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ABSTRACT – Background and Objectives: Several studies have demonstrated that pa-
tients with schizophrenia have impaired cognitive functioning. In the literature there have
been controversial results about the cognitive deficits occurring in the different states of
the illness. Furthermore, there have been relatively few studies to investigate the associa-
tions between neurocognitive deficits and clinical status over time.

In order to follow the changes of neurocognitive subfunctions during relapse and early
remission (clinically stable state), in the present study patients with schizophrenia were
tested in the acute phase and in clinically stable state, and then the results were correlated
with clinical symptoms.

Methods: Forty-two patients diagnosed with schizophrenia based on diagnostic inter-
views by clinicians and 43 normal controls were studied. Neurocognitive skills were eval-
uated with six subtests of the Cambridge Neuropsychological Test Automated Battery
(CANTAB). Among patients with schizophrenia, symptom severity was assessed with the
Positive and Negative Syndrome Scale (PANSS).

Results: Patients with schizophrenia performed significantly worse in all neurocogni-
tive subtests compared to healthy controls at both relapse and clinically stable state. At fol-
low-up these cognitive changes improved, however still marked dysfunctions were ob-
served. The negative symptoms in the PANSS and CANTAB tests were negatively
correlated with both results during relapse and clinically stable state.

Conclusions: Cognitive impairment exists among patients with schizophrenia com-
pared to healthy subjects during both relapse and early remission suggesting that these
deficits might be permanent.
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Introduction

Cognitive dysfunctions in schizophrenia
have been increasingly regarded as a domi-
nant part of the symptomatology1. Several
studies have described that patients with
schizophrenia are characterized by marked
cognitive deficits, mainly in the areas of at-
tention, visual memory, working memory
and executive functions2,3. Their cognitive
performance is consistently worse compared
to healthy individuals in certain tests mea-
suring neurocognitive functions4.

Longitudinally, schizophrenia is usually
characterized by different episodes, i.e. peri-
odic relapses and remission phases. During re-
lapse, patients with schizophrenia show
mainly specific psychotic symptoms, while
the remission state is mainly characterized by
milder and predominantly negative symptoms.
This state is called “remission”, rather than
“recovery”, because it fits more into the con-
cept of schizophrenia due to the chronicity of
the disorder. Unfortunately, remissions are
usually time-limited periods in the course of
schizophrenia, whereas recovery would mean
complete convalescence from the illness5.
Nevertheless, being in symptomatic remission
does not mean that patients are doing com-
pletely well, since the remaining milder symp-
toms may negatively affect their functioning6.

Controversy exists in the literature, since in
several studies patients in remission have
shown improved executive functioning com-
pared to those in relapse7-11. Moreover, an-
other research found only weak correlation
between improved symptoms and changes
in cognitive dysfunctions12. These studies
were characterized by a cross-sectional de-
sign. In several longitudinal studies it has
been concluded that the neurocognitive per-
formance of patients with schizophrenia is
notably stable regardless of clinical state13,14.

Additionally, Heaton and co-workers15 found
that cognitive deficits are trait-like charac-
teristics of the disorder.

Furthermore, previously no significant dif-
ferences in neurocognitive performance of
patients with schizoaffective disorder between
relapse and remission were reported, which
suggests its trait-like nature16. In another
study, patients with bipolar disorder also
showed poorer neurocognitive performances
regardless of their clinical state. Unfortunately
it was a cross-sectional study, thus a longitu-
dinal designed study may help to investigate
whether cognitive impairments are trait or
state-like characteristics of bipolar disorder17.

Results of previous longitudinal studies sug-
gest that antipsychotic medications have only
a moderate effect on the cognitive skills of pa-
tients18,19; thus, cognitive deficits seem to be
largely independent of antipsychotic treat-
ment20 and are present in all states –prodro-
mal, relapse and remission– of the disorder21.
Nevertheless, Knowles and co-workers22 in a
meta-analysis concluded that processing
speed impairment was affected by antipsy-
chotic medications, while other cognitive
tasks were not.

