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Objective  Schneiderian first-rank symptoms (FRS) and abnormal EEG gamma activity in schizophrenia have been reported indepen-
dently to have a neurodevelopmental basis. We aimed to investigate spontaneous gamma power in two groups of first episode schizophre-
nia patients (those who experience FRS and those who do not).

Methods A comparative hospital based study having 37neuroleptic naive male patients with schizophrenia divided into two groups-
FRS(+) and FRS(-) groups based on the presence of FRS. Thirty age, sex, education and handedness matched individuals served as con-
trols (N). All participants underwent a 192-channel resting Electroencephalography (EEG) recording. Gamma spectral power was cal-
culated for low- (30-50 Hz) and high-gamma 1 & 2 (51-70 and 71-100 Hz) bands. Spectral power was compared between three groups
using MANOVA and supplementary one-way ANOVA with Bonferroni test controlling for multiple comparisons. Linear regression was
used to identifying predictor variables for FRS. Pearson correlation coefficient was computed between spectral power parameters and
various clinical variables.

Results  Significantly higher high gamma band-1 power was observed over right frontal (p<0.05), parietal (p<0.05) and temporal
(p<0.05) regions in FRS(+) than FRS(-) group and normal controls. Right parietal high gamma-1 power and paranoid cluster on PANSS
significantly predicted number of FRS in total schizophrenia patients; paranoid cluster on PANSS showed significant correlation with
number of FRS in FRS(+) group.

Conclusion  Findings of our study add to the evidence that areas contained within the hetero modal association cortex are associated with FRS.
The study findings also strengthen the neurodevelopmental basis of FRS in schizophrenia. Psychiatry Investig 2014;11(4):467-475
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INTRODUCTION

Various symptom dimensions- positive, negative, and cog-
nitive have been described in patients of schizophrenia.' Each
of these dimensions has an interactive effect on one other.
The First Rank Symptoms (FRS) of schizophrenia described
by Kurt Schneider? represent such an interaction. Where on
one hand paranoia is fundamental to FRS and these symptoms
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are reported most commonly by patients of positive schizo-
phrenia, on the other hand aberrant sensory systems and ab-
normalities in sensory processing have been proposed to un-
derlie these symptoms.® These sensory processing abnor-
malities cease a patient’s ability to distinguish self from others
and, thoughts from actions. Schizophrenia patients experi-
encing FRS distinguish themselves from patients experienc-
ing psychotic symptoms other than FRS in terms of specific
symptom clusters,** specific abnormalities on neuroimaging
(e.g., inferior parietal lobule cortical thickness),® neuropsy-
chology (time discrimination deficits)” and poorer long term
prognosis especially in acute phase.®

Neural oscillations in the gamma range (>30 Hz) play an
important role in the development and maturation of cogni-
tive functions like sensory processing.>" Not surprisingly, var-
ious studies have shown that gamma oscillations are abnor-
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mal in schizophrenia patients."" There are several hypotheses
that suggest a neurodevelopmental basis for gamma oscilla-
tions' and hence there has been a speculation that abnormal
gamma oscillations could provide support to the neurode-
velopmental hypothesis of schizophrenia. First empirical evi-
dence that developmental insults leading to aberrant cortical
networks may be responsible for abnormal gamma oscillations
in schizophrenia has come in the form of increased gamma
power and synchrony in schizophrenia with higher number
of minor physical anomalies.”” FRS on the other hand are also
being proposed to have a neurodevelopmental basis.*”* Struc-
tural abnormalities of the inferior parietal lobule, found to
have an association with FRS in neuroleptic naive schizophre-
nia patients,® has been reported to be developmentally influ-
enced." Imbalances of regional gray matter volumes and func-
tional connections of the inferior parietal lobule have also
been found in developmental disorders like fragile X syndro-
me, Williams syndrome and Autism spectrum disorders.>'°

Considering the functional aspects, computational models
describing neuronal chains for the sensorimotor integrating
function of inferior parietal lobule primarily include gluta-
minergic and GABAergic neurotransmission."” Moreover, glu-
taminergic and GABAergic neurotransmission forms the ba-
sis for functional and connectional organization of the human
inferior parietal lobule.”® Hypothetically, abnormal glutamin-
ergic and GABAergic functions might either underlie or oc-
cur simultaneously with structural deficits in the inferior pa-
rietal lobule, together leading to FRS in schizophrenia patients.
Interestingly, anomalies in the networks of glutaminergic and
GABAergic neurotransmission networks have been strongly
implicated in the pathophysiology of dysfunctional gamma
oscillations." Relation between abnormal gamma oscilla-
tions and FRS in schizophrenia has not yet been explored. Ad-
ditionally, among the gamma oscillations, spontaneous ones
are the least studied despite evidence showing close associa-
tion between cognitive performance and cortical functional
connectivity at rest."*°

Although, endophenotypic nature of gamma abnormalities
in schizophrenia has been emphasized, there is evidence that
abnormal gamma oscillations are related to the core dimen-
sions of schizophrenia- positive and negative symptoms.'""
Surprisingly however, there are few studies which aimed at
studying the correlation between duration of untreated psy-
chosis and gamma oscillations in schizophrenia.

