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ARTICLE INFO ABSTRACT

Keywords: Research suggests that major depressive disorder (MDD) and bipolar disorder (BD) are both associated with
Bipolar disorder unique emotional memory (EM) biases. To better elucidate the EM phenotypes of these disorders, we system-
Cognition atically reviewed the literature on non-autobiographical explicit EM biases in individuals with MDD and BD
Emotion

compared to healthy controls. The following databases were searched: Cochrane, Embase, HAPI, LILACs,
Medline, PsycInfo and Web of Science. Grey literature and hand searches were also performed. Fourteen studies
met full eligibility criteria. Eleven studies included data from an MDD sample (10 during acute depression, 1
during euthymia) and 3 studies included data from a BD sample (2 during acute mood episodes, 1 during
euthymia). Only 3 of the studies in acute depression revealed a negative explicit EM bias. One study in MDD
during euthymia revealed an EM deficit for negative stimuli. One of the two studies in BD (type I; BD-I) during an
acute mood episode revealed a positive explicit EM bias, while the other showed no bias. One study in BD during
euthymia showed an EM deficit for negative stimuli. Overall, this review concludes that current empirical
evidence does not readily support the existence of an explicit EM bias in MDD during acute depression. The
identification and implications of potential moderating factors on explicit EM performance in MDD and BD
during both illness stages are discussed.

Major depressive disorder
Emotional memory
Mood-congruent memory
Systematic review

1. Introduction Association, 2013; Goldstein, 2010). Mania is characterized by heigh-

tened or irritable mood, with increased self-esteem, decreased sleep,

Major depressive disorder (MDD) and bipolar disorder (BD) are
chronic, disabling conditions characterized by abnormal changes in
mood state (American Psychiatric Association, 2013; Goldstein, 2010).
MDD and BD together affect approximately 300 million people world-
wide (American Psychiatric Association, 2013; Goldstein, 2010; World
Health Organization, 2017). MDD is defined as a disorder consisting of
recurrent major depressive episodes, which may include extended
periods of low mood and/or loss of pleasure or interest in daily activ-
ities, changes in appetite, sleep disturbances, changes in psychomotor
activity, feelings of worthlessness, decreased cognitive abilities and/or
suicidal ideation (American Psychiatric Association, 2013). BD is as-
sociated with both major depressive episodes and either mania (type I
BD; BD-I) or hypomania (type II BD; BD-II; American Psychiatric

racing thoughts, increased distractibility, increased participation in
goal-directed activities and/or increased participation in potentially
harmful activities (American Psychiatric Association, 2013; Goldstein,
2010). Hypomania is characterized by the same symptoms as mania,
but the symptoms are typically less severe and, by definition, the hy-
pomanic episodes do not cause marked functional impairment
(American Psychiatric Association, 2013).

Disturbances in several cognitive domains have been associated
with MDD and BD, including changes in attention, memory, planning,
and verbal fluency (Bora and Pantelis, 2015; Marvel and Paradiso,
2004; Rock et al., 2013). A specific cognitive feature suggested to be
associated with both disorders is the presence of an emotional memory
(EM) bias. The conceptualization of an EM bias in existing literature is
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ambiguous. In this systematic review, we operationally define an EM
bias as the tendency for individuals with MDD and BD to more accu-
rately remember information of a particular valence (i.e., positive or
negative) compared against healthy controls (HCs; LaBar and Cabeza,
2006; LaBar and Phelps, 1998). On the other hand, the tendency for
individuals with MDD and BD to less accurately remember information
of a particular valence (i.e., positive or negative) compared against HCs
is characterized here as an EM deficit. In this way, EM performance in
HCs represents the behavioural phenotype expected under normal
physiological conditions and therefore represents an estimate of base-
line performance to which performance in the clinical groups can be
compared. Previous studies have consistently shown that HCs display
more accurate memory for both emotionally-positive and emotionally-
negative information, compared to emotionally-neutral information
(Asl et al.,, 2015; Cahill and McGaugh, 1995; Flaisch et al., 2016;
Williams et al., 2015). This may be explained by the observation that
emotional salience is more likely to signify an event that is relevant to
survival (Cahill and McGaugh, 1995; Flaisch et al., 2016). It is thus
conceivable that enhanced memory for emotional stimuli (positive and
negative) is an evolved adaptation to promote human survival
(Hamann, 2001). Cognitive neuroscience research has implicated the
amygdala as a key player in the formation of emotional memories
(LaBar and Cabeza, 2006; LaBar and Phelps, 1998; LeDoux, 1993). It is
widely believed that, upon exposure to emotionally-arousing stimuli,
increased activation of the amygdala leads to the modulation of visual
cortex, prefrontal cortex, and hippocampal activity through the re-
cruitment of stress hormones (i.e., norepinephrine) and corticosteroids
(Hamann, 2001; Kensinger and Corkin, 2004; LaBar and Cabeza, 2006;
Turkileri and Sakaki, 2017). This modulatory interaction between the
amygdala and other brain regions critical for memory formation con-
sequently results in more efficient memory encoding and retrieval for
emotional information. Despite this, research supports the existence of
unique EM biases in individuals diagnosed with a mood disorder, such
as MDD and BD (Leppénen, 2006). Therefore, there may be a mal-
function in this evolved adaptation in mood disorders that is re-
sponsible for manifesting unique EM biases, or the lack thereof (Durisko
et al., 2016; Wakefield, 1992).

