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ABSTRACT Quantitative electroencephalography holds important role in some organic brain diseases. But It’s use 
is limited in psychiatric disorders like schizophrenia. Previous findings with the schizophrenia were not 

very consistent with clinical picture of patients. There is definitely altered brain structure in schizophrenia than healthy 
subjects. The aim of our study is to determine a specific pattern of qEEG for schizophrenia patients which can be use-
ful in early diagnosis and for prognosis. Drug naïve newly diagnosed 28 schizophrenia and 32 healthy subjects were 
gone through 300 seconds eye close supine resting EEG recording over 20 electrodes. Recorded data analyzed by fast 
Fourier transformation, and then absolute power analyzed by applying unpaired t- test. Schizophrenia Patients showed 
increased theta and beta activity then healthy subjects. This could be potentially used in early diagnosis and for prog-
nosis of  schizophrenia. 
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INTRODUCTION 
Schizophrenia is a profoundly disruptive, psychopathology 
that involves cognition, emotion, perception, and other 
aspects of behavior. Schizophrenia is characterized by dis-
turbances in thought and verbal behavior, perception, af-
fect, motor behavior and relationship to the external and 
internal milieu.[1]

The disorder usually begins before the age of 25 years 
and, persists throughout life, and it affects all social class-
es. Schizophrenia is equally prevalent in men and women 
wherein the onset of schizophrenia seems to predate in 
men as compared to that observed in women.  The peak 
age of onset of schizophrenia in men and women is 20 to 
25 years and 25 to 35 years, respectively. About 90% of 
patients on treatment for schizophrenia fall in the age – 
range of 15 to 55 years. Onset of schizophrenia before the 
age of 10 years or after the age of 60 years is extremely 
rare.[1]

Schizophrenia is found in all societies and geographical 
areas, and the incidence and prevalence rates are roughly 
comparable across the globe.[1]

A systemic review of 188 studies in 46 countries published 
between 1965 and 2002, estimated the median value for 
point prevalence at 4.6 per 1000 person and for lifetime 
at 7.2 per 1000. A systemic review of incidence data from 
some 160 studies from 33 countries, published between 
1965 and 2001, yielded a median value of 0.15 and mean 
value of 0.24 per 1000.[2] 

According to the World (Mental) Health Report 2001, 
about 24 million people world – wide suffer from schizo-
phrenia. The point prevalence of schizophrenia is about 
0.5 – 1 %. Schizophrenia is prevalent across racial, socio-
cultural and national boundaries, with a few exceptions in 
the prevalence rates in some isolated communities.

Electroencephalogram (EEG) continues to be painless, non 
– invasive, safe and objective investigations in psychiatry.[3] 
Among the laboratory indicators of  mental diseases qEEG 
findings are very helpful in epilepsy, polysomnography, lie 

detector, evoked potential studies etc. Previous studies 
which were started since 1929 has shown that psychiatric 
patients  exhibits various qEEG abnormalities , which are 
present in up to 80% of psychiatric patients as compared 
to 10% of healthy subjects.[4] There are practically no 
qEEG studies in mental disorders that did not find some 
qEEG abnormalities.[5]

During the last decade, more than 500 EEG and qEEG 
papers have reported well – designed studies, concurring 
that EEG and qEEG abnormalities are found in a high pro-
portion of psychiatric patients. But yet there is no such po-
tentially identified qEEG  pattern for diagnosis or for prog-
nosis of  schizophrenia. 

The present study was undertaken to evaluate the quan-
titative electroencephalographic (qEEG) pattern in the pa-
tients of schizophrenia.

Thus, the significance of qEEG parameters as possible bio-
logical markers of schizophrenia would be confirmed. 

MATERIAL AND METHODS
The study was conducted in the Upgraded department of 
Physiology in association with the department of  Psychia-
try, S.M.S. Medical College, Jaipur. The study design was 
Hospital based comparative type of observational study. 

