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Objective: Individualswith schizophrenia have disproportionatememory impairments when encoding relational
versus item-specific information, and when using recollection versus familiarity during retrieval. It is unclear
whether this pattern is unique to people with chronic schizophrenia, or if it occurs in individuals after a first ep-
isode of psychosis (FE), or when at clinical high-risk for psychosis (CHR).
Methods: We administered the Relational and Item-Specific Memory task (RiSE) to 22 CHR, 101 FE, and 58 typ-
ically developing (TD) participants. We examined group differences in item and relational encoding, and famil-
iarity-based and recollection-based retrieval using parametric analysis and structural equation modeling (SEM).
Longitudinal data allowed us to examine relations between baseline RiSE performance and change in clinical
symptoms at 1-year follow-up in the FE group.
Results: Groups did not differ on familiarity. FE and CHR groups were equally impaired on overall recognition ac-
curacy. Although recollectionwas impaired in both FE and CHR groups following relational encoding, only the FE
group had impaired recollection following item encoding. SEM showed atypical relationships between familiar-
ity and recollection, aswell as familiarity and item recognition for both the FE and CHR groups. For FE individuals,
better baseline recognition accuracy predicted less severe negative symptoms at 1-year follow-up.
Conclusions: Impaired relational and recollective memory may reflect neurodevelopmental abnormalities
predating conversion to psychosis. These memory deficits appear related to negative symptom changes. In con-
trast, item specific recollection deficits appear to occur after the development of full psychosis. Familiarity ap-
pears to be a relatively preserved memory function across the psychosis spectrum.

© 2017 Published by Elsevier B.V.
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1. Introduction

Episodic memory is frequently disrupted in psychosis (Heinrichs
and Zakzanis, 1998) and contributes to loss of quality of life and poor
functional outcomes (Green et al., 2000; Lepage et al., 2014; Milev et
al., 2005). However, episodic memory is not a unitary construct. Perfor-
mance depends upon effectively taking in information (encoding) and
finding and using that information when needed (retrieval) (Tulving
and Thomson, 1973). An important division occurs between item and
relational encoding. Both support long-term memory, but they differ
by type of memory representation (Davachi, 2006 for review). Item
encoding focuses on distinct aspects of information, such as the features
of a word, event or object (e.g. The bike my sister loaned me is yellow
and purple). Relational encoding focuses on associative characteristics
between multiple pieces of information, such as the temporal order of
events, or the relative positions of multiple objects (e.g., I parked that
bike behind the store, next to the tree).
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Just as there are multiple ways of encoding information, there are
multipleways of retrieving it. A distinction ismade between recall of in-
formation independent of context (e.g. what is needed to answer an
essay question on an exam), and recognition of informationwithin con-
text (e.g. what is needed to answer a multiple choice question on an
exam) (Raaijmakers and Shiffrin, 1992 for review). Recognition memo-
ry can be achieved using both familiarity and recollection (Yonelinas et
al., 2002). Familiarity is a fast signal-detection based process that evalu-
ates memory on the basis of a sense of recency and novelty (e.g. As I
came out of the store a stranger cycled past and I immediately felt
that I had seen that bike before). Recollection is a slower, search-
based strategy that evaluates memory on the basis of particular source
details (e.g., A moment later I remembered, that bike is the one I
borrowed from my sister!). Investigating these specific memory abili-
ties can reveal areas of preserved function in disorders characterized
by memory impairment. For example, people with schizophrenia expe-
rience primarily encoding and retrieval deficits (Jung and Lee, 2016 for
review). These patients also have disproportionate retrieval deficits for
information encoded in a relational versus item-specific manner
(Ragland et al., 2012a; Williams et al., 2010) and are more severely im-
pairedwhen using recollection versus familiarity during retrieval (Libby
functions in first episode psychosis and clinical high risk individuals,
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et al., 2013; van Erp et al., 2008). Previous longitudinal studies show
memory abilities and impairments to be generally stable in patients,
even after one or more years (Censits et al., 1997; Albus et al., 2006).