Considering all these issues, we aimed to investigate sponta-
neous gamma power in two groups of neuroleptic naive first
episode schizophrenia patients (those who experience FRS
and those who do not) in comparison to normal controls us-
ing dense array EEG. We also aim to study the correlation be-
tween age of onset of psychosis, duration of untreated psycho-
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sis and abnormal gamma oscillations. Specifically, we hypo-
thesized that patients with FRS would have significantly dift-
erent spontaneous gamma power when compared to patients
without FRS suggesting schizophrenia patients with FRS as a
distinct subgroup of schizophrenia.

METHODS

The study was approved by the Institute Ethics Committee
of Central Institute of Psychiatry (CIP), Ranchi, India. Written
informed consent was taken from all the participants (and
their legally qualified representatives in case of patients) be-
fore enrolling them for the study.

Data collection and participants

From the institute’s research database, EEG data of schizo-
phrenia patients recorded on 192-channel EEG was retrieved.
This consisted of data of dissertations and theses whose in-
clusion and exclusion criteria were similar. All the patients
were recruited by purposive sampling. They were in the age
group of 18-50 years, having a diagnosis of schizophrenia as
per ICD-10 DCR.*' Patients having history of neurological
illness, significant head injury, co-morbid substance depen-
dence (excluding nicotine and caffeine), other psychiatric dis-
order or history of electroconvulsive therapy within previous
6 months were excluded. EEG data recorded on 192 channels
was retrieved from the institute’s EEG database. Out of a total
of 107 recordings, data of 7 patients was dropped due to insuf-
ficient artifact free EEG. Of the remaining 100, 37 EEG re-
cordings belonged to neuroleptic naive first episode schizo-
phrenia patients. Case record files (18 page record, where 3
pages are meant for the mental status examination and two
pages for consultant psychiatrists notes) of these 37 patients
were thoroughly studied for documentation of first rank
symptoms. FRS are assessed according to definitions given
by Mellor* in all the cases of psychoses. Eleven symptoms de-
scribed by Mellor include the following: audible thoughts,
voices arguing, voices commenting, thought insertion, thou-
ght withdrawal, thought broadcast, made feelings, made im-
pulses, made volitions, somatic passivity and delusional per-
cept.”* 17 out of 37 patients were reported of experiencing one
or more FRS. Presence of FRS was unequivocally established
(FRS documented on 2 or more mental status examinations
and seconded by a consultant psychiatrist). EEG data of 30
(age, sex, education and handedness matched) normal con-
trols, recorded on 192 channel EEG, was also retrieved.

Clinical assessment
Relevant socio-demographic and clinical data of all the par-
ticipants was collected. Handedness was assessed using the



Sidedness Bias Schedule (SBS)-Hindi version.” Baseline se-
verity of psychopathology in patients was evaluated by admin-
istering the Positive and Negative Syndrome Scale (PANSS).**
Cluster scores were also obtained from PANSS-Anergia (N1+
N2+G7+G10), Thought disturbance (P2+P3+P5+G9), acti-
vation (P4+G4+G5), paranoid/belligerence (P6+P7+G8) and
depression (G1+G2+G3+G6). Healthy controls were screened
with General Health Questionnaire (GHQ)-12);* only those
with scores less than 3 were included.

EEG recording

All participants had undergone an EEG recording at the
Centre for Cognitive Neurosciences, CIP. Recording was car-
ried out between 0900 and 1200 hours and participants were
advised to avoid use of tea, coffee or nicotine for at least one
hour before recording. Ten minutes of spontaneous resting
EEG was recorded for each participant, while sitting, eyes
closed, on a reclining chair in a sound attenuated room. A cus-
tom-made scalp cap with 192 Ag-Ag/Cl electrodes (Electro-
Cap International, Inc., OH, USA) placed according to the
international 10-5 system,” referred to linked ear lobes, was
used (Figure 1). Eye movement potentials were monitored
using right and left electro-oculogram (EOG) channels. Elec-
trode impedance was kept <5 kQ). EEG was filtered (time con-
stant -0.1 sec, high frequency filter -120 Hz) and digitized (sam-
pling rate -512 Hz, 16 bits) using Neurofax EEG-1100K (Ni-
hon-Kohden, Tokyo, Japan).

Spectral power analysis
First sixty-second epochs of artifact-free EEG data were vi-

SK Tikka et al.

sually selected from each recording after carefully excluding
segments with eye movement, blink and electromyogram
(EMG), movement, electrode, and perspiration artifacts or dr-
owsiness changes. Selected EEG epochs were recomputed
against common average reference. Spectral power, expressed
in uV, (fast Fourier transform routine, Homming window) was
calculated using Welch’s averaged periodogram method.”
Frequencies between 30 and 100 Hz were analyzed, divided
into low-gamma (30-50 Hz) and High-gamma (51-70 Hz,
71-100 Hz) bands, with a resolution of 0.25 Hz. Spectral pow-
er was averaged region-wise (right and left frontal, parietal,
temporal and occipital, and central) (Figure 1). Matlab 7.0
version (The MathWorks, Inc., MA, USA) was used for EEG
analysis.