Participants                                                                                
Twenty eight schizophrenia patients and thirty two healthy 
controls of age and sex matched were recruited in the pre-
sent study. The study group was recruited from the O.P.D. 
of Psychiatry department of S.M.S Medical College and At-
tached Hospitals, Jaipur and  control group was composed 
of age and sex matched healthy controls. The study was 
carried out after the approval of institutional ethics com-
mittee. In the schizophrenia group mean age was 31.03 
years, and in healthy control group it was 30.4 years. Out 
of the 28 of schizophrenia patients 21 were male and 07 
were female. Out of the 32 of healthy controls 20 were 
male and 12 were female.                          

patients of  schizophrenia were between  age of 18 – 40 
yrs. Drug-naïve or newly diagnosed patients  of  Schizo-
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phrenia according to the criteria of Diagnostic and Statis-
tical Manual of Mental Disorders, 4th Edition (DSM-iv TR 
2000) included in this study. Healthy subjects were Age 
and sex matched to schizophrenia patients. Healthy sub-
jects with no personal or family history of neurological/psy-
chotic disturbances were included in present study.

Procedure
Informed written consent was obtained from all the sub-
jects and patients who were enrolled in the present study. 
Following instructions had been given before EEG record-
ing: The subjects should shampoo hair the night before 
the test and use of hair cream, oils or spray afterwards was 
restricted. The controls and patient that comprised the 
study population was asked to avoid all food and drinks 
containing caffeine for 2 hrs before the test.

EEG was recorded using a stretchable cap which was posi-
tioned on the subject’s head according to known anatomi-
cal landmarks.[6]

Complete medical history and clinical examination were 
performed on all the patients. QEEG was done on all the 
patients and controls using BESS (brain electro scan soft-
ware) of the Axxonet System (India).                                                         

The 20 electrodes were positioned on the scalp according 
to the International 10-20 System with biauricular refer-
ence.[7] EEG was recorded for 300 seconds in eye closed 
resting supine position from frontal (Fz/Fp1/Fp2, F3/F4, 
F7/F8), temporal (T3/T4, T5/T6), central (C3/C4/Cz), pari-
etal (P3/P4/Pz), and occipital (O1/O2/Oz) regions. Imped-
ance was kept below 5 KΩ and electrical activities, ampli-
fied with a band – pass filter of 0.5 Hz – 30.0 Hz, digitized 
at sampling rate 256 Hz. Artifact – free epochs of 2 sec-
onds each was chosen and their spectral content evalu-
ated by means of Fast Fourier Transform analysis.[8] The 
following parameters were observed and evaluated. Ab-
solute power values (μV2) for individual segments of EEG 
spectrum of delta (0.5 – 4.0 Hz), theta (4.0 – 8.0 Hz), alpha 
(8.0 – 13.0 Hz) and beta (13.0 – 30.0 Hz) waves frequency 
were calculated. Absolute power is the logarithmic value of 
a variable in each frequency band of the EEG signals, cal-
culated with a root mean square algorithm. 

The Microsoft excel 2010 and Primer[9] of biostatistics ver-
sion 6.0 by Stanton A. Glantz: 2005 McGraw-Hill was used 
for statistically analysis of data. The unpaired ‘t’ Test was 
used for the comparison of all parameters among patients 
and control subjects. 

Results
Table 1 Absolute Power Of EEG Bands Of Delta, Theta, Alpha And Beta In 20 Electrodes, In Schizophrenia And 
Healthy Control

LEADS BANDS
DELTA THETA ALPHA BETA

MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D.

