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Neurocognition and its influencing factors in the treatment of
schizophrenia—effects of aripiprazole, olanzapine, quetiapine
and risperidone
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Department of Psychiatry and Psychotherapy, Ludwig-Maximilians-University Munich, Munich, Germany
Background To examine influencing variables of neurocognition in patients with schizophrenia and to predict cognition during
antipsychotic treatment.
Methods Data were obtained from patients with an acute episode of schizophrenia participating in two double-blind and one open label trial
comparing the effects of different atypical antipsychotics on cognition. In total, 129 patients were enrolled in this analysis. Cognitive function
was assessed at admission, week 4 and 8. Efficacy and tolerability were assessed weekly using the Positive and Negative Syndrome Scale
(PANSS) and the Simpson Angus Sale (SAS). Patients were treated with aripirazole, olanzapine, quetiapine and risperidone. Regression
analysis including mixed effect models was performed.
Results A significant improvement in all cognitive domains was observed from baseline to week 8. Regarding the antipsychotic treatment
applied quetiapine seemed to achieve the most favourable cognitive improvement. Negative and depressive symptoms, the patient’s age and
the concomitant and antipsychotic treatment applied were observed to significantly influence and predict neurocognition.
Conclusion The results may indicate that schizophrenia is a static disorder with trait and state dependent cognitive components especially in
the memory domains. The influence of negative and depressive symptoms should be considered in daily clinical routine. Copyright # 2010
John Wiley & Sons, Ltd.
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INTRODUCTION

The neurocognitive performance of patients with
schizophrenia was found to closely correlate with
several key outcome domains and mark a limiting
factor for treatment success and rehabilitation (Kirk-
patrick et al., 2006). Neurocognitive subdomains
including executive functions, memory and attention
differentially and independently influence the long-
term course and outcome of schizophrenia (Green,
1996). Therefore, understanding influencing variables
of neurocognition and thereby establishing methods to
improve neurocognitive deficits are of special interest
(Akdede et al., 2006).
In terms of clinical characteristics and their potential

influence on cognition it is still unclear whether the
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course of cognition depends on baseline or course of
disease variables. Some studies suggest that variables
like age, duration of illness as well as dyskinesia might
influence cognitive functioning (Heaton et al., 2001),
others, however, do not (Klingberg et al., 2008).
Similar inconsistencies in present data exist regarding
an association between psychopathology and its
influence on cognitive functioning. On the one hand
authors found treatment-related modulation of neuro-
cognitive deficits and psychopathologic symptoms to
progress with significant independence (Lindenmayer
et al., 2007), which could not be confirmed by others
(Bilder et al., 2002).
Another controversial mediator variable is the anti-

psychotic treatment applied. Especially since atypical
antipsychotics are available, there is an increasing amount
of studies assessing the influence of antipsychotic
medication on cognitive performance (Wittorf et al.,
2008) with several studies stating advantages of the new
compounds in the treatment of cognitive dysfunctions
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COGNITION AND SCHIZOPHRENIA A
compared to typical compounds in double-blind
controlled trails (Bilder et al., 2002; Harvey et al.,
2003; Velligan et al., 2002). However, recent large
clinical trials indicated only modest cognitive benefits
of second-generation relative to first-generation anti-
psychotics (Hill et al., 2010). In a study on first-episode
schizophrenia patients Davidson et al. found a
moderate improvement in the cognitive test perform-
ance with no difference between treatment with
haloperidol and treatment with atypical antipsychotics
(Davidson et al., 2009). A meta-analysis comparing
cognitive changes with haloperidol and atypical
compounds concluded that a broader range of cognitive
improvements can be observed with atypical anti-
psychotics (Woodward et al., 2007).
Interestingly, only a limited number of studies have

