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Typical and atypical antipsychotics are thought to exert their effects on different neurotransmitter pathways with specific action of

atypical compounds on the prefrontal cortex, but studies directly investigating the effect of those drugs on neurophysiological measures

of prefrontal brain function are sparse. We therefore investigated the influence of different antipsychotics on an electrophysiological

marker of prefrontal brain function (NoGo anteriorization, NGA) and neuropsychological test scores. For this purpose, 38 patients with

endogenous psychoses were investigated at the beginning of a stationary psychiatric treatment and at a 6-week-follow-up. Patients were

treated with typical or atypical antipsychotics, or a combination of both. They underwent psychopathological diagnostic and

neuropsychological testing, as well as electrophysiological investigations during a Continuous Performance Test. The results indicate that

typical and atypical antipsychotics differentially affected the development of the NGA over the course of the treatment, typical

antipsychotics tending to result in decreased values at follow-up, and atypical antipsychotics stabilizing, or increasing this parameter.

Performance in tests of frontal lobe function generally declined under typical antipsychotics and improved with atypical compounds,

changes in Stroop interference correlated with changes in the NGA. We conclude that typical and atypical antipsychotics differ regarding

their effect on prefrontal brain function in schizophrenia, atypical neuroleptics often showing a more favorable impact than conventional

antipsychotics on respective parameters.

Neuropsychopharmacology (2007) 32, 1669–1677; doi:10.1038/sj.npp.1301293; published online 3 Janaury 2007

Keywords: schizophrenia; prefrontal cortex; antipsychotics; event-related potentials (ERP); response inhibition; anterior cingulate
cortex (ACC)

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

INTRODUCTION

Since introduction of the hypofrontality concept (Ingvar
and Franzen, 1974), a dysfunction of prefrontal brain areas
in schizophrenic patients has frequently been found with
many different methodological approaches (eg, Andreasen
et al, 1992; Carter et al, 1998; Fallgatter and Mueller,
2001; Goldberg et al, 1993; Riley et al, 2000). Besides the
dorsolateral prefrontal cortex (DLPFC), which has fre-
quently been implicated in schizophrenic illnesses (Glahn
et al, 2005; MacDonald and Carter, 2003; Rodriguez-
Sanchez et al, 2005), particularly the anterior cingulate

cortex (ACC) is assumed to be affected by this hypofron-
tality, which has been shown with different neuroimaging
techniques at rest (Tamminga et al, 1992) as well as during
activation with neuropsychological tasks (Andreasen et al,
1992; Carter et al, 1997; Dolan et al, 1995; Haznedar et al,
1997; Siegel et al, 1993; Tamminga et al, 1992).

The availability of so-called ‘atypical’ antipsychotics
broadened the therapeutic possibilities in the treatment of
psychoses from the schizophrenic spectrum. The best-
founded theoretical concept explaining differences in the
way of action between typical and atypical antipsychotics
focuses on the neurotransmitter systems addressed. Typical
antipsychotics are thought to reduce positive symptoms like
delusions and hallucinations mainly by blocking D2
receptors in the mesolimbic dopaminergic system. Atypical
antipsychotics are supposed to additionally improve
negative and cognitive symptoms by a supplementary
action on neurotransmitter systems within the prefrontal
cortex (Dı́az-Mataix et al, 2005; Horacek et al, 2006;
Ichikawa and Meltzer, 1999). Such a differential action on
the prefrontal cortex is supported by neuropsychological
studies indicating an improvement of cognitive perfor-
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mance during therapy with atypical compounds as com-
pared to a poor response or even an exacerbation under
typical antipsychotics (Borison, 1996; Gur et al, 2003;
Lewander, 1994; Purdon et al, 2000), although even within
the group of atypical antipsychotics substances seem to
differ regarding their exact effects (eg, Woodward et al,
2005). Studies directly investigating the effect of medication
not only on cognition but also on underlying prefrontal
brain function are sparse. However, a recent 1H-Magnetic
resonance spectroscopic imaging study described higher
levels of N-acetylaspartate in the ACC of schizophrenic
patients treated with atypical as compared to typical
neuroleptics. This finding indicated a more pronounced
neuronal viability in the atypical group and was accom-
panied by a better neuropsychological performance (Braus
et al, 2002).

