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Our aimwith the present studywas to evaluate rank-order andmean-level cognitive functioning stability among
first-episode psychosis (FEP) patients, measured using the Cambridge Neuropsychological Test Automated
Battery (CANTAB), over a six month period. We also aimed to examine longitudinal measurement invariance
and identify factors—such as age, gender, educational level, treatment and psychopathological change
scores—potentially linked to cognitive change among patients. In addition, correlations between objectivelymea-
sured and subjectively evaluated cognitive functioning were estimated. Neuropsychological assessments were
administered to 85 patients after the initial stabilisation of their psychosis; 82 of the patients were retested. Sub-
jectively perceived cognitive functioningwasmeasured using a subscale derived from the Estonian version of the
Subjective Well-Being Under Neuroleptic Scale (SWN-K-E). On average, executive functioning and processing
speed improved significantly, while memory test scores decreased significantly, over time. Very high rank-
order stability (r = 0.80 to 0.94, p b 0.001) was observed with all measured ability scores. Confirmatory factor
analysis revealed the loadings of a single (broad ability) factor model were equal across both measurement oc-
casions, but the lack of intercept invariance suggested that mean-level comparisons are more appropriately car-
ried out at a subtest level. On average psychopathology scores and antipsychotics doses declined over time, with
the latter also significantly correlating with better executive functioning. Gender was a significant moderator of
some domains of cognitive performance, and decline tended to be somewhat more pronounced for women. The
results also indicated the lack of any relationship between objective and subjective measurements of cognitive
functioning.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Among other symptoms, psychotic illnesses are accompanied by
neuropsychological impairments (Green et al., 2004; Kurtz, 2005). Al-
though individual patient's neuropsychological profiles may be hetero-
geneous (Joyce et al., 2005), they are typically characterised by
attention, set shifting, processing speed, memory, learning, working
), Rene.Mottus@ed.ac.uk
adri.Koch@kliinikum.ee
imperial.ac.uk (E. Maron),
memory, and executive function deficits (Heinrichs and Zakzanis,
1998; Mesholam-Gately et al., 2009; Saykin et al., 1991), something
that can be broadly summarised as generalised cognitive impairment
(Dickinson et al., 2004; Mohamed et al., 1999). On average, schizophre-
nia patients tend to score 1.0 to 2.5 standard deviations lower in general
cognitive ability compared to control subjects (CoS), however there is
also some variability in the extent of impairment between domains
(Bilder et al., 1992; Heinrichs and Zakzanis, 1998; Keefe, 2014;
Mohamed et al., 1999). While some patients do fall within the normal
range of±1 standard deviations of themean of a generally healthy pop-
ulation (Kremen et al., 2000; Palmer et al., 1997). Hoff et al. (2005) con-
cluded that although most FEP patients have undergone considerable
cognitive decline by the time of their first hospitalisation, the exact
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course of cognitive impairment remains unknown. In addition, psychot-
ic symptoms may even share some genetic aetiology with cognitive
functioning (Kendler et al., 2015; McIntosh et al., 2013).

The available evidence is also contradictory as to whether cognitive
functioning continues to decline during later stages of schizophrenia
(Aas et al., 2014; Rund et al., 2007). It has been argued that themajority
of such cognitive declines occurs just before or within a few years after
the onset of psychosis (Bora and Murray, 2014). To date, longitudinal
studies have investigated patients' cognitive functioning over the
years following disease onset, but less is known about what specifically
happens to their cognitive abilities during the months immediately fol-
lowing FEP diagnosis. Investigating the cognitive performance of pa-
tients during the early stages of chronic psychotic disorder may help
to identify cognitive deficits related to schizophrenia, compared to cog-
nitive dysfunction resulting from the long-term course of the schizo-
phrenic illness or the treatment of either.

During the present study we investigated cognitive changes among
FEP patients following their FEP. First, mean-level changes were calcu-
lated to ascertain the extent to which patients' cognitive abilities had
changed during the six months following FEP. Second, the extent to
which patients retained their cognitive test score ranking (rank-order
stability) was examined. The lower the stability, the more likely there
are potentially identifiable factors that result in deviation from the nor-
mative change pattern of a condition (Deary, 2014). Third, the structure
of changes were examined, indicating the extent to which changes hap-
pened in lockstep, and thereforewere likely to pertain to cognitive func-
tioning in general, as opposed to specific cognitive domains. Fourth,
individual differences in cognitive changes were compared to possible
causal factors, including demographic characteristics, antipsychotic
medication dosages, and the extent of psychopathology. In addition to
cognitive functioning quantified using objective performance tests, sub-
jective cognitive dysfunction may be an important early indicator of
schizophrenia, as it can precede prodromal symptoms (Hambrecht et
al., 2002; Nuechterlein and Dawson, 1984) is prevalent among patients
with FEP (Moritz et al., 2000) and in the late stages of the disorder
(Homayoun et al., 2011; Stip et al., 2003). During the present study,
changes in subjective cognitive dysfunction were also recorded over
the same timeframe. As it is currently unclear to what extent subjective
and objective cognitive dysfunction measurements are in-line each
other—some studies report positive correlations (Prouteau, 2004; Stip
et al., 2003) and others no significant correlations (Homayoun et al.,
2011; Zanello and Huguelet, 2001)—we correlated levels of change be-
tweenmeasurements of objective and subjective cognitive dysfunction.

2. Materials and methods

2.1. Study participants

The FEP patients were part of an on-going longitudinal research pro-
ject of first-episode psychosis conducted by the Psychiatry Clinic of
Tartu University Hospital, Estonia. A total of 85 patients (mean age
26.99 years old, s.d. = 6.96, range 18–43; 54.12% male; 92.94% right-
handed) met the inclusion criteria: aged between 18 and 45; had expe-
rienced FEP; the duration of untreated psychosis was less than three
years; they had received no antipsychotic treatment before their first
contact with medical services for psychosis. At the time of recruitment,
patients were in a stabilisation phase of the disease, with the initial flor-
id psychotic symptoms had been controlled by medication. Diagnoses
were based on clinical interviews that followed ICD-10 (WHO, 1992)
criteria, a review of their medical history, information from family
members, and were agreed upon by two clinical psychiatrists. Among
the patients, the diagnoses were: acute polymorphic psychotic disorder
without symptoms of schizophrenia (F23.0,n=16); acute polymorphic
psychotic disorder with symptoms of schizophrenia (F23.1, n = 16);
acute schizophrenia-like psychotic disorder (F23.2, n = 21); other
acute predominantly delusional psychotic disorder (F23.3, n = 4);
other acute and transient psychotic disorders (F23.8, n = 5); paranoid
schizophrenia (F20.09, n = 19); catatonic schizophrenia (F20.29, n =
1); undifferentiated schizophrenia (F20.39, n = 2); other nonorganic
psychotic disorders (F28, n = 2). F20.39 and F28 category patients
had experienced psychotic symptoms for longer than one month. The
patients had received an average of 21.42 (s.d. = 8.92) days of treat-
ment prior to baseline neuropsychological testing. Follow-up data
were collected approximately sixmonths later (mean duration between
baseline and follow-up testing was 6.35 (s.d. = 0.91) months). Follow-
up data were available for a total of 82 patients (96.47%); two patients
had dropped-out of the mental health care system, and one declined.
Patients were being treatedwith various atypical antipsychotic medica-
tions as appropriate to their specific condition. At baseline, all patients
were receiving only atypical antipsychotics; at follow-up, four patients
(4.88%) were additionally being treated with neuroleptics. Neuropsy-
chological assessments were performed when patients were clinically
stable and willing to undergo the procedure. All FEP patients were flu-
ent in Estonian, and had on average undergone 13.04 (s.d. = 2.51)
years of fulltime education.

With regard to substance abuse, ten patients (11.8%; seven males)
reported having tried cannabis; nine patients (10.6%; all male) reported
having habitually used cannabis and amphetamine type stimulants at
some point during their lifetime. None of the patientsmet substance de-
pendence criteria.

The studywas approved by the Ethics Review Committee onHuman
Research of the University of Tartu (Estonia) and carried out in accor-
dancewith The Code of Ethics of theWorldMedical Association. A com-
plete description of the purpose and procedures of the studywas read to
the participants, and written informed consent provided by all. Partici-
pants were recruited between March 2009 and June 2015. The same
sample has been partly involved in our previous research (Haring et
al., 2015a; Haring et al., 2015b; Haring et al., 2016).

2.2. Measurements and procedures

2.2.1. Computerised neuropsychological assessment
A number of studies have used the comprehensive Cambridge Neu-

ropsychological Test Automated Battery (CANTAB) (Robbins and
Sahakian, 1994) to produce neuropsychological profiles that character-
ise FEP patients (Barnett et al., 2005; Haring et al., 2015b; Hutton et al.,
1998; Leeson et al., 2009a). The CANTAB tests are administered using a
computer with a touch-sensitive screen; application of the test and
feedback are given in a standardised manner, which precludes examin-
er variation (Fray et al., 1996). The CANTAB has different forms for a cer-
tain subtest and adult population validity estimates, and for some
subtests test–retest reliability indices are provided (Lowe and Rabbitt,
1998). However, the equivalence of these alternate forms, as well as
their psychometric properties among an FEP group, have not been em-
pirically established.

Eight CANTAB tests, shown to be sensitive to evaluating the cogni-
tive dysfunction of patients with psychotic disorders, were adminis-
tered in a fixed order to each patient in a one-to-one setting. The tests
(see below) were run using CANTABeclipse Version 3.0.0. All task stim-
uli were visual in nature, consisting of geometric designs or simple
shapes, and required a non-verbal response. Instructions were given
in Estonian from a literal translation of the CANTAB test manual that
was produced by three clinical psychologists fluent in both English
and Estonian. The battery of tests took approximately 1 h to administer.
During test sessions, participants were offered to take a short break
whenever they felt the need.

2.2.2. Visual memory tests
Pattern recognition memory (PRM) tests rely on cued memory func-

tions, and the total number of correct responses was used as the out-
come in the present analyses.
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Spatial recognition memory (SRM) tasks measure a subject's spatial
memory via a forced-choice paradigm. The total number of correct re-
sponses was used as the outcome in the analyses.

Paired-associates learning (PAL) tests assess visual memory and new
learning. The first trial memory score was used as the outcome of this
test.

2.2.3. Executive function, planning, and working memory tests
Intra/extradimensional shift (IED) tests assess visual discrimination,

selective attentional set formation andmaintenance, shifting, and flexi-
bility of attention; the number of errors made in the extra-dimensional
stage of the task was recorded as the outcome of the present study, and
all participants reached this level of the task.

Stockings of Cambridge (SOC) is a spatial planning test, and the num-
ber of problems solved with minimal moves was recorded as the
outcome.

Spatial span (SSP) assesses subjects' visuospatial short-term memo-
ry. The number of successes (in terms of being within a certain span
length) was recorded.