Psychotic disorders like schizophrenia may result from
neurodevelopmental abnormalities (Marenco and Weinberger, 2000).
Cognitive impairments often occur in clinical high risk (CHR) individ-
uals, who are showing early signs and symptoms but are without an
Axis I diagnosis (Lencz et al., 2006). Studying CHR individuals is advan-
tageous because they have not experiencedmany illness-related factors
such as prolonged educational or occupational disruption, or chronic
medication and treatment effects that can confound interpretation of
cognitive impairments (see reviews by Ho et al., 2011; and Arnsten,
2015). Although CHR research has been conducted with standard neu-
ropsychological batteries (see de Paula et al., 2015 for review), a cogni-
tive neuroscience approach to identify specific encoding and retrieval
deficits has not been accomplished. In addition to CHR participants,
we examined patients during a first episode of psychosis (FE).Most pre-
vious studies (e.g., Achim and Lepage, 2003; Ragland et al., 2015;
Williams et al., 2010) examined more chronically ill patients. By inves-
tigating FE participants we aim to discover if the encoding and retrieval
deficits associatedwith chronic schizophrenia are also apparent early in
the illness.

Our primary goal was to examine themagnitude and pattern of spe-
cific encoding and retrieval impairments in CHR and FE patients, in the
context of what was previously observed in chronically ill patients.
Based on previous work showing similar patterns of cognitive impair-
ment between FE and chronically ill patients (Lewandowski et al.,
2011),we predicted that the FE groupwould showprominent relational
and recollectivememory impairments, andmoderate item and familiar-
ity memory impairments compared to typically developing (TD) indi-
viduals. Previous CHR research found intermediate level impairments
on measures of verbal memory (Hou et al., 2016; Liu et al., 2015),
meta-memory (Eisenacher et al., 2015), working memory (Goghari et
al., 2014), and declarative memory (see Cirillo and Seidman, 2003 for
review). Therefore, we expected the CHR group to show better perfor-
mance than the FE group, but worse performance relative to TD
individuals.

A secondary goal was to determine if these encoding and retrieval
processes could predict severity of positive, negative, and disorganized
clinical symptoms at 1-year follow-up in the FE group. Previous re-
search found that cognitive abilities could predict future clinical symp-
toms in schizophrenia (see Lepage et al., 2014 for review). As memory
performance impairments are particularly associated with negative
and disorganized symptoms (Hill et al., 2002), andmotivation,memory,
cognitive organization, and cognitive abilities are deeply intertwined
(Braver et al., 2014 for review), we hypothesized that better memory
performance at baselinewould predict less severe negative and disorga-
nized symptoms one year later.
Table 1
Demographic characteristics of typically developing (TD), first episode (FE) and clinical
high risk (CHR) individuals. T-test results (p-values) indicating significant group differ-
ences provided in the final three columns.

TD
(n = 58)

FE
(n = 101)

CHR
(n = 22)

TD and
FE

TD and
CHR

FE and
CHR

T-test [mean (SD)] p
Age 19.21 (4.34) 19.31 (3.90) 15.32 (3.03) 0.88 b0.01 b0.01
IQ 117.52 (11.53) 100.00 (13.33) 101.90 (9.96) b0.01 b0.01 0.55
Parent Ed 15.15 (2.91) 13.94 (2.60) 13.80 (3.43) b0.01 0.09 0.84

Chi square [% (n)]
Gender
(male)