The main aim of the present study was to
examine cognitive dysfunctions in patients
with schizophrenia at two different time
points: first in an acute phase (when patients
presented predominantly positive psychotic
symptoms) and at a second time in early re-
mission (clinically stable state) in order to
evaluate specific changes in their cognitive
skills at these two stages using a language-in-
dependent, neurocognitive battery to measure
specific cognitive subfunctions. Furthermore,
specific neurocognitive deficits were mea-
sured in relation to clinical status and symp-
toms. Our second aim was to compare the
cognitive performance of patients in early re-
mission with that of healthy individuals.



Subjects and methods

Subjects

Forty-two patients (18 women, 24 men –
mean age 39 ± 10 years) with schizophrenia
(the majority had the paranoid type, while 4

were hebephrenic) meeting DSM-IV crite-
ria23 participated in our study. All patients
had previous psychotic episodes. The average
duration of illness was 15 years (SD = 10.1).
All of them were hospitalized during the test-
retest interval (Table 1.).
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Table 1
Demographic and clinical characteristics of patients and healthy subjects (p > 0.05, not significant).

Schizophrenic patients Healthy controls (n = 43)

Sex (male/female) 24/18 20/23

Age (yrs.) 39 ± 10 37 ± 9

Education (yrs.) 13.70 15.80

Age of onset (yrs.) 26.40 –

They were recruited from the inpatient
unit of the Department of Psychiatry, Uni-
versity of Debrecen, Hungary and at the time
of the first examination were in the acute
phase of the disorder. PANSS had to be scored
with a symptom severity of ≥ 4 points
(“medium” or more severe): a) delusions; b)
unusual thought content; c) hallucinatory be-
haviour; d) blunted affect; e) passive/apa-
thetic social withdrawal. Exclusion criteria
were any kind of severe physical illness, drug
or alcohol addiction and schizoaffective dis-
orders. The research diagnosis was based on
diagnostic interviews guided by clinicians in-
dependent of the study. These interviews in-
cluded the Structured Clinical Interview for
DSM Disorders – Clinician Version (SCID-
CV), the Research Version (SCID-RV) and
also the Positive and Negative Syndrome
Scale (PANSS) was evaluated. The treatment
of the patients were as follows: amisulpride:
2 patients, aripiprazole: 5, clozapine: 10, flu-
penthixol: 2, haloperidol: 3, olanzapine: 11,
paliperidone: 8, quetiapine: 9, risperidone: 6,
ziprasidone: 1, benzatropine: 10, biperiden: 1,

procyclidine: 1 and clonazepam: 1 patient.
This medication therapy remained unchanged
throughout the test-retest interval.

Forty-three age-matched healthy control in-
dividuals (23 women, 20 men – mean age 37
± 9 years) were also assessed. These individu-
als had never met the criteria for any kind of
psychiatric disorder in their course of life.
None of these subjects had any substance
abuse, which could influence their cognitive
performance. They were informed properly
about the aim of the study and the details of the
examination and they consented to participate.

This study was approved by the Regional
and Institutional Ethics Committee of Uni-
versity of Debrecen, Medical and Health Sci-
ence Center (UDMHSC REC/IEC) and was
conducted in accordance with The Code of
Ethic of the World Medical Association (De-
claration of Helsinki) for experiments involv-
ing humans. Some of the data were gained
from the SCHIZOBANK – a national schizo-
phrenia biobank – database (e.g. PANSS
scores, age, gender, drug administration), since



patients were tested while this biobank had
been being built24. The main demographic and
clinical characteristics of patients and healthy
subjects are shown in Table 1.