Spatial working memory (SWM) tests evaluate subjects' ability to re-
tain spatial information and manipulate these remembered items in
their working memory. The number of errors was recorded, as well as
a strategy score that consisted of the number of times an ineffective
strategy was used.

2.2.4. Speed of processing
Rapid visual information processing (RVP) tests involve a sustained

vigilance task. The probability of a correct hit (sensitivity for detecting
sequences) was recorded as the outcome.

During the follow-up assessments, alternate test versions of PRM,
SRM, PAL, and IED were used. For more detailed descriptions of these
tests, see the CANTAB website (http://www.cambridgecognition.com).

2.2.5. Clinical assessments
Range and severity of psychopathology was assessed using the Brief

Psychiatric Rating Scale (BPRS) (Overall and Gorham, 1962). The BPRS
consists of 18 symptoms and each item is measured on a seven-point
Likert scale from “not present” to “extremely severe”. A total score, as
well as positive and negative BPRS symptom scores (derived from the
subscales identified by Ventura et al. (2000)), were used as the
outcome.

2.2.6. Medication data
Types and dosage of antipsychotic medications were recorded and

subsequently converted into mean theoretical chlorpromazine (CPZ)
equivalents (Gardner et al., 2010).

2.2.7. Subjective cognitive functioning
Patients' subjectively perceived cognitive functioningwas evaluated

using a ‘mental functioning’ subscale, obtained from the Subjective
Well-being under Neuroleptics-Short Form (SWN) (Naber et al.,
2001), Estonian version (Haring et al., 2013). The SWN consists of 20
items rated on a 6-point Likert type self-rating scale that refers to sub-
jective experiences during the past seven days. The ‘mental functioning’
subscale comprises four items: “I find it easy to think”; “I am imagina-
tive and full of ideas”; “My thinking is difficult and slow”; “My thoughts
are flighty and undirected, it is difficult to think clearly”. The values of
the last two items were reversed during scoring and this global score
was a more useful indicator of subjective mental functioning.

2.3. Statistical analysis

Ability test scores on both testing occasions were standardised in re-
lation to themeans and standard deviations of the first testing occasion,
so that the mean scores at follow-up represented changes in standard
deviation units. However, to control for age, gender, and educational
level, mean-level differences were estimated using random coefficients
models (RCM),whereby the testing occasionwas a categorical predictor
of the respective test scores (with effect size representing themean dif-
ference in standard deviation units of the first testing); age, gender, and
educational level were covariates and the intercepts were allowed to
vary across individuals. Effect sizeswere interpreted as small, moderate,
and large, with corresponding Cohen's d ranging from 0.20–0.49, 0.50–
0.79, and ≥0.80, respectively (Cohen, 1977). Mean-level changes in
BPRS and CPZ dose equivalents were also estimated using a similar
RCM; as CPZ dose equivalents already represent standardised values,
raw data were used. Next, we examined rank-order stability across
the two testing occasions using Pearson's correlation. Then, general lin-
earmodels (GLM) were performed to quantify individual-level changes
in cognitive ability test scores over time, whereby follow-up scores con-
trolled for age, gender, and educational level were predicted from the
baseline scores; deviations from individual's predicted scores (regres-
sion residuals) at follow-up were taken as their individual change
score (CSs). Principal component analysis (PCA)was then used to inves-
tigate the structure of the CSs. We have previously demonstrated
(Haring et al., 2015b) that different ability test scoresweremore strong-
ly intercorrelated among patients than CoS; here we focused on the
changes in scores over time. Following the PCA, the replicability of
the cognitive traits structure between the two testing occasions
(Widaman et al., 2010)was evaluated usingmulti-group (groups repre-
sented occasions) confirmatory factor analysis (CFA). Initial model fit
(configural invariancewith no parameter equality constraints imposed)
was assessed using the comparative fit index (CFI) (Bentler, 1990), and
the root mean square error of approximation (RMSEA) (Hu and Bentler,
1999). Goodness of fit is indicated by values ≥0.95 for CFI, and ≤0.06 for
RMSEA (Hu and Bentler, 1999). After configural invariance was
evaluated, weak measurement invariance (equality of factor loadings)
between the sixmonth time interval was tested using chi-square differ-
ence (Δχ2) and CFI difference (ΔCFI) (Horn and McArdle, 1992;
Vandenberg and Lance, 2000), where Δχ2 of p b 0.05 and ΔCFI of
N0.01 indicated a statistically significant difference in fit. Models were
fitted using the maximum-likelihood estimator using the ‘lavaan’ pack-
age of R (Rosseel, 2012). Next, to evaluatewhether a significant changes
in cognitive characteristicswere correlatedwith age, gender, education-
al level, clinical symptom severity, or treatment-related variability, a
psychopathology change scores (BPRS CSs) and antipsychotics equiva-
lent dose change scores (AP DCs) were calculated, and cognitive CSs
separately regressedwith BPRS CSs, AP DCs, and demographic variables,
using RCM.

Finally, separate Pearson's correlations between cognitive test scores
and subjectively perceived mental functioning at baseline and six
month follow-up were performed.

All analyses were conducted using R Statistical software (R Core
Team, 2015).

3. Results

3.1. Patients characteristics

Females were older (27.49 years old, s.d. = 7.05) than males
(26.57 years old, s.d. = 6.94) and had undergone more formal educa-
tion (mean for females: 13.51 years, s.d. = 2.16; mean for males:
12.64 years, s.d.= 2.72), although these differenceswere not statistical-
ly significant (t=−0.61, p=0.55; t=−1.61, p=0.11, respectively).
Mean general psychopathology score, measured using BPRS, was 24.18
(s.d. = 12.80) at baseline and 19.31 (s.d. = 11.37) at follow-up
(t = −4.24, p b 0.0001). Total BPRS CSs was statistically significant
(t = 7.52, p b 0.00001); gender was not a significant predictor
(t = −1.45, p = 0.15) of CSs. BPRS negative and positive symptoms
subscale mean scores at baseline were 3.98 (s.d. = 2.91) and 5.20
(s.d. = 3.65), and during follow-up 4.27 (s.d. = 3.10) and 3.56 (s.d.
3.50), respectively. BPRS negative and positive symptoms change scores

http://www.cambridgecognition.com/
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(CSs) between the two occasionswere statistically significant (t=7.15,
p b 0.00001; t = 6.51, p b 0.00001, respectively). Gender differences
were not significant for either negative (t= 0.93; p= 0.36) or positive
(t = −1.04; p = 0.30) psychopathology CSs. The mean theoretical
chlorpromazine (CPZ) dose equivalents of antipsychotic medications
were 387.38 mg/day (s.d. = 165.44) at baseline and 319.97 mg/day
(s.d.= 183.31) at follow-up. Therewas significant change in APDCs be-
tween the two testing occasions (t=3.41, p=0.001); genderwas not a
significant predictor (t = 0.45, p = 0.66).

3.2. Mean-level change

When patients' mean-level changes over the six month period were
examined (Table 1), small increases in set-shifting (IED), speed of pro-
cessing (RVP), executive functioning (SOC), as well as in strategy
usage and the ability to manipulate spatial information in working
memory (SWM) appeared. In addition, there were large effect sizes
for lower performance in episodic memory (PAL) and spatial recogni-
tion memory (SRM) tasks. Spatial working memory (SSP) and pattern
recognition memory (PRM) tests showed mean-level stability over
time.

3.3. Stability of cognitive functioning

We examined the rank-order stability of cognitive functioning over
the test–retest interval of six months. The rank-order stability coeffi-
cients (Table 1) of the cognitive tests ranged from r = 0.80 to 0.94, all
significant at p b 0.001. Therefore, patients' relative standings regarding
test performance were very stable, suggesting that mean-level changes
tended to characterisemost of patients in a similarway. These estimates
also represent the lower-boundary estimates of the reliability of tests in
psychotic patients.

3.4. Structure of cognitive function and measurement invariance

The one-factor (broad ability factor) solution accounted for 19% of
total variance among the eight CANTAB subtest scores in the baseline
Table 1
Longitudinal variability across multiple domains of cognitive functioning among first episode p

Measure Mean-level differencea

Estimate (SE) CI

PRM
number correct

0.18 (0.14) (−

SRM
number correct

−0.94 (0.15) (−

PAL
memory score

−1.32 (0.12) (−

IED
total reverse errors

−0.33 (0.13) (−

SOC
problems solved in minimum moves

0.42 (0.11) (0

SSP
Span length

0.05 (0.11) (−

SWM
total errors

−0.42 (0.08) (−

SWM
strategy score

−0.45 (0.09) (−

RVP
sensitivity for detecting sequences

0.29 (0.10) (0

PRM, pattern recognition memory; SRM, spatial recognition memory; PAL, Paired Associates Le
SWM strategy, spatial working memory, strategy score; SWM errors, spatial working memory
Negative parameter estimates (effect sizes) for SRM and PAL demonstrate decline in the perform
performance during follow-up testing. Positive parameter estimates for PRM, SOC, SSP, and RVP

a All within-group comparisonsweremade controlling for the effects of education, age and ge
in effect size units (Cohen's d), CI, confidence intervals of estimates (2.5%, 97.5%), SE, standard
⁎ p b 0.05.

⁎⁎⁎ p b 0.001.
assessment of the FEP patient group, and primary loading values ranged
between 0.13 and 0.82 (Fig. 1).

The dimension identified by the PCA was assumed to reflect an un-
derlying broad cognitive ability trait. The plausibility of the model was
estimated using CFA, which confirmed that the empirical model in
which measures of CANTAB subtests were loaded on one broad ability
domain demonstrated an excellent fit for the data (χ2 = 25.451; df =
27; CFI = 1.000; RMSEA = 0.000; 90% confidence interval for
RMSEA = 0.000–0.079).

We then conducted a series of two time-point factor analyses across
three levels of invariance testing, by first evaluating the absolute model
fit at each level of invariance testing, and then calculating the relative fit
of each nestedmodel. Using the criteria of an RMSEA of ≤0.06 and CFI of
≥0.90 to evaluate absolute model fit, we found that the hypothesised
one-factor model demonstrated an excellent fit (CFI = 0.950;
RMSEA = 0.058; 90% confidence interval for RMSEA = 0.000–0.095;
Table 2), suggesting it could be considered a feasible representation of
the data at both time-points and justifying the evaluation of more re-
strictive invariance models. At the level of weak invariance testing,
model fit remained acceptable (Table 2), indicating that estimated fac-
tor loadings were not significantly different between the two time-
points. Indices of both relative and absolute model fit did not support
the existence of scalar invariance, i.e. intercept values varied significant-
ly between the two assessments. As scalarmeasurement invariancewas
not met, testing for stricter forms of invariance were not justified.