60.34% (35) 68.69% (68) 59.09% (13) 0.29 0.92 0.39

Hand (left) 12.07% (7) 13.83% (13) 23.08% (13) 0.76 0.30 0.38

Demographics.
2. Methods

2.1. Sample

One hundred eighty-one individuals (58 TD, 101 FE, 22 CHR) partic-
ipated. Theywere part of an ongoing longitudinal study of early psycho-
sis (Lesh et al., 2015), although none of thesememory results have been
published. Clinical participants were recruited from the Early Diagnosis
and Preventive Treatment (EDAPT) clinic at UCDavisMedical Center. FE
participants were assessed with the Structured Clinical Interview for
DSM-IV (SCID-IV; First et al., 2002), and received a psychosis spectrum
diagnosis (49 schizophrenia, 19 schizoaffective, 14 bipolar disorder
with psychotic features, 7major depressive disorderwith psychotic fea-
tures, 1 schizophreniform, and 11 psychosis not otherwise specified). 80
were taking atypical antipsychoticmedication, 2were taking typical an-
tipsychotic medication, and 19 were un-medicated. FE participants
Please cite this article as: Greenland-White, S.E., et al., Episodic memory
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were within 3 years of their first psychotic break (mean = 11 months
5 days, sd = 7 months 13 days).

CHR participants had no history of psychosis and met high risk
criteria based on the Structured Interview for Prodromal Syndromes
(SIPS; McGlashan et al., 2001) (see Supplemental Material). 11 were
taking atypical antipsychotic medication, and 11 were unmedicated.
Participants in the TD group had no current or past Axis 1 disorders,
or any first-degree relatives with a psychotic disorder. Participants
were excluded for a positive drug screen at time of testing, a history of
substance dependence in thepast 6months, history of severe head trau-
ma or other neurological insult, or borderline intellectual ability
(IQ b 70). IQ was assessed with Wechsler Abbreviated Scale of Intelli-
gence (WASI; Wechsler, 1999) and groups were matched on gender,
handedness and parental education (Table 1). All participants provided
informed consent. The studywas approved by theUCDavis Institutional
Review Board.

Clinical symptoms were assessed with the Brief Psychiatric Rating
Scale (Overall and Gorham, 1980), the Scale for the Assessment of Pos-
itive Symptoms, and the Scale for the Assessment of Negative Symp-
toms (Anderasen, 1983a, 1983b). Ratings were combined into
positive, negative, and disorganized symptom severity dimensions
(Liddle, 1987; Barch et al., 2003). For FE participants with longitudinal
data,we computed change in severity for positive, negative and disorga-
nized dimensions from baseline to 1-year follow-up (mean =
1.02 years, sd = 0.316 years). Of the 101 FE participants, 32 had com-
plete follow-up data. There were no significant differences in demo-
graphic or performance variables between FE participants with and
without follow-up data (Supplemental Material). There were no signif-
icant group changes in positive, negative, and disorganized symptoms
between baseline and follow-up.
2.2. Memory measures

Participants completed the RiSE (Ragland et al., 2012a) following
clinical assessment. RiSE is an incidental encoding paradigm, with
item and relational encoding conditions. During item encoding, 36 sin-
gle images are presented for 2 s each; participants press a button to in-
dicate if the image is of a living object. During relational encoding, 18
pairs of stimuli are presented simultaneously for 4 s each; participants
indicate if one of the objects can fit inside the other. Memory is tested
with an item recognition task, in which 72 novel objects as well as all
36 item and 36 relationally-encoded objects are presented one at a
time. Participants indicate if each object is “old” (i.e., previously stud-
ied), and their level of confidence (high, medium, or low). Participants
are required to successfully complete practice trials prior to participa-
tion (Fig. 1).
functions in first episode psychosis and clinical high risk individuals,
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Fig. 1. RiSE task.
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2.3. Statistical analysis

2.3.1. Group differences
Performance was measured separately for item- and relationally-

encoded objects using discriminability, recollection, and familiarity pa-
rameters. Discriminability (d′), a signal detection measure of overall
recognition accuracy,was calculated as the difference between the stan-
dardized hit rate (i.e., correctly responding “old” to a previously studied
items) and standardized false alarm rate (i.e., incorrectly responding
“old” to a new item). Familiarity and recollectionwere calculated by en-
tering confidence ratings (“high”, “medium”, “low”) for each response
into a Receiver Operator Characteristics (ROC) model to obtain orthog-
onal estimates of these two retrieval processes (Yonelinas, 1994).

