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Two-channel Near-infrared Spectroscopic Analysis of Association of Paranoia
Symptoms with Prefrontal Activation

Kazuki Hirao
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Objective: The relationship between paranoia symptoms and underlying prefrontal cortex mechanisms among healthy subjects
was analyzed using near—infrared spectroscopy.

Methods: Seventy—eight healthy subjects were assessed for paranocia symptoms using the Japanese version of the Paranoia
Checklist, Changes in hemoglobin concentrations were assessed using 2—channel near—infrared spectroscopy on the surface
of the prefrontal cortex while subjects performed a verbal fluency test.

Results: Changes in the concentration of oxygenated hemoglobin in the prefrontal cortex during a verbal fluency test did not
correlate with the Japanese version of the Paranoia Checklist,

Conclusion: Our findings show that the symptoms of paranoia do not negatively affect the prefrontal cortex function among

healthy subjects,
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INTRODUCTION

.o . .12
Paranoia is a common symptom of schizophrenia. )

The results of a functional magnetic resonance imaging
(fMRI) study suggest that patients with a profile of para-
noia are characterized by poor social function and
insight.3) Freeman et al.” reported that paranoia symp-
toms observed in members of a clinical group were pres-
ent in members of nonclinical groups, suggesting the con-
tinuity of symptoms. Moreover, sensitivity to paranoid
ideation in nonclinical populations is present in 40% of
subjects who frequently express the view that negative
comments are being circulated about them, and approx-
imately 20% of this population frequently expresses para-
noid thoughts about being observed or followed.” The
symptoms of paranoia are observed in nonclinical pop-
ulations at high frequency.S’G) Accordingly, clinical inter-
vention is required for clinical as well as nonclinical
populations.
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To understand the cortical (i.e., prefrontal cortex
[PFC]) mechanisms of the pathogenesis of the symptoms
of paranoia, it is necessary to investigate nonclinical
populations. However, whether the symptoms of paranoia
in the nonclinical population are associated with brain ac-
tivation is unknown. The availability of near-infrared
spectroscopy (NIRS) allows noninvasive measurement of
cortical activation under normal conditions while a sub-
ject performs verbal fluency tasks such as the Verbal
Fluency Test (VFT). Because the changes in [oxy-Hb] are
assumed to more directly reflect cognitive activation than
those in [deoxy-Hb], the results of a previous study have
suggested a more significant correlation with blood oxy-
genation level-dependent signals compared with those
measured with fMRI” Therefore, this study aimed to as-
sess the relationship between the symptoms of paranoia
and the underlying PFC activity in healthy subjects using
NIRS.

METHODS

Subjects

All 78 subjects were right-handed and healthy and were
undergraduate students attending Kibi International Uni-
versity in Japan. This study was conducted as per the eth-
ical principles laid down in the Declaration of Helsinki.
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All subjects were informed of the purpose and procedures
of the study, and they provided their written consent. This
study was approved by the Institutional Review Board of
Kibi International University.

Procedure

Symptoms of paranoia

Symptoms of paranoia were determined using the
Japanese version of the Paranoia Checklist (JPC),S’g)
which was translated into Japanese.” This scale was de-
veloped to assess paranoid ideation in a nonclinical pop-
ulation and comprises a self-rating scale for nine ques-
tionnaires measured on a five-point scale with anchoring
values of 1 and 5. This scale measures the dimensions of
frequency, conviction, and distress. A high score indicates
a high level of frequency (How often have you had the
thought?), conviction (How strongly do you believe it?),
and distress (How upsetting is it for you?). The reliability
and validity of this scale is established.*”

Activation task

Only normal healthy subjects participated in this study.
According to Kubota et al.,'V healthy controls displayed
greater activity in PFC with a letter VFT than with a cat-
egory VFT under similar task performances, whereas pa-
tients with schizophrenia showed smaller activity in PFC
with a letter VFT than with a category VFT. Therefore, we
used a letter VFT in this study. VFT was conducted ac-
cording to a previous study.“) The procedure consists of a
30-s pre-task baseline, a 60-s task (text version), and a
30-s post-task baseline. All subjects were seated with their
eyes open and were instructed to minimize head
movements. During the pre- and post-task baseline peri-
ods, the subjects were instructed to repeat the vowels “a,”
“1,” “u,” “e,” and “0” in Japanese. During VFT, the sub-
jects were instructed to vocalize as many Japanese words
as possible beginning with a designated syllable. The
three initial syllables (1: /ma/, /ki/, /e/; 2: /to/, lu/, /sel; 3:
/te/, /i/, /ku/) were used in this order, and each syllable was
changed every 20 s during the 60-s task. During VFT, the
subjects changed syllables as a counterbalance. The aver-
age total number of correct words stated was used to meas-
ure task performance.

Near—infrared spectroscopy analysis

Changes in the concentrations of oxygenated hemoglo-
bin [oxy-Hb] and deoxygenated Hb [deoxy-Hb] were
measured using a two-channel near-infrared spectrometer

(PocketNIRS; DynaSense Inc., Hamamatsu, Japan) at
wavelengths of 735 nm, 810 nm, and 850 nm. The
[oxy-Hb] and [deoxy- Hb] were determined according to
the modified Beer- Lambert law.'” The two probes of the
near-infrared spectrometer were attached with adhesive
strips (DynaSense Inc.) and were centered at the Fpl and
Fp2 positions according to the international 10-20 electro-
encephalography system. The source-to-detector spacing
of each probe was 3.0 cm. NIRS provides a robust meas-
ure of hemodynamic changes within a 2-3 cm depth from
the surface of the scalp."” The absorption of NIR was
measured with a time resolution of 0.1 s.