Considerable research has explored the existence of a mood-con-
gruent negative EM bias in depression (Matt et al., 1992; Watkins et al.,
1992; Wittekind et al., 2014). A mood-congruent bias refers to the more
accurate memory retrieval of information consistent with one's current
emotional state (Moritz et al., 2005). Several theories have hypothe-
sized that depressed individuals show a proclivity towards re-
membering negative emotional stimuli (Beck, 1979; Bower, 1981; Matt
et al., 1992; Williams et al., 1988). For example, the cognitive model of
depression, which has been informed by decades of clinical, cognitive,
biological and evolutionary research (e.g., Beck, 1974, Bylsma et al.,
2008; Beck and Bredemeier, 2016), posits that individuals suffering
from depression may experience a systemic negative cognitive bias
across all levels of information processing, including emotional re-
activity and memory (Beck and Bredemeier, 2016). When exposed to a
stressor, cognitive structures, called schemas, within which beliefs are
set, become differentially activated depending on the stimulus’ in-
tensity. In depression, a triad of unique maladaptive cognitive schemas
exist, collectively termed the cognitive triad, that may lead to negative
beliefs about the self, world and future in response to a negative sti-
mulus (Beck, 1974, 2008; Beck and Bredemeier, 2016). These schemas,
in turn, may enforce negative information processing biases and re-
inforce the symptoms of depression through negative subjective ap-
praisals. For instance, negative subjective appraisals can lead to: (1)
automatic negative thoughts, which are responsible for the cognitive
symptoms of MDD; and/or (2) activation of the autonomic nervous
system and immune system (also mediated by the neurotransmission of
serotonin and dopamine), which results in the “sickness behaviours”
observed in MDD (i.e., anhedonia, loss of energy, etc.; Beck and
Bredemeier, 2016). In MDD, and conceivably in mood disorders in
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general (see Panchal et al., 2019), this cognitive mechanism is hy-
pothesized to underly symptoms of an acute mood episode and promote
biased interpretations of the self and environment. As such, the phe-
nomenon of EM may play a clinically-relevant role in the manifestation
and maintenance of the symptoms associated with MDD and BD. Con-
sistent with this model, Matt et al. (1992) reported that acutely de-
pressed individuals display a mood-congruent negative EM bias. How-
ever, recent evidence has challenged the notion that such a mood-
congruent bias exists in MDD (Bylsma et al., 2008; Cheng et al., 2015).
Furthermore, while research into cognitive deficits in BD has increased
in recent years (see, for example, Lima et al., 2017), questions remain
about the existence of a mood-congruent EM bias in BD.

To enhance our understanding of the cognitive deficits associated
with mood disorders, the current paper systematically reviewed the
literature to investigate the existence of a non-autobiographical explicit
EM bias in individuals with MDD and BD. Considering the similar
clinical and cognitive aspects of these mood disorders (Cuellar et al.,
2005), researchers have identified a necessity for a comprehensive joint
evaluation of the cognitive phenotypes associated with MDD and BD
(Bearden et al., 2006; MacQueen and Memedovich, 2017). The current
investigation involved the assessment of incidental, rather than inten-
tional, emotional memories. Incidental memories refer to “memories
that are acquired without intention” (i.e., without attention, effort or
resources; Glisky, 2011) and represent a more prominent phenotype in
daily functioning (Kontaxopoulou et al., 2017). Patterns of incidental
EM formation thus inform a more naturalistic understanding of EM
biases in mood disorders by highlighting cognitive processes that
function independently from one's conscious attention. Explicit EM was
chosen as the focus for the current review because it refers to the
classification of EM that involves conscious recollection of information
(Hine and Tsushima, 2018). Moreover, research investigating explicit
EM involves experimental procedures with highly controlled stimulus
sets and memory tasks (i.e., compared to other sub-domains of memory
that involve the retrieval of personal experiences or self-generated
material; Matt et al., 1992).” We classified EM differences in MDD and
BD according to: (1) individuals experiencing a current mood episode
compared to HCs; and (2) euthymic individuals compared to HCs.

2. Methods

Complete methodology for the current systematic review was re-
gistered in PROSPERO (Bogie et al., 2017), an international prospective
register of systematic reviews.

2.1. Search strategy

The current review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Moher et al., 2009). A literature search was performed to retrieve peer-
reviewed, primary studies with a population diagnosed with MDD or
BD.

A research librarian (D.S.) constructed the search strategy. The li-
brarian combined subject headings and keywords to build a literature
search comprised of three concepts: ‘emotional memory bias’, ‘major
depressive disorder’ and ‘bipolar disorder’. ‘Emotional memory’ is not
an established term in the indexing of health literature. Consequently,
the current search strategy was necessarily and purposely broad in
scope to accommodate for variations in terminology related to the
concept of EM (see Supplementary File 1). The search strategy is also
available on PROSPERO (Bogie et al., 2017).