Group differences were examined with three-way group (TD, FE,
CHR) by encoding condition (item-encoded, relationally-encoded)
analyses of variance (ANOVA) separately for discriminability, recollec-
tion, and familiarity parameters. Subsequent two-wayANOVAs and uni-
variate t-tests investigated main effects and higher-level interactions.
Pearson's correlation coefficients were used to identify associations be-
tween performance and positive, negative and disorganized symptoms.
A two-tailed alpha level at 0.05 was used for significance testing and
correlations were corrected for multiple comparisons using Bonferroni
corrections. Analyses were performed using SAS Version 9.2.
Fig. 2. Basic SEMmodel. d′ for item recognition following item encoding, and d′ for item recogn
following item encoding, and recollection scores following relational encodingwere indicators
relational encodingwere indicators of familiarity. Box=measured variable; ellipse= latent va
from a latent variable to a measured variable means ‘measured by’; an arrow from a variable t
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2.3.2. Structural equation modeling
Structural Equation Modeling (SEM) was performed using MPLUS®

software (Version 7,Muthén &Muthén, 1998-2011).Model fit was test-
ed using the χ2 of exact fit, comparative fit index (CFI), root mean
square error of approximation (RMSEA), and standardized root mean
squared residual (SRMR). Our basic model (Fig. 2) included discrimina-
bility, recollection, and familiarity as latent variables and assumes that
recollection and familiarity are independent memory abilities, discrim-
inability reflects general memory performance, and all three latent var-
iables relate to each other (Fig. 2). These assumptionswere tested using
a confirmatory factor analysis. Factor loadings of the dependent mea-
sureswere examined to check that no single factor dominated the latent
memory variables. Model latent means and correlations were tested to
determine differences between groups.
2.3.3. Longitudinal changes
The ability of memory performance at baseline to predict changes in

clinical dimensions at 12-month follow-up was investigated using
Pearson's correlation coefficients to identify performance measures
that correlated with clinical changes. These performance variables
were entered into the SEM regressionmodels to test their ability to pre-
dict clinical changes one year later.
ition following relational encodingwere indicators of discriminability. Recollection scores
of recollection. Familiarity scores following item encoding, and familiarity scores following
riable; double headed arrow= correlation; single headed arrow= direct effect: an arrow
o a latent variable means ‘regressed on’.

functions in first episode psychosis and clinical high risk individuals,
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Fig. 3. A. Discriminability means compared across groups. B. and C. Recollection means
compared across groups. * = p b 0.01.
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3. Results

3.1. Group differences in memory performance:

There were main effects of encoding condition [F(1,178) = 50.94,
p b 0.01) and group [F(2,178) = 14.13, p b 0.01] on d′ accuracy, but
no group-by-encoding interaction [F(2,178) = 1.82, p = 0.16]. The ef-
fect of encoding condition was due to better discriminability following
item than relational encoding (t(180) = 7.42, p b 0.01). Group differ-
ences arose from the TD group showing better discriminability than FE
(item-encoded t(150.98) = 5.15, p b 0.01, relationally-encoded
t(157) = 5.11, p b 0.01) or CHR groups (item-encoded t(78) = 3.13,
p b 0.01, relationally-encoded t(78) = 4.46, p b 0.01). The FE and CHR
groups did not differ (item-encoded t(121) = −0.39, p = 0.69, rela-
tionally-encoded t(121) = 0.56, p = 0.58).

