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 Introduction 

 A role for gamma oscillations in cognitive functions 
has previously been proposed at least regarding multi-
sensory integration  [1] , selective attention  [2]  and work-
ing memory  [3] , relating to the gamma band’s capacity 
to subtend transient functional assembly formation  [4–
7] . On this basis it seems relevant to study gamma pow-
er with respect to cognitive dysfunction in schizophre-
nia  [8] . In schizophrenia, reduced spectral power and 
synchronicity of gamma band response to tasks has 
been reported in comparison with controls  [8] , albeit 
with some discrepancies  [9, 10] . Gamma oscillations 
arising in response to a task can be divided into evoked 
(early responses phase-locked to stimulus onset, related 
to sensory processing) and induced power (later re-
sponses related to cognitive processing, not phase-
locked to stimulus onset)  [11] . In schizophrenia, fewer 
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 Abstract 

  Background:  Gamma oscillations are essential for function-
al neural assembly formation underlying higher cerebral 
functions. Previous studies concerning gamma band power 
in schizophrenia have yielded diverse results.  Methods:  In 
this study, we assessed gamma band power in minimally 
treated patients with schizophrenia, their first-degree rela-
tives and healthy controls during an oddball paradigm per-
formance, as well as the relation between gamma power 
and cognitive performance.  Results:  We found a higher 
gamma power in the patient group than in the healthy con-
trols at the P3, P4, Fz, Pz and T5 sites. Compared with their 
relatives, gamma power in the patients was only marginally 
higher over P3 and P4. We found a nearly significant inverse 
association between gamma power at F4 and Tower of 
 London performance in the patients, as well as a significant 
inverse association between gamma power at T5 and verbal 
memory and working memory scores in the relatives.  Con-

clusion:  These results support higher total gamma power in 
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induced  [12]  and evoked  [11, 13]  responses have been 
reported.

  In this context, previous data suggest that total gamma 
power (i.e. the sum of baseline power and evoked/in-
duced power responses in this band) may be elevated at 
least in some patients with schizophrenia in comparison 
with controls during a cognitive task. Higher gamma 
noise power (corresponding to power unrelated to task 
performance) has been reported during a P300 task in 
schizophrenia  [14] . Moreover, higher mean power in the 
faster bands has been reported in this illness  [15] , as well 
as a positive correlation between positive symptoms and 
gamma power responses  [16] . It has been suggested that 
this association may reflect a cortical hyperexcitability 
that possibly disturbs the conscious experience  [11] . Con-
sistently, administration of typical and atypical antipsy-
chotics reduced gamma power in patients with schizo-
phrenia  [17] .

  Moreover, the possible elevation in total gamma sig-
nal in schizophrenia is indirectly supported by func-
tional neuroimaging data. The association between 
gamma band oscillations and modulation of the BOLD 
(blood oxygen level-dependent) signal seems particu-
larly strong  [18, 19] . Functional magnetic resonance 
(fMRI) in schizophrenia reveals an excess of brain activ-
ity during cognitive tasks along with a hampered out-
come  [20] . Therefore, the expected task-related fMRI 
activation pattern might also be evidenced as a total 
power excess in the gamma band. This could specula-
tively relate to a hyperactive basal state and be coherent 
with a diminished capacity for increasing gamma pow-
er in response to a task performance. Therefore, it is of 
interest to investigate whether total (baseline plus 
evoked) power is elevated in schizophrenia, which could 
be coherent with other data supporting a hyperactive 
basal state together with diminished regional activation 
in this illness.

  Studying a patient’s first-degree relatives may be rele-
vant to better understand the role of gamma power in 
schizophrenia. Since heritability is high in this illness 
 [21] , similar alterations secondary to genetically mediat-
ed systems may be expected in the relatives. In view of (a) 
the role that candidate genes for schizophrenia such as 
NRG  [22]  or DISC  [23]  have on inhibitory interneuron 
development, (b) these interneurons’ function in gamma 
response  [24]  and (c) the likely inhibitory alteration to 
transmission in at least part of the patients with schizo-
phrenia  [25] , it seems logical to investigate gamma power 
alterations and their association with cognitive perfor-
mance in both patients and relatives.