Methods

Patients and healthy subjects were tested
with the Cambridge Neuropsychological Test
Automated Battery (CANTAB), a computer-
ized neuropsychological test battery which al-
lows assessing several cognitive subfunctions
in a standardized way. It is a more compre-
hensive neuropsychological test battery than
those single neurocognitive tasks which can
measure only specific cognitive functions of
the brain. The CANTAB database consists of
3,000 healthy control persons with different
gender, age and IQ. During validation no sig-
nificant difference was found in the cognitive
performance between the Hungarian healthy
volunteers and the database of CANTAB.
Therefore, it was assumed that CANTAB was
a valid measure for the assessment of cognitive
skills in the Hungarian population25.

Assessment of cognitive functions
(CANTAB)

Several tests of CANTAB are useful to
demonstrate cognitive impairment in patients
with schizophrenia in tasks measuring work-
ing memory, visual and spatial memory, ex-
ecutive functions, sustained attention, infor-
mation processing, formula recognition and
deficit in the ability of learning new infor-
mation26-28. CANTAB is suitable for indi-
viduals who have never used a computer with
a touch screen and a hand switch. The first
test of CANTAB (Motor Screening – MOT)
was used to assure that the participants had
the physical and mental abilities necessary to
complete the test. Technical details of the
tests can be found at the following website:
(www.camcog.com, Cambridge Cognition).

In our study the neurocognitive functions of
the schizophrenic patients and healthy indi-
viduals were tested with six subsets of
CANTAB, which were brief enough for the
patients to complete. Our selection was based
on a previous study conducted at our Depart-
ment, which showed that prepsychotic pa-
tients and schizophrenic patients with pre-
dominantly negative symptoms performed
significantly worse on these tasks compared to
healthy controls29. Therefore, the present study
was focused on these domains. However, other
aspects of cognition, such social cognition, of
the same patient sample were reported by our
group previously30. Thus, the following tests
were administered to the participants:

The tests measuring visual memory were
the Paired Associate Learning (PAL) and the
Spatial Recognition Memory (SRM) sub-
tests. The PAL subtest requires participants to
learn new specific visual patterns and locate
them on the computer screen. The SRM sub-
test estimates the ability of patients to re-
member the spatial location of visual stimuli.
For the evaluation of sustained attention,
Rapid Visual Information Processing (RVP)
was administered. The tests measuring work-
ing memory and planning skills were the
Spatial Working Memory (SWM) and the
Stockings of Cambridge (SOC) tasks. The
SWM subtest measures how the subject can
keep spatial information in the working
memory and it also shows the searching strat-
egy used by the subject. The SOC subtest is
analogous with the “Tower of London” test;
it is suitable for evaluating the spatial prob-
lem solving and planning abilities31.

An assistant who was trained to use CAN -
TAB gave instructions for each task. Partici-
pants were asked to carry out the tasks under
the assistant’s guidance.

Psychotic symptom severity

The PANSS (Positive and Negative Syn-
drome Scale) was used to assess symptom
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severity among patients32 and it was admin-
istered by a trained psychologist, who was
the same for all the patients.

Study design

Patients were examined twice – first in an
acute phase (after admission as soon as they
were able to cooperate, on average within 4
days) and at a second time in a clinically sta-
ble state. The early remission or clinically sta-
ble state was defined as being discharged by
the clinician from the acute ward within a max-
imum of 3 months. The mean period of time
between assessments was 31 days (SD = 32.5).
When a patient with schizophrenia in the acute
phase was admitted to the acute ward, a trained
psychologist conducted the semi-structured
interview of PANSS and then the patient was
tested with CANTAB in a laboratory room.
After some time –based on the therapist’s
judgement– when the patient recovered from
the episode and entered into clinically stable
state, PANSS and CANTAB were repeated
before discharge. The PANSS scores of posi-
tive symptoms decreased by 18%, the negative
symptoms by 12%, the general symptoms by
17% and the overall scores by 16%. Healthy
individuals were tested only once.