During the last years we developed an electrophysiologi-
cal marker of prefrontal cortex function termed NoGo
anteriorization (NGA) (Fallgatter et al, 1997). Based on
event-related potentials (ERP) derived from a multichannel
EEG during performance of a Go–NoGo task, the NGA
quantitatively describes the amount of anteriorization of the
positive brain electrical field associated with the inhibition
(NoGo condition) relative to the execution (Go condition)
of a prepared motor response. In healthy subjects, the NGA
has been shown to have a very high interindividual stability
(Fallgatter et al, 1997, 2000; Fallgatter and Strik, 1999), an
excellent short- (Fallgatter et al, 2001), and long-term test–
retest reliability (Fallgatter et al, 2002a), and it appears to be
independent of the participant’s age and gender (Fallgatter
et al, 1999). Moreover, three-dimensional source localiza-
tion studies with the LORETA method (Low Resolution
Electromagnetic Tomography; Pascual-Marqui et al, 1994)
repeatedly found a significantly higher activation within
prefrontal brain areas (particularly the ACC) during the
response inhibition (NoGo) as compared to the response
execution (Go) condition as the basis of the NGA (Strik
et al, 1998; Fallgatter et al, 2002b). This finding is in line
with fMRI and PET studies that also reported increased
activation of the ACC during inhibitory processes (de
Zubicaray et al, 2000; Ford et al, 2004; Matthews et al, 2004;
Rubia et al, 2001). Based on these findings, the NGA has
been suggested to be an electrophysiological correlate of
prefrontal response control probably associated with
activation of the ACC.

Compared to age- and gender-matched healthy controls,
schizophrenic patients were found to have a significantly
reduced mean NGA (Fallgatter and Mueller, 2001) and a
significantly diminished activation of the ACC during
processes of response inhibition as indicated by a LORETA
source localization (Fallgatter et al, 2003). This electro-
physiological finding is once again in line with findings
obtained by other neuroimaging methods that similarly
reported reduced activation in the ACC region in schizo-
phrenic patients during processes of response inhibition
and executive control (Carter et al, 2001; Laurens et al,
2003; Rubia et al, 2001; Volz et al, 1999).

The present study was designed to evaluate the effect of
atypical vs typical antipsychotic treatment of 6 weeks
duration in acutely admitted patients with endogenous
psychoses. Prefrontal brain function was assessed with the
NGA, and cognitive performance was measured with the

Stroop task (cognitive interference) and the Verbal Fluency
Test (VFT; word fluency). Based on the findings described
above we hypothesized that treatment with atypical anti-
psychotics should lead to a more pronounced improvement
in both prefrontal brain function (ie, higher NGA values)
and cognitive performance (ie, better performance mea-
sures in neuropsychological tests of frontal lobe function) as
compared to treatment with typical antipsychotics.

PATIENTS AND METHODS

Participants

Acutely admitted patients who were suspected to suffer
from a schizophrenic disorder were included. Exclusion
criteria were age below 18 and above 60 years, actual
pretreatment with atypical antipsychotics, significant co-
morbidities with other currently present axis I disorders, a
history of or an actually manifest disease of the CNS, or
severe somatic diseases. Electrophysiological and neurop-
sychological investigations took place within 3 days after
admittance to the hospital (baseline) and at a 6-week-
follow-up. Forty-three patients completed both assessments
with sufficient performance. Four patients had to be
disclosed because of too many artifacts in at least one of
the electrophysiological investigations, one other patient
refused any neuroleptic treatment. From the remaining
38 patients (22 females; 33 right handed, five left handed;
mean age 35.7710.8 years) a minimum of 20 artifact-free
EEG-epochs after the Go and the NoGo condition of the
Continuous Performance Test (CPT) were available.