For familiarity, there were no effects of encoding condition
[F(1,176) = 3.66, p = 0.06], group [F(2,176) = 1.10, p = 0.33], or
group-by-encoding interactions [F(2,176) = 1.02, p = 0.36]. Examina-
tion of recollection revealed main effects of group [F(2,176) = 5.42,
p b 0.01], encoding condition [F(1,176) = 11.39, p b 0.01], and a
group-by-encoding interaction [F(2,176) = 3.79, p = 0.02]. The
encoding condition effect was due to better recollection following
item than relational encoding [t(178) = 2.76, p b 0.01]. Group differ-
ences were driven by the FE group, with worse recollection than the
TD group [item-encoded t(143.09) = 2.54, p = 0.01 relationally-
encoded t(153.35) = 4.25, p b 0.01], but no overall differences from
the CHR group [item-encoded t(58.83) = −1.58, p = 0.12, relational-
ly-encoded t(120) = 0.21, p = 0.84]. The interaction arose from recol-
lection impairments in the CHR group, relative to TD, following
relational [t(78) = 3.30, p b 0.01], but not following item encoding
[t(54.1) = 0.84, p = 0.40] (Table 2, Fig. 3).

3.2. SEM results

Our SEM revealed a good overall fit (CFI = 0.883, SRMR = 0.037)
(model 1a; see supplemental material for additional test output for all
referenced models). Factor loadings showed no significant differences
in the item or relational memory measures' contributions to the latent
variables (p b 0.01) and each path was significant (p b 0.05).

Model fit was significantly improved when latent variables were
allowed to be free across groups (model 2b—latent means different
across the three groups [CFI = 0.789, SRMR = 0.383], compared to
model 2a—full invariance across groups [CFI = 0.758, SRMR = 0.494],
p b 0.05, and model 2c—latent means and latent variances/covariances
different across the three groups [CFI = 0.812, SRMR = 0.220] com-
pared to 2b, p b 0.05) justifying examination of individual correlations
and pairwise comparisons. We next determined correlations between
latent variables for each group as shown in Fig. 4 (model 3, latent
means invariant between groups, variances and covariances free across
groups [CFI= 0.773, SRMR=0.332]). Recollection and familiarity were
negatively correlated in the TD group (−0.469, p b 0.05). Recollection
and familiarity were also negatively correlated in the FE group
(−0.272, p b 0.05), though the strength of that association was
Table 2
Task performance [mean(standard deviation)] of typically developing (TD), first episode
(FE) and clinical high risk (CHR) individuals.

Mean (SD) TD CHR FE

Discriminability
Item-encoded 3.61 (0.61) 3.08 (0.82) 3.00 (0.87)
Relationally-encoded 3.40 (0.65) 2.67 (0.65) 2.77 (0.79)

Recollection
Item-encoded 0.82 (0.23) 0.78 (0.15) 0.71 (0.30)
Relationally-encoded 0.82 (0.17) 0.66 (0.24) 0.67 (0.27)

Group means.
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significantly weaker than for the TD group (p b 0.05). The CHR group
showed a negative correlation between recollection and familiarity
(−0.430, p b 0.05), which was not different from either the TD or FE
groups. Familiarity and discriminability abilities were not associated
with each other in the TD group. However, improved familiarity was
correlated with improved discriminability for both patient groups
(FE = 0.320, p b 0.05, CHR = 0.607, p b 0.05). Better recollection was
correlated with better discriminability for both the TD (0.773,
p b 0.05) and FE (0.802, p b 0.05) groups, but not for the CHR group.
3.3. Longitudinal changes

For FE participants with longitudinal data, better memory perfor-
mance at baseline predicted less severe negative symptoms at 1-year
follow-up. Improvement in negative symptoms was associated with
better discriminability following item encoding [r(30) = 0.49,
p b 0.01] and relational encoding [r(30) = 0.46, p b 0.01] (Bonferroni
corrected; critical p value = 0.0125). Better recollection at baseline
showed trend-level associations with improved negative symptoms at
1-year follow-up [item-encoded r(30) = 0.41, p = 0.02, relationally-
encoded r(30) = 0.41, p = 0.02] (Fig. 5). SEM revealed that better dis-
criminability strongly predicted better negative symptom outcome [re-
gression itself: β=0.496, p b 0.001, model with regression (model 4b):
CFI = 0.953, SRMR= 0.082, improved frommodel without this regres-
sion (model 4a, CFI = 0.906, SRMR = 0.168), p b 0.01]. Baseline
functions in first episode psychosis and clinical high risk individuals,
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Fig. 4. Standardized correlations of latent means by group and standardized coefficients of each path. Significant correlations are shown in bold, non-significant correlations are shown in
italics. Significant = p b 0.05; ns = non-significant.

