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Based on findings from cognitive science, it has been theor-
ized that the reductions in motivation and goal-directed be-
havior in people with psychosis could stem from impaired
episodic memory. In the current meta-analysis, we investi-
gated this putative functional link between episodic memory
deficits and negative symptoms. We hypothesized that epi-
sodic memory deficits in psychosis would be related to nega-
tive symptoms in general but would be more strongly related
to amotivation than to reduced expressivity. We included 103
eligible studies (13,622 participants) in the analyses. Results
revealed significant, moderate negative associations of epi-
sodic memory with negative symptoms in general (X = 103;
r=-.23; 7 = -13.40; P < .001; 95% CI [—.26; —.20]), with
amotivation (kK = 16; r = —.18; z = —6.6; P < .001; 95% CI
[—.23; —.13]) and with reduced expressivity (X = 15; r = —.18;
z=-3.30; P £.001; 95% CI[—.29; —.07]). These associations
were not moderated by sociodemographic characteristics,
positive symptoms, depression, antipsychotic medication or
type of negative symptom scale. Although these findings
provide sound evidence for the association between episodic
memory deficits and amotivation, the rather small magni-
tude and the unspecific pattern of this relationship also indi-
cate that episodic memory deficits are unlikely to be the only
factor relevant to amotivation. This implicates that future
research should investigate episodic memory in conjunction
with other factors that could account for the association of
episodic memory deficits and amotivation in psychosis.
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Introduction

Anhedonia, apathy, social withdrawal, blunted affect
and alogia are subsumed under the umbrella of negative

symptoms! and are evident in approximately 60% of
people with psychosis.> These can be referred to as ei-
ther five distinct symptom domains,® or can be summar-
ized to amotivation (i.e., anhedonia, apathy and social
withdrawal) and reduced expressivity (i.e., blunted affect
and alogia).* Given that particularly amotivation has
been found to predict low subjective quality of life’ and
reduced psychosocial functioning,® both practitioners’
and patients® prioritize the reduction of amotivation as a
treatment goal for recovery. However, antipsychotic med-
ication® ' and available psychological interventions'? have
been found to show rather small effects on amotivation.
This lack of efficacy is most likely due to our limited un-
derstanding of the factors underlying amotivation.

One factor that is likely to drive amotivation is reduced
anticipatory pleasure as it has been found to predict the
reductions in goal-directed activities in daily-life!* and to
be associated with behavioral avoidance.!* Anticipatory
pleasure has been proposed to include four interrelated
processes: (1) reward prediction (i.e., ability to form associ-
ations between cues predicting potential rewards and out-
comes themselves), (2) prospection (i.e., mental simulation
of future events by drawing upon memories), (3) anticipa-
tory affect (i.e., momentary hedonic affective experience in
anticipation of future events) and (4) affective forecasting
(i.e., expectation of how a specific future event will feel).!
Findings from previous research on amotivation revealed
that people with psychosis differed from healthy controls
in each of these processes. For instance, they revealed defi-
cient prediction'® and value representations of positive re-
inforcement!’” despite intact hedonic reactions to reward,
less vivid prospections,'® reduced anticipatory pleasure!
and negative expectations regarding the pleasurableness
of future events.” Given that the association between
stimuli and rewarding experiences needs to be encoded,
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retained and flexibly reconstructed to build mental repre-
sentations of the future, a common denominator of these
processes could be memory. This assumption converges
with findings from basic cognitive psychology, which in-
dicate that people consciously and unconsciously draw
on information about their past experiences to stimulate
motivational processes by imagining future events or ac-
tivities.?'>* This information is stored in episodic memory
and comprises context-based knowledge of temporally
dated and spatially located events of ones’ past experi-
ences.?* Recalling information about positive experiences
has been found to induce both current positive affect® and
the expectation of future positive affect,? which both mo-
tivate behavior.?”?® Based on this evidence, it has been the-
orized that the reductions in motivation and goal-directed
behavior in psychosis could stem from impaired episodic
memory.¥

Indeed, several meta-analyses point to episodic
memory deficits in people with psychosis.’’* These
meta-analyses—mostly with a broad focus on impaired
neurocognition—found that compared to healthy con-
trols, those diagnosed with psychosis showed moder-
ately to strongly reduced performance in tests of verbal
and visual memory as well as logical and visuo-spatial
or autobiographical memory. The performance in these
tests taps to a varying extent into features of episodic
memory, namely encoding and retrieval of context in-
formation, coding of spatiotemporal relations and free
recall of past experiences.” Most commonly, episodic
memory is operationalized by the number of correctly
recalled items of a set of neutral stimuli (e.g., word lists,
geometrical figures, etc.) presented prior to a standard-
ized delay interval. In autobiographical memory tests,
memory performance is operationalized by the amount
and detail of spontancously recalled experiences in re-
lation to a list of cues (e.g., list of emotional words or
pictures). Notably, within the range of neurocognitive im-
pairments found in psychosis, episodic memory deficits
fall amongst the most severely impaired neurocognitive
functions and are more pronounced than deficits in other
memory domains (e.g., working memory).*! Moreover,
Bora et al*® found that individuals who met the criteria
of the so called deficit syndrome (i.e., a psychosis syn-
drome characterized by primary and enduring nega-
tive symptoms*’) showed more severe deficits in verbal
(k=12;d=0.34) and in visual memory (k = 10; d = 0.27)
than those without deficit syndrome. Similarly, a corre-
lational meta-analysis found that negative symptoms,
but not positive symptoms were related to deficits in
verbal (k = 23; r = —.21) and in visual memory (k = §;
r = —.16).* Taken together, although the effect sizes were
rather small, the meta-analytic evidence indicates spe-
cific associations of episodic memory deficits and neg-
ative symptoms. However, despite its recency and sound
rationale, the meta-analysis by Bora et al*® only included
studies referring to the deficit syndrome. Also, there
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has been a considerable increase of publications since
Ventura et al*! completed their literature search in 2006.
Accordingly, previous meta-analyses have only covered
a part of the relevant studies available today and do not
reflect the recent advances in negative symptom research.
This includes, for instance, the so-called “second-genera-
tion negative symptom scales,” which have been available
since 2011%> and were developed to improve the assess-
ment of amotivation.** In addition, it is important to
note that most of the previous meta-analyses were more
broadly focused on investigating neurocognitive deficits
in general. Consequently, the reported associations be-
tween episodic memory deficits and negative symptoms
result from a series of sub-analyses and multiple signifi-
cance testing, which could have been biased by an alpha
error inflation. Therefore, an updated meta-analysis that
focuses on episodic memory specifically is necessary to
gain a more reliable picture of the relationship between
episodic memory and negative symptoms.