According to the SKID-I-Interview (Wittchen et al, 1997)
these patients were diagnosed as suffering from disorga-
nized (295.10; n¼ 4), catatonic (295.20; n¼ 1), paranoid
(295.30; n¼ 8), and undifferentiated (295.90; n¼ 4) types of
schizophrenia. Because of the time criteria in DSM-IV, part
of the patients was diagnosed as suffering from schizo-
phreniform disorders (295.40; n¼ 14). Six patients were
diagnosed with a schizoaffective disorder (295.70) and one
patient with a psychotic disorder, not otherwise specified
(298.9). With regard to psychiatric comorbidities, two
patients were diagnosed with a Cannabis abuse (305.20),
one with Bulimia nervosa (307.51), one patient had suffered
from a polysubstance dependence in the past (304.80), one
from sedative abuse (305.40), and another one from
anorexia nervosa (307.1). The mean duration of the disease
was 123.97107.8 months, the number of admissions to
psychiatric hospitals was 4.876.1, and the mean duration of
all hospitalizations combined was 9.8712.0 months. Only
five patients had a positive family history for schizophrenia
with an affected first-degree relative. CT and/or MRI scans
as rated by an experienced neuroradiologist revealed
indications for a mild-to-moderate brain atrophy in five
patients. Electroencephalographic examinations disclosed a
modest slowing of the basic rhythm in eight cases.
Regarding their social and educational status, patients had
a mean of 10.3471.99 years of school education; the sample
consisted of five university students, four university
graduates, 25 patients with a completed professional
training, and four patients without any learned profession.

The choice of medication in this clinical setting was fully
up to the treating physicians on the wards, who were blind
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with respect to all neurophysiological and neuropsycholo-
gical results. The investigators in the neurophysiological
laboratory, on the other hand, were not informed about the
patients’ medication status. 10 patients (37.2714.6 years,
five female, 10 right handed) received neuroleptic treatment
with typical antipsychotics (flupentixol, perazine, melper-
one, chlorprothixene, perphenazine; mean chlorpromazine-
equivalents (CPZ) of 488.67222.6 mg/d), 19 (34.479.1
years, 11 female and 17 right handed) were treated with
atypical neuroleptics (clozapin, olanzapine, risperidone,
solian, seroquel, ziprasidon; CPZ of 527.07324.1 mg/day)
and nine (36.9710.5 years, six female, six right handed)
were under a combination of atypical and typical anti-
psychotics (four risperidone + perazine, three risperidone +
perazine + flupentixol, one risperidone + pipamperone +
amisulpride, one melperone + perazine + risperidone; CPZ
of 681.77419.4 mg/day). The type of antipsychotic medica-
tion was held constant over the course of the treatment,
although adjustments in dosages occurred in most patients,
particularly around the beginning of the treatment period.
CPZ equivalents were calculated according to the specifica-
tions of Laux et al (2000) on clinical empirical equivalent
doses of antipsychotic drugs; values for ziprasidon were
calculated on the basis of a publication on newer atypical
antipsychotics by Woods (2003).

Additionally, at some point during their stationary
treatment 28 of the patients were on low to medium
doses of benzodiazepines, 17 received an antidepressant
therapy, six patients were treated with carbamazepine,
nine with valproat, six with lithium, and six with biperiden.
The three patient groups were very similar with respect
to this adjunctive medication; there was only one signifi-
cant difference between the groups as indicated by a
w2 statistic (w2 ¼ 6.14, po0.05) with almost half of the
typically medicated patients but only one patient in each
of the other two groups receiving lithium as co-medication.
Regarding general demographic variables, the three
groups of patients did not differ significantly regarding
their mean age (to0.7, p40.5) or gender distribution
(w2 ¼ 0.54, p¼ 0.76); a trend for a difference in the
distribution of the handedness occurred (w2¼ 4.84,
p¼ 0.09). Written informed consent was obtained from all
patients after the procedures had been fully explained.
The study was approved by the Ethics Committee of
the University of Wuerzburg, and the procedures involved
were in accordance with the Declaration of Helsinki
Principles.

Psychopathological Assessment

An extensive psychopathological and psychometric
investigation was performed with each patient consisting
of the SKID-I-Interview, the Brief Psychiatric Rating Scale
(BPRS; Overall and Gorham, 1962), the Positive and
Negative Syndrome Scale (PANSS; Kay et al, 1987), and
the Hamilton Depression Rating Scale/24 Items (HDRS;
Hamilton, 1960).