The following databases were searched on December 10, 2018:
Cochrane, OVID Medline, OVID Embase, OVID PsycInfo, OVID Health

2 The reader is directed to Gaddy and Ingram (2014) and K&hler et al. (2015)
for a review of implicit and autobiographical memory in MDD, respectively.
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Fig. 1. PRISMA flow diagram summarizing the results of the screening process (Moher et al., 2009).

and Psychosocial Instruments (HAPI), LILACs and Web of Science. A
search for grey literature and hand searches were also performed. While
previous reviews/meta-analyses exist that investigate emotional in-
formation processing phenotypes in depression or BD in general (e.g.,
Leppéanen, 2006; Matt et al., 1992; Robinson et al., 2006; Vohringer
et al., 2013), no systematic review has focused on non-autobiographical
explicit EM biases in MDD and BD specifically. Therefore, no geographic,
language, or date restrictions were imposed in the current review. The
search strategy was peer-reviewed by a second librarian. The reference
management software, RefWorks (2018), was used to organize re-
trieved literature from all searches and to detect duplicate citations.

2.2. Identification of eligible studies

Sources were eligible if they included original data from subjects
diagnosed with MDD or BD, aged 18 to 66, compared against a HC
group. To be eligible, diagnoses of MDD or BD must have been con-
firmed using standardized, validated diagnostic assessment tools that
adhered to either the Diagnostic and Statistical Manual of Mental
Disorders’ (DSM; American Psychiatric Association, 2013) or the In-
ternational Classification of Diseases’ (ICD; World Health
Organization, 2018) criteria for MDD and BD. Studies were eligible if
they measured non-autobiographical explicit EM performance using
any type of non-autobiographical explicit EM task that included ex-
perimentally-controlled positive, neutral and/or negative stimuli. Stu-
dies including data from mixed populations were eligible if the data
were reported separately for MDD and BD samples.

Studies were ineligible if they included subjects with MDD or BD
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with a co-morbid diagnosis of delusional disorder, schizoaffective dis-
order, schizophrenia, and/or current alcohol or substance use disorder.
Studies were excluded if the study design involved an intervention
before the assessment of EM, or if subjects were privy to the memory
task.

One author (D.S.) performed database and grey literature searches
and two authors (B.J.M.B., M.R.P.) independently performed hand
searches. Two authors (B.J.M.B., M.R.P.) independently reviewed all
titles and abstracts for pre-defined eligibility criteria. Disagreement was
resolved through discussion. Potentially eligible studies were read in
full independently by two authors (B.J.M.B., M.R.P.) to confirm elig-
ibility. Disagreement was resolved through discussion.

2.3. Data extraction

Data on study methodology, sample composition and study findings
were extracted from eligible studies and recorded in a data extraction
spreadsheet independently by two authors (B.J.M.B., M.R.P.).
Discrepancies were resolved through discussion.

2.4. Quality assessment of eligible studies

The quality of eligible studies was assessed using a revised form of
the Effective Public Health Practice Project's (EPHPP) quality assess-
ment tool for quantitative studies (Effective Public Health Practice
Project, 1998). This validated tool includes six components: selection
bias; design; confounders; blinding; data collection methods; and
withdrawals and dropouts. The revised EPHPP tool used here
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disregarded sections B and D (Q1) because they were irrelevant to the
types of studies included in the current review. Each component was
assigned a rating of weak, moderate or strong. All component ratings
contributed to a global rating. The procedure for converting the com-
ponent ratings into a global rating has been reported elsewhere
(Hall et al., 2017). Two authors (B.J.M.B., M.R.P.) independently as-
sessed the quality of each eligible study. Disagreement was resolved
through discussion.

3. Results

Given the necessary breadth of our search strategy, our searches
yielded 43,883 titles. Following the PRISMA guidelines (Moher et al.,
2009), title screening excluded 42,128 articles and abstract screening
excluded a further 1,014 articles. The remaining 741 articles underwent
full text review. Of these, 14 studies met full eligibility criteria. The
remaining 723 articles were excluded primarily because of insufficient
diagnostic procedures (e.g., the use of inappropriate diagnostic tools,
not assessing co-morbid diagnoses) and exclusionary methodological
designs (e.g., interventional studies that imposed an intervention before
the assessment of EM). Fig. 1 summarizes the results of each step in the
screening process.