been published comparing cognitive effects of different
atypical antipsychotics among each other. Keefe et al.
analysed olanzapine, quetiapine and risperidone in a
52-week comparison and found all compounds to
produce significant improvements in neurocognition
without finding a significant difference between
treatments (Keefe et al., 2007). Harvey et al. evaluated
social competence, social cognition and neuropsycho-
logical functioning comparing quetiapine and risper-
idone and found no overall differences between
treatments and their impact on the different domains
(Harvey et al., 2006). In contrast, Voruganti et al. found
quetiapine to have cognition enhancing properties
when compared to olanzapine (Voruganti et al., 2007).
Comparing cognitive changes in the treatment with
clozapine, olanzapine, quetiapine and risperidone
Woodward et al. stated that these compounds produce
a mild remediation of cognitive deficits in schizophrenia
with every drug having differential effects within certain
cognitive domains (Woodward et al., 2005).
When comparing only parts of the present patient

population wewere able to demonstrate that quetiapine
produces a significantly greater improvement in the
cognitive domain of reaction quality/attention com-
pared to olanzapine, but no significant differences
between quetiapine and risperidone (Riedel et al.,
2007a,b). Comparison trials including aripiprazole, to
our knowledge, have not been performed so far.
Therefore, on the background of current incon-

sistencies regarding potential influencing factors of
cognition including the atypical antipsychotic treat-
ment applied and missing data on the effects of
aripiprazole aims of the present analysis were to
(i) e
Copy
xamine the course of cognition and its influencing
factors including the treatment applied and
(ii) p
redict cognition at discharge.
right # 2010 John Wiley & Sons, Ltd.
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ME
Study design

The present study comprises data of three different
trials sharing the same study design. All three studies
were performed at the Ludwig-Maximilians-University
Munich and described in detail elsewhere (Riedel
et al., 2007a,b). This analysis comprises one investi-
gator-initiated, parallel-group, double blind, 12-week
trial comparing the effects of quetiapine and risperidone;
one investigator-initiated, parallel-group, double blind,
8-week trial comparing the effects of quetiapine and
olanzapine and one investigator-initiated, open label 8-
week trial rating the effects of aripiprazole. All three
trials were performed in hospitalized patients with an
acute episode of schizophrenia. Additionally, all trials
were performed by the same study registrars using the
same measuring instruments and inclusion and exclu-
sion criteria were identical for all trials. To compare
data of these three studies only data of week 1–8 were
analysed. Patients receiving previous, non-depot
antipsychotic treatment underwent a 2-days washout
period before randomization to reach baseline dopa-
mine receptor occupancy levels and reduce the
possibility of illness deterioration.

Patients

Inpatients suffering from a DSM-IV diagnosis of
schizophrenia and aged between 18 and 65 years were
eligible for study participation. Inclusion criteria
comprised a Clinical Global Impression scale score
>4 and a PANSS total score >60 (Positive and
Negative Symptom Scale [PANSS]). Exclusion criteria
included: substance abuse, dependence or intoxication,
suicidal tendencies, significant medical history (head
trauma, epilepsy, meningo-encephalitis), ECG or EEG
abnormalities; laboratory testing (blood and urine)
>20% different from reference ranges, pregnancy or
lactation and treatment with clozapine within 4 weeks
of enrolment. All patients had to give written informed
consent according to procedures approved by the ethics
committee of the medical faculty of the University of
Munich prior to study inclusion.

Treatment

A fixed-dose initiation schedule was used during the
first week of treatment. Quetiapine was initiated as
follows: 50mg on Day 1, 100mg on Day 2, and then
daily 100mg increments until reaching 600mg/day.
Risperidone was initiated at 2mg/day on days 1 and 2,
increasing to 4mg/day on Days 3–5 and 6mg/day on
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days 6 and 7. Olanzapine was initiated as follows:
10mg at Day 1, titration up to 15mg/day within the
first 6 days. Thereafter, study medication was flexibly
dosed according to clinician’s judgment between 400
and 800mg/day quetiapine, 4–8mg/day risperidone,
10–20mg/day olanzapine. Aripiprazole was also
flexibly dosed according to clinician’s judgment
ranging from 5 to 30mg/day.
In the event that a study participant did not respond

effectively to the maximum dose, the patient was
withdrawn from the study. Anticholinergic medication
(biperiden hydrochloride �8mg/day) was adminis-
tered to treat EPS. Concomitant lorazepam (<4mg)
and zopiclone (<22.5mg) were allowed to counteract
agitation and sleep problems.