A further question that has not been addressed by pre-
vious meta-analyses is whether episodic memory deficits
are specifically related to amotivation or to reduced ex-
pressivity. Given the findings from functional neuroim-
aging studies, suggesting that amotivation and reduced
expressivity relate to distinct neural networks,* there is
reason to expect differential associations of amotivation
and reduced expressivity with certain neurocognitive
functions. Also, theoretical accounts have emphasized
different putative neuropsychological underpinnings to
explain reductions in expressivity versus amotivation.
While reduced expressivity has been theorized to be a
consequence of impairments in attention and working
memory,** amotivation has been traced to deficits in ep-
isodic memory.**# Therefore, one would expect deficits
in episodic memory to show a stronger association to
amotivation than to reduced expressivity. However, re-
search findings have been inconsistent in this regard
with some studies reporting either specific associations
of episodic memory deficits with amotivation,* or with
reduced expressivity” and others reporting unspecific
associations with both.*® A meta-analysis examining the
specific association between episodic memory deficits
and amotivation versus reduced expressivity would be
helpful to gain a clearer picture of whether existing re-
search supports the notion of a functional link between
episodic memory deficits and impaired motivational
processes.

We therefore provide an updated examination of the
association between episodic memory and negative
symptoms in psychosis. We hypothesized that (1) episodic
memory deficits would be significantly related to the se-
verity of negative symptoms in people with psychosis,
and (2) that the association between episodic memory
deficits and amotivation would be stronger in magnitude
than the association between episodic memory deficits
and reduced expressivity.



Method
Reporting Guidelines and Registry

The meta-analysis was conducted in accord with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).>! The protocol was preregis-
tered with PROSPERO (Record ID: CRD42020214555,
accessible at https://www.crd.york.ac.uk/PROSPEROY/).

Literature Search

The systematic literature search was conducted in
December 2020. It included the databases PubMed,
Pychlnfo and Web of Science and the following key words:
schizophreni*, psychotic disorders, schizoaffective, negative
symptoms, anhedoni*, avolition, amotivation, apath*, an-
ticipatory pleasure, asociality, negative schizophrenia, def-
icit syndrome, deficit schizophrenia, blunted affect, alogia,
neurocogn®, cognitive impairment, memor*. Searches
were restricted to articles published in either English
or German between 1989 and 2021 and included peer-
reviewed articles and published dissertations. Google
scholar and reference lists of previous meta-analyses on
neurocognition in schizophrenia® 34! were used for addi-
tional manual searches.

Study Selection and Eligibility Criteria

M.P. and L.B. independently conducted the title and ab-
stract screening. M.P. and K.K. applied the eligibility
criteria after full-text screening. Disagreements were re-
solved by discussion. If required, further information was
requested from study authors.

Studies were eligible if they (1) assessed episodic
memory (e.g., immediate and delayed recall in either
verbal or visual learning or visuo-spatio-temporal or log-
ical memory) with a validated and standardized test, (2)
assessed negative symptoms with established scales, and
(3) reported a correlation coefficient or any other effect
size measure (e.g., Cohen’s d) on the relationship between
episodic memory and negative symptoms. Intervention
studies were only eligible if these reported baseline cor-
relations. M.P,, L.B., and K.K. independently checked
the eligible studies for overlapping samples and excluded
any duplicates.

Quality Assessment

Study quality was evaluated with a version of the Quality
Assessment Tool for Quantitative Studies (QATQ)** that
had been adjusted for correlational studies.™® This ver-
sion of the QATQ consists of five subscales to assess the
quality of the sample selection (e.g., participants referred
from multiple settings), the study design (e.g., a priori hy-
pothesis stated), data collection methods (e.g., reliable in-
struments are used), missing data reporting (e.g., numbers
and reasons for missing data are reported) and quality of
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analyses (e.g., significance level is adjusted for multiple
testing). We extended this adjusted version of the QATQ
by a further item on reporting bias. On this item, a study
was rated as of “high quality” if the authors had reported
all correlation coefficients of the associations that were
examined in the respective study and of “low quality”
if only a subset (e.g., only statistically significant coef-
ficients) had been reported (see supplement S1 for full
rating criteria). Each subscale of the QATQ was rated on
a three-point scale ranging from 1 (“low quality/high risk
of bias”) to 3 (“high quality/low risk of bias”). The sum
scores of the QATQ ratings had a possible range from
5 (“poor quality”) to 16 (“high quality”). MP rated the
quality of all studies and KK rated a random sample of
20% (k=21) for independent ratings. Rating discrepancies
(23 on the total QATQ); n = 3) were discussed until con-
sensus was reached. The ratings showed a good reliability
with ICC = 0.79 (95% CI [.49;.91)).

Data Extraction and Effect Size Calculation

M.P. and L.B. independently extracted data and double-
checked the datasets for inconsistencies. In case of
missing data, study authors were contacted to obtain
missing data. K.K. checked the final dataset and the cal-
culated effect sizes. Inconsistencies were resolved by dis-
cussion with M.P.

Effect sizes were calculated based on Fisher’s
z-transformed Pearson’s correlation coefficients. If a
study reported another type of correlation coefficient
(e.g., Spearman’s p) or effect size (e.g., Cohen’s d), these
were transformed into Pearson’s r prior to Fisher’s
z-transformation. If a study reported more than one rel-
evant effect size (e.g., multiple indices of a memory test,
multiple subsamples or longitudinal data), these were
summarized at study level by calculating weighted average
scores across subtests, subsamples, or measurements, re-
spectively. The variance at the study level outcomes was
calculated as 1/(n — 3) as described in Borenstein et al.>*

Coding of Sample Characteristics and Covariates

Sample characteristics included age, gender, years of ed-
ucation, diagnoses, chlorpromazine equivalent doses,
severity of positive symptoms, and depressive symp-
toms. We further coded number of data points that were
synthesized in the effect size at study-level, name, and
indices used to measure episodic memory, name of the
scales used to assess negative symptoms, positive and de-
pressive symptoms as well as type of effect size measure
and significance level.

Statistical Analysis

The metafor package® implemented in RStudio was used
to conduct the analyses. We used random-effect models
to calculate the summary effect sizes based on 95%
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confidence intervals. To test for specificity of the associa-
tion between episodic memory and amotivation, we calcu-
lated pairwise differences between the effect sizes in those
studies that reported associations of episodic memory
with both amotivation and reduced expressivity. Negative
values of these effect sizes indicate a stronger association
of episodic memory with reduced expressivity than with
amotivation. Effect sizes of r = +.10; .20, and *.30 were
considered small, moderate and large, respectively.>

Heterogeneity of effect sizes was evaluated using the O
statistic and the P-Index.’”® Where significant between-
study variability was indicated (i.e., significant Q-statistic
and a P index value > 25%),” we conducted moderator
analyses by calculating meta-regression random-effect
models with restricted maximum likelihood estima-
tion. We predefined the following covariates for the test
of moderation effects: Gender, age, years of education,
chlorpromazine equivalent doses, positive symptoms, de-
pressive symptoms, number of synthesized data points
per study, study quality ratings, and type of negative
symptom scale (first vs second generation).