5S.E. Greenland-White et al. / Schizophrenia Research xxx (2017) xxx–xxx
familiarity or recollection performance did not predict any change in
negative symptoms.
4. Discussion

To our knowledge, this is the first episodic memory study to exam-
ine relational versus item encoding and recollection versus familiarity
retrieval processes in CHR and FE individuals. Based on previous neuro-
psychological studies showing similar patterns of cognitive impairment
in FE and more chronically ill patients (Lewandowski et al., 2011;
Bozikas and Andreou, 2011), we expected the FE group to show impair-
ments in relational and recollective memory compared to the TD group.
We also hypothesized that CHR participants would show attenuated
deficits, with memory performance falling between that of TD and FE
groups. Study results, however, revealed a more complicated and inter-
esting pattern than expected.

In many ways, the memory performance of the FE group resembled
that of patients with chronic schizophrenia. As in previous studies of
chronic patients (Ragland et al., 2012a, 2012b, 2015), discriminability
following both item and relational encodingwas impaired for FE partic-
ipants. The FE group also showed pronounced recollection deficits fol-
lowing item as well as relational encoding, the same pattern
previously noted for patients with long-term illness (Ragland et al.,
2012a, 2012b, 2015). One area of difference was familiarity-based re-
trieval. Although this was previously shown to be less impaired than
recollection in chronic patients (see Libby et al., 2013 for review), FE pa-
tients in the current study did not show any familiarity deficits, suggest-
ing that familiarity is an area of strength, with deficits occurring only in
patients with long-term illness.
Fig. 5. Follow-up FE data, n = 32. Correlations betweenmemory measures and follow-up
changes in positive symptom severity, negative symptom severity, and disorganized
symptom severity. * = p b 0.0125.
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Surprisingly, CHR results did not support predictions of intermedi-
ate-level performance deficits. Instead, the CHR groupwas either unim-
paired, or showed equivalent deficits to FE patients depending upon
memory domain. Equivalent deficits were observed for discriminability
and for recollection following relational encoding. However, while FE
participants showed recollection impairments following both item
and relational encoding, CHR participants only showed recollection im-
pairments following relational encoding.