Neurocognitive test battery

The neurocognitive test battery was administered at
baseline and following 4 and 8 weeks of treatment. The
neurocognitive tests were chosen to represent a range
of reliable and validated tests, which have already been
used in similar trials. The used tests were grouped into
six cognitive domains:
Working memory: To assess the working memory

function, auditory working memory and visual work-
ing memory the Rey Auditory Verbal Learning Test
(RAVLT) (lists 1 and 2, trial 1) (Schmidt, 1996) the
letter-number span sequencing task (Gold et al., 1997)
and the self-ordered-pointing task (SOPT) (Gutbrod
et al., 1989) were used.
Verbal memory: The RAVLT (list 1, trials 1–5, 6–8)

was applied to analyse the verbal declarative memory
function.
Reaction time: The Neurobat S-Short Version

(Wiebel et al., 1995) and the Trials A test (Reitan,
1958) was used to evaluate visuomotor speed.
Reaction quality/attention: The Neurobat S—short

version (Wiebel et al., 1995) with the Duration of
attention trial was performed to examine attention and
sensomotor flexibility.
Executive function: To assess the general psycho-

motor function and measure category and letter fluency
the Trails B test and the verbal fluency and category
fluency (Spreen and Benton, 1965) were applied.
Visual memory: The memory of non-verbal stimuli

and the visuospatial working memory were examined
using the Wechsler memory scale-revised (Hawkins,
1999) and the one point test (Keefe et al., 1995).
Premorbid intelligence was ascertained using the

multiple choice word Test-B (MWT-B) during the
initial assessment. The vocabulary test results correlate
with ‘crystallised intelligence’, which is supposed to
Copyright # 2010 John Wiley & Sons, Ltd.
remain stable during adulthood and is relatively
independent of concurrent psychopathology. The test
battery took between 90 and 120min to complete.
Three different parallel versions of the neurocognitive
tests at the three test sessions were used to limit
practice effects, except of the Neurobat-S—short
version, the one-point test and SOPT. In line with
LoSasso et al. alternate forms of the Trails A and B
were used (LoSasso et al., 1998) and the LNS by Gold
was applied (Gold et al., 1997). Regarding theWMS-R
different elements were used at follow-up which has
been performed by several other authors (Schuurman
et al., 2002). A global cognitive index was constructed
by adding and averaging the z-scores from the
individual cognitive domains.

Clinical assessments

Clinical researchers assessed DSM-IV diagnosis on the
basis of the German version of the Structured Clinical
Interview for DSM-IV (American Psychiatric Associ-
ation, 1994). During interviews with patients, relatives
and care providers sociodemographic variables (part-
nership, employment state) and course-related vari-
ables such as age at onset, duration of untreated
psychosis or episodes of illness were collected using a
standardized documentation system (BADO) (Cord-
ing, 1998).
Symptom severity was assessed via the Positive and

Negative Syndrome Scale for Schizophrenia (PANSS)
(Kay et al., 1988). Illness severity was measured using
the Clinical Global Impression Improvement Scale
(CGI-I) (Guy, 1976). To quantify antipsychotic side
effects the Simpson-Angus Scale (SAS) was used.
Adverse effects were recorded as additional indicators
of tolerability throughout the trial.
Ratings were performed within the first 3 days after

admission and weekly during hospital stay until
discharge. All raters had been trained using the applied
scales. A high inter-rater reliability was achieved
(ANOVA-ICC> 0.8).