  To that end, we recorded gamma (35–45 Hz) total 
power activity (i.e. independent of phase locking) during 
a P300 oddball paradigm. We examined the correlation 
of gamma power with cognitive performance in the di-
mensions more frequently reported to be altered in 
schizophrenia. Given our interest in total power mea-
surements, we reanalyzed EEG data from a previously re-
ported sample  [26]  in order to test the hypothesis that 
total gamma power is elevated and inversely related to 
cognitive performance in patients and their first-degree 
relatives. 

 Subjects and Methods 

 We recruited 30 patients with schizophrenia, 24 of their first-
degree relatives and 27 healthy controls. Of the patients, 17 had 
not previously received any treatment and 13 had dropped their 
medication before inclusion for a period longer than 1 month. 
Owing to the acute psychotic state of these patients prior to inclu-
sion, we administered a small amount of haloperidol (2–4 mg) 
the day before the EEG study, with a wash-out period of approx-
imately 24 h before EEG. The objective was to minimize the like-
ly bias of only including patients able to cooperate with the EEG 
recording during an acute psychotic episode and without any 
previous treatment. In order to rule out the acute effects of halo-
peridol on gamma power, 5 healthy controls consented to be 
studied by EEG before and 24 h after a 2-mg dose of haloperidol, 
therefore approximately reproducing the treatment conditions of 
the patients.

  Healthy first-degree relatives included parents or siblings with 
at least 1 family member diagnosed with schizophrenia. At the 
time of inclusion, the first-degree relatives had not received any 
psychiatric axis I diagnosis or psychiatric treatment.

  We scored the clinical status of the patients using the Positive 
and Negative Syndrome Scale  [27] . Employment status was strati-
fied as employed (currently studying or working) or unemployed 
(looking for a job or retired), and educational level as completed 
academic courses.

  We recruited healthy controls through newspaper advertise-
ments and remunerated their cooperation. They were previously 
assessed by a semi-structured psychiatric interview by one inves-
tigator (V.M.) to discard major psychiatric antecedents (personal 
or familial) and treatments.

  The exclusion criteria included: total intelligence quotient (IQ) 
below 70; a history of any neurological illness; cranial trauma with 
loss of consciousness; past or present substance abuse except nic-
otine or caffeine; the presence of any other psychiatric process or 
drug therapy; and treatment with drugs known to act on the cen-
tral nervous system. We discarded toxic use by patients and 
healthy controls with the information gathered in the interview 
and a urinalysis.

  We obtained written informed consent from the patients, their 
families and healthy controls after providing full written informa-
tion. The research board endorsed the study according to the Code 
of Ethics of the World Medical Association (Declaration of 
 Helsinki).
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  Cognitive Assessment 
 We acquired cognitive assessment by direct scores from the fol-

lowing subscales of the Spanish version of the Brief Assessment of 
Cognition in Schizophrenia (BACS) scale  [28] , administered by 
trained researchers (A.D. and V.S.): verbal memory (list learning), 
working memory (digit span), motor speed (token motor task), 
verbal fluency (categories), attention and processing speed (sym-
bol coding) and executive function/problem-solving (Tower of 
London). We used the Spanish version of the Wechsler Adult In-
telligence Scale, 3rd edition  [29]  to assess IQ.

  EEG Methods 
 EEG recordings were performed while the participants under-

went an oddball task. To elicit P3a and P3b components, a 3-stim-
ulus oddball paradigm was employed with a 500-Hz target tone, a 
1,000-Hz distracter tone and a 2,000-Hz standard stimulus tone.

  Accordingly, participants heard binaural tone bursts (duration: 
50 ms; rise and fall time: 5 ms; intensity: 90 dB) presented with 
random stimulus onset asynchrony of 1,000 and 1,500 ms. Ran-
dom series of 600 tones consisted of target, distracter and standard 
tones with probabilities of 0.20, 0.20 and 0.60, respectively.

  We asked the participants to press a button whenever they de-
tected the target tones, to close their eyes and avoid eye movements 
and muscle artifacts.