Publication bias was assessed by visual inspection of
funnel plots and by using the rank correlation test® and
Egger’s regression test.*!

Results

Study Characteristics and Participants

A total of 101 studies met our inclusion criteria, of which
64 were not included in the meta-analysis by Ventura et al*!
and 87 were not included in the meta-analysis by Bora
et al*® (see figure 1 for study retrieval flow diagram). Within
the 101 studies, we identified 103 independent samples that
were included in the analyses. Across all studies, a total of
13622 participants (31% female) diagnosed with a psychotic
disorder were included (89% schizophrenia). Participants
had a mean age of 36.29 (SD = 9.76) years and reported
a mean of 11.71 (SD = 1.46) years of education. Sixteen
studies (15%) reported effect sizes of the relationship be-
tween episodic memory and amotivation and 15 studies
(14%) reported effect sizes of the relationship between epi-
sodic memory and reduced expressivity. Ten studies (10%0)
reported both the association of episodic memory with
amotivation and with reduced expressivity. The most fre-
quently used scales to assess negative symptoms were the
Positive and Negative Syndrome Scale®? (PANSS; 44%)), the
Scale for the Assessment of Negative Symptoms® (SANS;
30%), and the Schedule for the Deficit Syndrome** (SDS;
12%). Amotivation and reduced expressivity were predomi-
nantly assessed with the SANS (63% and 67%, respectively).
Only one study reporting on the association between epi-
sodic memory and reduced expressivity used PANSS item
“blunted affect.” Across all studies, 96 (92%) used scales of
the first generation and eight (8%) used scales of the second
generation to assess negative symptoms (see supplement S2
for detailed study characteristics).
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Measurement of Episodic Memory

Table 1 depicts the tests and subtests used to measure
episodic memory performance in the included studies.
Across studies, 12 tests of verbal memory, 12 tests of
visual or visual-spatial memory, and one test of auto-
biographical memory were used. Sixty-four percent of
the studies reported an effect size of the association
between verbal memory and negative symptoms. Eight
percent reported an effect size of the association be-
tween visual memory and negative symptoms, 27% re-
ported effect sizes of the association of both verbal and
visual memory with negative symptoms and 1% of the
association between autobiographical memory and neg-
ative symptoms.

Quality Ratings

The mean quality of the studies was “moderate”
(M = 11.08, median = 11.5, SD = 1.72, range 7-16).
Studies scored “moderate” for sample selection with 38%
of studies recruiting from at least two settings. Fifty-
seven percent of the studies did not specify a priori hy-
pothesis, which reduced the quality of the respective
studies to “low.” Due to our inclusion criteria (eligible
studies needed to employ a validated measure of ep-
1sodic memory and of negative symptoms), the quality
of the data collection methods was generally rated as
“high.” Study quality in terms of missing data reporting
was rated as “low” as only 5% of the studies reported
on missing data. Statistical analyses of the studies were
rated as “moderate” since 74% of the studies did not test
preconditions for the respective statistical test and 63%
did not adjust the significance level for multiple testing.
Finally, reporting of results was rated as “good,” with
only 11% of the studies not reporting the non-significant
coefficients.

Main Analyses

Episodic memory and negative symptoms in general
showed a significant negative association with a moderate
effect size (k = 103; r = —.23; z=—13.31; P <.001; 95% CI
[-.26; —.20]). The heterogeneity analysis revealed a sig-
nificant Q-statistic (Q = 284; P < .001) and an I index
of 64% (see table 2 for individual study-level effect sizes).

As can be seen in figure 2, amotivation and episodic
memory showed a significant negative association with a
small effect size (k = 16; r = —.18; z = —=6.6; P < .001;
95% CI[-.23; —.13]). The heterogeneity analysis revealed
a non-significant Q-statistic (Q = 6.28; P = .98) and an I
index of 0%.

As can be seen in figure 3, reduced expressivity showed
a significant negative association with a small effect size
(k=15 r=-.18; z = =3.30; P < .001; 95% CI [-.29;
—.07]). The heterogeneity analysis revealed a significant
O-statistic (Q = 42.43; P <.001) and an P index of 70%.
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Fig. 1. PRISMA flow chart of study selection.

As can be seen in figure 4, the model testing whether
episodic memory is more strongly related to amotivation
than to reduced expressivity was not significant (k = 10;
r=—.04;z=-.82; P=.41;95% CI [-.12;.05]). The het-
erogeneity analysis revealed a non-significant Q-statistic
(0 =14.59; P =.10) and an I index of 40%.

Moderation Analyses

Results of the moderation analyses are depicted in table 3. As
we found significant between study variability in the model
on negative symptoms in general and in the model on re-
duced expressivity, we calculated meta-regressions on these
two models. The results revealed that none of the prede-
fined covariates moderated the association between episodic
memory and negative symptoms or reduced expressivity.

Publication Bias

Visual inspection of the funnel plots (see supplement S3—
S5) indicated a potential publication bias in the analysis
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of the relationship between episodic memory and negative
symptoms in general as well as in the analysis of reduced
expressivity, but not in the analyses of the relationship of
episodic memory with amotivation. For the model testing
the association between episodic memory and negative
symptoms in general, both the rank correlation test (P
=.16) and Egger’s regression test (P =.18) were not signif-
icant. For the model on reduced expressivity, neither the
rank correlation test (P =.88) nor Egger’s regression test
(P =.64) were significant. We therefore did not apply any
correction for publication bias.

Additional Analyses

To gain a more detailed picture of the association
between episodic memory and negative symptoms,
we searched the included publications for studies re-
porting associations of episodic memory with the do-
mains of the five-factor model of negative symptoms?
separately. Our literature search did not reveal a single
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Table 1. Episodic memory tests included in meta-analyses