Statistical analysis

Patients were divided into two groups [FRS(+) and FRS(-)]
depending on whether they experienced any first rank symp-
toms of schizophrenia or not respectively. Group differences
for the continuous and categorical variables were computed
using one-way ANOVA and Fisher’s exact test, respectively.
Comparison of clinical variables between the FRS(+) and
FRS(-) groups was done using Independent t-test and Fisher’s
exact test. As the spectral power and coherence data were not
normally distributed (Shapiro-Wilk test), normalization was
achieved by log and Fisher’s z transformation, respectively, as
recommended by ‘neurometrics’”®” The schizophrenia group
(SCZ, n=37) was compared with healthy controls using In-
dependent t-test on spectral power data (transformed). Mul-
tifactorial ANOVA for comparison of two subgroups with

0

193017

¢

[
o
[S)
oan
o

corn

8

50:0]07030:0:050

£Q
ofe
30

oiejore}

g
7

(X ]

@

@ Right frontal @ Left frontal @ Right parietal @ Left parietal

© Left temporal ~ © Right occipital

@ Left occipital

50

Figure 1. Placement of the electrodes

Right t 1 according to the 10-5 system. Color
O Right tempora codes show the region wise distribution
@ Central of electrodes used for spectral power

and coherence computations.

www.psychiatryinvestigation.org 469



First Rank Symptoms and EEG in Schizophrenia

healthy controls was performed with gamma band frequency
(3 levels: low, high 1, and high 2), laterality (2 levels: right and
left) and regions (4 levels- frontal, parietal, temporal and oc-

cipital). Supplementary one-way ANOVA with post-hoc Bon-
ferroni test was used to analyze the directionality of the group
main effect and to control for multiple comparisons. We per-

Table 1. Sample characteristics

FRS(+) (N=17) FRS(-) (N=20) Normal (N=30) F/¢ df p
Age (years), meantSD 25.76+4.37 24.95+4.95 23.80+2.91 1.41 64  0.253
Marital status, N (%)
Married 9(53) 10 (50) 14 (47) 023 1 0951
Unmarried 8(47) 10 (50) 16 (53)
Education, N (%)
<10 years 14 (82) 17 (85) 24 (80) 4.56 1 0.853
>10 years 3(18) 3(15) 6 (20)
Occupation, N (%)
Employed 5 (28) 5 (25) 22 (73) 14.24 1 0.001%
Unemployed 12 (72) 15 (75) 8 (27)
Residence, N (%)
Rural 15 (88) 17 (85) 24 (80) 468 1 0784
Urban 2 (12) 3 (15) 6 (20)
Socio-economic status
Lower 7 (41) 13 (65) 8 (27) 7.13 2 0111
Middle 8 (47) 6 (30) 18 (60)
Upper 2 (12) 1(5) 4 (13)
Family psychiatric illness, N (%)
Significant 3(18) 5(25) 0 (0) 8.66 1 0.007**
Insignificant 14 (82) 15 (75) 30 (100)
**p<0.01. FRS: first-rank symptoms
Table 2. Clinical characteristics
FRS(+) (N=17) FRS(-) (N=20) t df p
Age of onset of psychosis 23.82+4.23 23.55+5.04 0.73 35 0.861
Duration of untreated psychosis (months), mean+SD 12.4715.61 14.30£7.62 1.04 35 0.419
Schizophrenia subtypes
Paranoid 9 (53) 7(35) 1.73 2 0458
Undifferentiated 5(29) 10 (50)
Unspecified 3(18) 3(15)
PANSS, mean+SD
Positive syndrome 27.06£6.42 25.10£6.49 0.03 35 0.498
Negative syndrome 21.65%5.68 22.30%5.18 0.11 35 0.717
General psychopathology 48.47+5.04 45.15+8.69 2.39 35 0.174
Total 97.06+11.39 92.55+15.43 0.41 35 0.326
PANSS (Cluster scores), mean+SD
Anergia 12.06£1.78 13.00£1.52 -1.73 0.092
Thought disturbance 17.5311.62 17.35%1.27 0.37 0.708
Activation 10.41£1.12 8.70£1.13 4.61 <0.001
Paranoid/belligerence 14.53+1.46 11.15+1.18 7.77 <0.001
Depression 8.6510.86 8.351£0.93 0.99 0.325

PANSS: Positive and Negative Syndrome Scale, FRS: first-rank symptoms
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formed a linear regression analysis for total schizophrenia pa-
tients (n=37) with FRS number as dependent variable and
PANSS scores and significant gamma spectral measures as in-
dependent variables using separate entry and stepping meth-
od with F value of 3.84 for entry and 2.71 for removal. Subse-
quently we computed Pearson correlation coefficients in the
FRS(+) (n=17) and FRS(-) groups (n=20) between FRS num-
ber, PANSS scores and significant gamma spectral measures.
Additionally, a linear regression analysis for PANSS scores as
predictor variables for gamma spectral power (in areas where
significant variation across groups and subgroups was found)
was performed. The level of significance was kept at 0.05.
Statistical analysis was done using Statistical Package for So-

SK Tikka et al.

cial Sciences version 19.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Socio-demographic and clinical profile