  Electroencephalographic Recording 
 The EEG was recorded by BrainVision ®  equipment (Brain 

Products GmbH, Munich, Germany) from 17 tin electrodes 
mounted on an electrode cap (Electro-Cap International Inc., Ea-
ton, Ohio, USA). The electrode sites were Fp1, Fp2, F3, Fz, F4, F7, 
F8, C3, Cz, C4, P3, Pz, P4, T5, T6, O1 and O2 of the revised Inter-
national 10/20 System. Electrode impedance was always kept un-
der 5 kΩ. The online register was referenced over the Cz electrode, 
the sampling rate was 250 Hz and the signal was recorded con-
tinuously.

  Data Analysis 
 Power Measurements 
 We divided the continuous recording into 650-ms epochs, 

starting 50 ms before stimulus onset. We used an offline 0.5- to 
70-Hz filter over the unfiltered raw data. Artifacts were automati-
cally rejected by eliminating epochs that exceeded a range of 
±70 μV in any of the channels. Based on visual inspection, we elim-
inated any epochs that still presented artifacts. Visual inspection 
was performed concurrently by 2 trained researchers and by a dou-
ble-blind method to avoid any bias during the cleaning process. 
Individual data were included in the analyses if 45 or more useful 
epochs were available for each stimulus condition. Overall, the 
mean rate of rejected segments was of 48.8% (32.04% from manu-
al inspection).

  Data were re-referenced to the electrodes’ average activity 
 [30] . We defined the baseline as the available 50-ms prestimulus 
recording. P3a and P3b components, respectively, were calcu-
lated from distracter and target stimuli and defined as the mean 
amplitude in the 300- to 400-ms interval. For quantitative event-
related EEG analysis, the recorded signals for those segments 
(–50 to 600 ms after stimulus) corresponding to the target condi-
tion were submitted to specific band filtering and spectrum anal-
ysis by a fast Fourier transform yielding spectral values. The ab-
solute magnitude (averaged total power, independent of phase 

locking) in each frequency band was computed, expressed in mi-
crovolts squared. The frequency band partition was: delta (0.5–
4.0 Hz), theta (4.5–8.0 Hz), alpha (8.5–12.5 Hz), beta-1 (13.0–
18.0 Hz), beta-2 (18.5–30.0 Hz) and gamma (35.0–45.0 Hz). Ac-
cording to our a priori hypothesis, in the following analyses we 
focused on gamma oscillations; nevertheless, further analyses 
were also conducted in the remaining frequency bands for ex-
ploratory purposes.

  In order to reduce the number of comparisons and because of 
gamma band sensitivity to muscular and ocular artifacts, we re-
stricted the comparisons to the following electrodes: F3, F4, P3, P4, 
T5, T6, Fz and Pz. Data on the other electrode sites are available 
upon request.

  Statistics 
 We compared age, sex distribution, school years and number 

of valid segments as well as the percentage of manual rejections 
between patients, relatives and controls, using ANOVA or χ 2  tests 
when indicated. By Student’s t test we tested whether P3a or P3b 
amplitudes were reduced in patients as compared with healthy 
controls.

  By multivariate general linear model analysis – with age and sex 
as covariates and a Bonferroni adjustment for multiple compari-
sons – we tested the significance of the differences in cognitive 
scores (including total IQ).

  The main study hypothesis was tested using a repeated mea-
sures general linear model with a between-subject factor (group) 
and a within-subject factor (electrode), including age and sex as 
covariates, to assess the significance of overall differences in total 
power. By post hoc tests, we looked to identify local differences if 
significant interactions were detected between groups and elec-
trodes. For exploratory purposes, we also contrasted total power 
and relative power magnitudes in all frequency bands, using sepa-
rate contrasts. Relative power was assessed as the ratio between 
total power in each band and total power not restricted to any fre-
quency band.

  We examined the association between cognitive performance 
and gamma power by stepwise multivariate linear regression (each 
cognitive variable as dependent variable, gamma power values as 
independent variables), testing normal distribution and homosce-
dasticity of the residuals. We did this separately for the patients, 
relatives and controls groups.

  To rule out the effects of acute treatment on gamma power and 
P3b amplitude, we used the data from the specific control group 
before and after receiving haloperidol with a Wilcoxon test for re-
lated samples.