Of the 14 eligible articles, 11 included an MDD sample and 3 in-
cluded a BD sample (see Table 1 for a summary of the included studies).
Seven of the included studies received a strong global quality rating
(Banos et al., 2001; Hamilton and Gotlib, 2008; Kauer-Sant'Anna et al.,
2008; Olsen et al., 2015; Ridout et al., 2009; Whalley et al., 2009;
Williams et al., 2015), five received a moderate rating (Delgado and
Chaves, 2013; Denny and Hunt, 1992; Ellwart et al., 2003; Gotlib et al.,
2004; Liu et al., 2012) and two received a weak rating (Rinck and
Becker, 2005; Serfaty et al., 2002) according to the EPHPP quality as-
sessment tool. The eligible studies assessed explicit EM in samples of:
(1) MDD, acutely depressed (Banos et al., 2001; Denny and Hunt, 1992;
Ellwart et al., 2003; Gotlib et al., 2004; Hamilton and Gotlib, 2008; Liu
et al., 2012; Olsen et al., 2015; Ridout et al., 2009; Rinck and Becker,
2005; Serfaty et al., 2002); (2) MDD, euthymic (Williams et al., 2015);
(3) BD, acute mood episode (Delgado and Chaves, 2013; Whalley et al.,
2009); and (4) BD, euthymic (Kauer-Sant'Anna et al., 2008). Findings
from the included studies are organized below according to the in-
cluded sample's episode status and the type of explicit EM paradigm
used (i.e., free recall versus recognition tasks). Previous research has
identified partly distinct and partly shared neural correlates underlying
explicit recall and explicit recognition memory processes, making both
paradigms appropriate at assessing explicit EM (Buckner and
Koutstaal, 1998; Cabeza and Nyberg; 2000). For the purposes of this
review, stimuli originally defined as “happy” were re-categorized as
positive and stimuli originally defined as “depression-related” or “sad”
were re-categorized as negative; analyses of any additional valences
other than positive, neutral and negative are not discussed (e.g., panic-
related (Banos et al.,, 2001), physically- and socially-threating
(Gotlib et al., 2004), social phobia-related (Rinck and Becker, 2005)
stimuli). These stimuli were largely included to assess explicit EM in
other groups included in these studies (i.e., panic disorder (Bafios et al.,
2001) and social phobia (Gotlib et al., 2004; Rinck and Becker, 2005)
groups). Methodological heterogeneity across the included studies
precluded meta-analysis. For example, there was significant hetero-
geneity across included studies regarding the study design, use of en-
coding task, type of stimuli, valences of stimuli, delay period, memory
task and the nature of the dependent variable (i.e., percent correct,
memory sensitivity, normalized memory scores). Therefore, given this
diversity, the authors did not find it meaningful or appropriate to
conduct a meta-analysis (see also Hasselbalch et al. (2011) for similar
reasoning regarding the decision to perform a meta-analysis).
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3.1. Explicit EM in MDD during acute depression

A total of 10 studies assessed explicit EM in currently depressed
individuals with MDD (Bafos et al., 2001; Denny and Hunt, 1992;
Ellwart et al., 2003; Gotlib et al., 2004; Hamilton and Gotlib, 2008; Liu
et al., 2012; Olsen et al., 2015; Ridout et al., 2009; Rinck and Becker,
2005; Serfaty et al., 2002). Of these 10 studies, 7 studies (Bafios et al.,
2001; Denny and Hunt, 1992; Ellwart et al., 2003; Gotlib et al., 2004;
Liu et al., 2012; Rinck and Becker, 2005; Serfaty et al., 2002) used a
free recall paradigm and 5 studies (Hamilton and Gotlib, 2008; Liu
et al., 2012; Olsen et al., 2015; Ridout et al., 2009; Serfaty et al., 2002)
used a recognition memory paradigm. Results within this section are
reported separately according to recall and recognition paradigms to
account for variations in study protocol. It should be noted that 3 of the
included studies in this section used exclusively female subjects (Denny
and Hunt, 1992; Olsen et al., 2015; Rinck and Becker, 2005). Most of
the included studies with an acutely depressed MDD sample recruited
subjects from specialized outpatient clinics (Bafos et al., 2001; Gotlib
et al., 2004; Hamilton and Gotlib, 2008; Liu et al., 2012; Olsen et al.,
2015; Ridout et al., 2009; Serfaty et al., 2002), while the remaining
studies recruited subjects from inpatient units (Denny and Hunt, 1992;
Ellwart et al., 2003), or community samples (Olsen et al., 2015; Rinck
and Becker, 2005).

Only 2 of the 7 studies investigating explicit EM using a free recall
paradigm found an explicit EM bias in MDD (Gotlib et al., 2004; Rinck
and Becker, 2005), a finding that does not support an explicit EM bias
during acute MDD (it is noted, however, that Denny and Hunt (1992)
showed that, within the MDD group, negative stimuli were recalled
significantly more accurately than positive stimuli). These 2 studies
found that the MDD group recalled more negative stimuli than HCs.
Three of the remaining 7 studies found an EM deficit in the MDD group
compared to HCs. For example, Denny and Hunt (1992) found that the
MDD group recalled significantly fewer positive stimuli than HCs;
Serfaty et al. (2002) found that the MDD group recalled significantly
fewer positive and negative stimuli than HCs; and Liu et al. (2012)
found that the MDD group performed significantly worse than HCs on
all but one valence category (the negative low-arousal category, where
there was no between-group difference). While these results may reflect
an EM deficit specifically, it is possible that these results reflect a rather
general memory impairment in MDD. For example, Denny and
Hunt (1992) and Serfaty et al. (2002) both showed that the MDD groups
had worse overall memory compared to HCs, and Liu et al. (2012)
showed that the MDD group had significantly worse memory for neutral
stimuli compared to HCs, which is indicative of a general memory
impairment.

