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Abstract

Background

Verbal learning and memory are impaired not only in patients with a first episode of psycho-
sis (FEP) but also—to a lower extent—in those with an at-risk mental state for psychosis
(ARMS). However, little is known about the specific nature of these impairments. Hence, we
aimed to study learning and memory processes in ARMS and FEP patients by making use
of structural equation modelling.

Methods

Verbal learning was assessed with the California Verbal Learning Test (CVLT) in 98 FEP
patients, 126 ARMS patients and 68 healthy controls (HC) as part of the Basel early detec-
tion of psychosis (FePsy) study. The four-factorial CFA model of Donders was used to esti-
mate test performance on latent variables of the CVLT and growth curve analysis was used
to model the learning curve. The latter allows disentangling initial recall, which is strongly
determined by attentional processes, from the learning rate.

Results

The CFA model revealed that ARMS and FEP patients were impaired in Attention Span,
Learning Efficiency and Delayed Memory and that FEP patients were additionally impaired
in Inaccurate Memory. Additionally, ARMS-NT, but not ARMS-T, performed significantly
worse than HC on Learning Efficiency. The growth curve model indicated that FEP patients
were impaired in both initial recall and learning rate and that ARMS patients were only
impaired in the learning rate.
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Conclusions

Since impairments were more pronounced in the learning rate than the initial recall, our
results suggest that the lower scores in the CVLT reported in previous studies are more
strongly driven by impairments in the rate of learning than by attentional processes.

Introduction

The identification of so-called at-risk mental state for psychosis (ARMS) patients based on
clinical signs [1, 2] is a promising approach for the early detection of psychotic disorders [3-
5]. Neurocognitive impairments are a robust marker and considered to be core features of psy-
chotic disorders, especially as these impairments persist even after remission of psychotic
symptomatology [6, 7]. Cognitive impairments have been shown to be present in first episode
psychosis (FEP) [8] as well as in ARMS patients [9-11] and may be useful for the prediction of
transition to frank psychosis [3, 12].

Verbal learning and memory are among the most impaired cognitive functions in these
patients and are therefore potentially useful as discriminatory variables in the early detection
of psychotic disorders [4, 8, 13-15]. Previous studies on verbal learning and memory showed
that FEP patients on average perform worse than ARMS and healthy controls (HC) and
ARMS perform intermediate to FEP and HC [16]. Furthermore, ARMS patients who later
transition to psychosis (ARMS-T) were shown to have poorer functioning in verbal memory
in compared to ARMS without later transition to psychosis (ARMS-NT) [10, 11]. However,
even though abundant literature is available on verbal learning and memory in chronic and
FEP patients, only few studies with prospective design investigating ARMS patients have been
published on verbal learning and memory so far [4, 5, 13, 17-20]. To the best of our knowl-
edge, none of these studies focused on verbal learning and memory in more detail or did com-
pare performances of FEP, ARMS patients with later transition to psychosis (ARMS-T) and
HC directly in their analyses. Only four studies [20-23] so far investigated a sample of ARMS
and FEP patients as well as HC in their analyses. However, none of these studies applied struc-
tural equation modelling.

Hence, the objective of this study was to evaluate group differences between ARMS, FEP
and HC, as well as between ARMS-T and ARMS-NT, in regard to their performance on the
California Verbal Learning Test (CVLT) [24] using the four factor structure as proposed by
Donders [25] in a structural equation model. Furthermore, we aimed to investigate the learn-
ing curve of ARMS and FEP patients using latent growth curve modelling [26]. An important
advantage of this approach is that it allows disentangling initial recall, which is strongly deter-
mined by attentional processes, from the rate of learning (i.e. learning slope) [27].

Based on the existing literature, we expected the sequence of performance on the CVLT to
be the following: HC>ARMS>FEP and HC>ARMS-NT>ARMS-T>FEP, respectively.

Materials and methods
Setting and recruitment

The CVLT data analysed in this study were collected within the prospective Friiherkennung
von Psychosen (FePsy; early detection of psychosis) study, which aims to improve the early
detection of psychosis. A more detailed description of the overall study design can be found
elsewhere [3, 28]. Patients were recruited via the FePsy Clinic, University of Basel Psychiatric
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Hospital Basel, Switzerland, which was set up specifically to identify, assess, and treat individu-
als in the early stages of psychosis. All patients were recruited between March 2000 and
November 2015. They were followed-up in regular intervals in order to distinguish those who
later transitioned to psychosis (ARMS-T) from those who did not (ARMS-NT). During the
first year of the follow-up ARMS individuals were assessed monthly for transition to psychosis,
during the second and third year 3-monthly, and subsequently annually. HC were recruited
from a commercial school, hospital staff and through advertisements and were not included if
they had a current or former psychiatric disorder or neurological disease, serious medical con-
dition, substance abuse, or a family history of psychiatric disorder. The study was approved by
the ethics committee of North-western and Central Switzerland (EKNZ). All participants pro-
vided written informed consent.

Screening procedure

The ARMS and FEP status was assessed using the Basel Screening Instrument for Psychosis
(BSIP), which was developed by Riecher-Réssler, Aston [29]. The BSIP is based on the Per-
sonal Assessment and Crisis Evaluation (PACE) criteria by Yung, Philips [1] and has been
shown to have a high predictive validity and a good inter reliability (k = 0.67) [29]. Exclusion
criteria were age younger than 18 years, insufficient knowledge of German, IQ <70, previous
episode of psychosis (treated with antipsychotics for >3 weeks (lifetime) and a total amount of
2500mg chlorpromazine equivalent), psychosis clearly due to organic reasons or substance
abuse, or psychotic symptoms within a clearly diagnosed affective psychosis or borderline per-
sonality disorder. Patients were identified as ARMS-NT if they had a follow-up period of at
least three years without developing frank psychosis. ARMS-T’s time from first contact with
the FePsy clinic until conversion to psychosis was 0.72 years in median (Mean = 1.18,

SD = 1.32, Range = 0.03-4.64).

Neurocognitive assessment

The CVLT is a widely used neurocognitive task which allows for a brief assessment of verbal
learning strategies and processes. The test consists of two word lists each containing 16 words.
List A is orally presented over five immediate-recall trials. An interference list (List B) is then
presented for one immediate recall trial, followed by short- and long-delay free- and cued-
recall and recognition test of List A. During the long-delay interval (approximately 20 min),
nonverbal testing is administered to the subjects [24]. In confirmatory factor analyses (CFA)
on the CVLT conducted by Donders [25] within a large standardisation sample with three dif-
ferent age groups of healthy controls as well as in a sample of traumatic brain injury patients
[30] it has been demonstrated that a four factor structure containing the factors Attention
Span, Learning Efficiency, Delayed Memory, and Inaccurate Memory provided good fit to the
data. The variables measuring these factors are shown in Fig 1.

Statistical analyses

All analyses were conducted using the R statistical environment, R version 3.2.3 [31] and
Mplus Version 7 [32]. Sex was compared between groups with chi-square test. Age, years of
education and BPRS total score were compared with independent t-test. Use of cannabis, anti-
psychotics, antidepressants, and anxiolytics were compared using Fisher’s Exact test. Cannabis
use was not further included in the analyses since a former study by our research group found
that there were no significant differences in neurocognitive performance between current, for-
mer, and never users, and there were no significant interactions between cannabis use and
patient group [33].