  Results 

 As expected, relatives were significantly older than pa-
tients (p < 0.001) and controls (p < 0.001). No age differ-
ence was found between patients and controls. Sex distri-
bution was not significantly different. Relatives had more 
years of schooling than the other groups (p < 0.001). The 
number of valid segments for the analysis was smaller in 
the patients group ( table 1 ).
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  P300 (P3b) amplitudes were marginally smaller in the 
patients ( table 1 ; t = –1.67, d.f. = 56, p = 0.07). P3a did not 
differ between patients and controls ( table 1 ; t = –0.21, d.f. = 
56, p = 0.83). IQ was significantly lower in patients than in 
relatives (p = 0.001) and controls (p < 0.001;  table 1 ).

  Patients showed worse performance than controls in 
verbal memory, working memory, motor speed, verbal 
fluency, processing speed and problem-solving domains 
( table 1 ). Patients only displayed significantly worse per-
formance in verbal fluency (p = 0.014) when compared 
with their relatives. Relatives only showed significant 
slowness in processing speed when compared with con-
trols (p = 0.049).

  Gamma Power Comparisons 
 The repeated measures general linear model revealed 

a significant interaction between group and electrode 
(Huynh-Feldt’s type III sum of squares  = 0.007; F  = 
2.053; p = 0.05). The between-subjects test revealed a sig-
nificant effect for group in gamma power at P3 (type III 
sum of squares = 0.002; F = 5.089; p = 0.008), P4 (type 

III sum of squares = 0.001; F = 4.737; p = 0.012), T5 (type 
III sum of squares = 0.009; F = 4.722; p = 0.012) and Fz 
(type III sum of squares <0.001; F = 3.547; p = 0.034) 
sites, as well as at Pz at a trend level (type III sum of 
squares <0.001; F = 2.939; p = 0.059;  table 2 ).

  Pairwise comparisons revealed significantly higher 
gamma power values in patients when compared with 
controls at P3 (between-means difference = 0.011; 95% CI: 
0.001–0.020; p = 0.019), P4 (between-means difference = 
0.006; 95% CI: 0.001–0.012; p  = 0.022), T5 (between-
means difference = 0.024; 95% CI: 0.004–0.044; p = 0.011), 
Fz (between-means difference  = 0.004; 95% CI: 0.000–
0.008; p = 0.032) and, at a trend level, Pz sites (between-
means difference = 0.005; 95% CI: 0.000–0.010; p = 0.070).

  When compared with relatives, patients only showed 
marginally higher gamma values at P3 (between-means 
difference = 0.011; 95% CI: 0.000–0.023; p = 0.054) and 
P4 (between-means difference: 0.007; 95% CI: –0.001 to 
0.014; p = 0.080). There were no statistically significant 
differences in gamma power between relatives and healthy 
controls.

 Table 1.  Demographic, clinical and cognitive values and P300 parameters of the study groups

Patients Relatives Controls

Age, years 33.53 (9.91)b 53.24 (14.96)*** 33.65 (13.21)
Sex distribution (M:F), n 18:12 10:14 17:10
School years 12.47 (2.59)b 19.30 (3.33)*** 13.00 (5.74)
Employment status, % employed 37.50* 66.34 66.67
Positive symptoms, n 20.83 (4.01) N/A N/A
Negative symptoms, n 16.79 (4.77) N/A N/A
Total PANSS score 75.96 (11.78) N/A N/A
Total IQ 82.19 (16.76)***, b 102.60 (14.65) 101.94 (12.43)
Verbal memory score 36.10 (12.14)*** 40.50 (13.38) 53.90 (8.75)
Working memory score 17.10 (6.50)* 18.17 (3.33) 22.32 (3.75)
Motor speed score 53.00 (16.03)* 55.50 (13.54) 64.29 (13.61)
Verbal fluency score 16.30 (5.07)*, a 21.91 (6.11) 25.323 (5.147)
Processing speed score 39.79 (13.81)*** 38.91 (13.58)* 58.64 (12.95)
Problem-solving score 13.35 (5.36)** 14.36 (5.045) 16.77 (3.80)
P3a amplitude 0.89 (1.12) 0.90 (1.25) 1.18 (1.17)
P3b amplitude 1.17 (1.55) 1.07 (2.26) 1.81 (1.05)
Number of valid target segments 45.06a 71.92 56.96
Manual artifact target rejections, % 34.63a 16.92 24.04
Correct responses, % 72.57 (32.07) 94.92 (6.50) 90.08 (21.95)
Reaction time, ms 616.06 (86.87) 527.95 (111.18) 524.42 (53.73)