Neuropsychological Investigation

Each neuropsychological assessment consisted of the VFT
and the Stroop Color Word Task (Stroop, 1935). For the

VFT, patients were instructed to name as many nouns as
possible beginning with a certain letter (A, F, and S; 1 min
each¼ ‘letters version’) or belonging to a certain category of
words (animals, fruits, and flowers; 1 min each¼ ‘categories
version’). Performance of the VFT has been suggested to
involve Broca’s area and prefrontal brain structures such as
the DLPFC (Cuenod et al, 1995; Dickins et al, 2001; Gaillard
et al, 2000).

The Stroop Color Word Task consisted of three parts:
For the first part (‘word reading’), patients had to read
color words (German words for ‘blue’, ‘red’, ‘green’, and
‘yellow’) that were printed in black ink on a white sheet. For
the second part (‘color naming’), they had to name the
colors of blue, red, green, and yellow lines as quickly as
possible. The third part of the test (‘interference condition’)
consisted of color words printed in an ink color that did not
correspond to the word meaning of the color word (eg, the
word ‘blue’ printed in red ink). Patients were instructed to
simply name the ink color of the words. The time needed to
complete this last condition has been suggested to reflect
activity of prefrontal brain areas, particularly the ACC
(Barch et al, 2001; Ruff et al, 2001; Swick and Jovanovic,
2002), stronger cognitive interference (which is usually
reflected by longer reaction times) resulting in more
pronounced prefrontal activation. The Stroop effect is a
universal phenomenon that mirrors cognitive interference
induced by conflicting stimuli; individuals differ regarding
their susceptibility to being distracted by interfering
conditions.

Electrophysiological Investigation

Patients performed the CPT (Rosvold et al, 1956) during
registration of the ongoing EEG in a dimly lit, sound
attenuated and electrically shielded room. On a computer
screen 60 cm in front of them, letters were presented
sequentially in a pseudo-randomized order. The letters on
the screen were 12 mm high and 11 mm wide, resulting in
a visual angle of 1.151 horizontally and 1.051 vertically.
Subjects were instructed to press a response button only
when the letter O was directly followed by the letter X.
Speed and accuracy were emphasized equally during
explanation of the test. A short training session was
performed to ensure correct understanding of the instruc-
tions. The applied O-X version of the CPT consisted of a
total of 400 letters (114 letters O¼ primer condition, 57 X
following an O¼Go condition, 57 other letters following
an O¼NoGo condition, and 172 letters not following
an O¼ distractors) with a stimulus-onset asynchrony of
1850 ms and a presentation time of 200 ms each. Simulta-
neously, the EEG was recorded from 21 scalp electrodes
placed according to the International 10/20 System. Three
additional electrodes were attached at the outer canthi of
both eyes and below the right eye for registration of eye
movements. The technical equipment consisted of a
32-channel DC amplifier (Brain-Star system, Erlangen,
Germany) and a data acquisition software (Neuroscan,
Sterling, VA), which was calibrated with an external 100 mV/
10 Hz signal. The hardware filter was set to a bandpass from
0.1–70 Hz, A/D rate was 256 Hz. Recording references were
linked mastoids. All electrode impedances were below 5 kO.
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Data Analysis

Data analysis was performed with the program ‘Vision
Analyzer’ (Brain Products, Munich, Germany). After a
filtering from 0.1–70 Hz and re-referencing of the data to an
average reference, a correction for ocular artifacts (Gratton
and Coles, 1989) was executed. After a computerized artifact
rejection (only amplitudes o50 mV were allowed in all EEG
channels within 100 ms before and 700 ms after stimulus
presentation), the artifact-free epochs after correct re-
sponses were segmented and averaged to one Go and one
NoGo ERP per subject. For the Nogo ERP, the time point of
the most positive peak at electrode position Cz within a
P300 time window (275–530 ms) was used to calculate the
two-dimensional topography by means of the centroid
method (Lehmann, 1987), whereas the respective peak at
electrode position Pz was used for the Go-condition. The
location of each individual centroid on an anterior–poster-
ior axis was determined by numbers from 1 (level of
electrode position Fpz) to 5 (level of Oz) as illustrated in
Figure 1 (locations somewhere in between two electrode
positions were expressed by respective decimal numbers).
The smaller the numbers decoding the centroid location,
the more anterior is their location. For a more detailed
description of the centroid method, please confer the work
of Lehmann (1987) and our previous publications (Fall-
gatter et al, 2001). The individual NGA was calculated as the
difference between Go and NoGo centroid in the anterior–
posterior axis. The grand average curves of the group of
patients as a whole are shown in Figure 1, along with a
schematic illustration of this quantification of the NGA as
the geometrical distance between Go and NoGo centroid.