Statistical analysis

In order to describe and analyse the results of the
cognitive tests performed z-scores for each cognitive
domain were calculated by using data from a normative
sample. The improvement of the cognitive domains
was analysed separately for each applied antipsychotic.
For the comparison of two samples the t-test was used.
The Kruskal–Wallis test was applied as non-parametric
method of testing the hypothesis that several popu-
lations have the same continuous distribution. To
Hum. Psychopharmacol Clin Exp 2010; 25: 116–125.
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analyse differences between the applied antipsychotics
the null hypothesis was tested using ANOVA.
To examine the two study aims two different statis-

tical models were applied: (1) mixed model regression
analysis to examine influencing variables and (2) regres-
sion analysis without random effects to predict cognition
at discharge.
In order to identify influencing variables of the

patients’ cognition during the study, baseline (e.g.
psychopathology) and course-related variables (e.g.
time point of treatment) were included in the mixed
model. However, the prediction model only considered
baseline variables since the aim was to predict
cognition at discharge at the earliest possible time
point. The estimates for the nominal data of the
prediction model were described in dummy coding
(Fahrmeir et al., 2007). In dummy coding for each
nominal variable one reference level is chosen to which
the estimates of the other levels refer.
(1) Mixed models: A random patient effect with

intercept and slope was modelled. Using backward
selection on the basis of LQ-tests the final model was
found due to all possible fixed effects.
(2) Regression analysis: Using backward selection

on the basis of AIC-values the final model was found
due to all possible influencing variables.
For quantifying the goodness of fit a 10-fold cross

validation with quadratic loss function was used to
calculate the root means square error. Data analyses
were carried out using the program R 2.8.1. (21).

RESULTS

Patients and treatment

In total, 129 patients with DSM-IV schizophrenia
completed cognitive function tests at baseline, week 4
and 8. Of these, 83 were male and 46 female. The mean
age was 33.54 (�11.29) years. No significant
differences were found between the different treatment
groups regarding sociodemographic variables such as
age at onset, or duration of illness.
Table 1. Median and range of the improvement of cognitive domains from basel
week 8

Baseline

Working memory �0.077 (4.73) 0.095
Reaction time �0.101 (9.003) 0.098
Reaction quality 0.052 (4.92) 0.208
Verbal memory �0.243 (4.333) �0.033
Executive function �0.039 (2.217) 0.055
Visual memory 0.092 (4.157) 0.106
Cognition index �0.101 (2.849) 0.006

Copyright # 2010 John Wiley & Sons, Ltd.
Fifty-two patients were treated with aripiprazole, 23
with olanzapine, 17 with risperidone and 37 with
quetiapine. The mean dosage of 8 weeks of treatment
was 12.48 (�3.4)mg/day for aripiprazole, 580
(�170.2)mg for quetiapine, 16 (�5.4)mg for olanza-
pine and 5 (�2.3)mg for risperidone. 73 patients had
received antipsychotic pre-treatment, 56 patients were
drug-naive. Of the pre-treated patients 58 patients
(79%) had received atypical antipsychotics, 12 patients
(16%) typical antipsychotics and 4 patients (5%) depot
antipsychotics before hospitalisation. Anticholinergic
medication (biperidene hydrochloride�6mg/day) was
administered in 27 patients (21%) after EPS were
present. Concomitant lorazepam (�2mg/day) and
diazepam (�10mg/day) were prescribed for 79
patients (61%) to counteract agitation. Insomnia was
medicated using zopiclone (�15mg/day) in 64 patients
(50%). Benzodiazepines, biperidene and zopiclone had
to be discontinued at least 24 h prior to neurocognitive
testing to assure an unaffected result. Propanolol
(�60mg/day) was administered when akathisia
occurred in eight patients (14%).

Cognition

A significant improvement in all cognitive domains
was observed from baseline to week 8. (Table 1). The
mean global cognition index z-scores from baseline to
week 8 are shown in Figure 1. In Table 2 results of the
neuropsychological tests comparing the different
antipsychotic treatments applied are shown. Figure 2
shows the mean global cognition index z-scores from
baseline to week 8 comparing aripiprazole, olanzapine,
quetiapine and risperidone indicating the greatest
cognitive improvement for the quetiapine treated
patient subgroup.
Comparing patients with antipsychotic pre-treatment

and drug naive patients no significant difference was
found regarding cognitive improvement (p¼ 0.781).
Furthermore, no significant association was found
between cognitive performance and antipsychotic
dosage (p¼ 0.241).
ine, weeks 4 and 8. The p-value refers to the improvement from baseline to