Cognitive
domain Neurocognitive test Subtest Brief description
Verbal Wechsler Memory Scale Logical Memory Subjects are asked to recall the contents of two short stories immedi-
learning and  (WMS, WMS-R, WMS- ately after presentation and again after a 30-minute delay.
memory 111)
Verbal Paired As- Subjects are presented with 5 trials of paired word presentations and
sociates are asked to recall the list immediately after presentation and again
after a 30-minute delay.
Hopkins Verbal Learning A list of words belonging to different semantic categories is pre-
Test (HVLT) sented verbally for three trials. Subjects are asked to recall as many
words as possible immediately and again after a delay.
California Verbal Subjects are verbally presented with a 16-word list for five immediate
Learning Test (CVLT) recall trials, followed by a single presentation and recall of a second
16-word ‘interference’ list. Subjects give free- and category-cued
recall immediately after presentation and after a 20-minute delay in-
terval.
Brief Assessment of Cog-  Verbal Memory Subjects are presented with a list of 15 words and then asked to re-
nition in Schizophrenia Subtest call as many as possible in five consecutive trials.
(BACS)
Auditory Verbal Learning Subjects are given five presentations of a 15-word list (list A), each
Test (AVLT) followed by an immediate recall. This is followed by a 15-word inter-
ference list (list B), followed by an immediate and delayed recall of
list A.
Penn Word Memory Test Subjects are presented with 20 target words that are then mixed with
(PWMT) 20 distractors. The subjects' score reflects the number of correctly
recognized targets and correctly rejected foils. A 20-minute delayed
recall procedure is administered to measure episodic memory.
Consortium to Establish ~ Word List A 10-item word list is presented over three trials in altering order.
a Registry for Alzheimer's Memory Subtest The subject is asked to recall as many words as possible. After a
Disease (CERAD) short delay of five minutes the subject is again asked to recall as
many words as possible.
Repeatable Battery for Delayed Recall- Subjects are asked to learn and to recall a 10-item list of semanti-
the Assessment of Neu- List (Recall) cally unrelated words over four trials.
ropsychological Status
(RBANYS)
Hong Kong List Learning Subjects are asked to recall as many words as possible from a 16-item
Test (HKLLT) Chinese word list immediately after three learning trials, after
10-minute and 30-minute delay intervals.
Groningen Word Subjects are presented with a 15-item word list and are subsequently
Learning Task asked to recall as many of the previously learned words out of an ex-
(WLT) tended list containing additional and similar words as distractors.
International Shopping Subjects are presented with shopping list items in three trials and
List Task (ISLT) are asked to remember each item. Subjects are asked to recall as
many words as possible immediately after acquisition and after a
15-minute delay interval.
Visual Post Graduate Insti- Memory Scale Includes a number of subtests such as delayed recall of a word list,
learning and  tute Battery of Brain immediate recall of sentences, retention of similar word pairs, reten-
memory Dysfunction (PGI-MS) tion of dissimilar pairs, and visual retention.

Wechsler Memory Scale
(WMS, WMS-R, WMS-
11T)

Rey—Osterreith
Complex Figures
Test (ROCFT)

Visual Reproduc-
tion

Visual Paired As-
sociates Subtest

Figural Memory
Subtest

Subjects are asked to copy a stimulus figure and are asked to draw
the figure from memory after a 3-minute and a 30-minute delay
interval.

Subjects are asked to look at five figures for 10 seconds each and to
“draw the design” from memory immediately and after a 25-minute
delay interval.

Subjects are asked to learn the color associated with each of six
abstract line drawings within up to six learning trials. Subjects are
asked to recall the associates immediately after each trial and after a
30-minute delay interval.

Subjects are presented with a set of abstract designs, and are subse-
quently asked to identify the target designs within a large group of
designs.
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Table 1. Continued
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Cognitive

domain Neurocognitive test Subtest

Brief description

Brief Visuospatial
Memory Test (BVMT)

Paired Associates
Learning Task
(PAL)

Cambridge Neuropsycho-
logical Test Automated
Battery (CANTAB)

Face Recognition Task
(FRT)

Picture Memory Interfer-
ence Test (PMIT)

Penn Face Memory Test
(PFMT)

Visual Object Learning
Test (VOLT)

Benton Visual Retention
Test (BVRT)

Serial Digit Learning Test
(SDLT)

Autobio-
graphical
memory

Autobiographical
Memory Test (AMT)

Subjects are asked to learn six geometric figures within three learning
trials and to reproduce the drawings immediately after each trial and
after a 30-minute delay interval. All reproductions are scored ac-
cording to standardized criteria.

Subjects are presented with a number of boxes that are simultane-
ously displayed on a screen and are “opened” in a randomized order
with one of them containing a target pattern. The subject is then
asked to select the box in which the target pattern was originally lo-
cated. The number of correct identifications is analyzed.

Subjects are presented with a series of 10 faces. After the learning
trial, subjects are asked to identify these 10 original faces out of
pairwise presented faces of which one is a distractor stimulus.
Subjects are asked to select between two previously visually pre-
sented pictures. Recognition memory tasks are the presentation of
previously presented pictures with distractor items not initially pre-
sented. The number of correctly identified target items is analyzed as
index of recognition performance.

Subjects are presented with 20 faces that are then mixed with 20 dis-
tractors matched for age, gender and ethnicity. Subjects are asked to
identify the target faces immediately after the learning trial and after
a 20-minute delay. The subjects' score reflects the number of cor-
rectly recognized targets and correctly rejected foils.

Subjects are presented with 20 Euclidean shapes as learning stimuli
over four learning trials, followed by short and long delay recall test.
Subjects are presented with 10 designs, one at a time, and asked to
reproduce each one as precisely as possible from memory.

Subjects are presented with a mixed series of numbers ranging from
1 to 9. Subjects are asked to remember and to recall the number set
verbally in the correct order. The number of recall trials needed until
correct recall is analyzed as an index of memory performance.
Subjects are presented with 10 cue words printed on cards (5 X posi-
tive; 5 X negative) and are asked to recall a specific autobiographical
memory related to each cue word within 60 seconds.

study referring to the five-factor model, but six studies
reporting separate correlations of episodic memory
with the SANS scales “Affective flattening,” “Alogia,”
“Avolition-Apathy,” and “Anhedonia-Asociality.”
Episodic memory showed significant negative asso-
ciations with “Affective flattening” (k = 6; r = —.23;
z = —=3.73; P < .001; 95% CI [-.36; —.11]; P = 38%),
“Alogia” (k = 6; r = —.32; z = =5.35; P < .001; 95%
CI [-.44; —.21]; P = 34%), “Avolition-Apathy” (k = 6;
r=—-.17; z = =3.19; P < .01; 95% CI [-.28; —.07];
P =21%), and “Anhedonia-Asociality” (k = 6; r = —.15;
z=-3.27; P <.01; 95% CI [-.25; —.06]; Z = 0%).

We also reviewed the studies included in the sub-
groups for differences in sample, setting or design char-
acteristics that could account for the slightly reduced
effect size in the subgroup analyses. Compared to the
total sample in which 22% were first-episode patients,
the number of first-episode patients was slightly higher
in the amotivation (38%) and in the reduced expressivity
(27%) subgroup. However, the association between ep-
isodic memory and negative symptoms was not mod-
erated by first-episode status (kK = 103; r =.03; z =.68;
P =.50;95% CI [-.05;.11]).

Discussion

This meta-analysis confirmed the expected significant
associations, both of episodic memory deficits with
negative symptoms in general and of episodic memory
deficits with amotivation and reduced expressivity. Our
findings did not confirm the expectation that episodic
memory deficits would show stronger associations with
amotivation than with reduced expressivity.