PLOS ONE | https://doi.org/10.1371/journal.pone.0196936 May 10,2018 3/17


https://doi.org/10.1371/journal.pone.0196936

@° PLOS | ONE

Verbal learning and memory in emerging psychosis

0.304 (.123)

. List A, Trial 1 0.427 (.065)
Attention —> ¢
SEX 0.173 (.074) Span 0757 (043)
’ 0.611 (.053,
0.047 (.067) ( ) \>| List B |<7 0.626 (.064)
0.548 (.067)
0.070 (.064) o  0.888(054)
8, Middle Region Recall |<— 0.699 (.073)
-0.041 (108) o
™~
,1 ° List A, Trial 5 |<— 0.168 (041)
-0.096 (.089) a \ 0.912 (.022)
n .
ARMS-NT -0.189 (.073) Z I'g—feﬁi:;"n”(?y 0.531 (.048) ——P| Semantic Clustering |<— 0.718 (.051)
<
-0.105 (.068) p 0.725 (.056)
\LI Recall Consistency |<— 0.474 (.081)
-0.041 (.134) / g 0.874 (.038)
&
‘ ; / Short-delay Free Recall 0.172 (.033)
o
(=}
o 0.904 (.035)
-0.074 (.065) 0.910 (.018)
I, Short-delay Cued Recall |<— 0.157 (.032)
-0.052 (.050) 3 \ 0.918 (017)
: Delayed
ARMS-T -0.046 (.047
(047) E Memory 0.886 (.027) \bl Long-delay Free Recall |<— 0.214 (.047)
0.064 (.134) 0.927 (.020)
\ g 0.565 (.067) Long-delay Cued Recall |<— 0.141 (.037)
-0.332 (.097) E
R
5] Recognition Hits |<— 0.681 (.076)
-0.404 (.062) 0.895 (.069)
-0.344 (.064) \ /VI Total Intrusions |<7 1.252 (0.206)"
y 1.000 (.257)
N.-
FEP &( Inaccurate

Memory

1.000 (-119) _>| Recognition False Positives |<— 0.919 (0.648)'

Fig 1. Visualisation of the confirmatory four factor analysis (CFA). The rectangles on the left represent the patient groups (at-risk mental state (ARMS) patients with
(ARMS-T) and without later transition to psychosis (ARMS-NT) and first episode psychosis (FEP) patients). The circles in the middle represent the latent variables,
which are measured by the indicator variables. The rectangles on the right represent the indicator variables, which consist out of observable data. Pathways are
represented by arrows, showing the standardized XY estimates for each path. ' Non standardized dispersion.

https://doi.org/10.1371/journal.pone.0196936.9001

Due to missing data in the outcome measures (see S1 Table), multiple imputations (MI)
were performed using the Multivariate Imputation by Chained Equations software [34]. MI is
considered the method of choice of handling complex incomplete data problems because it
yields unbiased parameter estimates and standard errors under a missing at random (MAR) or
missing completely at random (MCAR) missing data mechanism and maximizes statistical
power by using all available information (Enders 2010). Although the MAR or MCAR assump-
tion is not directly testable [35], it was considered plausible in the present situation because the
variables with the highest proportion of missing values, such as the long delay free and cued
recall, resulted from changes in the study design over the years and so the probability of being
missing was unlikely to be directly dependent on the missing values themselves. Furthermore,
even if the data were missing not at random, the MI procedure most likely would have led to
less biased results than the traditional complete case analysis [36]. To protect against a poten-
tial power falloff from a too small number of imputations [37], we generated 20 imputations of
the missing values using the random forest imputation method [38]. The analyses of interest
(see below) were then conducted in each completed data set, and parameter estimates were
pooled according to Rubin’s rules [39]. This method has previously been described by other
members of this research group [33, 40].
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In order to test CVLT performance differences between HC, ARMS-NT, ARMS-T and FEP
patients directly within the structural equation modelling framework, we extended the mea-
surement model of Donders [25] by regressing the four latent factors on group and sex. The
variable group was represented in the model as three dummy coded contrast variables using
the HC group as the reference group. This resulted in a so called multiple-indicator multiple-
causes (MIMIC) model [41], which not only takes measurement error into account when test-
ing group differences, but can also accommodate factorial non-invariance between group or
so-called differential item functioning [41].

The following minimum standards have been specified a priori as desirable for the models:
Comparative Fit Index (CFI) >0.95, Root Mean Squared Error of Approximation (RMSEA)
<0.06, Tucker-Lewis Index (TLI) >0.95, Standardized Root Mean Square Residual (SRMR)
<0.08 [42].

Second, learning over the first 5 trials of the CVLT was investigated using latent growth
curve analysis which is a statistical technique used in the SEM framework to estimate growth
trajectories. Several studies have successfully applied growth curve models on the CVLT or the
closely related Rey Auditory Verbal Learning Task (RAVLT) [43-45]. An important advantage
of this approach is that it allows disentangling initial recall, which is strongly determined by
attentional processes, from the rate of learning (i.e., learning slope). Thus, we used the two
latent parameters initial recall and learning rate as proposed by Jones, Rosenberg [45] to model
the growth curve. Here, initial recall corresponds to the intercept and learning rate corre-
sponds to the slope of the growth curve. Both parameters were estimated based on the number
of recalled words over the first five trials of the CVLT (see Fig 2).

All analyses were first conducted with the three groups ARMS, FEP and HC. Thereafter,
analyses were extended to the subgroups ARMS-T and ARMS-NT, compared to FEP and HC
respectively. In a further step, we conducted secondary analyses for the MIMIC model pro-
ceeding exactly as described above but including the covariates that differed significantly
between groups for completeness.

To account for multiple testing corrected p values were calculated using the false discovery
rate [46].

Results

98 FEP patients, 126 ARMS and 68 HC fulfilled the inclusion criteria (see Table 1 for sociode-
mographic and clinical sample characteristics). Of the 126 ARMS patients, 25 had developed
frank psychosis during the follow-up (ARMS-T), 48 had not developed psychosis after a follow
up of at least 3 years (ARMS-NT), and 53 had not developed psychosis but were followed up
for less than 3 years either because they were only recruited recently or because they dropped
out during the first three years of the follow-up.

Confirmatory factor analysis (CFA)

The four factorial CFA model of Donders [25] narrowly missed acceptability of model fit in
our data (° = 180.988, df = 59, p < 0.001, AIC = 10852.479, CFI = 0.921, RMSEA = 0.093,
TLI = 0.895, SRMR = 0.045). In addition, an error warning indicated that the covariance
matrix of latent variables was not positive definite.

We therefore made a small modification of the model of Donders by treating the indicators
of the Inaccurate Recall factor (i.e. total intrusions and recognition false positives) as count
variables and estimating their loadings on the Inaccurate Recall factor through zero-inflated
negative binomial regressions. This not only solved the convergence problem, it also led to a
more realistic data model as total intrusions and recognition false positives were now correctly
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Fig 2. Visualisation of the growth curve analysis. The rectangles on the left represent the patient groups (at-risk mental state (ARMS) patients with (ARMS-T) and
without later transition to psychosis (ARMS-NT) and first episode psychosis (FEP) patients). The circles in the middle represent the latent variables, which are measured
by the indicator variables. The rectangles on the right represent the indicator variables, which consist out of observable data. Pathways are represented by arrows,
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https://doi.org/10.1371/journal.pone.0196936.9002

modelled as non-negative integers with relatively large preponderances of zeros. Unfortu-
nately, as this new model could only be estimated by numerical integration [47], traditional

fit indices were not available for this modified model. However, the Akaike Information
Criterion (AIC) indicated the modification led to an improved model fit (AICo;p = 10852.479,
AICxgw = 10050.095).

Results from the MIMIC model showed significant worse performance of ARMS and FEP
on Attention Span, Learning Efficiency and Delayed Memory compared to HC. Additionally,
FEP showed significantly worse performance on Inaccurate Memory than HC (see Table 2).

When splitting up the ARMS group into ARMS-T and ARMS-NT only ARMS-NT showed
a significant worse performance than HC on Learning Efficiency (p = 0.009). FEP still showed
significant worse performance on all four factors compared to HC (pasention span = 0.001,
pLearning Efficiency < 0.001, pDelayed Memory < 0.001, Paccurate Memory = 0014) (See Table 2 and Flg
3). When comparing ARMS-T against ARMS-NT, no significant differences emerged on any
of the four factors (see Table 2).
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Table 1. Sociodemographic and clinical sample characteristics.