 Values in parentheses denote SD. Significant differences with respect to healthy controls or relatives are shown 
in the corresponding column. PANSS = Positive and Negative Syndrome Scale.* p < 0.05, ** p < 0.01, *** p < 0.001, in comparison with controls; a p < 0.05, b p < 0.001, in comparison with 
relatives (Bonferroni correction). No other significant cognitive differences were found between patients and 
relatives. N/A = Not applicable.

D
ow

nl
oa

de
d 

by
: 

U
C

L 
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

12
8.

40
.2

40
.6

7 
- 

4/
11

/2
01

4 
7:

59
:1

4 
P

M

http://dx.doi.org/10.1159%2F000356970


 Díez/Suazo/Casado/Martín-Loeches/
Molina 

 Neuropsychobiology  2014;69:120–128
DOI: 10.1159/000356970

124

   Table 3  shows total power magnitudes and significant 
between-group comparisons in the remaining frequency 
bands (delta, theta, alpha and beta-1 and -2), revealing 
higher beta-1 and beta-2 power in the patients at P3, P4, 
T5 and Fz, and also at Pz for beta-1. The relative power 
comparisons ( table 4 ) showed higher values for the gam-
ma band (P3, T5 and Pz) and smaller values for the delta 
band (F3, P3 and Pz) in the patients in comparison with 
the controls.

  Changes with Haloperidol in Healthy Controls 
 Gamma power lessened significantly with haloperidol 

over T5 (z = –2.02; p = 0.043). We did not find any other 
significant changes with haloperidol in gamma power for 
the remaining electrodes studied ( table 5 ). In all cases, the 
power values after haloperidol were lower than the cor-
responding basal values. There was no significant effect 
of haloperidol on P3b amplitude.

 Table 2.  Gamma power values in the study groups

Patients Relatives  Controls

raw values estimates raw values estimates raw  values estimates

F3 0.021 (0.021) 0.020 (0.004) 0.014 (0.007) 0.015 (0.005) 0.018 (0.026) 0.018 (0.004)
F4 0.018 (0.010) 0.019 (0.003) 0.017 (0.012) 0.016 (0.003) 0.017 (0.018) 0.017 (0.003)
P3 0.024 (0.021) 0.024 (0.003)*, a 0.012 (0.005) 0.013 (0.003) 0.013 (0.009) 0.013 (0.003)
P4 0.021 (0.010) 0.020 (0.002)*, a 0.012 (0.006) 0.013 (0.002) 0.014 (0.009) 0.013 (0.002)
T5 0.053 (0.043) 0.053 (0.006)* 0.031 (0.016) 0.034 (0.008) 0.029 (0.021) 0.029 (0.006)
T6 0.039 (0.026) 0.038 (0.006) 0.029 (0.015) 0.032 (0.008) 0.042 (0.045) 0.041 (0.006)
Fz 0.015 (0.006) 0.014 (0.001)* 0.011 (0.008) 0.013 (0.001) 0.011 (0.006) 0.010 (0.001)
Pz 0.015 (0.009) 0.015 (0.001) 0.009 (0.005) 0.011 (0.002) 0.011 (0.008) 0.010 (0.002)

 Raw values are shown as μV2 and the corresponding estimates result from the correction using covariates age 
and sex. Values in parentheses denote SD. * p < 0.05 in comparison with controls; a p < 0.10 in comparison with 
relatives (Bonferroni correction).