Week 4 Week 8 p-value

(3.977) 0.186 (4.4045) <0.001
(4.119) 0.09 (4.4226) 0.014
(5.33) 0.22 (3.137) <0.001
(4.017) 0.112 (5.665) <0.001
(2.922) 0.104 (2.537) 0.019
(�3.345) 0.172 (3.324) <0.001
(�2.482) 0.093 (2.601) <0.001
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Figure 1. Mean global cognition index z-scores of different cognitive
domains from baseline to week 8

Figure 2. Cognition scores of all cognitive domains comparing the anti-
psychotic treatment applied from baseline to week 8

120 m. riedel ET AL.
ANOVA-analysis revealed no significant difference
between the mean z-scores of the different antipsy-
chotics applied (p¼ 0.16).

Efficacy and tolerability

All PANSS subscores and PANSS total score improved
significantly from baseline to week 8 (p¼ 0.0000).
Applying the Kruskal–Wallis test no significant diffe-
rences between medication groups regarding PANSS
total score improvements were found (p¼ 0.06). The
incidence of extrapyramidal side effects increased
from baseline to week 8 (p¼ 0.0605).

Mixed model regression analysis

Applying mixed models potential influencing variables
of cognition could be revealed for cognitive domains
(Table 3). The patient’s age was consistently associated
with a favourable cognitive performance in terms that
older patients showed greater impairments in their
cognition. Other significant influencing variables were
able 2. Improvement of cognitive domains of all patients from baseline to week 8 according to the antipsychotic treatment applied

Quetiapine Risperidone Olanzapine Aripiprazole

N¼ 37 N¼ 17 N¼ 23 N¼ 52

orking memory 0.0000 0.2248 0.0001 0.134
erbal memory 0.0000 0.2440 0.0470 0.131
eaction time 0.4604 0.0388 0.7132 0.009
eaction quality 0.0002 0.2742 0.5667 0.009
xecutive function 0.1490 0.4701 0.8107 0.265
isual memory 0.0205 0.1185 0.0054 0.213
ognition index 0.0000 0.0313 0.0046 0.001
T

W
V
R
R
E
V
C
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the PANSS negative and positive subscore as well as
the application of lorazepam as concomitant medi-
cation.

Regression analysis

As age, PANSS negative and positive subscores were
revealed to be significant predictors of several
cognitive domains the significant influence of these
variables could be confirmed (Table 4). The anti-
psychotic medication applied was only evaluated
significant predictor for the cognitive domain working
memory indicating that quetiapine showed the most
positive influence on working memory.

DISCUSSION

Course of cognitive deficits and the influencing
variable of the antipsychotic treatment applied

In the present study, we found a significant improve-
ment in all cognitive domains from admission to week
Hum. Psychopharmacol Clin Exp 2010; 25: 116–125.
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Table 3. Mixed model regression analysis for the evaluation of influencing variables from admission to week 8 for each cognitive domain

Value Std. error DF t-value p-value

Working memory
PANSS negative subscore �0.0096 0 201 �2.4 0.017
Age �0.0271 0 121 �5.55 <0.001

Verbal memory
Age �0.0282 0.01 126 �4.15 <0.001

Reaction time
PANSS negative subscore �0.0188 0.01 110 �2.04 0.044
PANSS general psychopathology subscore �0.0092 0.01 110 �1.16 0.248

Reaction quality/attention
PANSS general psychopathology subscore �0.0215 0.01 115 �2.84 0.005
Age �0.0292 0.01 67 �4.01 <0.001

Executive functioning
Age �0.0125 0 123 �4.08 <0.001

Visual memory
PANSS general psychopathology subscore �0.0069 0 124 �2.24 0.027
Age �0.0295 0.01 71 �4.47 <0.001
Concomitant medication lorazepam �0.5356 0.16 71 �3.31 0.002

Cognitive index
Age �0.0214 0 71 �5.03 <0.001
Concomitant medication lorazepam �0.2476 0.1 71 �2.37 0.020