N HC ARMS FEP Test Statistic
N=68 N=126 N=98 HC vs. ARMS vs. FEP
ARMS-NT ARMS-T
N=48 N=25

Gender 292 p=0.226"
Female 27 (40%) 36 (28.6%) 13 (27.1%) 10 (40%) 36 (36.7%)

Male 41 (60%) 90 (71.4%) 35(72.9%) 15 (60%) 62 (63.3%)

Age 292 25.30 £ 6.04 25.6 £ 6.56 25.7+£7.32 26.85 £ 6.97 28.5+8.16 p= 0.003*
Years of education 291 13.19+2.84 11.8 +2.81 11.9 +3.29 11.40 £2.02 11.5+2.92 p= 0.001%
Antipsychotics currently: 292 0(0%) 9 (7.14%) 0 (0%) 3 (12%) 36 (36.7%) p< 0.001°
Antidepressants currently: 292 0(0%) 43 (34.1%) 20 (41.7%) 9 (36%) 18 (18.4%) p< 0.001°
Anxiolytics currently: 292 0(0%) 19 (15.1%) 5(10.4%) 7 (28%) 19 (19.4%) p= 0.001°
Cannabis use: 244 5(8%) 24 (23.5%) 9 (28%) 4 (22%) 22 (26.5%) p= 0.023°
BPRS total score 205 38.6 £9.13 37.3£9.01 41.39 £ 8.82 50.8 £12.5 p< 0.001%

Note. N is the number of non-missing values. Values of continuous variables are stated as mean # 1 standard deviation.

"Pearson’s y* test

%independent t-test

*Fisher’s Exact test.

HC = healthy controls; ARMS = patients with an at-risk mental state for psychosis; ARMS-NT = patients with an at-risk mental state for psychosis without later
transition to psychosis; ARMS-T = patients with an at-risk mental state for psychosis with later transition to psychosis; FEP = patients with a first episode of psychosis.

Patients were identified as ARMS-NT if they had a follow-up period of at least three years without developing frank psychosis.

https://doi.org/10.1371/journal.pone.0196936.t001

Results from the secondary MIMIC model analyses showed no significant differences in the
performances of ARMS, ARMS-NT, ARMS-T and FEP on any of the investigated latent vari-
ables compared to HC. The only covariates significantly influencing the latent factors were sex
and years of education, indicating that women perform significantly better than men on Atten-
tion Span and those subjects with more years of education exhibiting superior performances
on Learning Efficiency and Delayed Memory, independent of diagnostic group (see Tables 3-5).
A stepwise integration of the covariates revealed that the performance differences between
ARMS patients and HC were no longer significant when corrected for years of education and
the performance differences between FEP patients and HC were no longer significant when
corrected for use of antipsychotics.

Growth curve analysis

A comparison of three nested models with different shapes for the learning curve revealed that
an approximately logarithmic growth curve (x” = 51.361, df = 15, p < 0.001, AIC = 6414.138,
CFI =0.960, RMSEA = 0.089, TLI = 0.939, SRMR = 0.061) and a freely estimated growth curve
(x° = 34.258, df = 13, p=0.001, AIC = 6399.236, CFI = 0.977, RMSEA = 0.074, TLI = 0.964,
SRMR = 0.055) provided both good fit to the data. Hence, for ease of interpretation, the
approximately logarithmic model was used for comparing initial recall and learning rate of
ARMS and FEP patients. FEP showed significantly lower scores in initial recall (p = 0.021) and
learning rate (p = 0.010) compared to ARMS and HC (see Fig 4). Additionally, a significantly
worse performance of ARMS compared to HC was found regarding learning rate (p = 0.050).
To further distinguish between ARMS-T and ARMS-NT a second growth curve analysis with
these two subgroups was conducted. Results showed significant worse performances of FEP
compared to HC in initial recall (p = 0.024) and learning rate (p = 0.007). No significant
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Table 2. Results from the four factor multiple-indicator multiple-causes (MIMIC) model.

FEP ARMS ARMS-NT ARMS-T SEX
Estimate (S.E.) | p-value | Estimate (S.E.) | p-value | Estimate (S.E.) | p-value | Estimate (S.E.) | p-value | Estimate (S.E.) | p-value
Comparison of FEP
and ARMS vs. HC
Attention Span 20.33(0.09) | <0.001*** | -0.16 (0.08) | 0.048" 0.25(0.07) | <0.001***
Learning Efficiency -0.39 (0.06) <0.001"** -0.22 (0.06) <0.001"** 0.09 (0.06) 0.135
Delayed Memory 10.32(0.06) | <0.001"** | -0.13(0.06) | 0.028* 0.11 (0.06) | 0.041*
Inaccurate Memory 0.33 (0.12) 0.006** 0.02 (0.12) 0.870 -0.03 (0.10) | 0.797
Comparison of FEP,
ARMS-NT and
ARMS-T vs. HC
Attention Span -0.33 (0.10) 0.001*** -0.10 (0.09) 0.284 -0.07 (0.07) 0.256 0.17 (0.07) 0.020*
Learning Efficiency -0.40 (0.06) <0.001*** -0.19 (0.07) 0.009** -0.05 (0.05) 0.302 0.05 (0.07) 0.481
Delayed Memory -0.34 (0.06) <0.001*** -0.11 (0.07) 0.123 -0.05 (0.05) 0.332 0.07 (0.06) 0.274
Inaccurate Memory 0.30 (0.12) 0.014* -0.04 (0.13) 0.762 0.06 (0.13) 0.634 -0.04 (0.11) 0.708
Comparison of
ARMS-NT vs.
ARMS-T
Attention Span 0.00 (0.10) | 0.971 0.17 (0.07) | 0.021*
Learning Efficiency -0.12 (0.09) |0.165 0.05 (0.07) 0.486
Delayed Memory -0.04 (0.08) | 0.581 0.07 (0.06) 0.279
Inaccurate Memory -0.14 (0.19) 0.474 -0.04 (0.11) 0.731

Note. S.E. = Standard Error.
Level of significance for p-values
*p<0.05

“p <001

“+*p < 0,001,

ARMS = patients with an at-risk mental state for psychosis; ARMS-NT = patients with an at-risk mental state for psychosis without later transition to psychosis;

ARMS-T = patients with an at-risk mental state for psychosis with later transition to psychosis; FEP = patients with a first episode of psychosis. Patients were identified

as ARMS-NT if they had a follow-up period of at least three years without developing frank psychosis. To account for multiple testing corrected p-values were calculated

using the false discovery rate.

https://doi.org/10.1371/journal.pone.0196936.t002

differences were found for ARMS-T and ARMS-NT compared to HC on these two factors
(ARMS-T: ppisiar recatt = 0695, Prearning rate = 04713 ARMS-NT: priisiar recat = 0.398, Prearning Rate =
0.142).

Also, when comparing ARMS-T against ARMS-NT no significant group differences
emerged (Pritiar Recall = 0433, Prearning Rate = 0.193).

Discussion

This study examined learning curves in at-risk mental state (ARMS) patients, first episode psy-
chosis (FEP) patients and healthy controls (HC) using structural equation modelling. We
hypothesized that HC would perform best on all four factors of the CVLT, ARMS would per-
form intermediate to HC and FEP and that FEP would perform worst compared to HC and
ARMS (i.e. HC>ARMS>FEP). This hypothesized sequence of performance was confirmed
within the MIMIC model for the three out of four factors Attention Span, Learning Efficiency
and Delayed Memory of the CVLT. Additionally, growth curve analysis verified this sequence
of performance for the latent factor Learning Rate.
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Fig 3. Performances of at-risk mental state (ARMS) patients with (ARMS-T) and without later transition to psychosis (ARMS-NT)
and first episode psychosis (FEP) patients on the four factors of the California Verbal Learning Test (CVLT). The horizontal line at
zero represents the performance of healthy controls. Differences are expressed in units of standardized mean differences. Differences are
significant if the 95% confidence interval does not overlap with the horizontal line. The variable Inaccurate Memory was reversed such
that high scores represent a good performance. Differences are adjusted for the influence of sex.

https://doi.org/10.1371/journal.pone.0196936.9003

When further differentiating the ARMS patient group into ARMS with later transition to
psychosis (ARMS-T) and ARMS without later transition to psychosis (ARMS-NT), only
ARMS-NT showed a significantly worse performance on the factor Learning Efficiency com-
pared to HC. No further group differences between ARMS-T and ARMS-NT were found, nei-
ther within the MIMIC model nor in the growth curve analysis.