Statistical Analysis

All statistical analyses were performed with the software
SPSS for Windows (version 13.0). For the CPT reaction
times, the NGA, and the Verbal Fluency scores 2� 3
analyses of variance (ANOVAs) for repeated measurements
were conducted comprising the inner-subject factor ‘time’

(baseline vs 6-week-follow-up) and the between-subject
factor ‘medication’ (typical vs atypical vs combined anti-
psychotics). Regarding the Stroop task, we created two
difference scores (Stroop interference time minus Stroop
color naming and Stroop word reading time, respectively),
to control for nonspecific effects of typical antipsychotic
medication on reaction times and overall task engagement,
and to specifically analyze the interference effect of the
Stroop task. The two difference measures were then
subjected to two-factorial ANOVAs (‘time�medication’)
as described above. The Greenhouse–Geisser procedure was
used to correct the degrees of freedom whenever necessary.
Post hoc analyses were conducted using two-tailed t-tests for
matched or independent samples; equality of variances was
tested by means of Levene’s test and corrections for
unequality were performed when necessary. As the error
rates in the CPT and the Stroop interference condition were
not normally distributed, the Kruskal–Wallis test and the
Wilcoxon’s test were used for between-group and within-
group comparisons. Correlations between the change in
the NGA and changes in neuropsychological and psycho-
metric variables from baseline to follow-up were calculated
with parametric (Pearson) or non-parametric (Spearman)
methods depending on whether the variables were normally
distributed.

RESULTS

Psychopathological Results

The results of the psychopathological examinations (BPRS,
PANSS, and HDRS) are summarized in Table 1; ‘pre’ and
‘post’ indicate scores at the beginning of the study and at
the 6-week-follow-up, results are shown separately for the
three groups of patients (typical, atypical, and combined
antipsychotics). ANOVAs for repeated measurements were
conducted to examine the influence of the factors ‘time’ and
‘medication’ on the clinical ratings. For all the variables
(BPRS, PANSS positive/negative/global and total score,
and HDRS) the main result was the same: a significant
main effect of the factor ‘time’ (baseline vs follow-up)
was observed (PANSSneg: F1, 35 ¼ 8.73, po0.01; rest:
F1, 35440.0, po0.001), with no main effect ‘medication’
(F2, 35o1.8, p40.18) and no significant interaction between
the two factors (F2, 35o0.7, p40.5).

Performance Measures

The reaction times and error rates of the three groups of
patients are displayed in Table 2, separately for the first CPT
measurement and the follow-up examination. Commission
errors occurred whenever a patient responded to a non-
target stimulus; omission errors consisted of Go conditions
the patient did not respond to. For the reaction times to Go
stimuli, an ANOVA with the factors ‘time’ and ‘medication’
revealed no significant main effects (‘time’: F1, 35¼ 0.59, NS;
‘medication’: F2, 35 ¼ 0.02, NS) and no significant interaction
between the two factors (F2, 35 ¼ 1.48, NS). The commission
and omission error rates were not normally distributed, but
a Kruskal–Wallis test revealed that the three groups of
patients did not differ significantly regarding their error
rates in the baseline or follow-up measurement (p40.15).

1

1

2

2

2
Go (Pz)

Nogo

- mV

ms

NGA

Nogo (Cz)

0 500
–2

–4

0

3

3

4

4

+4

4
5

5

Go

µV

Figure 1 Grand average curves of Go (Pz; thin line) and Nogo (Cz; bold
line) trials at the baseline measurement for the group of patients as a whole
(n¼ 38). Maps illustrate the distribution of the positive brain electrical field
at the respective peak of the P300. Schematic illustration of the
quantification of the NGA as the geometrical distance between Go and
Nogo centroid in the anterior-posterior direction.
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Regarding the change in error rates from baseline to follow-
up within the three groups of patients, the Wilcoxon’s test
indicated a significant improvement only for the number of
commission errors in the group of atypically medicated
patients (Z¼�2.04, po0.05).