3.5. The relationship of cognitive stability with other variables

As described above, for SRM, PAL, IED, SOC, SWMerrors, and strategy
usage themodels reached statistical significance. In order to testwheth-
er these changes were moderated by demographic variables (age, gen-
der, educational level), BPRS CSs and AP DC CSs we used RCM analyses.
Details of these results are provided in Table 3. Gender was a significant
predictor of IED, SOC, SSP, and SWM test performances. Specifically,
Fig. 2 shows that gender differences at baseline levels of performance
(a) and longitudinal rates of change (b) were significant for the IED,
SOC, SSP, and SWM tests, with males outperforming females. Therefore,
cognitive decline tended to be somewhat more pronounced among the
sychosis patients.

t-Value Rank-order stability (r)

0.08, 0.45) 1.35 0.89⁎⁎⁎

1.24, −0.64) −6.20⁎⁎⁎ 0.94⁎⁎⁎

1.56, −1.08) −10.84⁎⁎⁎ 0.84⁎⁎⁎

0.58, −0.09) −2.64⁎ 0.80⁎⁎⁎

.20, 0.63) 3.80⁎⁎⁎ 0.82⁎⁎⁎

0.17, 0.27) 0.49 0.92⁎⁎⁎

0.58, −0.27) −5.40⁎⁎⁎ 0.84⁎⁎⁎

0.61, −0.28) −5.25⁎⁎⁎ 0.90⁎⁎⁎

.10, 0.48) 2.96⁎ 0.83⁎⁎⁎

arning; IED, intra/extradimensional shift; SOC, Stockings of Cambridge; SSP, spatial span;
, errors score; RVP, rapid visual information processing.
ance and negative estimates for SWMand IED indices characterise lower scores but better
reflect to the contrary higher scores and stability or better performance during follow-up.
nder. Random effects estimates between sixmonth in cognitive functioning are expressed
error, and rank-order stability (Pearson' r).
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Fig. 1. Representation of the one-latent factor structural model derived from the
exploratory factor analysis for first-episode psychosis patients. Variables in boxes
represent observed measures and variable in oval represents latent variable. The paths
from the latent constructs to the observed variables demonstrate the parameter
estimates onto its representative construct. The “e” represents the unique variance and
error associated with each observed variable. PRM, pattern recognition memory; SRM,
spatial recognition memory; PAL, Paired Associates Learning; SOC, Stockings of
Cambridge; SSP, spatial span; SWW strategy, spatial working memory, strategy score;
SWM errors, spatial working memory, errors score; IED, intra/extradimensional shift;
RVP, rapid visual information processing.
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female patients. In addition, longer time in education was predictor for
smaller change in IED, and bigger change in the RVP test performances.
Younger age was associated with extensive changes in SRM, PAL, and
SSP tests' performances and older age predicted bigger change in strat-
egy score in SWM test.

BPRS CSs was not found to be a significant predictor of any cognitive
test CSs. We conducted additional RCM analyses to separately evaluate
the BPRS negative and positive symptoms CSs effects (in addition to
gender, age, education and AP DCs) on the cognitive tests CSs. We did
not detect statistically significant impact of negative symptoms CSs,
measured byBPRS negative symptoms subscale, on the any ofmeasured
cognitive performance CSs (t-values ranged between −1.84 to 1.16).
BPRS positive symptoms subscale CSs was a significant predictor for
SWM errors CSs (t = 2.17, p b 0.05) and information processing (RVP)
CSs (t = −2.21, p b 0.05).

Significant associations were found betweenmean daily AP DCs and
patients' performance CSs of SOC, and SSP, indicating that significant
improvement occurred as AP dose decreased. Individual antipsychotic
dose and psychopathology raw scores were significantly correlated at
both baseline and follow-up (r = 0.35, p = 0.001; r = 0.34, p =
0.002, respectively).
Table 2
Summary of tests of factorial invariance in first episode psychosis patients group at base-
line compared to follow-up testing according to one latent factor solution.

Invariance χ2 (df) Δχ2 (Δdf) p-Value CFI ΔCFI RMSEA

Configural 69.280 (54) 0.950 0.058
Weak 75.708 (62) 6.428 (8) 0.60 0.955 0.005 0.051
Scalar 197.028 (70) 121.320 (8) 0.00 0.586 0.369 0.147

χ2, chi-square; df, degree of freedom; p-value corresponds to change in χ2 (Δχ2), CFI,
comparative fit index and change in CFI (ΔCFI); RMSEA, root mean square error of
approximation.
3.6. Correlation between objective and subjective cognitive functioning

No significant associationswere found between objectively and sub-
jectively measured cognitive functioning at baseline or follow-up (cor-
relation coefficients ranged from r = −0.22 to 0.17, p ≥ 0.05).
Pearson's correlation coefficient between baseline and follow-up mea-
surements of subjectively perceived cognitive functioning had low tem-
poral stability (r = 0.20, p ≥ 0.05). Details about these correlation
analyses are available on request from the corresponding author.

4. Discussion

The main aimwith this study was to analyse whether and how cog-
nitive functionality changes among 82 psychiatric patients directly after
confirmation of an FEP diagnosis. In these data,mean-level changes (de-
viations from individuals' predicted scores based on performances at
the first testing occasion) occurred in episodic memory, processing
speed, mental flexibility, and executive functioning; patients tended to
maintain their cognitive performance relative to other patients; there
was structural stability in the factors that summarised cognitive perfor-
mance among FEP patients; and changes in cognitive test scores were
related to demographic and clinical characteristics. Furthermore, objec-
tively measured ability scores did not correlate with subjectively per-
ceived cognitive functionality.

Detecting change in individual patient's neuropsychological perfor-
mances requires the use of appropriate methods. There are two specific
types of change over time one can focus on: rank-order change and
mean-level change. A rank-order change refers to a change in an
individual's cognitive performance relative to other individuals', and
mean-level change refers to changes in average performance over
time. The two are independent of each other, i.e. perfect rank-order
stability may characterise groups with substantial mean-level change,
because individuals often change in the same way.

Limited information is available about the stability of the cognitive
battery tests for different groups of patients. Previous research address-
ing rank-order or mean-level stability between two time points of the
CANTAB subtests has been scarce and far less conclusive than research
on the validity of the CANTAB among different samples, of which previ-
ous studies were mainly limited to the general public and patients with
diagnoses of schizophrenia or dementia.

4.1. Mean-level change

In terms of mean-level trends, our results appeared to show that
spatial recognition and episodic memory declined over a six month pe-
riod. In contrast, mental flexibility, executive functioning, manipulation
with items in one'sworkingmemory, and information processing speed
seemed to improve. There was no evidence for changes in pattern rec-
ognition memory or working memory capacity. The present study
tends to corroborate previous suggestions (Censits et al., 1997; Heaton
et al., 2001; Rund, 1998) that there is no broad progression of cognitive
deficits during the initial stages of chronic psychotic disorders. This sup-
ports the hypothesis of a primary neurodevelopmental deficit (Bora,
2015; Murray and Lewis, 1988; Weinberger, 1987), which may be ac-
companied by the formation of disturbed regenerative capacities during
a person's life-time (Falkai et al., 2015), and be incorporatedwith epige-
netic dysregulation, which is involved in neuronal plasticity mecha-
nisms (Hasan et al., 2013).

Moreover, previous researchers have also demonstrated a cognitive
improvement in CoS and FEP patients (Hoff et al., 2005; Nopoulos et al.,
1994; Rodríguez-Sánchez et al., 2008;Olivier et al., 2015). However, one
should consider the cognitive process being measured and how this
may changewith repeated assessments (Heilbronner et al., 2010).Mea-
sures of executive functioning generally show lowermean-level consis-
tency. Notably, tests of executive function (IED, SOC, SWM) rely
considerably on novelty. Thus, cognitive improvements in FEP patients



Table 3
Regression analysis for predictors (gender, age, education, psychopathology change score (BPRS CS), antipsychotics dose change (AP DC)) of CANTAB tests individual-level change score.

Change scores of cognitive measures Parameter estimates (CI)

Gender Age Education (years) BPRS CSa AP DCb

PRM
number correct

−0.08
(−0.46, 0.30)

0.05
(−0.14, 0.25)

0.18
(−0.03, 0.38)

−0.02
(−0.21, 0.17)

−0.11
(−0.29, 0.06)

SRM
number correct

−0.08
(−0.51, 0.35)

−0.26⁎

(−0.48, −0.04)
0.18
(−0.05, 0.41)

−0.16
(−0.37, 0.05)

0.04
(−0.16, 0.23)

PAL
memory score

0.002
(−0.34, 0.34)

−0.26⁎⁎

(−0.44, −0.09)
0.14
(−0.04, 0.33)

0.06
(−0.11, 0.23)

−0.08
(−0.24, 0.08)

IED
total reverse errors

0.44⁎

(0.11, 0.77)
0.08
(−0.09, 0.25)

−0.22⁎

(−0.40, −0.05)
0.13
(−0.04, 0.30)

0.04
(−0.12, 0.20)

SOC
problems solved in minimum moves

−0.49⁎⁎

(−0.81, −0.16)
0.06
(−0.10, 0.23)

0.15
(−0.02, 0.33)

−0.09
(−0.26, 0.07)

−0.16⁎

(−0.31, −0.02)
SSP
span length

−0.58⁎⁎

(−0.95, −0.21)
−0.22⁎

(−0.41, −0.03)
0.11
(−0.09, 0.31)

−0.07
(−0.24, 0.10)

−0.16⁎

(−0.31, −0.01)
SWM
total errors

0.50⁎⁎

(0.15, 0.85)
0.10
(−0.08, 0.28)

−0.11
(−0.30, 0.07)

0.12
(−0.02, 0.25)

0.08
(−0.04, 0.20)

SWM
strategy score

0.58⁎⁎

(0.22, 0.95)
0.20⁎

(0.01, 0.39)
−0.02
(−0.21, 0.18)

0.12
(−0.03, 0.26)

0.002
(−0.12, 0.13)

RVP
sensitivity for detecting sequences

−0.11
(−0.45, 0.23)

−0.10
(−0.28, 0.07)

0.30⁎⁎

(0.12, 0.49)
−0.09
(−0.24, 0.07)

−0.04
(−0.18, 0.10)

CI, confidence intervals of estimates (2.5%, 97.5%).
PRM, pattern recognition memory; SRM, spatial recognition memory; PAL, Paired Associates Learning; IED, intra/extradimensional shift; SOC, Stockings of Cambridge; SSP, spatial span;
SWM strategy, spatial working memory, strategy score; SWM errors, spatial working memory, errors score; RVP, rapid visual information processing.

a Change score of the Brief Psychiatric Rating Score.
b Dose change of the used antipsychotic medications in chlorpromazine equivalents.
⁎ p b 0.05.
⁎⁎ p b 0.01.
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during the early course of the diseasemay be related to a practice effect,
a common process shared by CoS, and therefore an increasemay not re-
flect real cognitive improvement, but rather stability or deficit
(Goldberg et al., 2007).