The herein found results show that impairments in verbal learning and memory in FEP
patients are present in the domains of Attention Span, Learning Efficiency, Delayed Memory
and Inaccurate Memory. Likewise, ARMS patients show similar impairments as FEP patients
although less marked in the domains Attention Span, Learning Efficiency and Delayed Memory.
Furthermore, it was shown that regarding the verbal learning curve only FEP patients demon-
strated marked impairments in the initial recall (i.e. intercept of the slope), whereas in the
learning rate both FEP and ARMS patients showed significant impairments compared to HC.
Nevertheless, when representing the verbal learning curve graphically it became apparent
from the development of the curve per group over the five trials of the CVLT, that the learning
curve progresses similarly for each group (see Fig 4). More precisely, the development of the
growth curve, given the increase of the slope, indicates that ARMS and FEP perform similarly
to HC in regard to the Learning Rate, even though the increase of the curve is less steep than
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Table 3. Results from the secondary four-factor multiple-indicator multiple-causes (MIMIC) model including covariates.

FEP

Estimate (S.E.) | p-value

Comparison of FEP

and ARMS vs. HC
Attention Span -0.206 (0.104)

Learning Efficiency -0.173 (0.083)

Delayed Memory -0.095 (0.088)
Inaccurate Memory 0.148 (0.158)
Comparison of FEP,
ARMS-NT and
ARMS-T vs. HC

-0.180 (0.112)
-0.162 (0.089)
-0.132 (0.091)
0.130 (0.168)

Attention Span
Learning Efficiency
Delayed Memory
Inaccurate Memory

Comparison of
ARMS-NT vs. ARMS-T

Attention Span
Learning Efficiency
Delayed Memory

Inaccurate Memory

Note. S.E. = Standard Error.
Level of significance for p-values
“p <0.05

*p < 0.01

#+%p < 0.001.

0.188
0.167
0.506
0.524

0.393
0.393
0.403
0.714

ARMS ARMS-NT ARMS-T SEX
Estimate (S.E.) | p-value | Estimate (S.E.) | p-value | Estimate (S.E.) | p-value | Estimate (S.E.) | p-value

20.110 (0.092) | 0.496 0.258 (0.066) | <0.001***

-0.153 (0.068) 0.162 0.082 (0.057) 0.378

-0.014 (0.068) | 0.857 0.113 (0.054) |  0.167

-0.141 (0.135) | 0.506 20.025(0.102) | 0.857
-0.049 (0.094) 0.797 0.008 (0.075) | 0.965 0.180 (0.073) 0.187
-0.132 (0.073) 0.393 0.037 (0.058) | 0.719 0.044 (0.063) 0.717
-0.028 (0.073) 0.832 0.059 (0.059) | 0.578 0.073 (0.062) 0.510
-0.153 (0.152) 0.578 -0.050 (0.143) | 0.832 -0.037 (0.110) 0.832
-0.061 (0.098) 0.712 0.180 (0.073) 0.149
-0.182 (0.083) 0.186 0.045 (0.063) 0.698
-0.106 (0.079) 0.443 0.073 (0.062) 0.454
-0.082 (0.199) 0.827 -0.037 (0.111) 0.827

ARMS = patients with an at-risk mental state for psychosis; ARMS-NT = patients with an at-risk mental state for psychosis without later transition to psychosis;

ARMS-T = patients with an at-risk mental state for psychosis with later transition to psychosis; FEP = patients with a first episode of psychosis. Patients were identified

as ARMS-NT if they had a follow-up period of at least three years without developing frank psychosis. To account for multiple testing corrected p-values were calculated

using the false discovery rate.

https://doi.org/10.1371/journal.pone.0196936.t003

the one of the HC. It has to be emphasized that, in contrast to most previous studies, this study
does not rely solely on Trial 1, Trial 5 or the cumulative sum (i.e. sum of trials 1-5) of the
CVLT but evaluates each of the five trials on its own, taking all available information into
account.

The results from the confirmatory factor analysis (CFA) are in line with the present litera-
ture indicating impairments of attentional processing in ARMS and FEP, with ARMS per-
forming intermediate to HC and FEP, and FEP performing worse than the other groups [16,
48].

Furthermore, the results correspond to the findings of the meta-analysis conducted by
Bora, Lin [11] who reported medium effect sizes for deficits of ARMS patients in verbal mem-
ory (d = -.50) and in verbal learning (d = -.68). Giuliano, Li [49], who found similar effect
sizes, suggested that it may be possible to improve the predicted trajectory of psychotic ill-
nesses by integrating information about specific cognitive deficit patterns such as in the verbal
declarative memory. Accordantly, Fusar-Poli, Deste [10] based on their meta-analysis suggest
that ARMS patients are impaired in tests of verbal memory and later transition to psychosis is
associated with poorer verbal memory. Congruently, Koutsouleris, Davatzikos [4] found that
transition to psychosis was mainly predicted by executive and verbal learning impairments.
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Table 4. Results from the secondary four-factor multiple-indicator multiple-causes (MIMIC) model including covariates.

Years of Education BPRS Total Score Cannabis
Estimate (S.E.) p-value Estimate (S.E.) p-value Estimate (S.E.) p-value
Comparison of FEP and ARMS vs.
HC
Attention Span 0.167 (0.061) 0.054 -0.059 (0.096) 0.640 0.046 (0.077) 0.640
Learning Efficiency 0.199 (0.055) <0.001*** -0.130 (0.083) 0.357 -0.062 (0.066) 0.524
Delayed Memory 0.157 (0.051) 0.024* -0.136 (0.079) 0.275 -0.017 (0.061) 0.857
Inaccurate Memory -0.136 (0.106) 0.450 0.116 (0.116) 0.517 0.089 (0.098) 0.524
Comparison of FEP, ARMS-NT and
ARMS-T vs. HC
Attention Span 0.136 (0.068) 0.368 -0.130 (0.100) 0.485 0.038 (0.089) 0.832
Learning Efficiency 0.215 (0.061) <0.001*** -0.156 (0.096) 0.393 -0.098 (0.080) 0.498
Delayed Memory 0.172 (0.055) 0.040* -0.132 (0.090) 0.403 -0.023 (0.073) 0.832
Inaccurate Memory -0.089 (0.125) 0.717 0.202 (0.125) 0.393 0.038 (0.116) 0.832
Comparison of ARMS-NT vs.
ARMS-T
Attention Span 0.136 (0.068) 0.240 -0.130 (0.100) 0.443 0.038 (0.089) 0.827
Learning Efficiency 0.216 (0.061) <0.001*** -0.155 (0.096) 0.384 -0.098 (0.080) 0.448
Delayed Memory 0.173 (0.055) 0.032* -0.132 (0.090) 0.387 -0.023 (0.073) 0.827
Inaccurate Memory -0.092 (0.126) 0.698 0.201 (0.125) 0.384 0.038 (0.116) 0.827

Note. S.E. = Standard Error.
Level of significance for p-values
*p < 0.05

*p < 0.01

*%p < 0.001.

ARMS = patients with an at-risk mental state for psychosis; ARMS-NT = patients with an at-risk mental state for psychosis without later transition to psychosis;

ARMS-T = patients with an at-risk mental state for psychosis with later transition to psychosis; FEP = patients with a first episode of psychosis. Patients were identified

as ARMS-NT if they had a follow-up period of at least three years without developing frank psychosis. Cannabis refers to current use. To account for multiple testing

corrected p-values were calculated using the false discovery rate.

https://doi.org/10.1371/journal.pone.0196936.t004

In contrast to our hypothesis, ARMS-NT, but not ARMS-T, performed significantly worse
on the factor Learning Efficiency compared to HC. This rather counterintuitive result may on
the one hand be due to the fact that the ARMS-T sample was too small to detect significant dif-
ferences between groups (Narms.t = 25, Narms nt = 48). On the other hand, a plausible expla-
nation might be that impaired Learning Efficiency represents a feature/trait of the at-risk
mental state but is not related to the onset of illness.

