptoms to pain perception [24, 25]. Our results can be ex-
plained by our selection of the patients, as there are only mild
symptoms affecting the general condition of our case group.
And so, our results are consistent with the results of a previous
study [19].

Regarding cognition, we found positive correlation be-
tween the SCoRS and the subjective pain threshold, while there
is no significant association between cognition and the nocic-
eptive reflex which means that any impairment in the cogni-
tive functions only affects the subjective perception of pain.
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These results agreed with a meta-analysis, explaining the de-
creased pain experience in patients with SCZ by several causes
including impairments within the mediodorsal thalamus and
hippocampus leading to affective and cognitive impairment
which lead to decreased pain perception [26]. Also Minchino
et al found that N1 and N2 amplitudes negatively correlated to
social-cognition, and real-world functioning measures in the
whole group of patients [19]. On the other hand, a previous
study found a negative correlation between cognitive assess-
ment and subjective pain threshold [5]. Also Wojakiewicz et
al found that the patients’ pain judgments were not correlated
with their affective or cognitive empathic capacities [15] and
Jochum et al found no correlation between pain perception and
psychometric scales [16].

Our study shows no significant effect of the type of antip-
sychotic drugs on either the subjective pain threshold or the
nociceptive threshold. Such results are consistent with several
studies [15, 16, 19]. While another study talked about the an-
tipsychotic medication normalizing pain perception in SCZ
[18].

We acknowledge the following limitations in our study.
First the small sample size is one of the biggest obstacles fac-
ing us and most of the studies about pain perception since
many patients declined to consent to the procedures. Second,
our method required the exclusion of any patient in acute psy-
chotic episodes which limits our results as most prior literature
noticed the altered pain perception during acute episodes.

Conclusion

The pain insensitivity in patients with SCZ is not related to
physiological changes in the nociceptive pathway, but rather
may be related to pain affective-cognitive processing abnor-
malities. Older age, longer duration of disease, more frequent
episode, negative symptoms, and cognitive impairment, but
not antipsychotic medications, all are positively correlated
with increase subjective pain threshold. More studies need to
address phenomena of pain in SCZ, including pain perception
during acute episodes, the effect of treatment itself on pain
phenomena and the effect of duration of disorder on pain per-
ception.
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