In terms of the paired association learning test (PAL), our results are
in linewith previous studies that showed a decline in cognitive function
during the early phases of FEP (Bilder et al., 1992; Hoff et al., 1999), par-
ticularly in learning and memory, or the encoding stage of memory for-
mation (Cirillo and Seidman, 2003;Mesholam-Gately et al., 2009).With
regard to memory function, Dikmen et al. (1999) argued that the lower
consistency estimates for memory test performances suggest memory
a) b

Fig. 2. Predicted means levels of cognitive performance separately for men and women at base
recognition memory; SRM, spatial recognition memory; PAL, Paired Associates Learning; IED, i
spatialworkingmemory, strategy score; SWMerrors, spatialworkingmemory, errors score; EVP
usage) for IED and SWM measures and higher values for PRM, SRM, PAL, SSP, and RVP indicate
itself may be substantially more variable than other cognitive abilities.
In contrast, studies of FEP patients that have usedmemory and learning
subtests from the MATRICS (Measurement and Treatment Research to
Improve Cognition in Schizophrenia) Cognitive Consensus Battery
(Nuechterlein et al., 2004) have detected improvements in the perfor-
mance of visual learning and working memory tests over a six month
period (Olivier et al., 2015) or stable mean-levels over a year (Benoit
et al., 2014). Inconsistent findings between these studies could be
owing to themhavingpatient groupswith different symptomseverities,
using a different cognitive functioning measurement methodology, and
employing different statistical methods.
)

line (a) and follow-up (b). Results are based on random coefficient models. PRM, pattern
ntra/extradimensional shift; SOC, Stocking of Cambridge; SSP, spatial span; SWM strategy,
, rapid visual information processing. Lower values (less errors and less ineffective strategy
better performance.
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4.2. Rank-order stability

The magnitude of the rank-order coefficients in our study revealed
high stability (r = 0.80 to 0.94) in the rank ordering of patients over
time. Using a sample of 164 elderly volunteers, an assessment of the
CANTAB conducted at baseline and after four weeks by Lowe and
Rabbitt (1998), revealed moderate stability indices for spatial memory
score (r = 0.57) and executive function (r = 0.60), good stability indi-
ces for PAL first trial memory score (r= 0.68), spatial span length (r=
0.64), SWM total errors score (r=0.68), and IED extradimensional shift
errors score (r=0.70), and very high stability indices for pattern recog-
nitionmemory score (r=0.84). Leeson et al. (2009b) evaluated tempo-
ral stability of the CANTAB executive tests reliability over 1 and 3 years
within 25 CoS and 104 patients with schizophrenia, and found lower
test–retest correlations (r=0.4–0.6). Among a smaller sample (58 sub-
jects) with chronic psychotic disorder, Barnett et al. (2010) reported
test–retest correlations on executive functioning of approximately
r = 0.6–0.8 after intervals of 12 to 14 weeks. However, it is important
to remember that test–retest correlations can vary depending on the
sample assessed, and the amount of time between test and retest
(shorter retest intervals lead to higher reliability coefficients) (Duff,
2012). For a standard neuropsychological assessment, there is insuffi-
cient empirical data to produce appropriate guidelines on the minimal
(or maximal) retest interval in clinical cases (Heilbronner et al., 2010).
Furthermore, alternate forms of tests should be psychometrically equiv-
alent; however, evidence suggests this is not the case for many mea-
sures (Lezak, 2012) and may result in lower stability values. This
problem did not emerge in our study, because the correlations between
scores on the parallel tests of PRM, SRM, PAL, and IED were very high
(r = 0.80–0.94).

Among their other implications, the rank-order stability estimates
can be seen as the lower-bound reliability estimates of the CANTAB sub-
tests: their actual reliability can only be equal or higher, because the ob-
served stability may have also reflected real change over time. The
magnitude of the observed estimates supports the CANTAB as a reliable
instrument to assess cognitive functioning in FEP patients.

4.3. Structure of cognitive function and measurement invariance

In addition, a high level of rank-order stability implies that stable
factors may be supporting the maintenance of individual differences
in cognitive functioning over time. Inspection of the goodness-of-fit sta-
tistics for the one-factor model of FEP patients indicated themodel was
a reliable representation of the data at the two timepoints. These results
are consistent with our previous study (Haring et al., 2015b), which ex-
amined the potential relationships of an identical set of variables be-
tween CoS and FEP patient samples, and demonstrated that a broad
latent ability factor model was the most appropriate representation of
the relationships between the neuropsychological variables among
FEP patients compared to CoS, as well as confirming the similar findings
in previous studies that used a different kind of neuropsychological tests
(Censits et al., 1997; Dickinson et al., 2006) or the same test battery
(Leeson et al., 2009a). The results of the invariance analyses indicate
that the structure of the one-factor solution and the magnitude of the
correlation between the observed variables (obtained using CANTAB)
and the latent construct was invariant between the baseline and fol-
low-up assessments among the FEP patients, at the level of configural
and weak invariance. The finding of invariance of the factor loadings,
provides empirical evidence to support the assumption that test scores
measured an invariant psychological trait, and that latent factors had
the same meaning after six months among FEP patients. However, the
observed scores' intercepts were not invariant between the two assess-
ments, and misfit of scalar invariance suggest that comparisons of the
factor means should be interpreted with caution, and when the FEP pa-
tients' neuropsychological performance is compared on a timeline,
CANTAB subtest scores should be used. Of note is that the same
approach should be applied when FEP patients performance is com-
pared with CoS (Haring et al., 2015b). These mean differences may re-
flect the significant heterogeneity of the patients' psychopathology,
treatment regimes, and ormotivational level at one ormore timepoints.
Moreover, one should take into consideration the possibility that among
the FEP patients group, there may be patients with different kinds of di-
agnoses according to further disease course.

4.4. Correlations between cognitive stability and the other variables

Although heterogeneity in terms of mean-level change and high
rank-order stability emerged over a sixmonth period, it is of theoretical,
practical, and clinical importance to examine how individuals differed
from each other, and what variables, if any, could explain such individ-
ual differences.

Of the demographic characteristics taken into account, age and edu-
cation seemed to have by far the most important impact on cognitive
performance. In our study, being younger had the most prominent cor-
relation with the paired associate learning subtest change scores (PAL),
which is consistent with previous results among healthy control sub-
jects (desRosiers and Ivison, 1988). A longer time in education was a
strong predictor of performance change at the processing speed task
(RVP).

Gender differences in cognitive functioning are well known among
healthy individuals. In general, women tend to perform better than
men at tasks measuring verbal abilities, whereas the opposite is the
case regarding visuospatial skills (Halari et al., 2005). However, a recent
review by Hyde (2016) suggests that males and females are quite sim-
ilar in terms of most, but not all cognitive variables, and gender differ-
ences can vary substantially in magnitude with ages and the context
in which the measurements occur. One of the most consistent finding
is that men are younger thanwomen at the onset of a chronic psychotic
disorder (Eranti et al., 2013). In the present study, althoughmen'smean
age at onset was indeed lower compared to women, the difference was
not significant.

Gender differences in cognitive functioning amongpatientswith FEP
are a controversial issue (Albus et al., 1997; Hoff et al., 1998; Ittig et al.,
2015). In this study, men made less reverse errors at the set-shifting
task, had better spatial executive functionality, higher spatial span
length, and used strategies more effectively than women. Regarding vi-
sual and spatial recognition memory and paired associate learning, as
well as information processing, men and women performed equally. A
similar trend in gender differences was traceable among the change
scores of the tests. It is worth mentioning that we used computerised
tests that measure performance based on visuospatial abilities, and
our findings on gender differences are in accordance with previous re-
ports of the generally better performance of male patients in these do-
mains (Albus et al., 1997). Among patients with schizophrenia, Perlick
et al. (1992) found that women had lower performance at attention
tasks, and Roesch-Ely et al. (2009) demonstrated that women scored
lower than men on executive functioning, and working memory tasks.
However, some previous literature has reported lower overall cognitive
performance among males with schizophrenia (Goldstein et al., 1998;
Seidman et al., 1997) or a lack of gender difference among schizophre-
nia, and FEP patients (Hoff et al., 1998; Ittig et al., 2015). There may be
several factors that contribute to the heterogeneity of the results of
these studies. For example, when discussing gender differences, it is im-
portant to consider the relative contributions of biological and psycho-
social gender to the observed effects. Men and women may vary in
their symptoms of expression over the course of illness and in response
to treatment, and differences may be related to the selected study sam-
ple (e.g. patients with chronic illness or FEP, and early- or late-onset
schizophrenia patients) (Mendrek and Mancini-Marïe, 2016). In addi-
tion, we suspected that aspects of psychopathology might differentially
account for any differences in cognitive functioning between the two
test occasions. The associations between illness-dependent symptom
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dimensions and cognitive functioning have been widely studied, and
findings suggest that cognition is more closely associated with negative
than positive symptoms (Heinrichs and Zakzanis, 1998). The vast ma-
jority of literature suggests that negative symptoms and executive func-
tioning, verbal fluency, verbal memory, visual memory, attention,
as well as processing speed have small to moderate associations
(Dominguez et al., 2009; Nieuwenstein et al., 2001; Olivier et al.,
2015). The results of our patients' cognitive functioning could not be at-
tributed to changes in their negative symptoms. Consistent with our
finding, Bell andMishara (2006) demonstrated that changes in negative
symptoms did not predict changes in cognition, and concluded that
negative symptoms do not directly cause cognitive impairment or vice
versa.

With regard to the relationships between positive symptoms and
cognitive performance, the literature is less consistent. The meta-ana-
lytical review of Nieuwenstein et al. (2001) and Dominguez et al.
(2009), suggested only a slight negative correlation occurs between
processing speed and positive symptoms among patients with schizo-
phrenia, whereas Nieuwenstein et al.'s (2001) meta-analysis found no
associations between executive functioning and positive symptoms. Re-
cent work by Olivier et al. (2015) found that a decline in the positive
symptom dimension score of FEP patients was related to improvements
in speed of processing, attention/vigilance, working memory, verbal
memory, verbal and visual learning, as well as reasoning and problem
solving tasks. The same trend was observed during other studies
(Davidson et al., 2009; Trampush et al., 2015). Our results revealed
that improved performances at spatialworkingmemory and processing
speed tests, were associatedwith lower positive symptom scores. How-
ever, we used both the broad psychopathology rating scale (BPRS), as
well as its negative and positive symptom scores, to evaluate how
symptom severity and any changes were potentially associated with
cognitive performance over a six month period; these methodological
aspects might also explain the inconsistent findings with previous stud-
ies. Specifically, the other studies employed different combinations of
symptom constructs while attempting to measure ostensibly the same
psychopathology.

In addition, we found significant changes in negative and positive
symptom scores at the six month follow-up. Recent work by Ventura
et al. (2015) demonstrated that although there was generally moderate
stability in negative symptoms—assessed using BPRS and the Scale
for the Assessment of Negative Symptoms (SANS) (Andreasen,
1984)—over a first year after recent-onset schizophrenia, a subgroup
of patients (24%) had periods of exacerbated negative symptoms similar
to positive symptom episodes. Furthermore, the prevalence of enduring
negative symptoms in FEP patients has been estimated to be around
15% (Kirkpatrick et al., 2001). Accordingly, this may suggest that nega-
tive symptoms havemorefluctuating nature among the subgroup of pa-
tients at the early stage of the disease than chronic patients and
consistency between association studies of FEP patients cognitive func-
tioning and negative symptom score might be lower.