Of the 5 studies (Hamilton and Gotlib, 2008; Liu et al., 2012; Olsen
et al.,, 2015; Ridout et al., 2009; Serfaty et al., 2002) that used a re-
cognition memory paradigm, only the study by Hamilton and
Gotlib (2008) demonstrated a negative EM bias in MDD. Furthermore,
the study by Ridout et al. (2009) found a general EM impairment in the
MDD group compared to HCs; however, this did not translate into a
valence-specific explicit EM bias or deficit. The remaining studies re-
ported no differences between groups on the explicit EM recognition
task.

In summary, neither the free recall nor the recognition memory
findings readily support the existence of an explicit EM bias in acutely
depressed MDD subjects. The inconsistent findings across included
studies assessing explicit EM in acutely depressed MDD subjects may, in
part, be explained by important moderating factors (discussed below).

3.2. Explicit EM in MDD during euthymia

Only 1 study assessed explicit EM in a euthymic MDD sample
(Williams et al., 2015). Subjects were pregnant and non-pregnant
women with a history of MDD compared against pregnant and non-
pregnant HCs. This study employed a recognition memory paradigm
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using stimuli from the International Affective Picture System (IAPS;
Lang et al., 1997). The euthymic MDD females were recruited from
specialized outpatient clinical services and community services. This
study found that euthymic women with a history of MDD showed sig-
nificantly worse memory for negative images (i.e., a negative EM def-
icit) compared to euthymic women without a history of MDD. There
were no group differences for positive or neutral images, and pregnancy
had no effect on these results.

3.3. Explicit EM in BD during an acute mood episode

One study compared explicit EM in acutely manic BD-I individuals,
with and without psychotic features, against HCs (Delgado and
Chaves, 2013). This study employed a verbal episodic memory test
using a word span task with an immediate free recall paradigm. All
patients in this study were recruited from a psychiatric inpatient unit.
This study showed significant group differences on the recall of positive
words: the BD-I nonpsychotic group had greater accuracy than the BD-I
psychotic group, who in turn had greater accuracy than the HC group
on their recall of positive words. Therefore, this study suggests a pos-
sible positive EM bias in acute mania.

Another study combined BD-I individuals with acute depression,
acute mania and euthymic individuals (more than half of the BD sample
was in an acute mood episode), compared to HCs (Whalley et al., 2009).
This study employed a recognition memory paradigm using stimuli
from the IAPS (Lang et al., 1997). Patients were recruited from in-
patient and outpatient clinics. While both the BD and HC groups re-
cognized significantly more positive images than neutral images (ne-
gative images were not included), there was no between-group
difference on explicit EM performance.

3.4. Explicit EM in BD during euthymia

Only 1 study assessed explicit EM in euthymic individuals in a group
of BD-I and BD-II subjects (Kauer-Sant'Anna et al., 2008). This study
employed a recognition memory paradigm using a narrated slideshow
with emotional (negative) and neutral content. The euthymic BD sub-
jects were recruited from a specialized outpatient clinic. The euthymic
BD subjects showed significantly worse memory for the emotionally-
negative content compared to HCs (i.e., a negative EM deficit); how-
ever, these researchers also showed that the BD group demonstrated a
general EM impairment compared to HCs. Thus, at present, it is unclear
whether these findings represent a general or valence-specific EM def-
icit for negative information in BD during euthymia.

4. Discussion

The current systematic review assessed explicit EM in MDD and BD
during acute mood episodes and euthymia. The main finding is that the
results from the included studies do not readily support the existence of
an explicit EM bias in acutely depressed individuals with MDD. In BD,
given the low number of included studies, we can only show pre-
liminary evidence for a potential positive EM bias in acute mania (no
studies in the current review investigated explicit EM in BD during
acute depression); however, future research is needed to replicate this
preliminary finding. Similarly, the current review shows preliminary
evidence that euthymic individuals with a history of MDD, BD-I, or BD-
II do not display an explicit EM bias; instead, preliminary findings
suggest the potential for an explicit EM deficit for negative stimuli in
MDD, BD-I and BD-II during euthymia.