On all other factors no significant differences between ARMS-T and ARMS-NT emerged,
therefore it may be speculated that only the overall performance in the domain of verbal mem-
ory may be predictive of a later transition to frank psychosis, but that single underlying factors
of verbal learning and memory are not. This assumption would be in line with the results of
Francey, Jackson [50] who showed that, despite the existence of sustained attention deficits in
ARMS, there were no differences between subjects who converted to psychosis (ARMS-T) and
those who did not (ARMS-NT). This led the authors to suggest that such deficits, although
they may constitute a vulnerability factor, are insufficient for reliable predictions of the risk of
conversion to psychosis. Also, a meta-analysis by De Herdt, Wampers [51] indicated that
ARMS-T and ARMS-NT may not be differentiated based on verbal memory deficits. Further-
more, in their meta-analysis Bora, Lin [11] reported that effect sizes for between-group differ-
ences were modest with a Cohen’s d = 0.5 at most for domains with the largest group
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Table 5. Results from the secondary four-factor multiple-indicator multiple-causes (MIMIC) model including covariates.

Antipsychotics Antidepressants Anxiolytics
Estimate (S.E.) p-value Estimate (S.E.) p-value Estimate (S.E.) p-value
Comparison of FEP and ARMS vs.
HC
Attention Span -0.048 (0.073) 0.640 0.050 (0.072) 0.640 -0.101 (0.072) 0.393
Learning Efficiency -0.170 (0.077) 0.162 0.064 (0.058) 0.506 0.006 (0.067) 0.931
Delayed Memory -0.136 (0.076) 0.260 -0.040 (0.062) 0.640 -0.076 (0.067) 0.506
Inaccurate Memory -0.024 (0.111) 0.857 0.149 (0.101) 0.378 0.057 (0.096) 0.640
Comparison of FEP, ARMS-NT and
ARMS-T vs. HC
Attention Span 0.002 (0.088) 0.983 -0.005 (0.082) 0.978 -0.167 (0.075) 0.260
Learning Efficiency -0.138 (0.090) 0.403 0.018 (0.066) 0.852 -0.059 (0.078) 0.714
Delayed Memory -0.083 (0.083) 0.578 -0.055 (0.069) 0.714 -0.126 (0.073) 0.393
Inaccurate Memory -0.081 (0.121) 0.719 0.173 (0.121) 0.403 0.127 (0.102) 0.498
Comparison of ARMS-NT vs.
ARMS-T
Attention Span 0.002 (0.088) 0.984 -0.005 (0.082) 0.982 -0.167 (0.075) 0.186
Learning Efficiency -0.138 (0.090) 0.387 0.017 (0.066) 0.845 -0.060 (0.078) 0.698
Delayed Memory -0.083 (0.083) 0.562 -0.055 (0.069) 0.698 -0.126 (0.073) 0.375
Inaccurate Memory -0.081 (0.121) 0.698 0.176 (0.121) 0.387 0.128 (0.103) 0.448

Note. S.E. = Standard Error. ARMS = patients with an at-risk mental state for psychosis; ARMS-NT = patients with an at-risk mental state for psychosis without later
transition to psychosis; ARMS-T = patients with an at-risk mental state for psychosis with later transition to psychosis; FEP = patients with a first episode of psychosis.
Patients were identified as ARMS-NT if they had a follow-up period of at least three years without developing frank psychosis. Antipsychotics, Antidepressants, and

Anxiolytics refer to current use. To account for multiple testing corrected p-values were calculated using the false discovery rate.

https://doi.org/10.1371/journal.pone.0196936.t005

differences (i.e. verbal fluency, verbal and visual memory, and working memory). Thus, the
authors found a significant performance overlap of 67% between the groups, indicating that
cognitive impairment has only a limited capacity to predict the outcome of high-risk patients.

However, when the analyses were repeated including all covariates significantly differing
between groups, no significant group differences regarding performance on any of the latent
variables could be observed anymore. A stepwise integration revealed that this was specifically
due to the covariates years of education and antipsychotic medication. However, it could be
argued that it is not sensible to correct for the influence of years of education here, because
reduced years of education can be consequence of the psychotic disorder [52] and thus one
would partial out variability of the illness itself. The same is true for antipsychotic medication,
which was not present in HC, but in 7.1% of ARMS and 36.7% of FEP patients.

In line with our hypothesis, the results from the growth curve analysis indicated a worse
performance of FEP compared to ARMS and HC and a performance of ARMS intermediate to
those two groups. Since these differences were more pronounced in the slope (i.e. learning
rate) than in the intercept (i.e. initial recall) of the learning curve, our results are in line with
the existing body of literature indicating that the verbal learning rate tends to be more
impaired than attentional processes in both ARMS and FEP patients [10, 11, 14].

Additionally, the results suggest that the worse performance in verbal learning and memory
in FEP patients is due to both a lower initial recall and a lower learning rate pointing towards a
possible underlying attentional problem in FEP. ARMS patients showed a similar pattern of
impairment as FEP regarding learning rate. This finding is consistent with recently published
reviews and meta-analyses indicating that already in the prodromal/at-risk mental state
patients show marked impairments in verbal memory [10, 11, 48].
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Fig 4. Growth curve. Verbal learning performances of at-risk mental state (ARMS) patients with (ARMS-T) and without later transition to psychosis (ARMS-NT) and
first episode psychosis (FEP) patients. Lines per group correspond to the mean of total words remembered per trial.

https://doi.org/10.1371/journal.pone.0196936.9004

Limitations

The following limitations should be taken into account:

Firstly, sample sizes differed across groups. Particularly, when differentiating between
ARMS-T and ARMS-NT moderate group sizes emerged. Literature suggests cognitive impair-
ments in ARMS-T patients to be rather unspecific and generalized [12]. Hence, the small and
distinct group sizes may have precluded the detection of small effects between these two
groups. Furthermore, the probability of a type II error is considerably larger for comparisons
of ARMS-T and ARMS-NT than for comparisons between ARMS, FEP and HC groups.

Secondly, to be identified as non-transitioned patients had to be in the follow-up for at least
three years without transitioning to psychosis. Although research has shown that most
ARMS-T patients make the transition to psychosis within the first 12 months of clinical pre-
sentation, a small percentage of patients transitions to frank psychosis within the next 24
months of follow-up (for meta-analysis, see [10]). This cut-off contributed substantially to the
small sample size of the ARMS-NT group. Yet, by setting this cut-off we were able to strongly
decrease the risk of misclassifying patients with a later transition to psychosis as non-transi-
tioned cases.

Thirdly, the measurement model of Donders [25] used in our analyses was originally built
based on the standardization sample data of the CVLT-II, whereas in this study we had
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measured verbal learning and memory with the original CVLT. However, we could still fit the
model of Donders with our CVLT data because all required indicator variables are also avail-
able in the original CVLT. The only difference is that Semantic Clustering is calculated slightly
differently. However, since we calculated Semantic Clustering according to the CVLT-II
instructions, we do not expect that the application of a CVLT-II model to our CVLT data has
largely influenced the results.

Fourthly, since HC were not included if they had a current or former psychiatric disorder
or neurological disease, we cannot rule out the possibility that our HC were healthier than a
representative sample from the general population and that consequently differences between
HC and patients were overestimated.

Conclusion

In conclusion, this is the first study to evaluate verbal learning and memory using structural
equation modelling. In line with our hypothesis, results indicated a worse performance of FEP
patients compared to ARMS patients and HC and a performance of ARMS patients intermedi-
ate to those two groups. Since these differences were more pronounced in the slope than in the
intercept of the learning curve, our results indicate that the verbal learning rate tends to be
more impaired than attentional processes in both ARMS and FEP patients. Further longitudi-
nal investigations are needed to clarify whether verbal learning and memory may be a potential
discriminatory variable in the early detection of psychosis.