We found clinically meaningful and statistically significant correla-
tions between AP dose and BPRS ratings. The results indicate that pa-
tients with more severe treatment-refractory symptoms, received
higher doses during the both assessment. During the six month period
as patients continued to recover, psychopathology scores decreased,
and as such AP doses were gradually reduced. Although all patients at
baseline were treated with atypical APs—whereas at follow-up four pa-
tients were also receiving concomitantly neuroleptics—we analysed all
patients homogenously in terms of medication. This was because it
has been previously established that groups of patients treated with a
combination of typical and atypical APs showed very similar results to
an only atypicallymedicated group (Ehlis et al., 2007).We found poten-
tial impact of changes to CPZ equivalent dosage on frontal lobe function-
ality: reduced doses appeared to mediate an improvement in working
memory capacity (SSP span length), as well as change towards en-
hanced executive functioning (SOC problem solving). Previously, Sota
and Heinrichs (2003) found CPZ equivalent dose negatively related to
learning and recall abilities. For these reasons, clinicians should carefully
consider changing drug doses in terms of quantity and or frequency it is
taken, when psychopathology severity has declined, and use a lowest-
dose strategy whenever possible. However, it should be noted that a
subgroup of FEP patients do not respond sufficiently to antipsychotic
treatment, and thus do not attain sufficient remission of positive and
negative symptoms (Benoit et al., 2014; Ventura et al., 2011). Therefore,
an individual approach is recommended whenever any antipsychotic
dosage change is considered.

4.5. Subjectively perceived compared to objectively measured cognitive
performance

Evaluation of patients' subjective experiences of cognitive function-
inghas so far received too little scientific and everyday clinical attention.
Existing studies have demonstrated that self-assessed cognitive dys-
function is prevalent among patients with FEP (Moritz et al., 2000),
which constitutes a clinically important dimension of the disorder
(Homayoun et al., 2011; Stip et al., 2003). Moreover, Chaytor and
Schmitter-Edgecombe (2003) have highlighted problems with the eco-
logical validity of traditional neuropsychological assessments, particu-
larly in terms of their ability to reveal patients' actual level of everyday
functioning, and have suggested not to assess the scope of cognitive
functioning of psychotic patientswith only neuropsychological test per-
formances. In addition, previous research on subjective cognitive dys-
function mostly focused on patients with chronic illness; patients in
the early illness stage have rarely been investigated in this regard
(Chang et al., 2015; Ehmann et al., 2007; Moritz et al., 2000). Results
of the present study are in line with others (Chang et al., 2015; van
den Bosch and Rombouts, 1998; Zanello and Huguelet, 2001), in
supporting the hypothesis of the independence of self-perceived cogni-
tive disturbances, from objectively measured cognitive impairments,
among FEP patients. The discrepancy between the evaluations of sub-
jective and objective cognitive functioning suggests that patients' sub-
jective perceptions of their cognitive function have a different
theoretical basis than objective indicators, as patients do not conceptu-
alise their cognitive functioning in terms of distinct cognitive domains,
as clinicians and neuropsychologists do (Stip et al., 2003). Furthermore,
such discrepancymay occur owing to variations inmethodology (differ-
ences in the subjective cognitive scales employed) and study design.We
used the SWN-K-E “cognitive functioning” subscale that comprises four
simple statements about self-perceived cognitive functioning. This sub-
scale did not seem to appropriately correspond to the specific cognitive
test scores obtained using the CANTAB. In addition, one possible expla-
nation for the low inter-correlation between measurements might be
the different nature of the evaluations. The CANTAB tests were all visu-
ally presented to subjects and high performance relied on visual infor-
mation processing, whereas the subjectively perceived cognitive
functioning items referred to much broader indicators including
among others verbal and arithmetical abilities, as well as semantic
processing.

However, both methods (SWN-K and CANTAB subtests) have been
validated among psychotic populations (Elliott et al., 1995; Haring et
al., 2013; Haring et al., 2015b; Joyce et al., 2005; Leeson et al., 2009a;
Naber et al., 2001). In addition, awareness of one's own cognitive defi-
cits could be affected by awareness of one's condition as a mentally ill
person, and schizophrenia is frequently accompanied by a lack of insight
(Pini et al., 2001). However, the literature suggest that subjective and
objective cognitive tests might have unique contributions, and thus
both should be implemented to give a broader perspective about a
patient's cognitive functioning to determine appropriate clinical prac-
tice regarding assessment and management of cognitive problems.

The results of the present study should be interpreted while bearing
in mind certain aspects that may have influenced our findings. First, the
recruited patients were virtually heterogeneous in terms of diagnosis,
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medication, and duration of untreated illness—somethingwhich is diffi-
cult to avoid among any sample of FEP patients. Second, the sample was
restricted to a group of patients that were clinically stable andwilling to
participate in the study. Our findings may thus not generalise to the
overall cognitive performance characteristics of patients with FEP in Es-
tonia or beyond. Third, because we had a relatively small sample size,
we admit that our results about rank-order stability, mean-level change
indices, and invariance analysesmay not be representative of all FEP pa-
tients. In addition, patients were at the early stages of the illness when
cognitive performance was evaluated, so results are not necessarily
generalisable for different follow-up periods. Lastly, we did not control
intra-individual factors that may influence test–retest consistency,
such as poormotivation, fatigue, insufficient sleep, or cigarette smoking
prior to the CANTAB test sessions. Despite these limitations, our re-
search has some strengths, mainly related to the natural characteristics
of the FEP patients sample, and the longitudinal design used to evaluate
changes in cognitive functioning over time, and the low level of drop-
outs by the follow-up period.

In conclusion, our results provide new information on the different
aspects of cognitive functioning during the early course of chronic psy-
chotic disease. The findings suggest that there is variability in the type,
direction, and size of the changes of different cognitive functions
among FEP patients over time.We have also highlighted the need to ex-
amine the factor structure of the neuropsychological test battery and
the level of measurement invariance when cognitive functioning is
assessed over time, and our results contribute valuable data regarding
usage of the CANTAB among FEP patients groups. Our study makes a
case for clinicians and neuropsychologists to consider measurement in-
variance, as well as patients' demographic and clinical characteristics,
when assessing neuropsychological change over time. Finally, the find-
ings of the present study suggest that subjective and objective cognitive
deficits are two distinct constructs, and should be measured separately
in order to attain a more comprehensive assessment of each patient's
day-to-day functioning. In clinical practice they are probably comple-
mentary, even if not directly comparable.

Conflict of interest statement

The authors declare no conflict of interest.

Contributors
Liina Haring designed the study, wrote the first draft of the manuscript. René Mõttus

conducted data analysis, edited the manuscript and provided guidance throughout writ-
ing. Liina Haring and Kärolin Kajalaid participated in collection of cognitive assessment
data. Kärt Uppin and Kadri Koch contributed to subject recruitment and clinical assess-
ment. Eduard Maron and Eero Vasar supervised this project. All authors have critically
reviewed the manuscript for important intellectual content, and have approved the final
manuscript.

Role of the funding source

This research was supported by the grants from the Estonian Research Foundation
(IUT 20-41, IUT 20-45) and the European Union through the European Regional Develop-
ment Fund (Project No. 2014-2020.4.01.15-0012).

Acknowledgments
The authors are grateful to patients and control subjects for their participation in the

study, and the colleagues who facilitated our work.

References

Aas, M., Dazzan, P., Mondelli, V., Melle, I., Murray, R.M., Pariante, C.M., 2014. A systematic
review of cognitive function in first-episode psychosis, including a discussion on
childhood trauma, stress, and inflammation. Front. Psych. 4, 182. http://dx.doi.org/
10.3389/fpsyt.2013.00182.

Albus, M., Hubmann, W., Mohr, F., Scherer, J., Sobizack, N., Franz, U., Hecht, S., Borrmann,
M., Wahlheim, C., 1997. Are there gender differences in neuropsychological perfor-
mance in patients with first-episode schizophrenia? Schizophr. Res. 28, 39–50.

Andreasen, N.C., 1984. Scale for the Assessment of Negative Symptoms (SANS). University
of Iowa, Iowa City.
Barnett, J.H., Sahakian, B.J., Werners, U., Hill, K.E., Brazil, R., Gallagher, O., Bullmore, E.T.,
Jones, P.B., 2005. Visuospatial learning and executive function are independently im-
paired in first-episode psychosis. Psychol. Med. 35, 1031–1041.

Barnett, J.H., Robbins, T.W., Leeson, V.C., Sahakian, B.J., Joyce, E.M., Blackwell, A.D., 2010.
Assessing cognitive function in clinical trials of schizophrenia. Neurosci. Biobehav.
Rev. 34, 1161–1177.

Bell, M.D., Mishara, A.L., 2006. Does negative symptom change relate to neurocognitive
change in schizophrenia? Implications for targeted treatments. Schizophr. Res. 81,
17–27. http://dx.doi.org/10.1016/j.schres.2005.09.016.

Benoit, A., Bodnar, M., Malla, A.K., Joober, R., Bherer, L., Lepage, M., 2014. Changes inmem-
ory performance over a 12-month period in relation to achieving symptomatic remis-
sion after a first-episode psychosis. Schizophr. Res. 153, 103–108. http://dx.doi.org/
10.1016/j.schres.2014.01.024.

Bentler, P.M., 1990. Comparative fit indexes in structural models. Psychol. Bull. 107,
238–246.

Bilder, R.M., Lipschutz-Broch, L., Reiter, G., Geisler, S.H., Mayerhoff, D.I., Lieberman, J.A.,
1992. Intellectual deficits in first-episode schizophrenia: evidence for progressive de-
terioration. Schizophr. Bull. 18, 437–448.

Bora, E., 2015. Neurodevelopmental origin of cognitive impairment in schizophrenia.
Psychol. Med. 45, 1–9. http://dx.doi.org/10.1017/S0033291714001263.

Bora, E., Murray, R.M., 2014. Meta-analysis of cognitive deficits in ultra-high risk to psy-
chosis and first-episode psychosis: do the cognitive deficits progress over, or after,
the onset of psychosis? Schizophr. Bull. 40, 744–755. http://dx.doi.org/10.1093/
schbul/sbt085.

Censits, D.M., Ragland, J.D., Gur, R.C., Gur, R.E., 1997. Neuropsychological evidence
supporting a neurodevelopmental model of schizophrenia: a longitudinal study.
Schizophr. Res. 24, 289–298. http://dx.doi.org/10.1016/S0920-9964(96)00091-6.