Sample characteristics have been summarized in Table 1.
The three groups were comparable in terms of socio-demo-
graphic characteristics, except occupation. Significantly higher
number of healthy controls were employed as compared to
patients in both the schizophrenia groups (p<0.01). Also, posi-
tive family history of psychiatric illness was absent in signifi-
cantly higher number of healthy controls than both the schi-
zophrenia groups (p<0.01). The two patient groups were com-

Table 3. Comparison of spectral power in the low-gamma (30-50 Hz, LG), and high-gamma (51-70 Hz, HG1 and 71-100 Hz, HG2) bands
across schizophrenia (SCZ) and healthy controls (HC); and, FRS(+), FRS(-) sub groups, and healthy controls (HC)

SCZ HC SCZ-HCt FRS (+) FRS(-)  FRS(+)/FRS (-)/HC*
Regions Band (N=37) (N=30) t (df=65) (N=17) (N=20) F
(mean£SD) (meantSD)  SCZ/HC (mean£SD) (mean®SD)  (df=64) b
Right frontal LG 2.66+1.77 2.091+0.95 1.59 0.116 2.58+1.58 2.73+1.96 1.30 0.279
HG1 0.49+0.87 0.30£0.26 1.16 0.252 0.77£1.19 0.24+0.28 3.83 0.027*§
HG2 1.78+1.20 1.59£1.03 0.67 0.507 1.82+1.34 1.74£1.09 0.25 0.783
Left frontal LG 1.27£1.08 0.74+0.54 245 0.017* 1.19£0.96 1.35£1.20 3.11 0.051
HG1 0.64+1.26 0.35+0.42 1.18 0.243 0.65t1.61 0.631£0.90 0.69 0.507
HG2 0.60£1.71 0.30£0.55 0.91 0.365 0.91+2.48 0.3410.47 1.27 0.288
Right parietal LG 2.08+1.42 1.62+0.77 1.59 0.117 1.92+1.28 222+1.54 1.54 0.222
HG1 0.52+1.17 0.17£0.15 1.61 0.111 0.81£1.65 0.2610.38 3.25 0.045*S
HG2 1.57+1.21 1.1710.72 1.57 0.121 1.50+1.16 1.62+1.27 1.29 0.283
Left parietal LG 0.561+0.63 0.31+0.34 1.95 0.044* 0.451+0.58 0.661+0.67 2.66 0.077
HG1 0.99+1.98 0.51+0.46 1.29 0.203 1.04+2.71 0.94+1.11 0.83 0.439
HG2 0.74+2.60 0.19+0.21 1.16 0.250 1.16+3.81 0.39+0.47 141 0.251
Right temporal LG 3.524+2.13 3.41%+1.25 0.26 0.794 3.641+2.11 3.421+2.18 0.11 0.900
HG1 1.28+1.28 1.18+0.59 0.38 0.704 1.74+1.50 0.881+0.92 3.56 0.034*§
HG2 3.3242.04 322+1.18 0.24 0.814 3.48+2.19 3.18+1.94 0.18 0.840
Left temporal LG 1.13+0.78 0.89+0.70 1.31 0.196 0.931+0.65 1.291+0.85 2.01 0.142
HG1 0.98+1.81 0.37+0.54 1.78 0.079 0.641+1.48 1.26+2.08 2.54 0.087
HG2 0.98+1.47 0.59+0.57 1.37 0.174 1.07+1.93 0.8910.95 1.04 0.359
Right occipital LG 1.34+1.47 1.19+1.30 0.44 0.665 1.61+1.63 1.11+1.31 0.69 0.507
HG1 0.83+1.84 0.26£0.30 1.66 0.102 1.08+2.58 0.61£0.83 1.93 0.154
HG2 0.98+2.34 0.44+0.71 1.23 0.222 1.63£3.29 0.42+0.70 2.99 0.057
Left occipital LG 2.98+2.05 2.55+1.52 0.94 0.351 2.92+1.70 3.02£2.35 0.45 0.641
HG1 0.96t1.41 0.56+0.49 1.48 0.143 1.28+1.53 0.68t1.27 2.55 0.086
HG2 2.07£1.55 1.75£0.90 1.00 0.320 2.11+1.34 2.03t1.74 0.51 0.602
Central LG 1.84+1.39 1.23+1.06 1.99 0.051 1.83+1.47 1.84+1.35 1.94 0.152
HG1 0.46+1.50 0.12+0.20 1.23 0.222 0.80£2.18 0.1610.14 2.31 0.107
HG2 1.08+1.79 0.591+0.44 1.46 0.148 1.27+2.53 0.92+0.77 1.37 0.261

*p<0.05, fcomparison between SCZ and HC groups was done using independent sample t test, *comparison between FRS(+), FRS(-) and HC
groups was done using ANOVA, Spost-hoc tests showed values for FRS(+) were significantly greater than FRS(-) and healthy control groups.

FRS: first-rank symptoms
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parable on age of onset of psychosis, duration of untreated
psychosis as well as individual and composite PANSS scores
(Table 2). Table 2 also shows that among the PANSS cluster
scores, ‘activation’ and ‘paranoid/belligerence’ were signifi-
cantly higher in the FRS(+) group than the FRS(-) group; ‘an-
ergia’ ‘thought disturbance’ and ‘depression’ scores showed no
significant difference.