NGA

Regarding the NGA, a two-factorial ANOVA revealed a
significant interaction between the factors ‘time’ and
‘medication’ (F2, 35¼ 6.95, po0.01), which is in accordance
with our hypotheses. Patients treated with typical anti-
psychotics showed a trend to a decrease of the NGA over
time (NGAbaseline ¼ 0.75, NGAfollow-up ¼ 0.39, t9¼ 2.21,
p¼ 0.055), whereas patients treated with atypical antipsy-
chotics were characterized by a stabilization or even an
increase in the NGA (atypical antipsychotics alone:
NGAbaseline ¼ 0.71, NGAfollow-up ¼ 0.87, t18 ¼�1.55, NS;
combined antipsychotics: NGAbaseline ¼ 0.65, NGAfollow-

up¼ 1.04, t8¼�2.86, po0.05) (Figure 2). Further post-hoc
tests revealed that the group of patients treated with typical
antipsychotics initially (baseline) did not differ from
patients under atypical antipsychotics or from the group
with a combined treatment (t17 ¼ 0.21, NS and t27¼ 0.46,
NS), whereas the typical group showed a significantly
diminished NGA at follow-up as compared to the atypical
(t27 ¼ 2.72, po0.05) as well as the combined group
(t17 ¼ 2.97, po0.01). The atypical and the combined group

did not differ from each other, neither at baseline (t26¼0.38)
nor at follow-up (t26 ¼ 0.94, NS).

Neuropsychological Results

VFT. For the number of words named in the letters version
of the VFT, the two-factorial ANOVA revealed a significant
main effect ‘time’ (F1, 35 ¼ 4.64, po0.05) as well as a
significant interaction between the factors ‘time’ and
‘medication’ (F2, 35 ¼ 4.43, po0.05). In the typically medi-
cated group of patients the number of words decreased
from 27.7 at baseline to 25.2 at follow-up (t9¼ 1.31, NS),
whereas there was an increase in this measure for the
atypical group (t18 ¼ 3.21, po0.01) and also for the
combined group (t8 ¼ 1.96, po0.1; cf. Table 3). For the
categories version no significant main effects occurred, but
again a significant interaction between the factors ‘time’ and
‘medication’ was found (F2, 35 ¼ 4.70, po0.05). With a
significant decrease in the number of words achieved by
the typical group (t9¼ 4.05, po0.01), tendencies for
increases of this measure were found for the atypically
medicated group (t8¼ 2.02, po0.1) as well as the combined
group (t8¼ 1.56, NS; cf. Table 3).

Table 1 Psychometric Results

Typical (n¼ 10) Atypical (n¼19) Combined (n¼ 9)

HDRS

Pre 8.473.9 11.174.8 8.174.1

Post 5.574.0 6.774.4 4.272.3

BPRS

Pre 35.577.4 37.9711.6 32.975.1

Post 28.177.0 30.477.4 26.073.3

PANSS

Tot

Pre 57.7710.9 60.6719.1 53.478.2

Post 46.379.8 48.5712.5 43.475.1

Pos

Pre 12.875.5 14.074.7 11.973.4

Post 9.373.2 9.973.4 8.371.8

Neg

Pre 13.772.8 14.477.2 13.374.2

Post 11.572.7 12.274.0 11.972.6

Glob

Pre 31.276.5 32.279.5 28.275.3

Post 25.576.7 26.477.4 23.273.4

Table 2 Performance in the CPT

Typical (n¼ 10) Atypical (n¼ 19) Combined (n¼ 9)

RT (ms)