All values in bold are significant with p< 0.05.
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8. Regarding single cognitive domains quetiapine was
found to improve working memory, verbal memory,
reaction quality and visual memory. Comparing
quetiapine and haloperidol Purdon et al. found
quetiapine superior regarding the improvement of
several cognitive domains (Purdon et al., 2001). Other
authors were able to confirm the beneficial influence of
Table 4. Regression analysis for the prediction for the course of cognition from

Estimate

Working memory
PANSS negative subscore �0.0216
PANSS positive subscore �0.0171
PANSS general psychopathology subscore �0.0230
Treatment risperidonea �0.1846
Treatment olanzapinea �0.1531
Treatment aripiprazolea �0.5366

Verbal memory
PANSS negative subscore �0.0221

Reaction quality
PANSS general psychopathology subscore �0.0309
Age �0.0276
Concomitant medication lorazepam 0.5822

Reaction time
No explaining variables were found

Executive function
PANSS positive subscore 0.0091
Age �0.0049

Visual memory
Age 0.0088

Cognitive index
PANSS positive subscore 0.0062
PANSS negative subscore 0.0105

All values in bold are significant with p< 0.05.
aBased on dummy coding quetiapine was used as reference medication thereby
risperidone, olanzapine and aripiprazole have negative signs their influence on cogn
this case quetiapine). This indicates that quetiapine features the most favourable

Copyright # 2010 John Wiley & Sons, Ltd.
quetiapine on cognitive improvement (Good et al.,
2002; Velligan et al., 2002).
Olanzapine was found to significantly improve

working memory, verbal memory and visual memory.
Meltzer and McGurk observed significant improve-
ments in verbal learning and memory, verbal fluency,
and executive function during olanzapine treatment.
baseline to week 8

Std. error t-value pr(>jtj)

0.0078 �2.77 0.007
0.0083 2.07 0.041
0.0067 �3.42 0.001
0.1456 �1.27 0.208
0.1245 �1.23 0.222
0.1155 �4.65 <0.001

0.0092 2.39 0.019

0.0124 �2.48 0.016
0.0110 �2.52 0.015
0.2560 2.27 0.027

0.0054 1.70 0.092
0.0034 �1.42 0.156

0.0046 1.94 0.055

0.0042 1.47 0.143
0.0040 2.61 0.010

concurrently considered as potential influencing predictive variable. As
ition is significantly worse than the influence of the reference medication (in
influencing profile.

Hum. Psychopharmacol Clin Exp 2010; 25: 116–125.
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Improvements in verbal and visual memory have been
confirmed by other authors (Cuesta et al., 2001; Smith
et al., 2001). Comparing olanzapine, risperidone,
clozapine and haloperidol regarding their effects on
cognition olanzapine exhibited improvements in the
general and attention domains but not more than the
other antipsychotic drugs applied (Bilder et al., 2002).
A significant improvement in the cognitive domain

reaction time was found during risperidone treatment.
It should be kept in mind that only 17 patients were
treated with risperidone which might explain why the
improvement of several cognitive domains did not
reach significance level. Comparing placebo, risper-
idone and clozapine Akdede et al. found significant
improvements in both treatment groups in a variety of
cognitive measures, however, with a significantly
greater improvement in the placebo-augmented group
(Akdede et al., 2006). In a recently published review
article on oral and long-acting injectable risperidone and
cognitive functioning the authors concluded that oral
risperidone appears to be associated with improved
functioning in cognitive domains (Houthoofd et al.,
2008).
Regarding the treatment with aripiprazole a signifi-

cant improvement of the domains reaction time and
reaction quality was observed. There is very limited
comparative literature on the influence of aripiprazole
on cognition. Evaluating aripiprazole and neurocogni-
tion in stable outpatients Kern et al. found verbal
learning and the general cognitive functioning to
improve significantly during the treatment (Kern et al.,
2006). In a case report Mucci and colleagues described
cognitive enhancing effects during aripiprazole treat-
ment compared to other second generation antipsy-
chotics (Mucci et al., 2008).
Similar to other trials, we did not find evidence for an