First rank symptoms

Among the 17 patients who were experiencing FRS, 2 pa-
tients had 4 FRS each; 2 patients had 3 FRS each; 6 patients
had 2 FRS; and remaining 7 patients had 1 FRS. Most frequent
FRS found was auditory hallucinations with voices comment-
ing in 3rd person (64.7%), followed by thought broadcast
(52.9%) and somatic passivity (29%). Other FRS present in the
sample were thought insertion and made volition (11.8%) each.

Spontaneous gamma (>30 Hz) spectral power
Comparison between schizophrenia group (n=37) and he-
althy controls (n=30) showed that low gamma band (30-50
Hz) power was significantly higher in the patients group than
the controls in left frontal (p<0.05) and left parietal (p<0.05)
regions (Table 3). MANOVA for comparison of 2 subgroups
[i.e, FRS(+) and FRS(-)] and controls showed significant in-
teraction effect for lateralityXregionxgroup (Roy’s largest
root=0.142; F=2.975; p<0.05) and for gamma band xlaterality
xregionXgroup (Roy’s largest root=0.306; F=3.058; p<0.05).
No significant interaction was found for gamma bandxgroup
(Roy’s largest root- 0.016; F=0.526), lateralityXgroup (Roy’s
largest root=0.027; F=0.877), regionxgroup (Roy’s largest
root=0.035; F=0.740), gamma bandXlateralityXgroup (Roy’s
largest root=0.083; F=2.646) and gamma bandxregionx
group (Roy’s largest root=0.199; F=1.989). Supplementary

FRS-number
[38)
w
T
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Paranoid

Figure 2. Scatter plot showing the correlation between FRS num-
ber and the core on paranoid sub cluster of PANSS in patients of
schizophrenia with FRS. FRS: first-rank symptoms, PANSS: Posi-
tive and Negative Syndrome Scale.
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one way ANOVA (Table 3) showed significant difference
among three groups (i.e., FRS(+), FRS(-) and normal con-
trols) in high gamma band-1 (51-70 Hz) power over right
frontal (p<0.05), parietal (p<0.05) and temporal (p<0.05) re-
gions. Post-hoc tests revealed significantly higher high-gam-
ma-1 power (51-0 Hz) for these regions in FRS(+) group
than FRS (-) group and normal controls. A similar trend was
observed over the left temporal region, though it did not reach
the significance level of <0.05. Spectral power in the low-gam-
ma band (30-50 Hz) and the high gamma band-2 (71-100
Hz) did not show any significant difference while comparing
the three groups.

Regression and correlation analyses

Stepwise linear regression analysis found paranoid cluster
on PANSS (R=0.798; Constant=-4.765; p<0.01) and right pa-
rietal high gamma-1 power (R=0.338; Constant=-0.715; p<
0.05) as predictor variables for number of FRS in total schizo-
phrenia patients (n=37). Paranoid cluster on PANSS and right
parietal high gamma-1 power combined together (R=0.823;
Constant=-4.619; p<0.05) too predicted the number of FRS.
Among sub groups, paranoid cluster on PANSS showed sig-
nificant correlation with number of FRS (r=0.562; p<0.05) in
FRS (+) group (Figure 2 shows the scatter plot). No correla-
tion between any of the PANSS scores and gamma spectral
power values were found.

Additional linear regression analysis for PANSS scores as
predictor variables for gamma spectral power (in areas where
significant variation across groups and subgroups was found)
showed no significance.

DISCUSSION

Results show schizophrenia patients have increased gamma
spectral power in low gamma band (30-50 Hz) than the con-
trols in the left frontal and parietal regions. Abnormalities of
the gamma activity are well documented in schizophrenia.

3031 35 well as decrease®™*

Both increase in the power and syn-
chrony of spontaneous gamma activity has been reported. A
study using dense array EEG and unmedicated schizophrenia
patients has shown similar increased gamma spectral power.?
This discrepancy may in part be explained by the heteroge-
neous profiles of schizophrenia patients in these studies. This
heterogeneity might as well explain the discrepancy in the cor-
relation analysis. The study results fail to show correlation of
positive symptoms with increased gamma power as reported
previously in studies on spontaneous, evoked and induced
gamma power and synchronization.***

Significant interaction effect for gamma band, laterality and

region with group was found in the study. Interestingly, spec-



tral power in the high-gamma band-1 (51-70 Hz) is signifi-
cantly higher in the FRS(+) group; specifically right frontal,
parietal and temporal regions. Interest in studying the physi-
ological role of high-gamma activity (>50 Hz) and its abnor-
malities in schizophrenia is a recent development. High-gam-
ma oscillations seem be distinct in terms of temporal, spatial
and functional specialization from low-gamma activity.” As
there are no studies of gamma activity in schizophrenia based
on the presence or absence of FRS, further research is needed
to understand the pathophysiological significance of abnor-
mal high-gamma activity in schizophrenia and specifically in
schizophrenia patients with FRS in the context of this study.