 Table 3.  Total power values in the study groups for the remaining frequency bands: δ (0.5–4 Hz), θ (4.5–8 Hz), α (8.5–12.5 Hz), β 1  (13–
18 Hz) and β 2  (18.5–30 Hz), using covariates age and sex

Patients Relatives  Controls

δ θ α β1 β2 δ θ α β1 β2 δ θ α β1 β2

F3 0.524 
(0.208)

0.143 
(0.088)

0.195 
(0.134)

0.059 
(0.034)

0.041 
(0.025)

0.576 
(0.243)

0.143 
(0.095)

0.168 
(0.162)

0.050 
(0.027)

0.030 
(0.017)

0.573 
(0.242)

0.139 
(0.064)

0.144 
(0.123)

0.044 
(0.026)

0.032 
(0.032)

F4 0.571 
(0.230)

0.148 
(0.081)

0.193 
(0.133)

0.062 
(0.033)* 0.041 

(0.026)
0.623 
(0.253)

0.137 
(0.076)* 0.168 

(0.156)
0.053 
(0.025)

0.036 
(0.021)

0.563 
(0.272)

0.128 
(0.060)

0.155 
(0.160)

0.041 
(0.022)

0.030 
(0.027)

P3 0.659 
(0.284)

0.133 
(0.065)

0.400 
(0.347)

0.108 
(0.087)** 0.041 

(0.021)**, a
0.574 
(0.243)

0.121 
(0.074)

0.287 
(0.349)

0.076 
(0.044)

0.029 
(0.015)

0.597 
(0.243)

0.113 
(0.064)

0.251 
(0.328)

0.052 
(0.028)

0.025 
(0.013)

P4 0.629 
(0.292)

0.138 
(0.069)

0.446 
(0.319)

0.118 
(0.140)* 0.038 

(0.016)* 0.487 
(0.186)

0.110 
(0.070)

0.277 
(0.293)

0.077 
(0.060)

0.030 
(0.017)

0.537 
(0.238)

0.109 
(0.054)

0.271 
(0.242)

0.055 
(0.029)

0.027 
(0.014)

T5 0.924 
(0.539)

0.240 
(0.157)

0.406 
(0.350)

0.132 
(0.066)* 0.077 

(0.039)*** 0.901 
(0.435)

0.276 
(0.245)

0.447 
(0.654)

0.119 
(0.051)

0.056 
(0.024)

0.825 
(0.385)

0.213 
(0.152)

0.399 
(0.815)

0.094 
(0.053)

0.046 
(0.024)

T6 0.911 
(0.584)

0.261 
(0.189)

0.597 
(0.559)

0.136 
(0.094)

0.058 
(0.022)

0.857 
(0.590)

0.239 
(0.190)

0.412 
(0.421)

0.116 
(0.061)

0.055 
(0.029)

0.874 
(0.443)

0.236 
(0.141)

0.482 
(0.558)

0.122 
(0.094)

0.071 
(0.085)

Fz 0.614 
(0.233)

0.182 
(0.101)

0.217 
(0.151)

0.058 
(0.038)* 0.035 

(0.018)** 0.647 
(0.323)* 0.176 

(0.122)
0.171 
(0.165)

0.046 
(0.024)

0.025 
(0.014)

0.571 
(0.279)

0.173 
(0.089)

0.162 
(0.157)

0.038 
(0.022)

0.022 
(0.013)

Pz 0.658 
(0.330)

0.121 
(0.055)

0.408 
(0.361)

0.087 
(0.067)** 0.030 

(0.016)
0.640 
(0.328)

0.108 
(0.064)

0.259 
(0.337)

0.061 
(0.043)

0.022 
(0.011)

0.656 
(0.333)

0.118 
(0.083)

0.264 
(0.364)

0.046 
(0.026)

0.022 
(0.023)

 Significant differences with respect to controls or relatives are shown in the corresponding column. Values in parentheses denote SD. * p < 0.05, ** p < 
0.01, *** p < 0.001 in comparison with controls; a p < 0.05 in comparison with relatives (Bonferroni correction).
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  Gamma Power and P300 Parameters 
 In controls, gamma power at P3 was directly related to 

P3b amplitude (R 2  = 0.2796; β coefficient = 0.528; t = 3.11; 
p = 0.005). In this group, gamma power at F3 was inverse-
ly related to reaction time (R 2   = 0.240; β coefficient  = 
–0.490; t = –2.31; p = 0.033).

  In the patients there was a similar direct relation be-
tween gamma power at Pz and P3b amplitude (R 2  = 0.150; 
β coefficient = 0.388; t = 2.18; p = 0.038), but we did not 
detect any association between gamma power and reac-
tion time. In the relatives, we did not find any relation 
between gamma power and P300 parameters.