FP1
SCH. 15.62 13.76 6.53 5.12 3.74 2.00 4.41 2.23

HEALTHY 13.76 10.99 4.75 3.27 3.71 2.23 3.45 2.16

FP2
SCH. 20.66 13.78 8.16 4.65 4.97 1.81 6.19 2.40
HEALTHY 15.66 9.16 5.41 3.64 4.17 2.43 4.26 2.43

F3
SCH. 15.82 7.41 7.32 4.77 4.59 1.92 5.44 2.69

HEALTHY 12.79 6.51 5.10 2.97 4.01 2.12 3.53 1.59

F4
SCH. 10.96 9.90 4.73 5.49 2.51 2.48 3.61 4.00

HEALTHY 9.06 4.36 3.18 1.73 2.61 1.67 2.54 1.24

C3
SCH. 13.92 9.02 6.35 4.68 3.74 1.64 4.49 2.00

HEALTHY 10.38 5.65 4.21 2.75 3.31 2.04 3.02 1.63

C4
SCH. 14.28 6.93 5.66 4.03 3.57 1.88 4.48 2.23

HEALTHY 10.56 5.37 3.94 2.61 3.29 2.24 2.90 1.56

P3
SCH. 11.34 6.57 4.04 3.86 2.71 2.09 3.37 2.35

HEALTHY 10.03 4.95 4.47 3.66 3.82 2.58 2.92 1.53

P4
SCH. 15.50 6.85 6.78 4.06 4.93 2.01 5.00 1.61

HEALTHY 9.99 4.49 4.98 3.36 4.17 2.36 3.09 1.39

O1
SCH. 16.20 5.83 8.09 3.88 6.57 3.66 5.70 1.53

HEALTHY 10.71 5.35 5.58 4.76 6.36 4.11 3.65 1.95

O2
SCH. 17.04 5.99 8.47 3.61 7.02 3.87 6.02 1.62

HEALTHY 12.20 5.70 6.34 4.51 7.97 4.25 4.24 1.98

F7
SCH. 16.02 8.77 6.92 3.95 4.52 1.60 5.12 1.66

HEALTHY 14.17 7.87 5.16 2.88 4.18 2.53 4.19 2.32

F8
SCH. 19.08 13.59 7.38 4.52 4.77 2.02 5.94 3.55

HEALTHY 15.10 8.30 5.41 3.11 4.16 2.02 4.35 2.31

T3
SCH. 15.53 10.32 6.75 4.64 4.19 2.05 5.31 3.41

HEALTHY 11.16 6.53 4.33 2.41 3.42 1.84 3.43 1.90
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LEADS BANDS
DELTA THETA ALPHA BETA

MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D.

T4
SCH. 16.83 10.99 7.16 4.56 4.73 1.99 5.93 3.54

HEALTHY 10.49 5.26 4.38 2.57 3.57 1.93 3.30 1.73

P7 (T5)
SCH. 15.23 13.64 5.80 3.95 4.88 3.00 5.17 4.65

HEALTHY 10.48 4.97 4.59 2.74 4.70 2.35 3.28 1.59

P8 (T6)
SCH. 13.72 6.97 4.77 2.18 4.14 2.55 4.30 1.64

HEALTHY 10.76 5.34 4.84 3.19 5.06 3.13 3.37 1.71

Fz
SCH. 14.71 14.82 6.32 4.42 4.02 1.96 4.59 2.24

HEALTHY 10.62 5.32 4.48 2.99 3.50 2.01 3.07 1.50

Cz
SCH. 16.18 8.73 7.30 4.35 4.56 1.45 5.40 2.07

HEALTHY 11.72 5.53 5.07 3.39 3.88 2.12 3.24 1.50

PZ
SCH. 15.09 7.08 7.15 4.44 4.80 1.86 4.91 1.76

HEALTHY 11.21 5.44 5.60 5.11 4.40 3.18 3.28 1.77

OZ
SCH. 9.11 5.22 3.00 2.67 1.84 1.50 2.72 1.87

HEALTHY 5.38 3.69 1.63 1.54 1.28 1.77 1.41 0.88

Table 2. Statistically significant differences of  EEG 
rhythms between  schizophrenia patients, and healthy 
subjects

Rhythm

electrode Delta Theta Alpha Beta

Fp1

Fp2 *** ***
F3
F4
C3 *** ***
C4 ***
P3
P4 ***
O1 *** *** ***
O2
F7
F8
T3 *** ***
T4 *** *** *** ***
P7  (T5) ***
P8  (T6)
FZ ***
CZ *** ***
PZ ***
OZ *** *** ***

[*** p<0.05]  
 
Schizophrenia Vs. healthy control
Power of delta activity in patients with schizophrenia was 
increased in comparison with that in healthy subjects over 
T4 (p<0.005), O1 (p<0.001), and Oz (p<0.001) regions.