While the abnormalities in gamma activity are found in the
low gamma band on left sided regions when schizophrenia
patients, in general, are compared to controls, patients with
FRS showed abnormal gamma power in high gamma band 1
on right sided areas. This finding emphasizes that apart from
clinical, neuroimaging, neuropsychological and prognostic
distinctions, schizophrenia patients with FRS are unique in
terms of pattern of abnormal dense array gamma activity. Be-
tween FRS(+) and FRS(-) groups, significant differences are
found in the right cortical regions specifically frontal, parietal
and temporal. Moreover, right parietal power in high gamma
band 1 along with PANSS paranoid cluster predicted number
of FRS. These regions are comparable to the constituent re-
gions forming hetero modal association cortex." These re-
gions are particularly important for integration and appraisal
of visual, auditory and tactile sensory information and are in
turn crucial for ‘awareness of self’**** Abnormalities in the
process of ‘awareness of self” have been hypothesized to un-
derlie the experience of FRS in schizophrenia.’ Findings of our
study add to the evidence that areas contained within the het-
ero modal association cortex are associated with FRS. Further,
‘increase’ in gamma power in patients with FRS supports the
association between functional hyperactivity in these regions
and FRS.* Moreover, right parietal spectral power in high
gamma band 1 predicted number of FRS. This suggests that
division of patients with schizophrenia based on the number
of FRS to study gamma spectral power is apt to a certain ex-
tent as well.

Aberrations in multimodal cortical networks have been sh-
own to be having neurodevelopmental underpinnings.’* In
light of these findings, FRS have been suggested to have a neu-
rodevelopmental basis.® On the other hand, aberrations in
gamma oscillatory activity have also been proposed to be de-
velopmentally modulated."' Presence of significantly increased
gamma power in schizophrenia patients with FRS in the pres-
ent study strengthens neurodevelopmental basis of FRS in
schizophrenia. Patients recruited in the study were neurolep-
tic-naive; hence effect of antipsychotic treatment is negated.
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Moreover, patients sub-groups did not differ on duration of
untreated psychosis and there was no significant correlation
between duration of illness and abnormalities in gamma ac-
tivity; this rule out the possibility that increased gamma power
is due to the progression of illness. Further, to clarify whether
the two groups differed on thought disturbance or not, we ex-
tracted cluster scores of PANSS (given in Table 2). Compari-
son of cluster scores showed that although ‘thought distur-
bance’ did not differ across the two groups, activation and
paranoid/belligerence were significantly higher in the FRS
(+) group than the FRS(-) group. Paranoid cluster score on
PANSS was found as a predictor for the number of FRS in
the total schizophrenia group and it showed significant cor-
relation with FRS in patients with FRS. This suggests that
FRS in the given group is related to thought ‘content’ than
thought forny’ Lack of significant correlation between thought
disturbance and gamma power rules out the possibility of ab-
normal gamma power being associated with thought-form in
the given sample.

Recruitment of patients with first episode psychosis in the
present study is particularly crucial while explaining neurode-
velopmental basis as the period of onset of psychosis is relat-
ed to over pruning of synaptic connections.* This is the period
during which changes in the GABAergic neurotransmission
and myelination of axonal fibres occurs and is compatible
with maturation of gamma activity during this period.*® Ani-
mal studies show a shift from increased expression of GABA
a, subunit in early life to o, subunit as development proceeds,
which is consistent with the predominant alexpression in
parvalbumin (PV)-positive basket cells involved in the gen-
eration of gamma activity.**** Observations from the present
study support the implication that abnormal GABAergic neu-
rotransmission might be associated with aberrations in mul-
timodal cortical networks during neurodevelopment and
hence may underlie genesis of FRS.

Identifying diverse sub groups of schizophrenia based on
electrophysiological measures has found new interest. Schizo-
phrenia patients with higher number of minor physical anom-
alies'” and with history of homicide® are proposed to repre-
sent distinct subtypes of schizophrenia based on presence of
increased gamma oscillatory activity. Investigation into the
association between various developmental abnormalities,
violence and FRS may be conducted in future and also observe
whether presence of these variables together could classify
patients with schizophrenia better.

Strengths and limitations of the study

Division of patients based on FRS in the present study
formed two relatively homogeneous groups; overcoming the
problem of heterogeneity. There is evidence that antipsychot-

www.psychiatryinvestigation.org 473



First Rank Symptoms and EEG in Schizophrenia

ic medications can alter gamma activity, which may explain
some of the discrepancy in studies.” Also, the use of common
reference for estimation of gamma synchrony in some stud-

ies remains an issue. Drug naive status before EEG recording

in our patients, use of averaged reference for estimation of
gamma synchrony, and the high spatial and temporal resolu-
tion offered by 192-channel EEG adds credibility to our find-
ings. Limited sample size, recruitment of only male subjects

and more importantly retrospective nature of assessment of

FRS are the major limitations of our study. Future studies with
larger sample size, evenly divided gender groups and prospec-
tive assessment of FRS might provide more robust evidence
for the association between FRS and gamma activity.

REFERENCES

1

10.

11.

12.

13.

14.

15.

. Andreasen NC, Carpenter WT Jr. Diagnosis and classification of schizo-

phrenia. Schizophr Bull 1993;19:199-214.

. Schneider K. Clinical Psychopathology. 5th Edition. New York: Grune&

Stratton; 1959.