Chang, W.C., Chan, T.C.W., Chiu, S.S., Hui, C.L.M., Chan, S.K.W., Lee, E.H.M., Chen, E.Y.H.,
2015. Self-perceived cognitive functioning and its relationship with objective perfor-
mance in first-episode schizophrenia: the subjective cognitive impairment scale.
Compr. Psychiatry 56, 42–50. http://dx.doi.org/10.1016/j.comppsych.2014.10.004.

Chaytor, N., Schmitter-Edgecombe,M., 2003. The ecological validity of neuropsychological
tests: a review of the literature on everyday cognitive skills. Neuropsychol. Rev. 13,
181–197. http://dx.doi.org/10.1023/B:NERV.0000009483.91468.fb.

Cirillo, M.A., Seidman, L.J., 2003. Verbal declarative memory dysfunction in schizophrenia:
from clinical assessment to genetics and brain mechanisms. Neuropsychol. Rev. 13,
43–77. http://dx.doi.org/10.1023/A:1023870821631.

Cohen, J., 1977. Statistical Power Analysis for the Behavioral Sciences (Rev. Ed.). Lawrence
Erlbaum Associates, Inc., Hillsdale, NJ England.

Davidson, M., Galderisi, S., Weiser, M., Werbeloff, N., Fleischhacker, W.W., Keefe, R.S.,
Boter, H., Keet, I.P.M., Prelipceanu, D., Rybakowski, J.K., Libiger, J., Hummer, M.,
Dollfus, S., López-Ibor, J.J., Hranov, L.G., Gaebel, W., Peuskens, J., Lindefors, N.,
Riecher-Rössler, A., Kahn, R.S., 2009. Cognitive effects of antipsychotic drugs in first-
episode schizophrenia and schizophreniform disorder: a randomized, open-label
clinical trial (EUFEST). Am. J. Psychiatry 166, 675–682. http://dx.doi.org/10.1176/
appi.ajp.2008.08060806.

Deary, I.J., 2014. The stability of intelligence from childhood to old age. Curr. Dir. Psychol.
Sci. 23, 239–245. http://dx.doi.org/10.1177/0963721414536905.

desRosiers, G., Ivison, D., 1988. Paired associate learning: form 1 and form 2 of the
Wechsler memory scale. Arch. Clin. Neuropsychol. 3, 47–67. http://dx.doi.org/10.
1016/0887-6177(88)90026-1.

Dickinson, D., Iannone, V.N., Wilk, C.M., Gold, J.M., 2004. General and specific cognitive
deficits in schizophrenia. Biol. Psychiatry 55, 826–833.

Dickinson, D., Ragland, J.D., Calkins, M.E., Gold, J.M., Gur, R.C., 2006. A comparison of cog-
nitive structure in schizophrenia patients and healthy controls using confirmatory
factor analysis. Schizophr. Res. 85, 20–29.

Dikmen, S.S., Heaton, R.K., Grant, I., Temkin, N.R., 1999. Test-retest reliability and practice
effects of expanded Halstead-Reitan neuropsychological test battery. J. Int.
Neuropsychol. Soc. 5, 346–356.

Dominguez, M., Viechtbauer, W., Simons, C.J.P., van Os, J., Krabbendam, L., 2009. Are psy-
chotic psychopathology and neurocognition orthogonal? A systematic review of their
associations. Psychol. Bull. 135, 157–171. http://dx.doi.org/10.1037/a0014415.

Duff, K., 2012. Evidence-based indicators of neuropsychological change in the individual
patient: relevant concepts and methods. Arch. Clin. Neuropsychol. 27, 248–261.
http://dx.doi.org/10.1093/arclin/acr120.

Ehlis, A.-C., Herrmann, M.J., Pauli, P., Stoeber, G., Pfuhlmann, B., Fallgatter, A.J., 2007. Im-
provement of prefrontal brain function in endogenous psychoses under atypical an-
tipsychotic treatment. Neuropsychopharmacology 32, 1669–1677. http://dx.doi.org/
10.1038/sj.npp.1301293.

Ehmann, T.S., Goldman, R., Yager, J., Xu, Y., MacEwan, G.W., 2007. Self-reported cognitive and
everyday functioning in persons with psychosis: the patient perception of functioning
scale. Compr. Psychiatry 48, 597–604. http://dx.doi.org/10.1016/j.comppsych.2007.05.017.

Elliott, R., McKenna, P.J., Robbins, T.W., Sahakian, B.J., 1995. Neuropsychological evidence
for frontostriatal dysfunction in schizophrenia. Psychol. Med. 25, 619–630.

Eranti, S.V., MacCabe, J.H., Bundy, H., Murray, R.M., 2013. Gender difference in age at onset
of schizophrenia: a meta-analysis. Psychol. Med. 43, 155–167. http://dx.doi.org/10.
1017/S003329171200089X.

Falkai, P., Rossner, M.J., Schulze, T.G., Hasan, A., Brzózka, M.M., Malchow, B., Honer, W.G.,
Schmitt, A., 2015. Kraepelin revisited: schizophrenia from degeneration to failed re-
generation. Mol. Psychiatry 20, 671–676. http://dx.doi.org/10.1038/mp.2015.35.

Fray, P.J., Robbins, T.W., Sahakian, B.J., 1996. Neuorpsychiatyric applications of CANTAB.
Int. J. Geriatr. Psychiatry 11, 329–336.

Gardner, D.M., Murphy, A.L., O'Donnell, H., Centorrino, F., Baldessarini, R.J., 2010. Interna-
tional consensus study of antipsychotic dosing. Am. J. Psychiatry 167, 686–693.

Goldberg, T.E., Goldman, R.S., Burdick, K.E., Malhotra, A.K., Lencz, T., Patel, R.C., Woerner,
M.G., Schooler, N.R., Kane, J.M., Robinson, D.G., 2007. Cognitive improvement after

http://dx.doi.org/10.3389/fpsyt.2013.00182
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0010
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0010
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0015
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0015
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0020
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0020
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0025
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0025
http://dx.doi.org/10.1016/j.schres.2005.09.016
http://dx.doi.org/10.1016/j.schres.2014.01.024
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0040
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0040
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0045
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0045
http://dx.doi.org/10.1017/S0033291714001263
http://dx.doi.org/10.1093/schbul/sbt085
http://dx.doi.org/10.1093/schbul/sbt085
http://dx.doi.org/10.1016/S0920-9964(96)00091-6
http://dx.doi.org/10.1016/j.comppsych.2014.10.004
http://dx.doi.org/10.1023/B:NERV.0000009483.91468.fb
http://dx.doi.org/10.1023/A:1023870821631
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0080
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0080
http://dx.doi.org/10.1176/appi.ajp.2008.08060806
http://dx.doi.org/10.1176/appi.ajp.2008.08060806
http://dx.doi.org/10.1177/0963721414536905
http://dx.doi.org/10.1016/0887-6177(88)90026-1
http://dx.doi.org/10.1016/0887-6177(88)90026-1
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0100
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0100
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0105
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0105
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0105
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0110
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0110
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0110
http://dx.doi.org/10.1037/a0014415
http://dx.doi.org/10.1093/arclin/acr120
http://dx.doi.org/10.1038/sj.npp.1301293
http://dx.doi.org/10.1016/j.comppsych.2007.05.017
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0135
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0135
http://dx.doi.org/10.1017/S003329171200089X
http://dx.doi.org/10.1017/S003329171200089X
http://dx.doi.org/10.1038/mp.2015.35
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0150
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0150
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0155
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0155


40 L. Haring et al. / Schizophrenia Research 182 (2017) 31–41
treatment with second-generation antipsychotic medications in first-episode schizo-
phrenia: is it a practice effect? Arch. Gen. Psychiatry 64, 1115–1122. http://dx.doi.
org/10.1001/archpsyc.64.10.1115.

Goldstein, J.M., Seidman, L.J., Goodman, J.M., Koren, D., Lee, H.,Weintraub, S., Tsuang, M.T.,
1998. Are there sex differences in neuropsychological functions among patients with
schizophrenia? Am. J. Psychiatry 155, 1358–1364.

Green, M.F., Kern, R.S., Heaton, R.K., 2004. Longitudinal studies of cognition and
functional outcome in schizophrenia: implications for MATRICS. Schizophr. Res.
72, 41–51.

Halari, R., Hines, M., Kumari, V., Mehrotra, R., Wheeler, M., Ng, V., Sharma, T., 2005. Sex
differences and individual differences in cognitive performance and their relationship
to endogenous gonadal hormones and gonadotropins. Behav. Neurosci. 119,
104–117. http://dx.doi.org/10.1037/0735-7044.119.1.104.

Hambrecht, M., Lammertink, M., Klosterkötter, J., Matuscheck, E., Pukrop, R., 2002. Subjec-
tive and objective neuropsychological abnormalities in a psychosis prodrome clinic.
Br. J. Psychiatry 181, s30–s37. http://dx.doi.org/10.1192/bjp.181.43.s30.

Haring, L., Mõttus, R., Jaanson, P., Pilli, R., Mägi, K., Maron, E., 2013. Subjective well-being
under neuroleptics scale short form (SWN-K): reliability and validity in an Estonian
speaking sample. Ann. General Psychiatry 12, 28. http://dx.doi.org/10.1186/1744-
859X-12-28.

Haring, L., Koido, K., Vasar, V., Leping, V., Zilmer, K., Zilmer, M., Vasar, E., 2015a. Antipsy-
chotic treatment reduces psychotic symptoms and markers of low-grade inflamma-
tion in first episode psychosis patients, but increases their body mass index.
Schizophr. Res. http://dx.doi.org/10.1016/j.schres.2015.08.027.

Haring, L., Mõttus, R., Koch, K., Trei, M., Maron, E., 2015b. Factorial validity, measurement
equivalence and cognitive performance of the Cambridge neuropsychological test au-
tomated battery (CANTAB) between patients with first-episode psychosis and
healthy volunteers. Psychol. Med. 45, 1919–1929. http://dx.doi.org/10.1017/
S0033291714003018.

Haring, L., Müürsepp, A., Mõttus, R., Ilves, P., Koch, K., Uppin, K., Tarnovskaja, J., Maron, E.,
Zharkovsky, A., Vasar, E., Vasar, V., 2016. Cortical thickness and surface area correlates
with cognitive dysfunction among first-episode psychosis patients. Psychol. Med. 1–
11. http://dx.doi.org/10.1017/S0033291716000684.

Hasan, A., Mitchell, A., Schneider, A., Halene, T., Akbarian, S., 2013. Epigenetic dysregula-
tion in schizophrenia:molecular and clinical aspects of histone deacetylase inhibitors.
Eur. Arch. Psychiatry Clin. Neurosci. 263, 273–284. http://dx.doi.org/10.1007/s00406-
013-0395-2.

Heaton, R.K., Gladsjo, J.A., Palmer, B.W., Kuck, J., Marcotte, T.D., Jeste, D.V., 2001. Stability
and course of neuropsychological deficits in schizophrenia. Arch. Gen. Psychiatry 58,
24–32.