Supporting information
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(DOCX)

Acknowledgments

We thank all patients and healthy volunteers who participated in the study as well as the refer-
ring specialists.

Author Contributions
Conceptualization: Anita Riecher-Rossler.
Data curation: Laura Egloff, Erich Studerus.
Formal analysis: Laura Egloff, Erich Studerus.
Funding acquisition: Anita Riecher-Réssler.

Investigation: Laura Egloff, Ronan Zimmermann, Ulrike Heitz, Stephanie Menghini-Miiller,
Sarah Ittig, Katharina Beck, Christina Andreou, Stefan Borgwardt, Anita Riecher-Réssler.

Methodology: Laura Egloff, Erich Studerus, Anita Riecher-Réssler.
Project administration: Anita Riecher-Rossler.

Resources: Ronan Zimmermann, Ulrike Heitz, Stephanie Menghini-Miiller, Sarah Ittig,
Katharina Beck, Christina Andreou, Stefan Borgwardt, Anita Riecher-Rgssler.

Software: Laura Egloff.

Supervision: Erich Studerus, Christina Andreou, Stefan Borgwardt, Anita Riecher-Rossler.

PLOS ONE | https://doi.org/10.1371/journal.pone.0196936 May 10,2018 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0196936.s001
https://doi.org/10.1371/journal.pone.0196936

@° PLOS | ONE

Verbal learning and memory in emerging psychosis

Validation: Anita Riecher-Rdssler.

Visualization: Laura Egloff.

Writing - original draft: Laura Egloff.

Writing - review & editing: Erich Studerus, Ronan Zimmermann, Ulrike Heitz, Stephanie

Menghini-Miiller, Sarah Ittig, Katharina Beck, Christina Andreou, Stefan Borgwardt, Anita
Riecher-Réssler.

References

1.

10.

11.

12

13.

14.

15.

Yung AR, Phillips LJ, McGorry PD, McFarlane CA, Francey S, Harrigan S, et al. Prediction of psychosis.
A step towards indicated prevention of schizophrenia. The British Journal of Psychiatry 1998; 172
(33):14-20. PMID: 9764121.

Yung AR, Phillips LJ, Yuen HP, McGorry PD. Risk factors for psychosis in an ultra high-risk group: psy-
chopathology and clinical features. Schizophrenia research. 2004; 67(2—-3):131-42. https://doi.org/10.
1016/S0920-9964(03)00192-0 PMID: 14984872.

Riecher-Réssler A, Pflueger MO, Aston J, Borgwardt SJ, Brewer WJ, Gschwandtner U, et al. Efficacy of
using cognitive status in predicting psychosis: a 7-year follow-up. Biological psychiatry. 2009; 66
(11):1023-30. https://doi.org/10.1016/j.biopsych.2009.07.020 PMID: 19733837.

Koutsouleris N, Davatzikos C, Bottlender R, Patschurek-Kliche K, Scheuerecker J, Decker P, et al.
Early recognition and disease prediction in the at-risk mental states for psychosis using neurocognitive
pattern classification. Schizophrenia Bull. 2012; 38(6):1200—15. https://doi.org/10.1093/schbul/sbr037
PMID: 21576280; PubMed Central PMCID: PMC3494049.

Kim HS, Shin NY, Jang JH, Kim E, Shim G, Park HY, et al. Social cognition and neurocognition as pre-
dictors of conversion to psychosis in individuals at ultra-high risk. Schizophrenia research. 2011; 130
(1-3):170-5. https://doi.org/10.1016/j.schres.2011.04.023 PMID: 21620681.

Reichenberg A. The assessment of neuropsychological functioning in schizophrenia. Dialogues in clini-
cal neuroscience. 2010; 12(3):383—-92. PMID: 20954432; PubMed Central PMCID: PMC3181984.

Addington J, Barbato M. The role of cognitive functioning in the outcome of those at clinical high risk for
developing psychosis. Epidemiology and psychiatric sciences. 2012; 21(4):335—42. https://doi.org/10.
1017/S204579601200042X PMID: 23174394.

Mesholam-Gately RI, Giuliano AJ, Goff KP, Faraone SV, Seidman LJ. Neurocognition in First-Episode
Schizophrenia: A Meta-Analytic Review. Neuropsychology. 2009; 23(3):315-36. https://doi.org/10.
1037/a0014708 PubMed PMID: WOS:000265662000005. PMID: 19413446

Brewer WJ, Wood SJ, Phillips LJ, Francey SM, Pantelis C, Yung AR, et al. Generalized and specific
cognitive performance in clinical high-risk cohorts: a review highlighting potential vulnerability markers
for psychosis. Schizophrenia Bull. 2006; 32(3):538-55. https://doi.org/10.1093/schbul/sbj077 PMID:
16782759; PubMed Central PMCID: PMC2632242.

Fusar-Poli P, Deste G, Smieskova R, Barlati S, Yung AR, Howes O, et al. Cognitive functioning in pro-
dromal psychosis: a meta-analysis. Archives of general psychiatry. 2012; 69(6):562—71. https://doi.org/
10.1001/archgenpsychiatry.2011.1592 PMID: 22664547

Bora E, Lin A, Wood SJ, Yung AR, McGorry PD, Pantelis C. Cognitive deficits in youth with familial and
clinical high risk to psychosis: a systematic review and meta-analysis. Acta psychiatrica Scandinavica.
2014; 130(1):1-15. https://doi.org/10.1111/acps.12261 PMID: 24611632.

Studerus E, Papmeyer M, Riecher-Rossler A. Neurocognition and Motor Functioning in the Prediction
of Psychosis. In: Riecher-Rossler A, McGorry PD, editors. Early Detection and Intervention in Psycho-
sis: State of the Art and Future Perspectives. Key Issues in Mental Health. Basel: Karger; 2016. p.
116-32.

Lencz T, Smith CW, McLaughlin D, Auther A, Nakayama E, Hovey L, et al. Generalized and specific
neurocognitive deficits in prodromal schizophrenia. Biological psychiatry. 2006; 59(9):863—71. https://
doi.org/10.1016/j.biopsych.2005.09.005 PMID: 16325151.

Fatouros-Bergman H, Cervenka S, Flyckt L, Edman G, Farde L. Meta-analysis of cognitive performance
in drug-naive patients with schizophrenia. Schizophrenia research. 2014; 158(1-3):156—62. https://doi.
org/10.1016/j.schres.2014.06.034 PMID: 25086658.

Schaefer J, Giangrande E, Weinberger DR, Dickinson D. The global cognitive impairment in schizo-
phrenia: consistent over decades and around the world. Schizophrenia research. 2013; 150(1):42-50.
https://doi.org/10.1016/j.schres.2013.07.009 PMID: 23911259; PubMed Central PMCID:
PMC4196267.