The significant moderate association between perfor-
mance in episodic memory tests and negative symptoms
was robust across the 103 included studies as indicated
by the small confidence interval of the overall effect, sub-
stantiating the findings of earlier meta-analyses. 3384
Moreover, the absence of a significant moderation ef-
fect indicates that the association between episodic
memory and negative symptoms is neither driven by
sociodemographic variables, such as gender, age or edu-
cation, nor by positive symptoms, depressive symptoms
or antipsychotic medication.

By contrast, the small effect size of the association
between episodic memory deficits and amotivation
and the absence of its specificity do not provide strong
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Table 2. Study characteristics and measurement information

Data Negative Study
Study Study ES (V) N points symptom scale Memory test quality
Addington & Addington® —-0.26 (0.01) 80 2 PANSS WMS-R, ROCFT 14
Addington et al® —0.13 (0.03) 38 5 SANS WMS, ROCFT 10
Bagney et al®’ —0.16 (0.01) 80 2 PANSS HVLT-R, BUMT-R 12
Balogh et al® —0.61 (0.03) 42 2 PANSS CANTAB 10
Basso et al® —0.42 (0.02) 62 2 SANS WMS-R 15
Bell & Mishara” —0.08 (0.01) 151 7 SANS HVLT, WMS-R 14
Berenbaum et al”! —-0.10 (0.02) 47 2 SANS, UPS WMS-R, FRT 11
Berman et al” 0.17 (0.04) 30 2 PANSS WMS-R 13
Bilder et al® —0.23 (0.01) 94 4 SANS WMS-R, CVLT, ROCFT 12
Bismarck et al” —0.21 (0.03) 36 2 SANS HVLT-R, BVMT-R 11
Bodapati et al’™ —0.26 (0.03) 38 4 CAS HVLT-R, BVMT-R 11
Boceker et al” —0.43 (0.05) 22 1 SANS WMS-R 10
Bozikas et al’ —0.30 (0.02) 53 7 PANSS CVLT, ROCFT 11
Brazo et al”’ —0.51 (0.04) 26 3 SDS CVLT 10
Bryson et al ™ -0.12 (0.01) 90 5 SDS HVLT, WMS-R 11
Buchanan et al” —-0.20 (0.03) 39 3 SDS WMS-R 10
Buchanan et al® —-0.46 (0.03) 33 1 SANS WMS-R 9
Cammisuli et al®! 0.65 (0.04) 30 2 PANSS WMS-IV 8
Cascella et al® -0.12 (0.01) 105 4 SDS HVLT-R, BVMT-R 10
Chan et al® —-0.15(0.01) 145 4 SDS WMS-R 8
Chang et al* —-0.37 (0.01) 84 2 PANSS WMS-R 10
Chang et al® —0.24 (0.01) 93 8 HEN WMS-R 14
Chang et al*® —0.10 (0.003) 321 2 SANS WMS-R 13
Chen et al* —-0.14 (0.01) 157 3 HEN WMS-R 10
Chen et al¥ —0.14 (0.04) 175 8 PANSS ISLT, CPAL 10
Chkonia & Tsverava® —-0.45 (0.06) 20 6 SANS CVLT 10
Cohen et al® —0.19 (0.02) 45 5 SDS WMS-R 12
Dorofeikova et al®® —-0.31(0.01) 125 1 PANSS ROCFT 7
Eckman et al’! —0.07 (0.02) 51 1 SANS WMS-R 11
Ehmann et al* —0.02 (0.05) 37 4 PANSS WMS-R 10
Faerden et al® -0.16 (0.02) 71 2 AES-C CVLT-II, ROCFT 12
Fonseca et al** 0.02 (0.01) 99 2 PANSS HVLT-R, BVMT-R 14
Foussias et al” —-0.31(0.02) 69 1 SANS, AES-C BACS 12
Frydecka et al® -0.35(0.01) 85 3 PANSS AVLT 12
Galderisi et al”’ —0.06 (0.01) 112 2 SDS AVLT, PMIT 12
Galderisi et al’® —0.05(0.01) 160 2 PANSS AVLT 8
Gonzalez-Blanch et al” —-0.02 (0.01) 131 2 SANS AVLT, ROCFT 12
Good et al'® —0.20 (0.01) 153 4 PANSS AVLT, WMS-R 12
Guillem et al' 0.02 (0.04) 27 4 SANS WMS-R 11
Gur et al'? (a) —0.38 (0.004) 328 3 SANS PWMT, PFMT, VOLT 12
Gur et al'® (b) —0.10 (0.001) 1195 3 SANS PWMT, PFMT, VOLT 12
Hammer et al'® —-0.22 (0.02) 65 2 SANS AVLT, BVRT 9
Harrison & Fowler'™* —-0.45(0.03) 36 1 PANSS AMT 13
Hartmann-Riemer et al* -0.39(0.02) 47 2 BNSS AVLT 13
Harvey et al!®s —0.45 (0.01) 174 12 PANSS CERAD 1
Hedge et al'% —0.35(0.02) 49 3 PANSS AVLT, ROCFT 11
Heydebrand et al'” —0.30 (0.004) 254 1 PANSS AVLT, WMS-R 14
Hintze & Borkowska'% —-0.16 (0.03) 33 2 PANSS AVLT 11
Horan & Blanchard!'” -0.15(0.02) 45 4 SDS WMS-R 11
Hornig et al''® —0.42 (0.06) 20 4 SANS WMS-R 8
Hovington et al'!! —0.34 (0.01) 136 4 SANS WMS-R 11
Jhung et al'? —0.22 (0.05) 23 6 CAS-R CVLT 12
Kanchanatawan et al''3 -0.48 (0.01) 80 6 SDS CERAD 11
Keefe et al''* —0.24 (0.01) 1332 1 PANSS HVLT-R 13
Khalil et al'’® —0.21 (0.01) 109 2 PANSS WMS-R 11
Klingberg et al''® —-0.17 (0.01) 151 1 PANSS AVLT, ROCFT 12
Konstantakopoulos et al''” —0.07 (0.03) 36 2 AES-C AVLT, ROCFT 11
Krishnadas et al''® 0.08 (0.05) 25 8 SANS PGIMS, ROCFT 10
Lee et al'” —0.31(0.01) 160 1 PANSS WMS-R 10
Liet al'® —=0.20 (0.01) 360 2 SANS WMS-R 10
Lin et al'?! —0.33 (0.003) 302 2 SANS WMS-II1 13
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Table 2. Continued