association of antipsychotic dosage and cognitive
functioning (Klingberg et al., 2008). But there are
reports that cognitive functioning strongly depends on
antipsychotic dosage and also on the number of
antipsychotics prescribed as Elie et al. described
poorer cognitive functioning with increasing antipsy-
chotic daily dose, interestingly at doses lower than
previously thought (Elie et al., 2009).
However, discussing these results one should keep in

mind that only randomized controlled trials and two
different intervention strategies are adequate to show
different treatment effects (Keefe et al., 2004). Also,
interpreting the present results the influence of practice
effects can not be disregarded. In one of the first trials
examining cognitive improvement with second-gener-
ation antipsychotics in first-episode schizophrenia
patients including healthy controls undergoing
Copyright # 2010 John Wiley & Sons, Ltd.
repeated testing the possibility that improvements in
cognition might simply reflect practice effects was
assessed (Goldberg et al., 2007). The authors found
some of the improvements in cognition in the patient
group to be related to practice effects.
Taking these aspects into account, we cannot

conclude that the cognitive enhancement detected
can be totally attributed to the treatment applied. To
eliminate practice effects as much as possible, the
neurocognitive tests in the study at hand were
performed using different parallel versions at every
assessment point. Caution is furthermore wanted as no
healthy control group was included in the study design
limiting further conclusions of the individual influence
of the antipsychotic treatment applied. In addition, we
do not know how many patients had a medication
independent ‘spontaneous’ improvement as we have no
placebo control included.

Influencing variable psychopathology

A lower PANSS negative subscore significantly
influenced a favourable functioning in the cognitive
domains working memory and reaction time and was
furthermore significantly positive predictive for the
domains working memory, verbal memory and visual
memory. A lower PANSS positive subscore was only
significantly predictive for one cognitive domain,
namely working memory, whereas a lower PANSS
general psychopathology subscore significantly influ-
enced reaction quality and visual memory and was
significantly positive predictive for reaction quality.
The PANSS general psychopathology subscore

contains items on depression, fear as well as impaired
concentration or active social avoidance and thereby
resembles depressive and negative symptoms to a
certain degree suggesting that depressive symptoms
might influence reaction quality as well as visual and
working memory. The prominent influence of negative
and depressive symptoms on neurocognition in
schizophrenia is in agreement with current literature
(Brebion et al., 1997; Heydebrand et al., 2004;
Holthausen et al., 1999; Hughes et al., 2003).
Heydebrand et al. found the severity of negative
symptoms to be associated with specific deficits in
neuropsychological performance such as deficits in
memory or psychomotor speed, which is in perfect
agreement with the present results of the PANSS
negative subscore significantly influencing and pre-
dicting working, verbal and visual memory (Heydeb-
rand et al., 2004). Kohler et al. evaluated cognitive
impairment in patients with schizophrenia comparing
patients with and without depressive symptoms and
Hum. Psychopharmacol Clin Exp 2010; 25: 116–125.
DOI: 10.1002/hup



COGNITION AND SCHIZOPHRENIA AND INFLUENCING VARIABLES 123
related the main difference between these two groups
in the domain of attention, namely the task of vigilance
underlining the importance of depressive symptoms for
cognitive impairments (Kohler et al., 1998). Mösner
et al. were able to confirm this result as they also found
depressive symptoms to significantly influence atten-
tion measure and memory measures, which also
supports the present results (Moser et al., 2006).
Interestingly, an association of subjective mood states
and neurocognitive performance was furthermore
found in a study by Halari et al. (2006). The authors
even found the patient-rated symptoms predicting
more cognitive domains than the clinician-rated
symptoms suggesting that self-perceived negative
mood states may be a better predictor of cognitive
deficits than clinician-rated symptoms.
Regarding positive symptoms, some studies report

associations between psychotic symptomatology and
neurocognitive performance, whereas others have
reported no relationship (Brazo et al., 2002; Penades
et al., 2001; Strauss, 1993). In line with our results
Bozikas et al. found an association between positive
symptoms and working memory (Bozikas et al., 2004).
Even though these correlations were modest, the
authors suggest that psychopathology and cognitive
deficits in schizophrenia are caused, at least, partially,
by distinct pathophysiological processes. In a recent
review, Dominguez et al. fit literature results in the
simplistic but heuristically useful two-pathway model
of psychosis, in which negative and disorganized
symptoms are associated with the intermediary
phenotype of neurocognitive impairment while the
positive and affective dimensions are not (Dominguez
et al., 2009).