PLOS ONE | https://doi.org/10.1371/journal.pone.0196936 May 10,2018 15/17


http://www.ncbi.nlm.nih.gov/pubmed/9764121
https://doi.org/10.1016/S0920-9964(03)00192-0
https://doi.org/10.1016/S0920-9964(03)00192-0
http://www.ncbi.nlm.nih.gov/pubmed/14984872
https://doi.org/10.1016/j.biopsych.2009.07.020
http://www.ncbi.nlm.nih.gov/pubmed/19733837
https://doi.org/10.1093/schbul/sbr037
http://www.ncbi.nlm.nih.gov/pubmed/21576280
https://doi.org/10.1016/j.schres.2011.04.023
http://www.ncbi.nlm.nih.gov/pubmed/21620681
http://www.ncbi.nlm.nih.gov/pubmed/20954432
https://doi.org/10.1017/S204579601200042X
https://doi.org/10.1017/S204579601200042X
http://www.ncbi.nlm.nih.gov/pubmed/23174394
https://doi.org/10.1037/a0014708
https://doi.org/10.1037/a0014708
http://www.ncbi.nlm.nih.gov/pubmed/19413446
https://doi.org/10.1093/schbul/sbj077
http://www.ncbi.nlm.nih.gov/pubmed/16782759
https://doi.org/10.1001/archgenpsychiatry.2011.1592
https://doi.org/10.1001/archgenpsychiatry.2011.1592
http://www.ncbi.nlm.nih.gov/pubmed/22664547
https://doi.org/10.1111/acps.12261
http://www.ncbi.nlm.nih.gov/pubmed/24611632
https://doi.org/10.1016/j.biopsych.2005.09.005
https://doi.org/10.1016/j.biopsych.2005.09.005
http://www.ncbi.nlm.nih.gov/pubmed/16325151
https://doi.org/10.1016/j.schres.2014.06.034
https://doi.org/10.1016/j.schres.2014.06.034
http://www.ncbi.nlm.nih.gov/pubmed/25086658
https://doi.org/10.1016/j.schres.2013.07.009
http://www.ncbi.nlm.nih.gov/pubmed/23911259
https://doi.org/10.1371/journal.pone.0196936

@° PLOS | ONE

Verbal learning and memory in emerging psychosis

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Valli |, Tognin S, Fusar-Poli P, Mechelli A. Episodic memory dysfunction in individuals at high-risk of
psychosis: a systematic review of neuropsychological and neurofunctional studies. Current pharmaceu-
tical design. 2012; 18(4):443-58. https://doi.org/10.2174/138161212799316271 PMID: 22239575.

Brewer WJ, Francey SM, Wood SJ, Jackson HJ, Pantelis C, Phillips LJ, et al. Memory impairments
identified in people at ultra-high risk for psychosis who later develop first-episode psychosis. The Ameri-
can journal of psychiatry. 2005; 162(1):71-8. https://doi.org/10.1176/appi.ajp.162.1.71 PMID:
15625204.

Pukrop R, Ruhrmann S, Schultze-Lutter F, Bechdolf A, Brockhaus-Dumke A, Klosterkétter J. Neurocog-
nitive indicators for a conversion to psychosis: comparison of patients in a potentially initial prodromal
state who did or did not convert to a psychosis. Schizophrenia research. 2007; 92(1-3):116-25. https:/
doi.org/10.1016/j.schres.2007.01.020 PMID: 17344028.

Seidman LJ, Giuliano AJ, Meyer EC, Addington J, Cadenhead KS, Cannon TD, et al. Neuropsychology
of the prodrome to psychosis in the NAPLS consortium: relationship to family history and conversion to
psychosis. Archives of general psychiatry. 2010; 67(6):578-88. https://doi.org/10.1001/
archgenpsychiatry.2010.66 PMID: 20530007; PubMed Central PMCID: PMC3332118.

Jahshan C, Heaton RK, Golshan S, Cadenhead KS. Course of neurocognitive deficits in the prodrome
and first episode of schizophrenia. Neuropsychology. 2010; 24(1):109-20. https://doi.org/10.1037/
20016791 PMID: 20063952; PubMed Central PMCID: PMC2808194.

Pukrop R, Schultze-Lutter F, Ruhrmann S, Brockhaus-Dumke A, Tendolkar I, Bechdolf A, et al. Neuro-
cognitive functioning in subjects at risk for a first episode of psychosis compared with first- and multiple-
episode schizophrenia. Journal of clinical and experimental neuropsychology. 2006; 28(8):1388—407.
https://doi.org/10.1080/13803390500434425 PMID: 17050266.

Simon AE, Cattapan-Ludewig K, Zmilacher S, Arbach D, Gruber K, Dvorsky DN, et al. Cognitive func-
tioning in the schizophrenia prodrome. Schizophr Bull. 2007; 33(3):761-71. https://doi.org/10.1093/
schbul/sbm018 PMID: 17412711; PubMed Central PMCID: PMC2526133.

Pettersson-Yeo W, Benetti S, Marquand AF, Del’Acqua F, Williams SCR, Allen P, et al. Using genetic,
cognitive and multi-modal neuroimaging data to identify ultra-high-risk and first-episode psychosis at
the individual level. Psychological medicine. 2013; 43(12):2547-62. https://doi.org/10.1017/
S003329171300024X PubMed PMID: WOS:000326944900008. PMID: 23507081

Delis DC, Kramer JH, Kaplan E, Ober BA. CVLT, California Verbal Learning Test: Adult Version: Man-
ual: Psychological Corporation; 1987.

Donders J. A confirmatory factor analysis of the California Verbal Learning Test—Second Edition
(CVLT-II) in the standardization sample. Assessment. 2008; 15(2):123-31. https://doi.org/10.1177/
1073191107310926 PMID: 18187398.

Curran PJ, Hussong AM. The Use of Latent Trajectory Models in Psychopathology Research. Journal
of Abnormal Psychology. 2003; 112(4):526—44. https://doi.org/10.1037/0021-843X.112.4.526 PMID:
14674867

Royall DR, Palmer R, Chiodo LK, Polk MJ. Decline in Learning Ability Best Predicts Future Dementia
Type: The Freedom House Study. Experimental aging research. 2003; 29(4):385—4086. https://doi.org/
10.1080/03610730303700 PMID: 12959874

Riecher-Réssler A, Gschwandtner U, Aston J, Borgwardt S, Drewe M, Fuhr P, et al. The Basel early-
detection-of-psychosis (FEPSY)-study—design and preliminary results. Acta psychiatrica Scandina-
vica. 2007; 115(2):114-25. https://doi.org/10.1111/j.1600-0447.2006.00854.x PMID: 17244175.

Riecher-Réssler A, Aston J, Ventura J, Merlo M, Borgwardt S, Gschwandtner U, et al. Das Basel
Screening Instrument fir Psychosen (BSIP): Entwicklung, Aufbau, Reliabilitdt und Validitat. Fortschritte
der Neurologie Psychiatrie. 2008; 76(4). https://doi.org/10.1055/s-2008-1038155 PMID: 18393134

DedJong J, Donders J. A confirmatory factor analysis of the California Verbal Learning Test—Second
Edition (CVLT-Il) in a traumatic brain injury sample. Assessment. 2009; 16(4):328-36. https://doi.org/
10.1177/1073191109336989 PMID: 19546480.

R Core Team. R: A language and environment for statistical computing Vienna, Austria: R Foundation
for Statistical Computing; 2015 [23rd January 2015)]. Available from: https://www.R-project.org/.

Muthén LK, Muthén BO. Mplus User’s Guide. Seventh Edition ed. Los Angeles: CA: Muthén &
Muthén; 1998-2015.

Bugra H, Studerus E, Rapp C, Tamagni C, Aston J, Borgwardt S, et al. Cannabis use and cognitive
functions in at-risk mental state and first episode psychosis. Psychopharmacology. 2013; 230(2):299—
308. https://doi.org/10.1007/s00213-013-3157-y PMID: 23756588

Buuren S, Groothuis-Oudshoorn K. mice: Multivariate imputation by chained equations in R. Journal of
Statistical Software 2011; 45(3).