Evidence of recognition accuracy deficits in the CHR group suggests
that overall discriminability may be compromised before formal onset
of an Axis 1 psychotic disorder andmay reflect neurodevelopmental ab-
normalities that contribute to early signs and symptoms of psychosis,
even if these symptoms never reach the threshold for diagnosing an
Axis I disorder. Several studies show abnormalities in the structure or
function of the prefrontal cortex (PFC) and hippocampus in CHR indi-
viduals (Nenadic et al., 2015; Niendam et al., 2014; Allen et al., 2011;
Falkenberg et al., 2015). These structures are important to healthy epi-
sodic memory functioning (Francis et al., 2016; Weiss et al., 2003;
Blumenfeld and Ranganath, 2007; Eichenbaum et al., 2007 for reviews),
and are potential mechanisms of CHR memory dysfunction. In addition
to being an early marker of psychosis risk, discriminability performance
also appeared to influence 1-year clinical outcomes in patients who
were in their first episode of a psychotic disorder. Better discriminability
performance at baseline predicted less severe negative symptoms at
clinical follow-up. This finding converges with research suggesting
that episodic memory maymediate clinical outcomes through a lessen-
ing of negative symptom severity, which can facilitate increased en-
gagement in educational, occupational, and social activities that
promote recovery (LePage et al., 2014 for review). Of course, while bet-
ter memory may help individuals to remember the steps needed to en-
gage in the world, it is possible that correlations between negative
symptoms and memory might result from other brain processes affect-
ing both domains. The unimpaired performance by patients on the fa-
miliarity portion of the task suggests that memory deficits are not the
result of a failure of attention, or of a lack of motivation to try to do
the task. However, other knownareas of difficulty in CHR andFE, includ-
ing cognitive control (Hou et al., 2016) and meta-cognition (Trauelsen
et al., 2016; Cotter et al., 2016) cannot be ruled out as a source of mem-
ory deficits, and could be mediating the relationship between memory
and negative symptoms. Familiarity was unimpaired in both FE and
CHR relative to TD groups. Intact familiarity following item encoding
was expected. However, lack of familiarity impairments following rela-
tional encoding was surprising and is the one area of difference from
previously published results in chronic patients (Ragland et al., 2012a,
2012b, 2015). This suggests that there may be clinical state-related fac-
tors that lead to an additional impairment of relational encoding and/or
familiarity processes that occurs in chronic psychosis.
functions in first episode psychosis and clinical high risk individuals,
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Finally, consistent with our previous RiSE research (Ragland et al.,
2012a, 2012b, 2015), recollection was impaired in both clinical groups.
Recollection impairmentswere observed in the FE group following both
item and relational encoding. This is a pattern that was also seen in
chronic patients. Moreover, the CHR group also showed a recollection
impairment following relational encoding, suggesting that relational
episodic encoding and retrieval processesmay represent an earlymark-
er of psychosis risk. Interestingly however, CHR individuals did not
show a deficit in recollection following item encoding.

In sum, this pattern of results suggest both an early
neurodevelopmental insult in brain systems that support recollection
of relational memory representations, with further illness related
changes in recollection following item encoding related to severity of
negative symptoms. Because these were cross-sectional data we were
not able to determine if these illness-related changes also reflected neu-
rodegeneration, and a longitudinal study is clearly warranted. Never-
theless, we speculate that relational encoding in support of
subsequent recollection appears to be a core deficit in the psychosis
spectrum, occurring before the onset of a first episode. Because the abil-
ity to encode item features appears to be a relative strength, these CHR
individuals can recollect information following item encoding. Howev-
er, this ability to encode item features also becomes disrupted, leading
to additional recollection impairments when one is in the first episode
of a psychotic disorder. Finally, because discriminability reflects both
recollection and familiarity retrieval processes, it can appear impaired
very early in the risk state even whenmore process-pure familiarity es-
timates are found to be intact.

Structural equation modeling also revealed disruption in the struc-
ture of the associations between memory processes. Recollection and
familiarity were less orthogonal to each other in FE patients, suggesting
that dissociations between retrieval processes (i.e. recollection and fa-
miliarity) commonly observed in typically developing individuals are
less pronounced in FE patients. Furthermore, the relationship of recol-
lectionwith discriminability was disrupted in CHR participants, indicat-
ing an additional departure from the pattern of memory processes'
interactions seen in typically developing individuals. FE and CHR groups
also showed strong correlations between familiarity and discriminabil-
ity that were not present in the TD group, suggesting that individuals
with impaired recollection may show an over-reliance on familiarity
processes to guide discriminability judgments, whereas those with in-
tact recollection are less likely to use a compensatory familiarity
process.

Limited by the small sample size and lack of follow-up data from the
CHR group, we were unable to investigate if specific memory impair-
ments could be used to predict conversion from CHR to FE. Similarly,
we had insufficient functional outcome data to examine the effects of
memory performance on functional outcomes in CHR.We hope that fu-
ture studies addressing these limitations could use specific patterns of
memory impairments to identify those CHR individuals most likely to
convert to psychosis, and identify FE individuals most likely to experi-
ence persistent functional deficits and most in need of intervention.
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