Patients have been divided into subgroups
according to the criteria used by Braw and
co-workers33 based on their PANSS scores:
(1) Positive and general symptomatic remis-
sion (PSR) was defined as ≤ 3 on the follow-
ing items: P1 (Delusions), P2 (Conceptual
disorganisation), P3 (Hallucinatory behav-
iour), G5 (Mannerism and posturing) and G9
(Unusual thought content). (2) Negative
symptomatic remission (NSR) was defined as
≤ 3 on items N1 (Blunted affect), N4 (Social
withdrawal) and N6 (Lack of spontaneity)30.

At baseline, PANSS scores were 21.8 (SD
= 4.8) for positive symptoms, 23.5 (SD = 5.6)
for negative symptoms, 44.3 (SD = 9.4) for
general symptoms and 89.8 (SD = 15.6) for

overall scores. At clinically stable state,
PANSS scores were 17.7 (SD = 4.8) for pos-
itive symptoms, 20.8 (SD = 4.8) for negative
symptoms, 36.8 (SD = 8.9) for general symp-
toms and 75.2 (SD = 15.5) for overall scores.

Statistical data analysis

The PANSS scores were calculated based
on the total points in the negative, positive
and general pathology domain. Participants’
scores in all CANTAB subtest results were
calculated from median scores on the basis of
the CANTAB internal normative database of
healthy volunteers. Since we could not as-
sume normal distribution in all tests, the scores
of the patients and healthy individuals were
compared using non-parametric Mann-Whit-
ney t-test. Correlation between the PANSS
scores and CANTAB subtest results was car-
ried out by Spearman’s non-parametric tests.
The CANTAB scores of patients in acute and
in clinically stable phase were compared by
the non-parametric Mann-Whitney t-test. Sta-
tistical calculations were carried out using the
GraphPad Prism 6.00 for Windows software
(GraphPad Software, San Diego, CA, USA,
http://www.graphpad.com) and p < 0.05 was
considered as significant.

Results

CANTAB test results

Patients showed significantly worse per-
formance in all CANTAB tests (SRM, PAL,
SWM, SOC, RVP) compared to healthy con-
trols in both states (relapse and clinically sta-
ble state) (Figure 1). There was no statisti-
cally significant difference between the two
states with regard to neurocognitive tasks,
although the PAL test showed a weak ten-
dency for improvement (p = 0.2) (Figure 2).
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PANSS and CANTAB tests
during relapse

The overall sum of the positive symptoms
of PANSS were correlated with the perfor-
mance of patients in the SWM subtest (mea-
suring spatial working memory, Z-score = -1.1,
p < 0.05) in acute phase. Negative symptoms
were correlated with visual spatial memory
and paired association learning (SRM, Z-
score = -1.4, PAL, Z-score = -6.7; p < 0.05)
(Figure 1). General symptoms of PANSS also
correlated with the PAL (paired associated
learning) during relapse (Table 2).

PANSS and CANTAB tests
during clinically stable state

There was no correlation between the pos-
itive symptoms of PANSS and any of the
subtests in clinically stable state (p > 0.05,
Table 2).

The negative symptoms of PANSS were
significantly correlated with paired associate
learning and visual spatial memory functions
(PAL, SRM) (Figure 2).

There was also a significant correlation
between the general symptoms and the PAL
(paired associated learning) in clinically sta-
ble state (Table 3).
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Figure 1. CANTAB tests average results (+95% confidence interval, CI) in healthy volunteers and schizophrenic patients
(C= control, P1= acute phase, P2= remission phase; CANTAB tests: SRM – Spatial Recognition Memory,

PAL – Paired Associate Learning, SWM – Spatial Working Memory, SOC – Stockings of Cambridge,
RVP – Rapid Visual Information Processing).
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Figure 2. Correlation between PANSS negative symptoms and the
Paired Associate Learning (PAL) test in acute phase and in early remission. 