Pre 5817160 6027204 5487102

Post 5927169 5787112 6097116

Com. errors

Pre 1.271.7 6.9721.0 2.373.2

Post 0.770.8 0.771.1 2.073.3

Om. errors

Pre 6.976.0 6.277.1 11.2711.8

Post 7.876.8 5.576.3 12.079.5

1.4
typical

baseline follow-up

atypical

*

*
**

+

combined

1.2

1

0.8

0.6N
G

A

0.4

0.2

0

Figure 2 Mean NGA at baseline and after 6 weeks of treatment with
typical (n¼ 10), atypical (n¼ 19), or combined (n¼ 9) antipsychotics
(follow-up). Significant differences and trends for differences between
groups (next to the brackets) and over time (above or below respective
lines) were marked (*po0.05, **po0.01, +po0.1). Standard errors are
indicated by grey vertical lines.
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Stroop test. The ANOVA conducted for the two interference
difference scores (interference timeFcolor naming, and
interference timeFword reading) revealed significant
interactions ‘time�medication’ (F2, 35 ¼ 4.29 and 5.44,
respectively, po0.05 and 0.01, respectively). These interac-
tions were due to the fact that within the typically medicated
group patients needed longer to overcome the cognitive
interference created by this task at the follow-up as
compared to the baseline testing (t9 ¼ 1.71, NS and
t9 ¼ 1.81, po0.1, for the difference measures ‘interferen-
ceFcolor naming’ and ‘interferenceFword reading’,
respectively), whereas the other two groups completed the
task more quickly at the 6-week-follow-up testing (atypical
group: t18 ¼ 1.67, NS and t18 ¼ 2.03, po0.1, respectively;
combined group: t8 ¼ 1.39/1.68, NS; cf. Table 3).

As the errors made during the Stroop interference
condition were not normally distributed, Wilcoxon’s test
was used to analyze changes from baseline to follow-up. In
the group of patients receiving typical antipsychotic
medication the error rate remained almost unchanged
(cf. Table 3; Z¼�0.17, NS), whereas patients receiving
atypical medication alone or in combination with typical
antipsychotics made more errors at baseline than at follow
up (Z¼�3.00, p o0.01 and Z¼�2.56, po0.05, respec-
tively).

Exploratory Correlation Analyses

Exploratory correlation analyses were performed to test
whether the change of the NGA during treatment (baseline

vs follow-up) correlated with a respective change in the
neuropsychological or psychometric variables. Only one
statistically significant correlation was revealed: The change
of the NGA over time (NGAfollow-up�NGAbaseline) correlated
with the change in Stroop interference time (corrected
for either word reading or color naming; Interference
timefollow-up�Interference timebaseline: r¼�0.674/
r¼�0.599, po0.001), an improvement in the NGA being
associated with a decrease in Stroop interference time
(Figure 3).

DISCUSSION

The reported analyses suggest that atypical and typical
antipsychotics exert a differential influence on the NGA as
an electrophysiological marker of prefrontal brain function:
whereas there was a trend to an increase in the NGA after 6
weeks of treatment with atypical antipsychotics and a
significant increase in the combined group, patients treated
with typical antipsychotics alone tended to have a decreased
NGA at the follow-up testing. This resulted in a significantly
diminished NGA after 6 weeks of treatment in the group of
typically medicated patients as compared to the two groups
treated with atypical antipsychotics, even though the NGA
did not differ significantly between groups at the baseline
measurement. The electrophysiological measure of the NGA
has been suggested to reflect the function of a key structure
within the prefrontal cortex, the ACC, during a response
inhibition task. Therefore, an improvement of this index of
prefrontal brain function owing to treatment with atypical
antipsychotics, as well as a decrease of this parameter under
typical antipsychotics, supports the study’s hypothesis.

This differential effect of atypical vs typical antipsychotic
treatment on prefrontal brain function as indicated by the
NGA is further corroborated by the neuropsychological
findings: ANOVA for the behavioral measures in the VFT

Table 3 Neuropsychological Data

Typical (n¼ 10) Atypical (n¼19) Combined (n¼ 9)

VFT

Letters

Pre 27.778.2 26.379.8 23.0713.0

Post 25.277.0 31.877.9** 27.9714.6+

Categ.

Pre 40.876.av9 34.179.4 34.7712.6

Post 35.575.9** 38.979.2+ 39.6712.5

Stroop

Int.-col.

Pre 53.7732.6 56.4728.0 53.0715.5

Post 73.7766.7 47.9734.2* 40.1723.0

Int.-word

Pre 74.3743.4 78.1735.0 77.4735.0

Post 98.4777.7+ 67.2741.5+ 61.9720.6

Errors

Pre 2.573.3 4.276.1 4.777.7

Post 2.371.9 0.470.8** 0.670.9*

Significant changes of the parameters over the course of the treatment and
trends thereof were marked (+po0.1, *po0.05, **po0.01).