Influencing variable age

Few studies of patients suffering from schizophrenia
have investigated the effects of the patient’s age using
an extensive neuropsychologic battery (Fucetola et al.,
2000). In the present analysis we found age to strongly
influence cognition and to be a significant predictor as
older patients scored significantly worse in the
cognitive domains working memory, reaction quality,
visual memory and executive function. The association
between age and especially executive function has also
been stated by other authors (Bhatia et al., 2009;
Giovagnoli et al., 1996). The majority of studies of
age-related neuropsychologic change found little
evidence of cognitive decline (Chen et al., 1996;
Mockler et al., 1997) which might be due to the fact
that age-related differences in patients with schizo-
phrenia may disappear when effects of normal aging
Copyright # 2010 John Wiley & Sons, Ltd.
are accounted for (Heaton et al., 1994). Examining the
interaction of aging and neuropsychologic function
comparing patients with schizophrenia and healthy
controls Fucetola et al. found their results consistent
with the literature as similar age effects were detected
in patients and controls (Fucetola et al., 2000).
However, the authors believe that their results support
the hypothesis that a degenerative process may result in
a more accelerated decline of some executive functions
in older age schizophrenia patients, a hypothesis
worthy of further study.

Influencing variable concomitant medication

In the present analysis, the concomitant application of
lorazepam was found to significantly predict reaction
quality in that sense that with greater lorazepam
administration reaction quality decreased. Further-
more, the cognitive domains of visual memory and the
cognition index were significantly influenced the same
way. These results demonstrate that despite stopping
lorazepam as concomitant medication 24 h before
neurocognitive testing, due to a half-value period of
12–16 h, an influence of lorazepam on cognitive
performance is still detectable. This result might not
surprise keeping data on healthy subjects and
benzodiazepines in mind which can end up in cognitive
impairments and attention deficits (Vidailhet et al.,
1999). As negative effects of anticholinergic medi-
cation on learning and memory have been demon-
strated (Spohn and Strauss, 1989) the influence of
anticholinergic medication for the course and devel-
opment of cognition were furthermore analysed, yet
without finding a significant influence. Evaluating
changes in neuropsychological functioning in 108
patients with schizophrenia Jerrell and Ramirez did not
find a significant result in their covariate analysis using
anticholinergic medication (Jerrell and Ramirez,
2008). Unfortunately, further comparative data are
limited. Klingberg et al. also complained that most
studies do not control for the effect of different drugs
administered such as concomitant medication (Kling-
berg et al., 2008).

STRENGTHS AND LIMITATIONS

Strengths of the present analysis are the comparison of
four atypical antipsychotics and the matching study
design of the different studies examined. Also, the
same study registrars performed the ratings and the
same measuring instruments were applied enhancing
generalizability of the study results. However, it should
be kept in mind that post-hoc analyses bear the risk of
Hum. Psychopharmacol Clin Exp 2010; 25: 116–125.
DOI: 10.1002/hup



124 m. riedel ET AL.
biasing the significance of clinical results (Moreno
et al., 2009; Turner et al., 2008).
A limitation of present results is that no control group

was included and that the improvements observed might
at least partially be drawn back on practice results. The
present study accounted for practice effects by using
different parallel versions of the cognitive tests applied.
Another limitation is that patients were not included in
the present study if they had not responded to one of the
applied antipsychotics in their medical history which
might bias the results given that predominantly
treatment responder were included.

Conclusion

Considered together, the results demonstrate an
improvement of cognitive deficits in patients with an
acute episode of schizophrenia regardless of the
antipsychotic applied. Quetiapine was found to
improve working memory significantly better than
risperidone, olanzapine and risperidone. Also, negative
and depressive symptoms, the patient’s age, time point
of treatment as well as the concomitant treatment
applied were observed to significantly influence and
predict neurocognition.
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