Heilbronner, R.L., Sweet, J.J., Attix, D.K., Krull, K.R., Henry, G.K., Hart, R.P., 2010. Official po-
sition of the American academy of clinical neuropsychology on serial neuropsycho-
logical assessments: the utility and challenges of repeat test administrations in
clinical and forensic contexts. Clin. Neuropsychol. 24, 1267–1278. http://dx.doi.org/
10.1080/13854046.2010.526785.

Heinrichs, R.W., Zakzanis, K.K., 1998. Neurocognitive deficit in schizophrenia: a quantita-
tive review of the evidence. Neuropsychology 12, 426–445.

Hoff, A.L., Wieneke, M., Faustman, W.O., Horon, R., Sakuma, M., Blankfeld, H., Espinoza, S.,
DeLisi, L.E., 1998. Sex differences in neuropsychological functioning of first-episode
and chronically ill schizophrenic patients. Am. J. Psychiatry 155, 1437–1439.

Hoff, A.L., Sakuma, M., Wieneke, M., Horon, R., Kushner, M., DeLisi, L.E., 1999. Longitudinal
neuropsychological follow-up study of patients with first-episode schizophrenia. Am.
J. Psychiatry 156, 1336–1341.

Hoff, A.L., Svetina, C., Shields, G., Stewart, J., DeLisi, L.E., 2005. Ten year longitudinal study
of neuropsychological functioning subsequent to a first episode of schizophrenia.
Schizophr. Res. 78, 27–34. http://dx.doi.org/10.1016/j.schres.2005.05.010.

Homayoun, S., Nadeau-Marcotte, F., Luck, D., Stip, E., 2011. Subjective and objective cog-
nitive dysfunction in schizophrenia - is there a link? Front. Psychol. 2, 148. http://dx.
doi.org/10.3389/fpsyg.2011.00148.

Horn, J.L., McArdle, J.J., 1992. A practical and theoretical guide to measurement invariance
in aging research. Exp. Aging Res. 18, 117–144.

Hu, L., Bentler, P.M., 1999. Cutoff criteria for fit indexes in covariance structure analysis:
conventional criteria versus new alternatives. Struct. Equ. Model. 6, 1–55.

Hutton, S.B., Puri, B.K., Duncan, L.-J., Robbins, T.W., Barnes, T.R.E., Joyce, E.M., 1998. Exec-
utive function in first-episode schizophrenia. Psychol. Med. 28, 463–473.

Hyde, J.S., 2016. Sex and cognition: gender and cognitive functions. Curr. Opin. Neurobiol.
38, 53–56. http://dx.doi.org/10.1016/j.conb.2016.02.007.

Ittig, S., Studerus, E., Papmeyer, M., Uttinger, M., Koranyi, S., Ramyead, A., Riecher-Rössler,
A., 2015. Sex differences in cognitive functioning in at-risk mental state for psychosis,
first episode psychosis and healthy control subjects. Eur. Psychiatry 30, 242–250.
http://dx.doi.org/10.1016/j.eurpsy.2014.11.006.

Joyce, E.M., Hutton, S.B., Mutsatsa, S.H., Barnes, T.R.E., 2005. Cognitive heterogeneity in
first-episode schizophrenia. Br. J. Psychiatry 187, 516–522.

Keefe, R.S.E., 2014. The longitudinal course of cognitive impairment in schizophrenia: an
examination of data from premorbid through posttreatment phases of illness. J. Clin.
Psychiatry 75, 8–13. http://dx.doi.org/10.4088/JCP.13065su1.02.

Kendler, K.S., Ohlsson, H., Sundquist, J., Sundquist, K., 2015. IQ and schizophrenia in a
Swedish national sample: their causal relationship and the interaction of IQ with ge-
netic risk. Am. J. Psychiatry 172, 259–265. http://dx.doi.org/10.1176/appi.ajp.2014.
14040516.

Kirkpatrick, B., Buchanan, R.W., Ross, D.E., Carpenter, W.T., 2001. A separate disease with-
in the syndrome of schizophrenia. Arch. Gen. Psychiatry 58, 165. http://dx.doi.org/10.
1001/archpsyc.58.2.165.

Kremen, W.S., Seidman, L.J., Faraone, S.V., Toomey, R., Tsuang, M.T., 2000. The paradox of
normal neuropsychological function in schizophrenia. J. Abnorm. Psychol. 109,
743–752. http://dx.doi.org/10.1037/0021-843X.109.4.743.
Kurtz, M., 2005. Neurocognitive impairment across the lifespan in schizophrenia: an up-
date. Schizophr. Res. 74, 15–26. http://dx.doi.org/10.1016/j.schres.2004.07.005.

Leeson, V.C., Robbins, T.W., Franklin, C., Harrison, M., Harrison, I., Ron, M.A., Barnes, T.R.E.,
Joyce, E.M., 2009a. Dissociation of long-term verbal memory and fronto-executive
impairment in first-episode psychosis. Psychol. Med. 39, 1799–1808.

Leeson, V.C., Robbins, T.W., Matheson, E., Hutton, S.B., Ron, M.A., Barnes, T.R.E., Joyce, E.M.,
2009b. Discrimination learning, reversal, and set-shifting in first-episode schizophre-
nia: stability over six years and specific associations with medication type and disor-
ganization syndrome. Biol. Psychiatry 66, 586–593.

Lezak, M.D. (Ed.), 2012. Neuropsychological Assessment, 5th ed. Oxford University Press,
Oxford; New York.

Lowe, C., Rabbitt, P., 1998. Test/re-test reliability of the CANTAB and ISPOCD neuropsy-
chological batteries: theoretical and practical issues. Neuropsychologia 36, 915–923.

McIntosh, A.M., Gow, A., Luciano, M., Davies, G., Liewald, D.C., Harris, S.E., Corley, J., Hall, J.,
Starr, J.M., Porteous, D.J., Tenesa, A., Visscher, P.M., Deary, I.J., 2013. Polygenic risk for
schizophrenia is associated with cognitive change between childhood and old age.
Biol. Psychiatry 73, 938–943. http://dx.doi.org/10.1016/j.biopsych.2013.01.011.

Mendrek, A., Mancini-Marïe, A., 2016. Sex/gender differences in the brain and cognition
in schizophrenia. Neurosci. Biobehav. Rev. 67, 57–78. http://dx.doi.org/10.1016/j.
neubiorev.2015.10.013.

Mesholam-Gately, R., Giuliano, A.J., Goff, K.P., Faraone, S.V., Seidman, L.J., 2009.
Neurocognition in first-episode schizophrenia: a meta-analytic review. Neuropsy-
chology 23, 315–336.

Mohamed, S., Paulsen, J.S., O'Leary, D., Arndt, S., Andreasen, N., 1999. Generalized cogni-
tive deficits in schizophrenia: a study of first-episode patients. Arch. Gen. Psychiatry
56, 749–754.

Moritz, S., Krausz, M., Gottwalz, E., Lambert, M., Perro, C., Ganzer, S., Naber, D., 2000. Cog-
nitive dysfunction at baseline predicts symptomatic 1-year outcome in first-episode
schizophrenia. Psychopathology 33, 48–51. http://dx.doi.org/10.1159/000029119.

Murray, R.M., Lewis, S.W., 1988. Is schizophrenia a neurodevelopmental disorder? Br.
Med. J. (Clin. Res. Ed.) 296, 63.

Naber, D., Moritz, S., Lambert, M., Pajonk, F.G., Holzbach, R., Mass, R., Andresen, B., 2001.
Improvement of schizophrenic patients' subjective well-being under atypical anti-
psychotic drugs. Schizophr. Res. 50, 79–88.

Nieuwenstein, M.R., Aleman, A., de Haan, E.H.F., 2001. Relationship between symptom di-
mensions and neurocognitive functioning in schizophrenia: a meta-analysis of WCST
and CPT studies. J. Psychiatr. Res. 35, 119–125. http://dx.doi.org/10.1016/S0022-
3956(01)00014-0.

Nopoulos, P., Flashman, L., Flaum, M., Arndt, S., Andreasen, N., 1994. Stability of cognitive
functioning early in the course of schizophrenia. Schizophr. Res. 14, 29–37. http://dx.
doi.org/10.1016/0920-9964(94)90006-X.

Nuechterlein, K.H., Dawson, M.E., 1984. Information processing and attentional function-
ing in the developmental course of schizophrenic disorders. Schizophr. Bull. 10,
160–203.

Nuechterlein, K.H., Barch, D.M., Gold, J.M., Goldberg, T.E., Green, M.F., Heaton, R.K., 2004.
Identification of separable cognitive factors in schizophrenia. Schizophr. Res. 72,
29–39.

Olivier, M.R., Killian, S., Chiliza, B., Asmal, L., Schoeman, R., Oosthuizen, P.P., Kidd, M.,
Emsley, R., 2015. Cognitive performance during the first year of treatment in first-ep-
isode schizophrenia: a case–control study. Psychol. Med. 45, 2873–2883. http://dx.
doi.org/10.1017/S0033291715000860.

Overall, J.E., Gorham, D.R., 1962. The brief psychiatric rating scale. Psychol. Rep. 10,
799–812.

Palmer, B.W., Heaton, R.K., Paulsen, J.S., Kuck, J., Braff, D., Harris, M.J., Zisook, S., Jeste, D.V.,
1997. Is it possible to be schizophrenic yet neuropsychologically normal? Neuropsy-
chology 11, 437–446. http://dx.doi.org/10.1037/0894-4105.11.3.437.

Perlick, D., Mattis, S., Stastny, P., Teresi, J., 1992. Gender differences in cognition in schizo-
phrenia. Schizophr. Res. 8, 69–73. http://dx.doi.org/10.1016/0920-9964(92)90062-A.

Pini, S., Cassano, G.B., Dell'Osso, L., Amador, X.F., 2001. Insight into illness in schizophrenia,
schizoaffective disorder, and mood disorders with psychotic features. Am.
J. Psychiatry 158, 122–125. http://dx.doi.org/10.1176/appi.ajp.158.1.122.

Prouteau, A., 2004. Self-assessed cognitive dysfunction and objective performance in out-
patients with schizophrenia participating in a rehabilitation program. Schizophr. Res.
69, 85–91. http://dx.doi.org/10.1016/j.schres.2003.08.011.

R Core Team, 2015. R: A Language and Environment for Statistical Computing. R Founda-
tion for Statistical Computing, Vienna, Austria.

Robbins, T.W., Sahakian, B.J., 1994. Computer methods of assessment of cognitive func-
tion. In: Copeland, J.R.M., Abou-Saleh, M.T., Blazer, D.G. (Eds.), Principles and Practice
of Geriatric Psychiatry. John Wiley & Sons, Ltd, Chichester, UK, pp. 205–209.

Rodríguez-Sánchez, J.M., Pérez-Iglesias, R., González-Blanch, C., Pelayo-Terán, J.M., Mata,
I., Martínez, O., Sánchez-Cubillo, I., Vázquez-Barquero, J.L., Crespo-Facorro, B., 2008.
1-Year follow-up study of cognitive function in first-episode non-affective psychosis.
Schizophr. Res. 104, 165–174. http://dx.doi.org/10.1016/j.schres.2008.05.020.