. Frith CD, Blakemore S, Wolpert DM. Explaining the symptoms of

schizophrenia: abnormalities in the awareness of action. Brain Res Brain
Res Rev 2000;31:357-363.

. McGorry PD, Bell RC, Dudgeon PL, Jackson HJ. The dimensional

structure of first episode psychosis: an exploratory factor analysis. Psy-
chol Med 1998;28: 935-947.

. Kimhy D, Goetz R, Yale S, Corcoran C, Malaspina D. Delusions in indi-

viduals with schizophrenia: factor structure, clinical correlates and puta-
tive neurobiology. Psychopathology 2005;38:338-344.

. Venkatasubramanian G, Jayakumar PN, Keshavan MS, Gangadhar

BN. Schneiderian first rank symptoms and inferior parietal lobule cor-
tical thickness in antipsychotic-naive schizophrenia. Prog Neuropsy-
chopharmacol Biol Psychiatry 2011;35:40-46.

. Waters E Jablensky A. Time discrimination deficits in schizophrenia

patients with first-rank (passivity) symptoms. Psychiatry Res 2009;
167:12-20.

. Rosen C, Grossman LS, Harrow M, Bonner-Jackson A, Faull R. Diag-

nostic and prognostic significance of Schneiderian first-rank symp-
toms: a 20-year longitudinal study of schizophrenia and bipolar disor-
der. Compr Psychiatry 2011;52:126-131.

. Tallon-Baudry C, Bertrand O. Oscillatory gamma activity in humans

and its role in object representation. Trends Cogn Sci 1999;3:151-162.
Uhlhaas PJ, Pipa G, Neuenschwander S, Wibral M, Singer W. A new
look at gamma? High- (>60 Hz) g-band activity in cortical networks:
Function, mechanisms and impairment. Prog Biophys Mol Biol 2011;
105:14-28.

Uhlhaas PJ, Singer W. Abnormal neural oscillations and synchrony in
schizophrenia. Nat Rev Neurosci 2007;11:100-113.

Tikka SK, Nizamie SH, Das B, Katshu MZ, Goyal N. Increased sponta-
neous gamma power and synchrony in schizophrenia patients having
higher minor physical anomalies. Psychiatry Res 2013;207:164-172.
Rao NP, Venkatasubramanian G, Arasappa R, Gangadhar BN. Relation-
ship between corpus callosum abnormalities and schneiderian first
rank symptoms in antipsychotic naive schizophrenia. ] Neuropsychiatry
Clin Neurosci 2011;23:155-162.

Bassett DS, Bullmore E, Verchinski BA, Mattay VS, Weinberger DR,
Meyer-Lindenberg A. Hierarchical organization of human cortical
networks in health and schizophrenia. ] Neurosci 2008;28:9239-9248.
Fung LK, Quintin EM, Haas BW, Reiss AL. Conceptualizing neurode-
velopmental disorders through a mechanistic understanding of fragile X
syndrome and Williams syndrome. Curr Opin Neurol 2012;25:112-124.

474 Psychiatry Investig 2014;11(4):467-475

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

Cheng Y, Chou KH, Fan YT, Lin CP. ANS: aberrant neurodevelopment
of the social cognition network in adolescents with autism spectrum
disorders. PLoS One 2011;6:€18905.

Chersi E, Ferrari PE, Fogassi L. Neuronal chains for actions in the pari-
etal lobe: a computational model. PLoS One 2011;6:27652.

. Caspers S, Schleicher A, Bacha-Trams M, Palomero-Gallagher N,

Amunts K, Zilles K. Organization of the human inferior parietal lobule
based on receptor architectonics. Cereb Cortex 2013;23:615-628.
Hampson M, Driesen NR, Skudlarski P, Gore JC, Constable RT. Brain
connectivity related to working memory performance. ] Neurosci 2006;
26:13338-13343.

Song M, Zhou Y, Li J, Liu Y, Tian L, Yu C, Jiang T. Brain spontaneous
functional connectivity and intelligence. NeuroImage 2008;41:1168-
1176.

World Health Organization. The ICD-10 Classification of Mental and
Behavioral Disorders: Diagnostic Criteria for Research. Geneva: WHO;
1992.

Mellor CS. First rank symptoms of schizophrenia. I. The frequency in
schizophrenics on admission to hospital. II. Differences between indi-
vidual first rank symptoms. Br J Psychiatry 1970;117:15-23.

Mandal MK, Pandey G, Singh KS, Asthana SH. Hand preference in In-
dia. Int J psychol 1992;27:433-442.

Kay SR, Opler LA, Lindenmayer JP. The Positive and Negative Syn-
drome Scale (PANSS) for schizophrenia. Schizophr Bull 1987;13:261-
276.

Goldberg DP, William P. A User Guide to General Health Question-
naire. Windsor: NFER-Nelson; 1998.

Oostenveld R, Praamstra P. The five percent electrode system for high-
resolution EEG and ERP measurements. ClinNeurophysiol 2001;112:
713-719.

Welch PD. The use of fast fourier transform for the estimation of power
spectra: a method based on time averaging over short, modified peri-
odograms. IEEE Trans Audio Electroacoust 1967;15:70-73.