Patients with schizophrenia had significantly higher theta 
power over Fp2 (p<0.017), C3 (p<0.046), T3 (p<0.016), T4 
(p<0.005), O1 (p<0.05), Cz (p<0.046) and Oz (p<0.009) re-
gions than healthy subjects.

Power of alpha activity was increased over only one elec-
trode T4 (p<0.003) region in patients with schizophrenia 
than healthy control.

Whereas power of  beta activity was increased over Fp2 
(p<0.005), C3 (p<0.002), C4 (p<0.011),  P4 (p<0.002), O1 

(p<0.001), T3 (p<0.009), T4 (p<0.001), T5 (p<0.029), Fz 
(p<0.002), Cz (p<0.001), Pz (p<0.002) and Oz (p<0.001) re-
gions in with schizophrenia than healthy control.

Discussion:
Schizophrenia
In the present study, qEEG changes were observed in 
schizophrenic patients in comparison with healthy subjects   
in all bands of the EEG spectrum .  qEEG changes were 
less prominent in delta and alpha bands. With respect 
to the topographic distribution, most EEG abnormalities 
were found over occipital regions, followed by temporal 
and central regions. Abnormalities in qEEG over so many 
regions in patients with schizophrenia could be associ-
ated with disturbed neural circuits in schizophrenia.[10] In 
patients with schizophrenia, abnormal changes in the EEG 
pattern can be found in 5- 80% of the cases.[11] Further-
more, in previous studies , qEEG findings in schizophre-
nia show a wide range of abnormalities. The symptoms of 
schizophrenia are caused by the dysfunction of multiple 
cortical and subcortical brain structures.[12] which may ex-
plain inconsistent and sometimes contradictory qEEG find-
ings in these patients.

Theta Band
In our study there was  significantly increased theta rhythm 
over Fp2 (right superior frontal gyrus)[13] (p<0.017), C3( 
left precentral frontal  gyrus) (p<0.046), T3 (left medial 
temporal  gyrus) (p<0.016), (T4 right medial temporal  
gyrus) (p<0.005), O1 (left medial occipital lobe) (p<0.05), 
Cz (superior frontal  gyrus) (p<0.046) and Oz (p<0.009) 
leads than healthy subjects. Table 4. These findings are 
consistent with the most frequently reported qEEG ab-
normalities  of increased slow activity in schizophrenia.
[14,15,16] 

The changes in theta and alpha activity may indicate 
GABA-ergic inhibition of the thalamus.[17] From the elec-
trophysiological point of view, hallucinations in schizophre-
nia are associated with increased theta activity in the supe-
rior temporal gyrus. [18]

The theta range is associated with perceptual processing, 
learning, memory, and synaptic plasticity.[19]  Cortico-hip-
pocampal circuits have been found as key generators of 
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this rhythm.[20]

Recent studies have implicated the anterior cingulate cor-
tex (ACC) as a potential generator of frontal midline theta 
activity.[21] In a recent study integrating electrical (EEG) 
and metabolic (PET) measurements of brain activity, It was  
found that the ACC (Brodmann’s area 24/32) was the larg-
est region with significant positive correlations between 
theta current density and glucose metabolism.[22]

Physiologically, the septo-hippocampal system has been 
strongly implicated in the generation of theta oscillations, 
although theta has also been recorded in numerous other 
limbic regions, including the ACC, entorhinal cortex, and 
the medial septum, among others.[23]

Beta Band
In the  present study  absolute power of  beta activity 
was significantly  increased over Fp2 (right superior fron-
tal gyrus) (p<0.005), C3 (left precentral frontal  gyrus) 
(p<0.002), C4 (right  precentral frontal  gyrus) (p<0.011),  
P4 (right inferior prietal gyrus) (p<0.002), O1 (left medial 
occipital lobe) (p<0.001), T3 (left medial temporal  gyrus) 
(p<0.009), T4 (right medial temporal  gyrus) (p<0.001), P7 
(left medial temporal lobe) (p<0.029), Fz (medial frontal 
lobe) (p<0.002), Cz (superior frontal  gyrus) (p<0.001), Pz 
(precuneus parietal lobe) (p<0.002) and Oz (p<0.001) re-
gions in  schizophrenia  patients than healthy control.