PLOS ONE | https://doi.org/10.1371/journal.pone.0196936 May 10,2018 16/17


https://doi.org/10.2174/138161212799316271
http://www.ncbi.nlm.nih.gov/pubmed/22239575
https://doi.org/10.1176/appi.ajp.162.1.71
http://www.ncbi.nlm.nih.gov/pubmed/15625204
https://doi.org/10.1016/j.schres.2007.01.020
https://doi.org/10.1016/j.schres.2007.01.020
http://www.ncbi.nlm.nih.gov/pubmed/17344028
https://doi.org/10.1001/archgenpsychiatry.2010.66
https://doi.org/10.1001/archgenpsychiatry.2010.66
http://www.ncbi.nlm.nih.gov/pubmed/20530007
https://doi.org/10.1037/a0016791
https://doi.org/10.1037/a0016791
http://www.ncbi.nlm.nih.gov/pubmed/20063952
https://doi.org/10.1080/13803390500434425
http://www.ncbi.nlm.nih.gov/pubmed/17050266
https://doi.org/10.1093/schbul/sbm018
https://doi.org/10.1093/schbul/sbm018
http://www.ncbi.nlm.nih.gov/pubmed/17412711
https://doi.org/10.1017/S003329171300024X
https://doi.org/10.1017/S003329171300024X
http://www.ncbi.nlm.nih.gov/pubmed/23507081
https://doi.org/10.1177/1073191107310926
https://doi.org/10.1177/1073191107310926
http://www.ncbi.nlm.nih.gov/pubmed/18187398
https://doi.org/10.1037/0021-843X.112.4.526
http://www.ncbi.nlm.nih.gov/pubmed/14674867
https://doi.org/10.1080/03610730303700
https://doi.org/10.1080/03610730303700
http://www.ncbi.nlm.nih.gov/pubmed/12959874
https://doi.org/10.1111/j.1600-0447.2006.00854.x
http://www.ncbi.nlm.nih.gov/pubmed/17244175
https://doi.org/10.1055/s-2008-1038155
http://www.ncbi.nlm.nih.gov/pubmed/18393134
https://doi.org/10.1177/1073191109336989
https://doi.org/10.1177/1073191109336989
http://www.ncbi.nlm.nih.gov/pubmed/19546480
https://www.R-project.org/
https://doi.org/10.1007/s00213-013-3157-y
http://www.ncbi.nlm.nih.gov/pubmed/23756588
https://doi.org/10.1371/journal.pone.0196936

@° PLOS | ONE

Verbal learning and memory in emerging psychosis

35.

36.
37.

38.

39.
40.

M.
42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Raykov T. On testability of missing data mechanisms in incomplete data sets. Structural Equation
Modeling: A Multidisciplinary Journal 2011; 18(3):419-29. https://doi.org/10.1080/10705511.2011.
582396

Enders C. Applied missing data analysis. New York: Guildford; 2010.

Graham JW, Olchowski AE, Gilreath TD. How many imputations are really needed? Some practical
clarifications of multiple imputation theory. Prevention Science 2007; 8(3):206—13. https://doi.org/10.
1007/s11121-007-0070-9 PMID: 17549635

Doove LL, Van Buuren S, Dusseldorp E. Recursive partitioning for missing data imputation in the pres-
ence of interaction effects. Computational Statistics & Data Analysis. 2014; 72:92—104. https://doi.org/
10.1016/j.csda.2013.10.025

Little R, Rubin D. Statistical analysis with missing data. New York: John Wiley & Sons; 1987.

Ittig S, Studerus E, Papmeyer M, Uttinger M, Koranyi S, Ramyead A, et al. Sex differences in cognitive
functioning in at-risk mental state for psychosis, first episode psychosis and healthy control subjects.
European Psychiatry 2015; 30(2):242-50. https://doi.org/10.1016/j.eurpsy.2014.11.006 PMID:
25555341

Brown TA. Confirmatory factor analysis for applied research: Guilford Publications; 2015.

Hooper D, Coughlan J, Mullen M. Structural equation modelling: Guidelines for determining model fit.
Journal of Business Research Method 2008; 6(1):53—6.

Poreh A. Analysis of Mean Learning of Normal Participants on the Rey Auditory-Verbal Learning Test.
Psychological Assessment 2005; 17(2):191-9. https://doi.org/10.1037/1040-3590.17.2.191 PMID:
16029106

Stepanov I, Abramson Cl, Wolf OT, Convit A. The application of the first order system transfer function
for fitting The California Verbal Learning Test Learning Curve. J Int Neuropsych Soc. 2010; 16(03):443—
52. https://doi.org/10.1017/S1355617709991457 PMID: 20188012

Jones RN, Rosenberg AL, Morris JN, Allaire JC, McCoy KJ, Marsiske M, et al. A growth curve model of
learning acquisition among cognitively normal older adults. Experimental aging research. 2005; 31
(3):291-312. https://doi.org/10.1080/03610730590948195 PMID: 16036723; PubMed Central PMCID:
PMC2908897.

Benjamini Y, Hochberg Y. Controlling the False Discovery Rate—a Practical and Powerful Approach to
Multiple Testing. J Roy Stat Soc B Met. 1995; 57(1):289-300. PubMed PMID: WOS:
A1995QE45300017.

Barrett P. Structural equation modelling: Adjudging model fit. Personality and Individual Differences.
2007; 42(5):815-24. https://doi.org/10.1016/j.paid.2006.09.018

de Paula ALD, Hallak JEC, Maia-de-Oliveira JP, Bressan RA, Machado-de-Sousa JP. Cognition in at-
risk mental states for psychosis. Neuroscience & Biobehavioral Reviews 2015; 57:199-208. https://doi.
org/10.1016/j.neubiorev.2015.09.006 PMID: 26365107

Giuliano A, Li H, Mesholam-Gately R, Sorenson S, Woodberry K, Seidman L. Neurocognition in the psy-
chosis risk syndrome: a quantitative and qualitative review. Current pharmaceutical design. 2012; 18
(4):399—-415. https://doi.org/10.2174/138161212799316019 PMID: 22239571

Francey SM, Jackson HJ, Phillips LJ, Wood SJ, Yung AR, McGorry PD. Sustained attention in young
people at high risk of psychosis does not predict transition to psychosis. Schizophrenia research. 2005;
79(1):127-36. https://doi.org/10.1016/j.schres.2005.06.023 PMID: 16107309.

De Herdt A, Wampers M, Vancampfort D, De Hert M, Vanhees L, Demunter H, et al. Neurocognition in
clinical high risk young adults who did or did not convert to a first schizophrenic psychosis: A meta-anal-
ysis. Schizophrenia research. 2013; 149(1-3):48-55. https://doi.org/10.1016/j.schres.2013.06.017
PMID: 23830855

Kahn RS, Sommer IE, Murray RM, Meyer-Lindenberg A, Weinberger DR, Cannon TD, et al. Schizo-
phrenia. Nature Reviews Disease Primers. 2015; 1:15067. https://doi.org/10.1038/nrdp.2015.67 PMID:
27189524.

PLOS ONE | https://doi.org/10.1371/journal.pone.0196936 May 10,2018 17/17


https://doi.org/10.1080/10705511.2011.582396
https://doi.org/10.1080/10705511.2011.582396
https://doi.org/10.1007/s11121-007-0070-9
https://doi.org/10.1007/s11121-007-0070-9
http://www.ncbi.nlm.nih.gov/pubmed/17549635
https://doi.org/10.1016/j.csda.2013.10.025
https://doi.org/10.1016/j.csda.2013.10.025
https://doi.org/10.1016/j.eurpsy.2014.11.006
http://www.ncbi.nlm.nih.gov/pubmed/25555341
https://doi.org/10.1037/1040-3590.17.2.191
http://www.ncbi.nlm.nih.gov/pubmed/16029106
https://doi.org/10.1017/S1355617709991457
http://www.ncbi.nlm.nih.gov/pubmed/20188012
https://doi.org/10.1080/03610730590948195
http://www.ncbi.nlm.nih.gov/pubmed/16036723
https://doi.org/10.1016/j.paid.2006.09.018
https://doi.org/10.1016/j.neubiorev.2015.09.006
https://doi.org/10.1016/j.neubiorev.2015.09.006
http://www.ncbi.nlm.nih.gov/pubmed/26365107
https://doi.org/10.2174/138161212799316019
http://www.ncbi.nlm.nih.gov/pubmed/22239571
https://doi.org/10.1016/j.schres.2005.06.023
http://www.ncbi.nlm.nih.gov/pubmed/16107309
https://doi.org/10.1016/j.schres.2013.06.017
http://www.ncbi.nlm.nih.gov/pubmed/23830855
https://doi.org/10.1038/nrdp.2015.67
http://www.ncbi.nlm.nih.gov/pubmed/27189524
https://doi.org/10.1371/journal.pone.0196936