Episodic Memory and Negative Symptoms

Data Negative Study
Study Study ES (V) N points symptom scale Memory test quality
Lindsberg et al'* —-0.22 (0.01) 92 6 PANSS WMS-R 9
Lipkovich et al'® —0.07 (0.003) 395 1 PANSS AVLT 9
Liu et al'* —-0.28 (0.01) 78 2 PANSS HVLT-R, BVMT-R 12
Manglam & Das'® —-0.12 (0.01) 78 3 SANS AVLT 12
McCraedie et al'*® (a) —0.41 (0.06) 19 3 PANSS WMS 12
McCraedie et al'?® (b) —0.24 (0.05) 25 3 PANSS WMS 12
McDaniel et al'?’ —-0.19 (0.03) 35 2 SANS WMS-R 11
Mingrone et al'® —0.32 (0.004) 276 1 PANSS CVLT 11
Minzenberg et al'? —-0.05(0.02) 57 1 PANSS CVLT 14
Moritz et al'* —0.45 (0.05) 25 6 PANADSS AVLT 12
Morrison-Stewart et al'*! —0.44 (0.04) 30 1 SANS WMS 10
Mu et al'® —0.47 (0.004) 251 2 PANSS HVLT-R, BVMT-R 11
Newcomer et al'* -0.37 (0.07) 17 2 BPRS AVLT, BVRT 10
Norman et al' —-0.13 (0.01) 87 4 SANS AVLT, BVRT, ROCFT, 15
WMS-R
O’Leary et al'* —-0.22 (0.01) 110 8 SANS AVLT, BVRT, ROCFT, 13
WMS-R
Pandina et al'3 —0.06 (0.003) 300 1 PANSS ROCFT 10
Pegoraro et al'*’ —0.21 (0.01) 73 1 SDS ROCFT 11
Perlick et al'38 —0.19 (0.003) 309 1 PANSS RBANS 10
Puig et al'® —0.38 (0.04) 29 1 PANSS WMS-IIT 11
Putman & Harvey'* (a) —0.43 (0.02) 59 3 SDS CERAD 10
Putman & Harvey'* (b) —0.42 (0.01) 174 3 SDS CERAD 10
Quinlan et al'¥! —-0.15(0.01) 179 1 SANS HVLT 12
Raffard et al'#? —0.26 (0.01) 137 1 LARS CVLT 10
Rémillard et al'® —0.33 (0.04) 28 3 PANSS CVLT 10
Réthelyi et al'* —0.33 (0.004) 266 1 SDS AVLT 9
Rhinewine et al'® —-0.16 (0.02) 54 1 SANS CVLT 12
Rocca et al'“ —1.01 (0.01) 78 1 PANSS WMS-III 9
Rund et al'¥ —-0.09 (0.01) 207 2 PANSS CVLT 13
Sergi et al'#® —-0.16 (0.01) 100 4 SANS CVLT 10
Smith et al'¥ —0.28 (0.01) 72 1 SANS WMS-III 11
Srinivasan et al'> -0.27 (0.01) 100 3 PANSS WMS-R 8
Strauss et al'>! —-0.15(0.01) 100 2 BNSS HVLT-R, BVMT-R 13
Tanaka et al'? —0.42 (0.02) 61 1 PANSS BACS 12
Tong et al's? —-0.32(0.02) 60 2 PANSS HKLLT 10
Tregellas et al'>* —0.49 (0.04) 28 1 SANS HVLT-R 9
van der Werf et al'> —0.06 (0.001) 1053 4 PANSS WLT 12
Villalta-Gil et al'® —-0.32(0.01) 94 1 PANSS CVLT 17
Wang et al'’ —0.06 (0.01) 123 2 SDS WMS-R 11
Wittorf et al'*® —0.71 (0.08) 15 1 PANSS AVLT, ROCFT 8
Woodward et al'® —0.24 (0.02) 68 10 SSPI AVLT, BVMT-R 9
Yazihan & Yetkin'® —-0.61 (0.08) 15 2 PANSS AVLT, SDLT 11
Zakzanis'®! 0.36 (0.04) 27 1 BPRS CVLT 10

Note: Study ES (V), Fischer’s Z transformed study effect size (study-level variance); BPRS, Brief Psychiatric Rating Scale; PANSS, Pos-
itive and Negative Syndrome Scale; SANS, Scale for the Assessment of Negative Symptoms; CAS, Chapman Anhedonia scale, CAS-R,
Chapman Anhedonia Scale — Revised; SPPI, Standardized Polyvalent Psychiatric Interview; SDS, Schedule for the Deficit Syndrome;
BNSS, Brief Negative Symptom Scale; LARS, Lille Apathy Rating Scale; PANADSS, Positive and Negative and Disorganized Symp-
toms Scale; VFE, Verbal Fluency Examinations; AES-C, Apathy Evaluation Scale - Clinician version; HEN, High Royds Evaluation of
Negativity Scale; SSPI, Signs and Symptoms of Psychotic Illness; UPS, Urbana Pleasure Scale; WMS-R, Wechsler Memory Scale - Re-
vised; WMS, Wechsler Memory Scale; ROCFT, Rey-Osterrieth Complex Figure Test; HVLT, Hopkins Verbal Learning Test; HVLT-R,
Hopkins Verbal Learning Test — Revised; CVLT, California Verbal Learning Test; BVMT-R, Brief Visuospatial Memory Test — Revised;
BACS, Brief Assessment of Cognition in Schizophrenia; CANTAB, Cambridge Neuropsychological Test Automated Battery; AVLT,
Auditory Verbal Learning Test; PMIT, Picture Memory and Interference Test; PWMT, Penn Word Memory Test; PEMT, Penn Face
Memory Test; VOLT, Visual Object Learning Test; AMT, Autobiographical Memory Test; CERAD, Consortium to Establish a Registry
for Alzheimer's Disease; PGIMS, Post Graduate Institute Memory Scale; BVRT, Benton Visual Retention Test; RBANS, Repeatable Bat-
tery for the Assessment of Neuropsychological Status; HKLLT, Hong Kong List Learning Test; WLT, Groningen Word Learning Task;

SDLT, Serial Digit Learning Test; ISLT, International Shopping List Task; CPAL, Continuous Paired Association Learning Task.
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Study

Weights Estimate [95% CI]

Hornig et al.,2014

1.22% -0.33 [-0.67, 0.14]

Hartmann-Riemer et al., 2015 —— 3.13% -0.32[-0.56, -0.03]
Foussias et al., 2015 —— 4.80% -0.30[-0.50,-0.07]
Raffard et al., 2018 —. 10.29% -0.25 [-0.40, -0.09]
Bodapati ct al., 2019 N 2.48% -0.25[-0.53, 0.08]
Hovington et al., 2013 —— 9.01% -0.22[-0.38, -0.05]
Jhung et al., 2016 —_—— 1.44% -0.22 [-0.58, 0.21]
Rhinewine et al., 2005 —— 3.00% -0.20[-0.47, 0.10]
Berenbaum et al., 2008 — 3.13% -0.19[-0.45, 0.10]
Faerden et al., 2009 —— 4.80% -0.15[-0.38, 0.08]
Bilder et al., 2007 — 6.55% -0.151[-0.34, 0.05]
Quinlan et al., 2014 —.— 12.01% -0.15 [-0.29, 0.00]
Chang et al., 2016 ! 24.02% -0.13 [-0.24, -0.03]
Sergi et al., 2007 —— 7.20% -0.11[-0.29, 0.09]
Hammer et al., 1995 ——— 4.50% -0.10[-0.33, 0.15]
Konstantakopoulos et al., 2011 [ 2.40% -0.07 [-0.39, 0.26]

Episodic memory~Amotivation

100.00% -0.18 [-0.23,-0.13]

-0.75 -0.5 -0.25

i T ]
0 025 05

Correlations (Pearson's )

Fig. 2. Forest plot of the correlation between episodic memory deficits and amotivation.