100.00

50.00

0.00

0.00 1.00

r = −0.674 **
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Figure 3 Correlation between changes in Stroop interference time
(corrected for word reading) and changes in the NGA over the course of
the treatment.
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and also in the Stroop test (particularly interference time)
indicated a significantly different effect between groups with
a pattern of improvement in the atypical and the combined
group and a deterioration in the typical group. Similarly,
both groups of patients treated with atypical compounds
made significantly fewer errors in the Stroop interference
condition at follow-up than at baseline, whereas the error
rates in the group of patients receiving typical antipsycho-
tics remained basically unchanged.

Overall, the findings of this study are in line with the
notion that atypical antipsychotics improve prefrontal brain
functions (Braus et al, 2001; Ende et al, 2000; Honey et al,
1999; Ichikawa et al, 2002; Pehek and Yamamoto, 1994),
whereas typical antipsychotics exert a less pronounced
positive effect (Ichikawa et al, 2002; Li et al, 1998) or even
interfere with prefrontal functioning (Bartlett et al, 1994;
Braus et al, 2001; Madsen et al, 1998; Miller et al, 2001).
Furthermore, our data are compatible with a number of
previous studies indicating a superior effect of atypical
antipsychotics on neurocognitive functioning in schizo-
phrenic patients (Bilder et al, 2002; Braus et al, 2002; Cuesta
et al, 2001; Gallhofer et al, 1996; Green et al, 1997; Lee et al,
1994; Purdon et al, 2001; Stip and Lussier, 1996; Velligan
et al, 2002). The fact that the group of patients treated with a
combination of typical and atypical antipsychotics showed
results very similar to the atypically medicated group
without any signs for an adverse effect of the typical
compounds is not easily interpreted but seems to indicate
nonlinear interactions between the two groups of neuro-
leptic drugs.

Moreover, the changes of the NGA over time correlated
significantly with the changes in Stroop interference time
(Figure 3) but not with the change in the number of words
produced in the two versions of the VFT. This significant
correlation is plausible as both the NGA and Stroop
interference time are thought to reflect activity of the
ACC. The VFT is also considered to activate prefrontal
brain structures butFbesides the Broca areaFpreferen-
tially the DLPFC and not the ACC. In accordance with this
notion, changes in Stroop interference performance sig-
nificantly correlated with changes in the NGA as an index of
ACC activity, whereas changes in VFT performance did not.

One weakness of this clinical study is certainly the
absence of a randomization procedure for the different
treatment groups. However, sound statistical analyses of
patient variables (age, gender, handedness, diagnoses,
number of previous hospital treatments, and duration of
disease), psychometric scores (HDRS; PANSS: Positive,
Negative, Global Symptomatology and total score; BPRS)
and the initial NGA did not reveal any significant
differences between groups at baseline. Regarding the
neurocognitive measures (number of words in the letters
and categories version of the VFT; Stroop word reading,
color naming, and interference time; CPT performance),
only the number of words in the categories version of the
VFT tended to differ between the typically and the atypically
medicated group of patients at baseline. None of the other
neuropsychological scores revealed a significant difference
between any of the groups at the initial testing (p40.35).
The absence of meaningful initial differences between the
three groups of patients indicates a sufficient homogeneity
between groups, which allows a thorough interpretation of

the results. However, as it is impossible to completely
rule out the possibility that selection effects based on
covariates beyond the ones discussed above were respon-
sible for the observed group differences, future studies
with randomly assigned medication groups seem inevitable.
Moreover, the relatively small and unequal sample sizes
and the resulting statistical findings, that do not allow a
completely unequivocal interpretation of the results,
put further emphasis on the necessity of replication studies
with larger sample sizes in order to verify and further
investigate the differential effect of typical and atypical
antipsychotics (and their interaction) on prefrontal brain
function. Also, when interpreting the present findings it
should be kept in mind that these might not be
representative for the entire population of schizophrenic
patients (relatively high percentage of female patients and
relatively high mean age in the present patient sample; see
Method section). Finally, future investigations in the field
should be designed to test the predictive value of an initially
diminished NGA for the treatment response to atypical
antipsychotics.
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