Discussion

As with previous studies, the results of this
study show that patients with schizophrenia
have cognitive impairments compared to
healthy people even during in clinically stable
state34,35. Decreased performance was ob-
served in visual spatial tasks, working mem-
ory and planning and also in sustained atten-
tion. The Paired Associate Learning task was
confirmed to be a very sensitive for cognitive
impairment3,29. These cognitive changes are

related to temporal, parietal lobe and frontos-
triatal dysfunctions, as well as abnormal func-
tion of the right prefrontal lobe among pa-
tients with schizophrenia.

When comparing cognitive functions dur-
ing relapse (acute phase) and in clinically
stable state, no statistical difference in cog-
nitive skills was found between the two
states. This may suggest that the cognitive
dysfunctions are persistent in all phases of the
disorder and may represent the core symptom
of the disease.
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Table 2
Correlation between PANSS negative, positive and general symptoms in schizophrenic patients during acute
phase (Spearman r and 95% confidence intervals) and cognitive subfunctions.

SRM PAL SWM SOC RVP

Positive symptoms 0.02 -0.06 0.38* -0.08 -0.07

(-0.29/0.32) (-0.37/0.25) (0.08/0.62) (-0.38/0.24) (-0.41/0.29)

Negative symptoms -0.43* -0.61** -0.12 -0.11 0.03

(-0.65/-0.14) (-0.77/-0.37) (-0.42/0.20) (-0.41/0.21) (-0.32/0.38)

General symptoms -0.12 -0.40/* -0.01 -0.16 -0.10

(-0.42/0.19) (-0.63/-0.11) (-0.32/0.30) (-0.45/0.16) (-0.44/0.26)

*p < 0.05, **p < 0.001.

SRM: Spatial Recognition Memory, PAL: Paired Associate Learning, SWM: Spatial Working Memory, SOC:
Stockings of Cambridge, RVP: Rapid Visual Processing.

Table 3
Correlation between PANSS negative, positive and general symptoms in schizophrenic patients during early
remission (Spearman r and 95% confidence intervals).

SRM PAL SWM SOC RVP

Positive symptoms 0.02 -0.04 0.14 0.03 -0.04

(-0.33/0.29) (-0.35/0.27) (-0.17/0.44) (-0.29/0.33) (-0.28/0.35)

Negative symptoms -0.47* -0.47* -0.01 -0.18 -0.17

(-0.68/-0.18) (-0.68/-0.19) (-0.31/0.30) (-0.47/0.14) (-0.47/0.16)

General symptoms -0.22 -0.35/* -0.03 -0.17 -0.08

(-0.49/0.10) (-0.60/-0.05) (-0.28/0.34) (-0.46/0.14) (-0.25/0.39)

*p < 0.05.

SRM: Spatial Recognition Memory, PAL: Paired Associate Learning, SWM: Spatial Working Memory, SOC:
Stockings of Cambridge, RVP: Rapid Visual Processing.



In our study the maximum time interval be-
tween the two testing was 3 months and con-
firms the findings of previous studies, which
have found that cognitive skills are stable
over time in schizophrenia13,36,37. The relative
stability of cognitive impairments can be em-
phasized; however, a moderate cognitive im-
provement may exists, as some papers re-
ported longitudinal improvements in memory
and executive functioning after 5 years38, or
20 years after index hospitalization39.

Limitations of the study are that only a
relatively small sample was tested. Further-
more, the time interval between test and retest
was also short due to our definition of an
early remission or clinically stable state,
which was less stringent then remission. The
control group was tested once, which might
cause a test-retest issue, although stability of
their performance is expected over time due
to the disposition of the test.

In conclusion, we have found evidence that
there are cognitive differences between pa-
tients and healthy individuals in both relapse
and in clinically stable state and this finding is
consistent with previous literature data. The
lack of significant improvement in neurocog-
nitive functions in the present short-term fol-
low-up study suggests that these dysfunctions
are persistent and may be considered as the
core symptom of the disorder. Future studies
with longer follow-up periods may provide
further insight in the cognitive changes during
the course of schizophrenia.
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