The majority of studies that assessed explicit EM in acutely de-
pressed MDD subjects did not show an explicit EM bias in MDD com-
pared against HCs. Careful consideration of the methodological nuances
revealed a striking similarity across the 7 studies that did not find an
explicit EM bias: the delay period between the encoding and memory
retrieval tasks was very short, ranging from minutes (Banos et al., 2001;
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Denny and Hunt, 1992; Ellwart et al., 2003; Liu et al., 2012; Ridout
et al., 2009; Serfaty et al., 2002) to one day (Olsen et al., 2015). On the
other hand, the studies that demonstrated an explicit EM bias in MDD
used delay periods ranging from one day (Gotlib et al., 2004; Rinck and
Becker, 2005) to one week (Hamilton and Gotlib, 2008), which suggests
that less than a day might be too short of a delay to detect potential
explicit EM biases in MDD. Indeed, previous research has argued that
the beneficial effects of emotionally-arousing stimuli on the mechan-
isms of EM formation are greater with a longer delay between encoding
and memory retrieval tasks (LaBar and Cabeza, 2006). This observation
raises the question of what the shortest delay period between encoding
and memory retrieval tasks is for an explicit EM bias to be reliably
detected. Moreover, is there an interplay between memory paradigm
and delay period? The 5 studies (Banos et al., 2001; Denny and Hunt,
1992; Ellwart et al., 2003; Liu et al., 2012; Serfaty et al., 2002) that
employed a free recall paradigm and found negative results all included
a particularly short delay period (minutes), while the 2 studies that
found an explicit EM bias (Gotlib et al., 2004; Rinck and Becker, 2005)
both included a longer delay period (one day). Similarly, the 4 studies
that used a recognition paradigm and found negative results again used
a short delay period of minutes (Liu et al., 2012; Ridout et al., 2009;
Serfaty et al., 2002) to one day (Olsen et al., 2015), while the one study
reporting an explicit EM bias used a delay period of one week
(Hamilton and Gotlib, 2008). Hamilton and Gotlib (2008) imposed a
one-week delay between encoding and recognition tasks and identified
a negative EM bias in MDD during acute depression. Olsen et al. (2015)
used a similar methodology to Hamilton and Gotlib (2008); however,
these researchers imposed a one-day delay period and subsequently did
not find an explicit EM bias. Again, this observation suggests that a
longer delay period may be necessary for detecting an explicit EM bias
in MDD. This requirement likely reflects the importance of the time-
dependent process of consolidation on the strengthening of the memory
trace (Hamann, 2001). Indeed, research suggests that, in response to an
emotionally-arousing stimulus, the modulatory activity of the amyg-
dala—through the activation of glucocorticoid receptors and the ac-
tivity of norepinephrine—leads to glutamatergic synaptic plasticity in
the hippocampus (i.e., a time-dependent process; LaBar and Cabeza,
2006; Phelps, 2004). This, in turn, results in enhanced consolidation of
the memory trace and, by extension, more accurate memory perfor-
mance for emotional compared to unemotional stimuli (LaBar and
Cabeza, 2006). A longer delay period between the encoding and
memory retrieval tasks thus allows more time for the process of glu-
tamatergic synaptic plasticity to translate into enhanced (detectable)
EM performance (LaBar and Cabeza, 2006; Phelps, 2004). Therefore, in
future studies, we recommend that the minimum delay periods used to
investigate an explicit EM bias using free recall and recognition
memory paradigms should be at least one day and one week, respec-
tively.

It is also important to consider the potential effects of stimulus type
and encoding procedure on explicit EM performance. Five of the 7
studies reporting negative results in an acutely depressed MDD sample
used word stimuli (Bafnos et al., 2001; Denny and Hunt, 1992; Ellwart
et al., 2003; Liu et al., 2012; Serfaty et al., 2002), while the remaining
studies used human faces (Ridout et al., 2009) and IAPS images
(Olsen et al., 2015). The 3 studies showing an explicit EM bias in MDD
used words (Gotlib et al., 2004; Rinck and Becker, 2005) and IAPS
images (Hamilton and Gotlib, 2008); thus, stimulus type alone does not
appear to influence explicit EM performance in this population.

Could the lack of an explicit EM bias in acutely depressed MDD
subjects be explained by self-referent encoding effects? Evidence sug-
gests that personally-relevant stimuli can profoundly affect memory
performance (Abraham, 2013; Zupan et al., 2017). Of the 10 studies
including an acutely depressed MDD sample, 6 studies (Banos et al.,
2001; Denny and Hunt, 1992; Ellwart et al., 2003; Gotlib et al., 2004;
Rinck and Becker, 2005; Serfaty et al., 2002) involved using self-re-
ferential encoding (i.e., an encoding strategy where information is
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processed/encoded with reference to the self; Durbin et al., 2017;
Zupan et al., 2017). Two of these studies identified a negative EM bias
(Gotlib et al., 2004; Rinck and Becker, 2005), while one study
(Denny and Hunt, 1992) found that the MDD group performed worse
than HCs in the remembering of positive information, and another
study (Serfaty et al., 2002) found that the MDD group performed worse
than HCs in the remembering of positive and negative information.
Future research is therefore needed to better elucidate the influence of
personally-relevant stimuli and self-referential encoding on explicit EM
performance in individuals with MDD.

The lack of an identified explicit EM bias in acutely depressed MDD
subjects may also be understood by considering variability in clinical
factors across studies that may have differentially influenced explicit
EM performance, such as symptom severity, length of illness, number of
previous mood episodes and medication status. While the present re-
view imposed strict eligibility criteria to control for as many con-
founding clinical factors as possible (i.e., the use of standardized di-
agnostic interviews, exclusion of current alcohol and substance use
disorders), the impact of the abovementioned variables on explicit EM
cannot be discounted. Depressive symptom severity does not seem to
influence the overall results of our systematic review since the studies
that found an explicit EM bias included subjects with moderately severe
depression (Hamilton and Gotlib, 2008) and very severe depression
(Gotlib et al., 2004), while the studies reporting no EM bias included
subjects from mild/moderately severe (Liu et al., 2012; Olsen et al.,
2015) to severe (Bafos et al., 2001; Ridout et al., 2009; Serfaty et al.,
2002) depression. However, the influence of illness duration, the
number of previous depressive episodes and medication status might
also be important factors to consider when assessing explicit EM. Un-
fortunately, only half of the included studies assessing explicit EM in
currently depressed MDD subjects reported information on medication
status (Ellwart et al., 2003; Hamilton and Gotlib, 2008; Olsen et al.,
2015; Ridout et al., 2009; Serfaty et al., 2002), only 2 studies reported
average illness length (Hamilton and Gotlib, 2008; Liu et al., 2012), and
no studies reported the number of previous depressive episodes.