Increased beta activity in patients with schizophrenia ob-
served in our study was consistent with that reported pre-
viously.[24,25]  One of the reasons of increased beta activ-
ity in patients with schizophrenia could be damage to the 
deeper brain structures.[24]

Numerous studies have reported increased beta activity in 
schizophrenia.[26] Oscillations are believed to be generat-
ed in overall cortical structures and are involved in sensory 
gating, attention, and long-term synchronization.[27]  The 
increase in beta activity  generally reflect increased excita-
tory activity, particularly during diffuse arousal and focused 
attention.[28]

Increased beta activity may be induced by a number of 
different drugs, particularly barbiturates , benzodiazepine 
compounds,  neuroleptics,  antihistaminics, methylpheni-
date and cocaine.[29] Drug induced fast activity is typically 
diffuse and symmetric over the two hemispheres. Focal or 
lateralized spontaneous beta activity, or asymmetric drug 
induced fast activity, raises the possibility of localized cer-
ebral pathology.

Conclusions:  The finding with schizophrenia differed from 
healthy subjects in absolute power values of  theta and 
beta waves.increasing beta waves in schizophrenia shows 
localized pathology or damage to deeper structure of 
brain. This could be due to excitatory activity of the cer-
ebral cortex of schizophrenia. Which could be potentially 
used in early diagnosis and for prognosis of  schizophrenia.

References:
1. Kaplan And Sadock’s, Synopsis Of Psychiatry, lipincott Williams and 

Wilkins,10th Ed. India: Wolter Kluwer ;2009. p468.

2. Kaplan And Sadock’s, Comprehensive Textbook Of Psychiatry, Lipincott 

Williams And Wilkins, 9th Ed. New York: Wolter Kluwer; 2009. p1453-5.

3. Rajesh Kumar, J.S. Yadav, M.N. Tripathi, A.S. Srivastava, Kumar P., Uddip 

Talukdar, Samiksha Kaur. Delhi Psychiatry Journal 2011; 14:116-11.

4. Coburn KL, Lauterbach EC, Boutros NN, Black KJ, Arciniegas DB, Cof-

fey CE. The value of quantitative electroencephalography in clinical 

psychiatry: a report by the Committee on Research of the American 

Neuropsychiatric Association. Journal of Neuropsychiatry and Clinical 

Neurosciences 2006;18:460-500.

5. John ER. The role of quantitative EEG topographic mapping or “neuro-

metrics” in the diagnosis of psychiatric and neurological disorders: pros. 

Electroencephalography and Clinical Neurophysiology 1989; 73:2-4.

6. Bloom, J.L., Anneveld, M. An electrode cap tested. Electroencephalog-

raphy and Clinical Neurophysiology 1982; 54, 591–94.

7. Jasper, H.H. The 10-20 system of the international federation. Electroen-

cephalography and Clinical Neurophysiology 1958; 10, 371-5.

8. Hughes JR, John ER. Conventional and quantitative elecroencepha-

lography in psychiatry. Journal of Neuropsychiatry and Clinical Neuro-

sciences 1999;11:190-208.

9. Primer of biostatistics version 6.0 by Stanton A. Glntz:McGraw-Hill 2005

10. Benes FM. Emerging principles of altered neural circuitry in schizophre-

nia. Brain Research Review 2000; 31:251- 69.

11. Shagass C. Twisted thoughts, twisted brain waves? In: Shagass C, Ger-

shon S, Friedhoff AJ. (Eds.) Psychopathology and Brain Dysfunction. 

New York: Raven Press 1977.

12. Gross A, Joutsiniemi SL, Rimon R, Appelberg B. Correlation of symptom 

clusters of schizophrenia with absolute powers of main frequency bands 

in quantitative EEG. Behavioral and Brain Functions 2006; 2:23-8.

13. Okamoto M, Dan H, Sakamoto K, Takeo K, Shimizu K, Kohno S, et al. 

Three-dimensional probabilistic anatomical cranio-cerebral correlation 

via the international 10-20 system oriented for transcranial functional 

brain mapping. Neuroimage 2004;21: 99-111.