  Gamma Power and Cognition 
 In the patients, gamma power at F4 was inversely re-

lated to performance in the Tower of London test, at a 
marginally significant level (R 2   = 0.136; β coefficient  = 
–0.369; t = –1.947; p = 0.063;  fig. 1 ).

  In relatives, verbal memory performance was inverse-
ly related to gamma power for T5 (R 2  = 0.227; β coeffi-
cient = –0.477; t = –2.23; p = 0.039;  fig. 1 ). Gamma power 
at T5 also was related inversely to working memory (R 2  =  T
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 Table 5.  Power (μV 2 ) and P3b amplitude (μV) values in healthy 
controls (n = 5) before and 24 h after receiving 2 mg of haloperidol, 
following the procedure undergone by the patients (Wilcoxon test)

Mean ± SD Z

Gamma power F3 – basal
Gamma power F3 – haloperidol

0.015±0.014
0.012±0.008

–0.405 
(0.686)

Gamma power F4 – basal
Gamma power F4 – haloperidol

0.014±0.013
0.013±0.019

–0.135 
(0.893)

Gamma power P3 – basal
Gamma power P3 – haloperidol

0.014±0.015
0.009±0.005

–1.219 
(0.223)

Gamma power P4 – basal
Gamma power P4 – haloperidol

0.023±0.033
0.015±0.015

–0.674 
(0.500)

Gamma power T5 – basal
Gamma power T5 – haloperidol

0.028±0.022
0.020±0.014

–2.023 
(0.043)

Gamma power T6 – basal
Gamma power T6 – haloperidol

0.044±0.061
0.037±0.046

–0.674 
(0.500)

Gamma power Fz – basal
Gamma power Fz – haloperidol

0.015±0.016
0.012±0.009

–0.135 
(0.893)

Gamma power Pz – basal
Gamma power Pz – haloperidol

0.019±0.028
0.016±0.020

–1.095 
(0.273)

p3b amplitude Pz – basal
p3b amplitude Pz – haloperidol

2.895±1.995
3.009±1.565

–0.674 
(0.500)

Values in parentheses are p values.
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0.292; β coefficient = –0.541; t = –2.69; p = 0.017). In this 
group, gamma power at F3 was directly related to perfor-
mance in the Tower of London test (R 2  = 0.237; β coeffi-
cient = 0.487; t = –2.22; p = 0.04).

  Healthy controls did not show any significant associa-
tion between gamma power and cognitive performance 
in any of the BACS domains.

  Discussion 

 In our patients, we found higher gamma power in bi-
lateral parietal, frontocentral and left temporal electrodes: 
inversely related (p = 0.06) to performance in the Tower 

of London test at the F4 site in the patients, and signifi-
cantly and inversely related to verbal and working mem-
ory scores at T5 in the relatives. In the latter group, gam-
ma power at F3 was directly related to performance in the 
Tower of London test.

  Our patients only showed marginally lower P300 am-
plitudes. This may be related to the average reference used 
here, which can possibly lower the average amplitude of 
the P300 potential and, consequently, the statistical signif-
icance of the differences. Moreover, other groups have re-
ported nonreduced P3b amplitudes in first-episode pa-
tients with schizophrenia in studies with relatively modest 
sample sizes such as ours  [31, 32] . With a larger sample 
size, our findings (i.e. marginal amplitude reduction in pa-
tients) could become statistically significant, although 
these results may also suggest that including a subset of 
cases with normal P300 amplitudes could contribute to re-
ducing the significance of the P3b differences found here.