Study

Weights Estimate [95% CI]

Hovington et al., 2013 ——
Hartmann-Riemer et al., 2015 ——
Moritz ct al., 2001 —_—

Hornig et al.,2014

8.22% -0.42[-0.55,-0.27]
5.83% -0.42[-0.63, -0.15]
4.09% -0.42 [-0.70, -0.03]
3.44% -0.33 [-0.68, 0.13]

Bilder et al., 2007 —— 7.60% -0.30[-0.48,-0.11]
Woodward ct al., 2004 —. 6.90% -0.24 [-0.45, -0.00]
Chang et al., 2014 —— 7.60% -0.23 [-0.42, -0.03]
Sergi et al., 2007 —. 7.79% -0.21 [-0.38, -0.01]
Hammer et al., 1995 — e 6.75% -0.17 [-0.39, 0.08]
Quinlan et al., 2014 I—I—l 8.69% -0.15[-0.29, 0.00]
Norman et al., 1997 — 7.41% -0.13 [-0.33, 0.08]
Chang et al., 2016 — 9.52% -0.06 [-0.17, 0.05]
Rhinewine ct al., 2005 —— 5.72% -0.05[-0.34, 0.25]
Berenbaum et al., 2008 —— 5.83% 0.00 [-0.29, 0.29]
Cammisuli et al., 2016 : —— 4.59% 0.57[0.27, 0.77]
Episodic memory~Reduced expressivity proseeeees e 100.00% -0.18 [-0.28, -0.07]

-0.75 -0.5 -0.25

I I I 1
025 05 0.75 1

Correlations (Pearson's r)

Fig. 3. Forest plot of the correlation between episodic memory deficits and reduced expressivity.

support the theoretical models positing that motivational
deficits in psychosis mainly result from deficits in epi-
sodic memory.?** However, this finding should be inter-
preted with the caveat that the latent structure of negative
symptoms has recently been shown to be best described
in relation to the five symptom domains rather than by
the two-factor model of amotivation and reduced ex-
pressivity.> The nature of reporting in the existing liter-
ature precluded us from analyzing associations between
episodic memory and the domains of the five-factor
model of negative symptoms. In light of previous find-
ings showing that recalling positive events elicits current
positive affect and anticipatory pleasure,*!%> one would
expect particularly anhedonia to show a relationship with
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episodic memory deficits. However, the available evidence
for this expectation has been rated as inconclusive due to
heterogeneous findings and methodological limitations. !¢
In contrast, our explorative analyses suggest that episodic
memory deficits and anhedonia are related in people with
psychosis. Nevertheless, one has to be aware that these
analyses were based on a small number of studies (k = 6)
and that the aggregation of ‘anhedonia’ and ‘asociality’
in the SANS does not converge with the proposed five-
factor model of negative symptoms, in which anhedonia
and asociality constitute two distinct factors.> Further,
it also needs to be taken into account that particularly
anticipatory anhedonia might not be well captured by
the scales that were employed in the included studies, of



Study

Episodic Memory and Negative Symptoms

Weights Estimate [95% CI]

6.49% 0.19

Hovington et al., 2013 —— 12.92% -0.22 [-0.38, -0.05]
Bilder ct al., 2007 — . 10.79% -0.16 [-0.35, 0.04]
Hartmann-Riemer et al., 2015 — 6.49% -0.12[-0.39, 0.18]
Sergi et al., 2007 — 11.42% -0.10 [-0.29, 0.09]
Hammer et al., 1995 ——— 8.46% -0.07[-0.31, 0.18]
Hornig et al.,2014 —_— 2.96% -0.01[-0.45, 0.44]
Quinlan et al., 2014 —— 14.89% 0.00 [-0.15, 0.15]
Chang et al., 2016 . 19.29% 0.07 [-0.03, 0.18]
Rhinewine ct al., 2005 ——y 6.29% 0.15[-0.15, 0.43]
[-

Berenbaum et al., 2008

0.10, 0.45]

Overall

R

100.00% -0.04 [-0.12, 0.05]

-0.75 -025 0 025 05

Reduced expressivity

Correlations (Pearson's 7)

Amotivation

Fig. 4. Forest plot of the difference in magnitude of the association between episodic memory deficits with amotivation compared to

reduced expressivity.

Table 3. Moderator analyses

Association Moderator k § 95% CI z P
Episodic memory ~ Negative symptoms in Study quality 104 .02 [-.02;.05] 1.11 63.3
general Data points 104 .01 [—.03;.04] -.01 63.74
Age 104 -.02 [-.05;.01] -1.23 62.00
Gender (7 male) 103 .02 [-.01;.05] 1.62 60.19
Education (years) 69 -.01 [—.04;.03] -.07 51.46
Diagnosis 97 .02 [-.01;.05] 1.19 62.8
CPZ equivalent doses 42 .01 [—.04;.05] -.34 41.03
Positive symptoms 72 -.002 [—.05;.04] -.10 70.32
Depressive symptoms 25 .02 [—.06;.10] 52 30.67
Negative symptom scale 104 .01 [-.02;.05] .67 63.15
Episodic memory ~ Reduced expressivity Study quality 15 -.06 [—.18;.06] -.97 72.77
Data points 15 -.07 [—.18;.04] -1.19 71.72
Age 15 .08 [-.02;.19] 1.66 65.24
Gender (7 male) 15 -.01 [-.13;.10] =22 72.30
Education (years) 11 -.09 [—.24;.006] -1.18 75.59
Diagnosis 15 -.01 [—.12;.11] -.08 72.4
CPZ equivalent doses 8 .02 [-.12:;.17] .32 49.84
Positive symptoms 7 -.08 [—.19;.04] -1.27 57.36
Depressive symptoms 2 NA NA NA NA
Negative symptom scale 15 -.11 [-.36;.15] -.08 53.65

Note: Diagnosis = percentage of participants diagnosed with schizophrenia in relation to schizoaffective and other psychotic disorders.
NA = as only two studies of those reporting on the association between episodic memory deficits and reduced expressivity reported data
on depressive symptoms, the meta-regression including depressive symptoms could not be calculated.

which only few used scales that have been designed to
assess anticipatory anhedonia (e.g., The Brief Negative
Symptom Scale''). Therefore, the specific relationship
between episodic memory and anticipatory pleasure re-
mains subject to future research.