Roesch-Ely, D., Hornberger, E., Weiland, S., Hornstein, C., Parzer, P., Thomas, C., Weisbrod,
M., 2009. Do sex differences affect prefrontal cortex associated cognition in schizo-
phrenia? Schizophr. Res. 107, 255–261. http://dx.doi.org/10.1016/j.schres.2008.09.
021.

Rosseel, Y., 2012. Iavaan: an R package for structural equation modeling. J. Stat. Softw. 48
(2), 1–36.

Rund, B.R., 1998. A review of longitudinal studies of cognitive function in schizophrenia
patients. Schizophr. Bull. 24, 425–435.

Rund, B.R., Melle, I., Friis, S., Johannessen, J.O., Larsen, T.K., Midbøe, L.J., Opjordsmoen, S.,
Simonsen, E., Vaglum, P., McGlashan, T., 2007. The course of neurocognitive function-
ing in first-episode psychosis and its relation to premorbid adjustment, duration of
untreated psychosis, and relapse. Schizophr. Res. 91, 132–140. http://dx.doi.org/10.
1016/j.schres.2006.11.030.

http://dx.doi.org/10.1001/archpsyc.64.10.1115
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0165
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0165
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0170
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0170
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0170
http://dx.doi.org/10.1037/0735-7044.119.1.104
http://dx.doi.org/10.1192/bjp.181.43.s30
http://dx.doi.org/10.1186/1744-859X-12-28
http://dx.doi.org/10.1186/1744-859X-12-28
http://dx.doi.org/10.1016/j.schres.2015.08.027
http://dx.doi.org/10.1017/S0033291714003018
http://dx.doi.org/10.1017/S0033291714003018
http://dx.doi.org/10.1017/S0033291716000684
http://dx.doi.org/10.1007/s00406-013-0395-2
http://dx.doi.org/10.1007/s00406-013-0395-2
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0210
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0210
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0210
http://dx.doi.org/10.1080/13854046.2010.526785
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0220
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0220
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0225
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0225
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0230
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0230
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0230
http://dx.doi.org/10.1016/j.schres.2005.05.010
http://dx.doi.org/10.3389/fpsyg.2011.00148
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0245
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0245
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0250
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0250
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0255
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0255
http://dx.doi.org/10.1016/j.conb.2016.02.007
http://dx.doi.org/10.1016/j.eurpsy.2014.11.006
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0270
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0270
http://dx.doi.org/10.4088/JCP.13065su1.02
http://dx.doi.org/10.1176/appi.ajp.2014.14040516
http://dx.doi.org/10.1176/appi.ajp.2014.14040516
http://dx.doi.org/10.1001/archpsyc.58.2.165
http://dx.doi.org/10.1001/archpsyc.58.2.165
http://dx.doi.org/10.1037/0021-843X.109.4.743
http://dx.doi.org/10.1016/j.schres.2004.07.005
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0300
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0300
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0305
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0305
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0305
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0310
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0310
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0315
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0315
http://dx.doi.org/10.1016/j.biopsych.2013.01.011
http://dx.doi.org/10.1016/j.neubiorev.2015.10.013
http://dx.doi.org/10.1016/j.neubiorev.2015.10.013
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0330
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0330
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0335
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0335
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0335
http://dx.doi.org/10.1159/000029119
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0345
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0345
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0350
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0350
http://dx.doi.org/10.1016/S0022-3956(01)00014-0
http://dx.doi.org/10.1016/S0022-3956(01)00014-0
http://dx.doi.org/10.1016/0920-9964(94)90006-X
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0365
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0365
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0365
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0370
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0370
http://dx.doi.org/10.1017/S0033291715000860
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0380
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0380
http://dx.doi.org/10.1037/0894-4105.11.3.437
http://dx.doi.org/10.1016/0920-9964(92)90062-A
http://dx.doi.org/10.1176/appi.ajp.158.1.122
http://dx.doi.org/10.1016/j.schres.2003.08.011
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0405
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0405
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0410
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0410
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0410
http://dx.doi.org/10.1016/j.schres.2008.05.020
http://dx.doi.org/10.1016/j.schres.2008.09.021
http://dx.doi.org/10.1016/j.schres.2008.09.021
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0425
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0425
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0430
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0430
http://dx.doi.org/10.1016/j.schres.2006.11.030
http://dx.doi.org/10.1016/j.schres.2006.11.030


41L. Haring et al. / Schizophrenia Research 182 (2017) 31–41
Saykin, A.J., Gur, R.C., Gur, R.E., Mozley, P.D., Mozley, L.H., Resnick, S.M., Kester, D.B.,
Stafiniak, P., 1991. Neuropsychological function in schizophrenia. Selective impair-
ment in memory and learning. Arch. Gen. Psychiatry 48, 618–624.

Seidman, L.J., Goldstein, J.M., Goodman, J.M., Koren, D., Turner, W.M., Faraone, S.V.,
Tsuang, M.T., 1997. Sex differences in olfactory identification and Wisconsin card
sorting performance in schizophrenia: relationship to attention and verbal ability.
Biol. Psychiatry 42, 104–115. http://dx.doi.org/10.1016/S0006-3223(96)00300-9.

Sota, T.L., Heinrichs, R.W., 2003. Sex differences in verbal memory in schizophrenia pa-
tients treated with “typical” neuroleptics. Schizophr. Res. 62, 175–182. http://dx.
doi.org/10.1016/S0920-9964(02)00373-0.

Stip, E., Caron, J., Renaud, S., Pampoulova, T., Lecomte, Y., 2003. Exploring cognitive com-
plaints in schizophrenia: the subjective scale to investigate cognition in
schizophrenia. Compr. Psychiatry 44, 331–340. http://dx.doi.org/10.1016/S0010-
440X(03)00086-5.

Trampush, J.W., Lencz, T., DeRosse, P., John, M., Gallego, J.A., Petrides, G., Hassoun, Y.,
Zhang, J.-P., Addington, J., Kellner, C.H., Tohen, M., Burdick, K.E., Goldberg, T.E.,
Kane, J.M., Robinson, D.G., Malhotra, A.K., 2015. Relationship of cognition to clinical
response in first-episode schizophrenia spectrum disorders. Schizophr. Bull. 41,
1237–1247. http://dx.doi.org/10.1093/schbul/sbv120.

van den Bosch, R.J., Rombouts, R.P., 1998. Causal mechanisms of subjective cognitive dys-
function in schizophrenic and depressed patients. J. Nerv. Ment. Dis. 186, 364–368.
http://dx.doi.org/10.1097/00005053-199806000-00007.

Vandenberg, R.J., Lance, C.E., 2000. A review and synthesis of the measurement invariance
literature: suggestions, practices, and recommendations for organizational research.
Organ. Res. Methods 3, 4–69.
Ventura, J., Nuechterlein, K.H., Subotnik, K.L., Gutkind, D., Gilbert, E.A., 2000. Symptom di-
mensions in recent-onset schizophrenia and mania: a principal components analysis
of the 24-item brief psychiatric rating scale. Psychiatry Res. 97, 129–135. http://dx.
doi.org/10.1016/S0165-1781(00)00228-6.

Ventura, J., Subotnik, K.L., Guzik, L.H., Hellemann, G.S., Gitlin, M.J., Wood, R.C.,
Nuechterlein, K.H., 2011. Remission and recovery during the first outpatient year of
the early course of schizophrenia. Schizophr. Res. 132, 18–23. http://dx.doi.org/10.
1016/j.schres.2011.06.025.

Ventura, J., Subotnik, K.L., Gitlin, M.J., Gretchen-Doorly, D., Ered, A., Villa, K.F., Hellemann,
G.S., Nuechterlein, K.H., 2015. Negative symptoms and functioning during the first
year after a recent onset of schizophrenia and 8 years later. Schizophr. Res. 161,
407–413. http://dx.doi.org/10.1016/j.schres.2014.10.043.

Weinberger, D.R., 1987. Implications of normal brain development for the pathogenesis of
schizophrenia. Arch. Gen. Psychiatry 44, 660–669.

Widaman, K.F., Ferrer, E., Conger, R.D., 2010. Factorial invariance within longitudinal
structural equation models: measuring the same construct across time. Child Dev.
Perspect. 4, 10–18. http://dx.doi.org/10.1111/j.1750-8606.2009.00110.x.

World Health Organization, 1992. The ICD–10 Classification of Mental and Behavioural
Disorders: Clinical Descriptions and Diagnostic Guidelines (Geneva, Switzerland).

Zanello, A., Huguelet, P., 2001. Relationship between subjective cognitive symptoms and
frontal executive abilities in chronic schizophrenic outpatients. Psychopathology 34,
153–158. http://dx.doi.org/10.1159/000049299.

http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0440
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0440
http://dx.doi.org/10.1016/S0006-3223(96)00300-9
http://dx.doi.org/10.1016/S0920-9964(02)00373-0
http://dx.doi.org/10.1016/S0010-440X(03)00086-5
http://dx.doi.org/10.1016/S0010-440X(03)00086-5
http://dx.doi.org/10.1093/schbul/sbv120
http://dx.doi.org/10.1097/00005053-199806000-00007
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0470
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0470
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0470
http://dx.doi.org/10.1016/S0165-1781(00)00228-6
http://dx.doi.org/10.1016/j.schres.2011.06.025
http://dx.doi.org/10.1016/j.schres.2011.06.025
http://dx.doi.org/10.1016/j.schres.2014.10.043
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0490
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0490
http://dx.doi.org/10.1111/j.1750-8606.2009.00110.x
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0500
http://refhub.elsevier.com/S0920-9964(16)30461-3/rf0500
http://dx.doi.org/10.1159/000049299

	The course of cognitive functioning after first-�episode of psychosis: A six month follow-�up study
	1. Introduction
	2. Materials and methods
	2.1. Study participants
	2.2. Measurements and procedures
	2.2.1. Computerised neuropsychological assessment
	2.2.2. Visual memory tests
	2.2.3. Executive function, planning, and working memory tests
	2.2.4. Speed of processing
	2.2.5. Clinical assessments
	2.2.6. Medication data
	2.2.7. Subjective cognitive functioning

	2.3. Statistical analysis

	3. Results
	3.1. Patients characteristics
	3.2. Mean-level change
	3.3. Stability of cognitive functioning
	3.4. Structure of cognitive function and measurement invariance
	3.5. The relationship of cognitive stability with other variables
	3.6. Correlation between objective and subjective cognitive functioning

	4. Discussion
	4.1. Mean-level change
	4.2. Rank-order stability
	4.3. Structure of cognitive function and measurement invariance
	4.4. Correlations between cognitive stability and the other variables
	4.5. Subjectively perceived compared to objectively measured cognitive performance

	Conflict of interest statement
	Contributors
	Role of the funding source
	Acknowledgments
	References