  Gamma power elevation may reflect a hyperactive cor-
tical substrate in patients with schizophrenia and their 
relatives, since gamma oscillations possibly play a role in 
neural assembly formation underlying perceptive and 
cognitive tasks  [4–7] . Thus, more gamma power may be 
secondary to broader neural assembly recruitment dur-
ing the same task, these assemblies being involved or not 
in task performance. It may also be coherent with an ex-
cess of basal activity that does not decrease with cognitive 
demands, in line with recent findings on the default mode 
network, whose activity has been reported not to decrease 
in schizophrenia as expected in the general population 
when the subject is engaged in a task  [33–35] . Given the 
mentioned coupling between gamma oscillations and the 
fMRI signal  [18, 19] , higher power in the gamma band in 
our patients may be reflecting the complex cortical dys-
functional basal hyperactivation proposed in schizophre-
nia; perhaps, in consequence, they also exhibit a lower 
capacity for adequate task-related activation  [36] . In this 
context, the present results are consistent with fMRI re-
sults showing increased activation in schizophrenia dur-
ing a similar cognitive performance outcome  [37] . Our 
patients showed a direct association between P3b ampli-
tude and gamma power at Pz, possibly indicating that 
greater activation is required for obtaining similar results 
in this group. This would also be coherent with the in-
verse association between frontal gamma power and cog-
nitive performance in the Tower of London test found in 
the patients, since the basal hyperactivation could ham-
per task performance.

  Our patients showed significant power elevations in 
beta-1 and -2 waves, with a similar topographical distri-
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  Fig. 1.   a  Association between patients’ gamma power at F4 site and 
problem-solving performance (Tower of London test).  b  Associa-
tion between relatives’ verbal memory score and gamma power at 
the T5 site. 
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bution for gamma waves, and similar results for relative 
power analysis. This is coherent with previous results dis-
playing elevated power in the faster bands in schizophre-
nia  [15] . Fast oscillations may contribute to forming local 
neuronal assemblies  [38] , which, according to our results, 
may suggest a relative deficit in the integration of activi-
ties from distant regions in schizophrenia. Relative power 
reductions in the slower bands were also noted, in accor-
dance with previous data  [39] .

  The relatives showed power values midway between 
those of the patients and healthy controls. These values 
were not significantly different when compared with the 
patients, although we cannot discard that higher power 
values in the relatives were an effect of older age  [40] . In 
the relatives, an association was found between higher 
gamma power at the T5 site and worse performance in the 
verbal and working memory domains, much like in the 
group of patients. This may indicate that the cortical hy-
peractivity pattern which hampers cognitive performance 
can also be found, to a moderate degree, in first-degree 
relatives of patients with schizophrenia. However, the di-
rection of the association between frontal gamma power 
and problem-solving performance was direct in the rela-
tives, perhaps indicating that the required regional effort 
to achieve performance was higher in the relatives when 
compared with controls. In the patients, the amount of 
overactivation may be even higher, hindering them from 
achieving better performance.

  Global gamma band power elevation is coherent with 
some phenomenological views of schizophrenia. Normal 
participants with higher ‘transliminality’ (the threshold at 
which unconscious processes enter into consciousness) 
exhibited higher gamma power on the midline when 
compared with participants with lower transliminality 
 [41] . It has been proposed that a central disturbance in 
schizophrenia is that of ‘ipseity’  [42] , i.e. functions that 
should go unnoticed appear in the conscious field and 
consequently disturb the sense of self. This seems coher-
ent with the view that a hyperexcitable cortex, as reflected 
in an elevated gamma power, may subtend some psychot-
ic basic experiences.

  There are other limitations to our study, apart from its 
sample size. First, the age of the relatives was higher than 
that of the other groups due to inclusion of siblings and 
parents. Second, our patients had received an acute treat-
ment with haloperidol by the time of their inclusion, even 
if this is not a likely explanation for the findings here re-
ported, since we did not detect higher gamma power in 
controls after haloperidol administration and a wash-out 
period similar to that in acute patients. If any, the effect 

of haloperidol was to lessen the magnitude of gamma 
power for a short period, and thus is unlikely to justify its 
elevation in the patients.

  Another limitation is that since we used a measure of 
total power, we cannot decide whether the gamma power 
elevation observed in our patients is due to evoked (in-
phase) or induced (out-of-phase) oscillations or rather 
associated with a basal hyperactive state. Therefore, our 
results are difficult to compare with those obtained in 
studies assessing evoked, induced and phase synchronic-
ity of gamma responses in schizophrenia  [43–45] . In any 
case, our data seem coherent with a globally elevated cor-
tical gamma activity inversely related to cognitive perfor-
mance in patients with schizophrenia and their relatives 
that could be associated with a reduced evoked response 
as described in other studies  [8] , which could be investi-
gated using adequate methods.
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