Although autobiographical memory can be referred
to as a specific taxonomic facet of episodic memory,'*
one might question whether the conscious retrieval of
emotionally neutral stimuli in tests of verbal and visual

memory can be generalized to the unconscious retrieval
of personally meaningful experiences in autobiograph-
ical memory tests. More specifically, it is conceivable that
recalling emotional and personally meaningful experi-
ences may have a stronger impact on motivation than
recalling neutral stimuli. However, previous research
has found significant correlations between the perfor-
mance in verbal and autobiographical memory tests.'®®
Also, both retrieval in verbal memory tests'*® and from
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autobiographical memory!®” are associated with neural
activation in the medial temporal lobes and the hippo-
campus. This could indicate that the performance in
verbal, visual and autobiographical memory tests relies
on the same neurocognitive capabilities, namely retaining
and recalling context-based knowledge of temporally
dated and spatially located events. Compared to autobi-
ographical memory tests, verbal and visual memory tests
however, hold the advantage that they control for the va-
lence of the encoded stimulus material and for the dura-
tion of the delay interval between encoding and retrieval.

The significant association between episodic memory
deficits and reduced expressivity could also be explained
by the notion that reduced expressivity reflects a behav-
ioral expression of the internal experience of amotivation
as proposed by White et al.'® This matches the accounts
of people with lived experience of negative symptoms.
For instance, some report that they attribute their ap-
parent emotional withdrawal and reduced expressivity
to the avoidance of feared rejection by others and thus
to motivational processes.!®*!”" The significant amount
of shared variance between the amotivation and reduced
expressivity factor provides further empirical support for
this notion. "7

In sum, our findings nevertheless clearly support the
assumption that episodic memory deficits are related to
amotivation. However, the rather small effect size ques-
tions the theoretical assumption that episodic memory
deficits are the sole driver of reduced motivation in psy-
chosis. Rather, episodic memory deficits could exert their
influence on amotivation in conjunction with the pro-
cesses involved in anticipatory pleasure. First, deficits in
episodic memory may impede the ability to anticipate
rewards because previously learned associations be-
tween reward predicting cues and the outcomes them-
selves cannot be readily retrieved. This might attenuate
the capability to generate positive and vivid mental simu-
lations of one’s personal future (i.e., prospections) and
thereby blunt anticipatory pleasure. Because prospection
has been found to induce a current experience of pleasure
while anticipating future events (i.e., anticipatory affect)!”
it is seen as a core component of motivation.'” In people
with psychosis, prospections have been found to be less
specific and less vivid than in healthy controls, which was
associated with apathy.'” Also, they were found to be less
likely to explicitly reference the past in their prospections
and subsequently to anticipate less pleasure than healthy
controls.'” This suggests that amotivation in psychosis
could be driven by poor transition of episodic memories
into prospections and anticipatory pleasure. Thus, solely
recalling positive experiences does not seem to stimulate
motivation. Rather, these memories have to be translated
into positive prospections, which in turn motivate be-
havior by eliciting anticipatory pleasure. If these mem-
ories are not readily retrieved or cannot be translated into
positive prospections, this may be compensated for with
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information from semantic memory, namely beliefs**!77,
which have been found to be demotivating in nature in
people with negative symptoms®*'”® and to impede the
translation of personal goals into goal-directed behavior
by reducing anticipatory pleasure.'?

Future research should therefore examine the nature
of prospections in psychosis and how these relate to
memory, motivational processes and goal-directed be-
havior. For instance, investigating whether people with
psychosis differ from healthy controls in patterns of
neural activation as well as sensory and emotional expe-
rience while simulating positive events could inform our
understanding of the nature of prospection difficulties in
psychosis. This knowledge could then be used to investi-
gate whether these difficulties are linked to anticipatory
affect, reward anticipation and goal-directed behavior.
This might also help to extend our understanding of the
reward processing deficits that have been observed in psy-
chosis and in relation to negative symptoms. Specifically,
deficits in episodic memory and prospections could ex-
plain the blunted responses to reward predictive cues'”
and the deficits in generating and maintaining represen-
tations of the expected value of pleasurable outcomes.!”
With regard to therapeutic implications, future research
should also investigate whether specific episodic memory
trainings can enhance episodic memory performance and
thereby improve positive prospections, anticipatory anhe-
donia and motivation in people with negative symptoms.
The Memory Specificity Training (MeST)"? constitutes a
promising example for such interventions. Based on the
idea that people with motivational deficits recall posi-
tive experiences in an overgeneralized and less detailed
manner, participants in this structured training program
are guided to recall positive experiences with increased
detail and specificity. Recent meta-analytic evidence has
confirmed that MeST was effective in increasing memory
specificity for the recall of positive events.'®! Most inter-
estingly, it was also found that the guided recall of pos-
itive events improved the prospections of future events
and that both recall and prospection increased anticipa-
tory pleasure as well as intentions to engage in the im-
agined future events in a small community sample.'$? If
these effects can be confirmed for people with negative
symptoms, interventions targeting deficits in memory re-
call and prospections could be a promising new direction
for the treatment of negative symptoms.

The current meta-analysis has some limitations that
need to be considered. First, we were unable to account
for the between-study heterogeneity, which limits the con-
fidence of interpretation of our findings. Future studies
on the association between episodic memory and negative
symptoms should therefore take further potential moder-
ators of this relationship into account. Second, the vast
majority of included studies used negative symptom scales
of the first generation (i.e., PANSS, SANS and SDS),
which have been criticized for containing outdated item



content (e.g., ‘stereotyped thinking’), imprecise assess-
ment of anhedonia (i.e., lack of differentiation between
asociality, consummatory and anticipatory pleasure)
and for relying on largely behavioral referents to assess
internal experiences (e.g., lack of pleasure/motivation).*
Therefore, the available data does not allow to draw final
conclusions regarding the impact of the type of nega-
tive symptom scale on the association between episodic
memory and negative symptoms. Third, our findings are
based on correlational data and the conscious retrieval
in episodic memory tests can also be seen as effortful be-
havior. Therefore, we cannot draw any conclusions about
causation and cannot exclude the possibility that the low
motivation to perform well in neurocognitive tests that
has been found in people with psychosis,'s3 could have
confounded our results by impeding performance in ep-
isodic memory tests. One may also question whether the
conscious recall in memory tests can be generalized to the
unconscious retrieval from episodic memory that occurs
in daily life and is hypothesized to drive motivation.

Conclusion

In sum, our findings indicate that episodic memory
deficits are related to motivational impairments in psy-
chosis. However, episodic memory deficits were also sig-
nificantly associated with reduced expressivity. Thus,
for now, one can conclude that difficulties in retrieving
information from episodic memories alone do not suffi-
ciently explain the motivational problems of people with
negative symptoms. Rather, they are more likely to exert
their influence in conjunction with other factors.
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