14. Miyauchi T, Tanaka K, Hagimoto H, Miura T, Kishimoto H, Matsushita M. 

Computerized EEG in schizophrenic patients. Biol Psychiatry 1990;28: 

488–94PubMed

15. Boutros NN, Arfken C, Galderisi S, Warrick J, Pratt G, Iacono W. The 

status of spectral EEG abnormality as a diagnostic test for schizophre-

nia. Schizophrenia Research 2008; 99:225-237.

16. Knyazeva MG, Jalili M, Meuli R, Hasler M, De Feo O, Do KQ. Alpha 

rhythm and hypofrontality in schizophrenia. Acta Psychiatrica Scandinavi-

ca 2008; 118:188-99.

17. John ER, Prichep LS, Winterer G, Herrmann WM, Di Michele F, Halp-

er J, Bolwig TG, Cancro R. Electrophysiological subtypes of psychotic 

states. Acta Psychiatrica Scandinavica 2007; 116:17-35.

18. Ishii R, Shinosaki K, Ikeyiri Y, Ukai S, Yamashita K, Iwase M, et al .Theta 

rhythm increases in left superior temporal cortex during auditory hallu-

cinations in schizophrenia: a case report. Neuroreport 2000; 11:3283-7.

19. Huerta PT, Lisman JE (Heightened synaptic plasticity of hippocampal 

CA1 neurons during a cholinergically induced rhythmic state. Nature 

1993;364:723-725.

20. Ehrlichman RS, Gandal MJ, Maxwell CR, Lazarewicz MT, Finkel LH, 

Contreras D, et al . SJ (N-methyl-d-aspartic acid receptor antagonist-

induced frequency oscillations in mice recreate pattern of electrophysi-

ological deficits in schizophrenia. Neuroscience 2009 158:705-12.

21. Luu, P., Tucker, D. M., Derryberry, D., Reed, M., & Poulsen, C. Electro-

physiological responses to errors and feedback in the process of action 

regulation. Psychological Science 2003;14, 47-53.

22. Pizzagalli, D. A., Oakes, T. R., & Davidson, R. J. Coupling of theta activ-

ity and glucose metabolism in the human rostral anterior cingulate cor-

tex: an EEG/PET study of normal and depressed subjects. Psychophysi-

ology 2003;40, 939-49.

23. Bland, B. H. & Oddie, S. D. Anatomical, electrophysiological and phar-

macological studies of ascending brainstem hippocampal synchronizing 

pathways. Neuroscience and Biobehavioral Reviews 1998;22, 259-73.

24. Dierks T. Equivalent EEG sources determined by FFT approximation in 

healthy subjects, schizophrenic and depressive patients. Brain Topogra-

phy 1992; 4:207-13.

25. Saletu B, Küfferle B, Anderer P, Grünberger J, Steinberger K. EEG-brain 

mapping in schizophrenics with predominantly positive and negative 

symptoms. Comparative studies with remoxipride/haloperidol. European 

Nuropsychopharmacology 1990; 1:27-36.

26. Morihisa JM, Duffy FH, Wyatt RJ. Brain electrical activity mapping 

(BEAM) in schizophrenic patients. Arch Gen Psychiatry 1983; 40:719–28. 

27. Kopell N, Ermentrout GB, Whittington MA, Traub RD (Gamma rhythms 

and beta rhythms have different synchronization properties. Proceedings 



INDIAN JOURNAL OF APPLIED RESEARCH  X 475 

Volume : 6 | Issue : 7 | July 2016 | ISSN - 2249-555X | IF : 3.919 | IC Value : 74.50ReseaRch PaPeR

of the National Academy of Sciences of the United States of America 

2000; 97:1867-72.

28. Steriade, M. Cellular substrates of brain rhythms. In E. Niedermeyer & F. 

Lopes da Silva (Eds.), Electroencephalography: Basic Principles, Clinical 

Applications, and Related Fields 3rd ed. Baltimore: Williams & Wilkins 

1993; p27-62.

29. Kojelka JW, Pedley TA: Beta and mu rhythms. J Clin Neurophysiol 

1990;7:191.

 