Two studies assessed explicit EM in BD subjects during an acute
mood episode. Delgado and Chaves (2013) identified a positive EM bias
and Whalley et al. (2009) found no explicit EM bias. It should be noted,
however, that the study by Whalley et al. combined acutely depressed,
acutely manic and subjects in euthymia into a single BD sample. This is
a methodological problem since the grouping of subjects with different
mood episode statuses into a single BD group likely confounded the
results. For example, given the profound effect of mood state on
memory performance (Bower, 1981; Matt et al., 1992), combining
participants with different mood states (i.e., mania, hypomania, de-
pression, euthymia) neglects the unique cognitive features of the in-
dependent mood states, leading to the potentially inaccurate conclusion
of no explicit EM bias. Still, this study reported a bias within the BD
group towards remembering positive stimuli with greater accuracy.
Given the sample composition of Whalley et al.’s study, and considering
that both included studies on BD during an acute mood episode only
included BD-I subjects, future research is necessary to differentiate the
explicit EM phenotypes of individuals with BD-I from BD-II during an
acute depressive or (hypo)manic episode. Nevertheless, these findings
provide preliminary support for a potential positive explicit EM bias in
BD-I during an acute mood episode.

4.1. Strengths and limitations

This is the first article to comprehensively and systematically review
the literature on explicit EM biases in MDD and BD. While previous
reviews and meta-analyses have attempted to identify cognitive dys-
function in MDD and BD in general (Robinson et al., 2006; Rock et al.,
2013; Vohringer et al., 2013), none have investigated explicit EM spe-
cifically. Moreover, this review presents and discuses several potential
moderating variables that may influence explicit EM performance
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across MDD and BD during both illness stages. This discussion may
inspire several future research foci in the investigation of explicit EM in
MDD and BD across illness stages. Despite these strengths, some lim-
itations must be considered. First, there were considerable differences
in the sample sizes of included studies. Second, there was an unequal
balance of studies including MDD and BD samples (11 versus 3, re-
spectively). As a result, less synthesis was possible in the BD results.
Third, only 1 study in each population included a euthymic sample,
highlighting the need for more investigation into potential interepisodic
explicit EM biases in MDD and BD. Fourth, several studies identified a
general memory impairment in the clinical groups compared to the HC
group (e.g., Denny and Hunt, 1992; Kauer-Sant'Anna et al., 2008; Liu
et al., 2012; Ridout et al., 2009). The effect of general memory im-
pairment on valence-specific explicit EM performance is unknown and
thus may influence the detection of a valence-specific explicit EM bias
and/or deficit. Considering these findings, further investigation aimed
at identifying the influence of general memory impairment on valence-
specific explicit EM performance is warranted. Finally, since no long-
itudinal studies were found, questions remain about the role that
emotional cognitive patterns may play in the risk of relapse, or in the
development of other co-morbid disorders.

4.2. Recommendations for future research

Given the neurobiological and neurocognitive differences observed
between MDD and BD in previous research (Chiritad et al., 2015; Fung
et al., 2015; Harrison et al., 2018; MacQueen and Memedovich, 2017),
it would be useful for future research to investigate explicit EM per-
formance across MDD, BD and HC groups within a single experimental
design. Such direct comparisons will help elucidate differences in ex-
plicit EM biases both between MDD and BD and between acute mood
episodes and euthymia. Given that the most common reasons for ex-
cluding studies from the current review were the lack of a structured
interview to ascertain psychiatric diagnoses and the use of an inter-
ventional methodology, future studies must attain greater methodolo-
gical consistency when investigating explicit EM biases. To facilitate
this, Table 2 presents considerations of specific methodological ap-
proaches to be used in future research. The use of consistent metho-
dological designs in future research will provide the opportunity for
more rigorous analysis (i.e., meta-analysis) across a larger number of
studies.

5. Conclusions

The main conclusion of this systematic review is that current em-
pirical evidence does not readily support the view that acutely de-
pressed individuals with MDD display an explicit EM bias. The current
review provides insights into explicit EM in mood disorders with im-
plications for future research. This review highlights the potential im-
portance of several moderating variables that may influence explicit EM
performance, including clinical factors (e.g., illness duration, number of
depressive episodes, symptom severity and medication status), stimulus
type, encoding strategy and type of memory retrieval task (e.g., free
recall versus recognition). Results of this review also suggest that an
extended delay period between encoding and memory retrieval tasks
may be particularly important to allow sufficient time for consolidation
and detection of an existing explicit EM bias in individuals with mood
disorders. Nevertheless, the current findings provide preliminary sup-
port against the existence of a mood-congruent explicit EM bias in MDD
(however, future research should strive to disentangle the influence of
negative stimulus types—e.g., depression-related/sad, anger, disgust,
fear, etc.—on mood-congruent explicit EM performance in MDD. Our
results also provide preliminary evidence for a potential positive ex-
plicit EM bias in acute mania. Finally, given that only one study em-
ploying a euthymic sample was included in each clinical population,
future research must strive to investigate explicit EM performance in
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Table 2
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Recommendations for future research on explicit EM.