John ER, Prichep L, Easton P. Normative Data Banks and Neuromet-
rics: Basic Concepts, Methods and Results of Norm Constructions. In:
Gevins A, Remond A Z, Editors. Methods of Analysis of Brain Electric
and Magnetic Signals. Handbook of Electroencephalography and Clini-
cal Neurophysiology, Revised Series 1. Amsterdam: Elsevier, 1987, p.
449-495.

John ER, Prichep LS, Fridman J, Easton P. Neurometrics: computer-
assisted differential diagnosis of brain dysfunctions. Science 1988;239:
162-169.

Jalili M, Lavoie S, Deppen P, Meuli R, Do KQ, Cuenod M, et al. Dyscon-
nection Topography in schizophrenia with state-space analysis of EEG.
PLoS One 2007;2:€1059.

Venables NC, Bernat EM, Sponheim SR. Genetic and disorder-specific
aspects of resting state EEG abnormalities in schizophrenia. Schizophr
Bull 2009;35:826-839.

Yeragani VK, Cashmere D, Miewald ], Tancer M, Keshavan MS. De-
creased coherence in higher frequency ranges (beta and gamma) be-
tween central and frontal EEG in patients with schizophrenia: a prelimi-
nary report. Psychiatr Res 2006;141:53-60.

Rutter L, Carver FW, Holroyd T, Nadar SR, Mitchell-Francis J, Apud J, et
al. Magnetoencephalographic gamma power reduction in patients with
schizophrenia during resting condition. Hum Brain Mapp 2009;30:3254-
3264.

Lee KH, Williams LM, Haig A, Gordon E. “Gamma (40 Hz) phase syn-
chronicity” and symptom dimension in schizophrenia. Cogn Neuro-
psychiatry 2003;8:57-71.

Lee SH, Wynn JK, Green ME Kim H, Lee KJ, Nam M, et al. Quantitative
EEG and low resolution electromagnetic tomography (LORETA) imag-
ing of patients with persistent auditory hallucinations. Schizophr Res
2006;83:111-119.

Spencer KM, Nestor PG, Niznikiewicz MA, Salisbury DF, Shenton
ME, McCarley RW. Abnormal neural synchrony in schizophrenia. J



37.

38.

39.

40.

41.

42.

43.

Neurosci 2003;23:7407-7411.

Spencer KM, Nestor PG, Perlmutter R, Niznikiewicz MA, Klump MC,
Frumin M, et al. Neural synchrony indexes disordered perception and
cognition in schizophrenia. Proc Natl Acad Sci U S A 2004;101:17288-
17293.

Spencer KM, Salisbury DE, Shenton ME, McCarley RW. Gamma-band
auditory steady-state responses are impaired in first episode psychosis.
Biol Psychiatry 2008;64:369-375.

Spencer KM, Niznikiewicz MA, Nestor PG, Shenton ME, McCarley
RW. Left auditory cortex gamma synchronization and auditory halluci-
nation symptoms in schizophrenia. BMC Neurosci 2009;10:85.
Uhlhaas PJ, Linden DE, Singer W, Haenschel C, Lindner M, Maurer K,
et al. Dysfunctional long-range coordination of neural activity during
Gestalt perception in schizophrenia. ] Neurosci 2006;26:8168-8175.
Pearlson GD, Petty RG, Ross CA, Tien AY. Schizophrenia: a disease of
heteromodal association cortex? Neuropsychopharmacology 1996;14:1-
17.

Danckert J, SaoudM, Maruff P. Attention, motor control andmotor
imagery in schizophrenia: implications for the role of the parietal cor-
tex. Schizophr Res 2004;70:241-261.

Torrey EE Schizophrenia and the inferior parietal lobule. Schizophr Res

44.

45.

46.

47.

48.

49.

50.

SK Tikka et al.

2007;97:215-225.

Franck N, O'Leary DS, Flaum M, Hichwa RD, Andreasen NC. Cerebral
blood flow changes associated with Schneiderian first-rank symptoms
in schizophrenia. ] Neuropsychiatry Clin Neurosci 2002;14:277-282.
Feinberg I. Schizophrenia: caused by a fault in programmed synaptic
elimination during adolescence? J Psychiatr Res 1982-1983;17:319-334.
Uhlhaas PJ, Roux E Rodriguez E, Rotarska-Jagiela A, Singer W. Neural
synchrony and the development of cortical networks. Trends Cogn Sci
2009;14:72-80.

Fuchs EC, Zivkovic AR, Cunningham MO, Middleton S, Lebeau FE,
Bannerman DM, et al. Recruitment of parvalbumin-positive interneu-
rons determines hippocampal function and associated behavior. Neuron
2007;53:591-604.

Sohal VS, Zhang F, Yizhar O, Deisseroth K. Parvalbumin neurons and
gamma rhythms enhance cortical circuit performance. Nature 2009;
459:698-702.

Schug RA, Yang Y, Raine A, Han C, Liu J, Li L. Resting EEG deficits in
accused murderers with schizophrenia. Psychiatr Res 2011;194:85-94.
Hong LE, Summerfelt A, McMahon R, Adami H, Francis G, Elliott A,
et al. Evoked gamma band synchronization and the liability for schizo-
phrenia. Schizophr Res 2004;70:293-302.

www.psychiatryinvestigation.org 415