Data Analysis

Descriptive statistics were calculated for each variable.
Two-sample #-tests were used to compare each variable
between men and women.

We assessed the correlation between paranoia symp-
toms and [oxyHb] changes during VFT using partial cor-
relation analyses (adjusted for gender, age, and task per-
formance). Statistical analysis was performed using IBM
SPSS Statistics software (version 19 for Windows; IBM
Co., Armonk, NY, USA). The results are presented as
mean+tstandard deviation, and a two-sided p value of
<0.05 was considered statistically significant.

RESULTS

Characteristics of Subjects

The mean age of the subjects (50 men and 28 women)
was 20.0+1.1 years (Table 1). The mean JPC scores are
shown in Table 1. The frequency, conviction, and distress
scores were 17.58+6.40, 16.46+6.04, and 16.85+7.33,
respectively. The task performance was 14.8+4.0, and the
mean left prefrontal cortex (LPFC) and right prefrontal
cortex (RPFC) changes in [oxy-Hb] were 0.013+0.017 au
and 0.012+0.018 au, respectively (Table 1). There were no
significant differences between the two groups in terms of
age (t=—1.882, p=0.064), frequency scores (t=—0.927,
p=0.357), conviction scores (t=—0.347, p=0.73), distress
scores (t=1.073, p=0.286), task performance (t=—1.319,
p=0.191), [oxy-Hb] changes in LPFC (t=—1.153,
p=0.253), and [oxy-Hb] changes in RPFC (t=—1.405,
p=0.164).

Correlation between Paranoia Symptoms and Changes
in the Concentration of Oxygenated Hemoglobin during
the Task

Table 2 lists the correlations between JPC and [oxy-Hb]
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Table 1. Subject demographics by gender

Total (n=78) Men (n=50) Women (n=28) p value
Age (year) 20.0£1.1 20.12+1.24 19.64+0.68 0.064
Frequency score of JPC 17.568+6.40 18.08+6.57 16.68+6.1 0.357
Conviction score of JPC 16.46+6.04 16.64+6.14 16.14+5.95 0.73
Distress score of JPC 16.85+7.33 16.18+7.22 18.04+7.51 0.286
Verbal fluency test 14.8+4.0 15.22+3.92 13.98+4.12 0.191
(oxy-Hb) changes in LPFC (au) 0.013+0.017 0.015+0.019 0.01+0.013 0.253
(oxy-Hb) changes in RPFC (au) 0.012+0.018 0.014+0.02 0.008+0.012 0.164

Values are presented as meanzstandard deviation.
All tests were p>0.05.

JPC, Japanese version of the Paranoia Checklist; LPFC, left prefrontal cortex; RPFC, right prefrontal cortex; (oxy-Hb), concentrations of

oxygenated hemoglobin.

Table 2. Correlation between JPC and changes in (oxy-Hb)
during task performance

LPFC p value RPFC p value

Frequency score of JPC  0.000 0.997 —0.006 0.962
Conviction score of JPC  0.019 0.868 —0.048 0.681
Distress score of JPC 0.092 0.432 0.026 0.823

All tests were p>0.05.

JPC, Japanese version of the Paranoia Checklist; LPFC, left
prefrontal cortex; RPFC, right prefrontal cortex; (oxy-Hb),
concentrations of oxygenated hemoglobin.

changes during the task. LPFC and RPFC [oxy-Hb]
changes during VFT did not correlate significantly with
frequency (LPFC: r=0.000, p=0.997; RPFC: r=—0.006,
p=0.962), conviction (LPFC: r=0.019, p=0.868; RPFC: r=
—0.048, p=0.681), and distress scores (LPFC: r=0.092,
p=0.432; RPFC: r=0.026, p=0.823).

DISCUSSION

The main results of the present study show that the fre-
quency, conviction, and distress scores of the symptoms of
paranoia were not significantly correlated with the
changes in LPFC and RPFC [oxy-Hb] during task per-
formance. Several studies have demonstrated impair-
ments of various areas of cognitive function in paranoid
schizophrenia patients.S’M'”) In addition, attention defects
negatively affect other cognitive functions."” Because dif-
ferent hemodynamic response patterns are observed in the
PFC sub-regions, according to the clinical stages of psy-
chosis, distinct responses are expected in healthy subjects
with paranoia who are not overt psychosis patients.lg’zo)
Moreover, our results are consistent with those reported
by Hori et al.,”" who showed that paranoid ideation was
not significantly correlated with prefrontal activation dur-
ing VFT in healthy subjects. Therefore, our findings sug-
gest that paranoia symptoms did not negatively influence
prefrontal activation in healthy subjects. However, Hori et

al* reported that unusual perceptual experiences, social

anxiety, and odd speech were correlated with prefrontal
activation in healthy subjects. Therefore, it is necessary to
examine in detail the relationship between prefrontal acti-
vation and other symptoms of schizophrenia in healthy
subjects in future studies.

There are several limitations to this study. First, because
it was cross-sectional, it precludes making firm con-
clusions regarding a causal relationship between pre-
frontal activation and symptoms of paranoia. Therefore,
in the future, a longitudinal study may reveal the relation-
ship between brain activation and degree of paranoia.
Second, the NIR spectrometer was equipped with only
two channels; therefore, only limited areas of the brain
were measured. Future studies using a multichannel in-
strument are required. Third, loss of sleep causes a sig-
nificant increase in paranoia scores.”” This was not taken
into account here, but it will be in the future study.

In conclusion, the present results show that in the symp-
toms of paranoia did not negatively affect prefrontal acti-
vation during performance of a task in healthy subjects.
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