Procedures

Recommendation(s)

Sample Size
Inclusion and Exclusion Criteria

Diagnostic Procedures

Clinically-Relevant Variables

Encoding Task

Stimulus Type

Include a sample size calculation.

Describe the age range (if applicable, stratify results for pediatric and geriatric samples).

Define primary and acceptable co-morbid diagnoses; the following are diagnoses that should be the basic exclusion criteria for future
EM research: schizophrenia, schizoaffective disorder, delusional disorder, current alcohol and substance use disorder.

Current mood status should be explicit; if a euthymic group is included, then criteria for determining euthymia should be described.
The use of a HC group matched to the clinical groups on age, sex, gender, IQ and years of education.

The use of a validated diagnostic assessment tool that adheres to the most recent versions of the DSM (American Psychiatric
Association, 2013) or ICD (World Health Organization, 2018) is crucial; e.g., the SCID (First et al., 2015). Moreover, the use of mood-
specific assessments, such as the BDI (Beck et al., 1996), MADRS (Montgomery and Asberg, 1979), HDRS (Hamilton, 1960), and/or
YMRS (Young et al., 1978) should be included to assess current symptom severity.

Description of length of illness, number of previous mood episodes, number of hospitalizations, past or current psychosis, suicide
attempts, length of euthymia (if applicable) and medication status should all be included.

Incidental encoding tasks could include a procedure wherein subjects rate the emotional intensity, emotional valence and/or
personal relevance of each stimulus. Incidental encoding tasks prevent subjects from becoming aware of the future memory task,
ensuring the outcome measure is baseline (i.e., naturalistic) memory performance and not learning or studying ability. Ratings of
subjective valence and personal relevance may also be assessed following the EM task (if not included in the encoding task). EM
performance may be stratified according to these phenomena.

The use of a normative collection of stimuli is important; e.g., from the IAPS (Lang et al., 1997). Personally-relevant stimuli should
be used, when possible, to optimally activate underlying cognitive structures, or schemas (Beck, 2008). This may be accomplished by

stratifying EM performance according to subjects’ self-reported personal relevance ratings provided, for example, during the
encoding task (see above recommendation) or after the EM task.

Stimulus Valances

All EM research should include an equal number of stimuli with positive, neutral and negative valences.

Neutral stimuli must be included to rule out the possibility of a general (i.e., unemotional) memory impairment.

Delay Period

A minimum delay period of one day appears to be appropriate to detect true between-group differences in explicit EM free recall

tasks. A minimum delay period of one week appears to be appropriate to detect true between-group differences in explicit EM
recognition tasks. Future research investigating explicit EM performance using these minimum delay period recommendations will
provide more data to either support or refute these hypotheses.

Memory Task

The memory task should be a surprise to all subjects. When employing a recognition task, this should involve presenting all stimuli

from the incidental encoding task, plus additional distractor stimuli (an equal number in each valence category). During a
recognition memory paradigm, subjects should be presented with a question to indicate whether the stimulus was recognized from
encoding (i.e., via a yes/no or know-remember task, analyzed using receiver operating characteristics; see, for example,
Yonelinas and Parks, 2007). Free recall should be used to assess recall ability.

Data Analysis and Presentation/Reporting

Data should be analyzed to determine: (1) general memory performance; and (2) explicit EM performance, overall and valance-

specific. All descriptive statistics, including means and standard deviations, should be presented alongside any graphical
representations of the results, if applicable. Moreover, effect sizes should be included to allow for direct comparisons between

studies assessing explicit EM.

BDI, Beck Depression Inventory; DSM, Diagnostic and Statistical Manual of Mental Disorders; EM, emotional memory; HC, healthy control; HDRS, Hamilton
Depression Rating Scale; IAPS; International Affective Picture System; ICD, International Classification of Diseases; MADRS, Montgomery-;\sberg Depression Rating
Scale; SCID, Structured Clinical Interview for DSM Disorders; YMRS, Young Mania Rating Scale.

MDD and BD during euthymia to improve our understanding of the
pattern of explicit EM across illness stages.

A better understanding of the cognitive patterns of EM in mood
disorders is important given that EM may influence mood state,
symptom severity and/or psychosocial functioning. For example, it is
hypothesized that there exists a bi-directional relationship between
maladaptive cognitive schemas and biased information processing in
individuals with depression (and, conceivably, with mania and hypo-
mania; Beck and Bredemeier, 2016). These maladaptive schemas may
also be responsible for predisposing individuals to the manifestation of
the psychosomatic symptoms of MDD and BD in response to emotion-
ally-arousing stressors (Beck and Bredemeier, 2016). Moreover, the
degree of schematic activation may further influence the level of
symptom severity. Treatment approaches that help patients control
their cognitive response to internal and/or external emotional stressors
(i.e., cognitive-behavioural therapy, emotion regulation therapy) may
therefore prove effective at treating the clinical symptoms of an acute
mood episode and the subclinical symptoms of euthymia. In this way,
investigation of EM biases in MDD and BD represent an important re-
search focus that may inform potential approaches to non-pharmaco-
logical treatments.
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