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Abstract

Background: Memory disturbances are frequent in unipolar depression (UD) and
bipolar disorder (BD) and may comprise important predisposing and maintaining
factors. Previous studies have demonstrated hippocampal abnormalities in UD and
BD but there is a lack of studies specifically assessing hippocampus-dependent
memory.

Methods: We used a virtual task to assess hippocampus-dependent (allocentric) vs
non-hipppocampal (egocentric) spatial memory in remitted and partially remitted
patients with UD or BD (N=22) and a healthy control group (N=32). Participants also
completed a range of standard neuropsychological and functional assessments.
Results: Participants in the UD/BD group showed selective impairments on high-load
hippocampal (allocentric) memory compared to egocentric memory and this effect
was independent of residual mood symptoms. Across both samples, both allocentric
and egocentric spatial memory correlated with more general measures of memory and
other aspects of cognition measured on standard neuropsychological tests but only
high-load allocentric memory showed a significant relationship with functional
capacity.

Conclusion: Results show a selective impairment in high-load allocentric spatial
memory compared to egocentric memory in the patient group, suggesting impaired

hippocampal functioning in patients with remitted UD/BD.



Unipolar depression (UD) and bipolar disorder (BD) are psychiatric disorders
characterised by not only disturbances of mood but also of memory (Austin, Mitchell,
and Goodwin 2001; Bearden et al. 2006; Kdhler et al. 2015).

From neuropsychological studies there is consensus that memory
impairments play an important role in both UD (Bearden et al. 2006) and BD
(Bearden et al. 2006; Robinson et al. 2006; Bora, Yucel, and Pantelis 2009) but
memory disturbances also reach beyond simple impairments in memory function to
disturbances that alter the perception of past events, which may constitute cognitive
vulnerabilities for mood disorders. For instance, UD and BD patients show mood-
congruent biases in memory (Kohler et al. 2015; Bobrowicz-Campos et al. 2016) and
overgeneral memory, where patients show an enhanced tendency to recall episodes in
a general rather than specific fashion (Hermans et al. 2008; Scott et al. 2000;
Williams et al. 2007). These memory disturbances are consistent with impairments in
hippocampal functioning. The hippocampus is critically involved in episodic memory
(Scoville and Milner 1957; Tulving and Markowitsch 1998) and is known to encode
the spatial and temporal context of an event and associations between individual
elements in a memory trace (Squire 1992; Mayes, Montaldi, and Migo 2007; Bird and
Burgess 2008; Staresina and Davachi 2009). Hence, impaired hippocampal function
could lead to episodic memory lacking contextual and associative details as seen in
overgeneral memory (Rubin et al. 2019).

In addition to its role in episodic memory, the hippocampus is critical to
spatial cognition (e.g. Morris et al. 1982) and the two functions are believed to rely on
the same neural mechanisms (Bird and Burgess 2008; Burgess, Maguire, and O’Keefe
2002). The hippocampus contains place cells that fire at specific locations in the

environment, forming the basis of a cognitive map (O’Keefe and Dostrovsky 1971)



and damage to the hippocampus results in impairments in spatial learning and
memory (e.g. Morris et al. 1982; King et al. 2002).

Spatial cognition is also supported by regions outside the hippocampus proper,
including head direction cells, boundary vector cells and grid cells found in e.g. the
subiculum and entorhinal cortex (Hartley et al. 2013; Bicanski and Burgess 2020) as
well as outside the hippocampal formation (Hartley et al. 2013) but the hippocampus
remains central to spatial navigation and episodic memory (Burgess, Maguire, and
O’Keefe 2002; Hartley et al. 2013). Specifically, evidence suggests that the
hippocampus is critical to allocentric spatial memory (i.e., representations of the
relative position of objects in relation to each other independent of viewpoint) in
contrast to viewpoint-dependent egocentric memory (O’Keefe and Nadel 1978;
Burgess, Maguire, and O’Keefe 2002; Byrne, Becker, and Burgess 2009; Bohbot,
laria, and Petrides 2004). Because of its central (albeit not exclusive) role in
allocentric processing, we refer here to allocentric processing as hippocampus-
dependent.

Studies in clinical populations have found reduced hippocampal volume in
unipolar depression (Sheline 2000; Bremner et al. 2000; Campbell et al. 2004;
Schmaal et al. 2016) and hippocampal volume reduction is associated with the
number of depressive episodes (Videbech et al. 2004; MacQueen et al. 2003). These
findings are consistent with the notion that the hippocampus has a high density of
glucocorticoid receptors and is therefore vulnerable to toxic effects of stress-induced
increases in glucocorticoids levels (Starkman et al. 1992, 1999; Sapolsky 2000). Most
studies of hippocampal structure in BD also show evidence for hippocampal volume
reduction (Cao et al. 2016; Blumberg et al. 2003; Otten et al. 2014; Rimol et al.

2010). While some studies have found increased hippocampal volume in BD, these



effects appear to be a result of prolonged lithium treatment, which has neurotrophic
effects (Beyer et al. 2004; Yucel et al. 2008; Lopez-Jaramillo et al. 2017). Hence,
hippocampal volume reduction seem to occur across both UD and BD but may in
some cases be masked by psychotrophic medication (Hajek et al. 2012; Foland et al.
2008; Bearden et al. 2008).

Despite these findings and neuropsychological studies demonstrating memory
deficits in UD and BD, there is a paucity of studies that directly assess hippocampus-
specific aspects of memory in affective disorders. Better understanding of these
functions can offer further knowledge about the mechanisms underlying dysfunctions
in mood and cognition in affective disorders, including e.g. overgeneral memory and
memory impairments.

The small number of studies that have investigated hippocampus-dependent
spatial memory in affective disorders (Gould et al. 2007; Cornwell et al. 2011) did not
include a measure of non-hippocampal-dependent memory to serve as a baseline,
challenging the dissociation of spatial memory deficits from more global
impairments. Also, the relationship between spatial memory and performance on
standard neuropsychological tests and functional measures is not clear.

The Town Square Task (TST) is a virtual environment test of spatial memory
for object locations that enables separation of allocentric spatial memory and
egocentric spatial memory (King et al. 2002). Allocentric memory is based on the
relative position of elements independent of viewpoint and is dependent on the
hippocampus, whereas egocentric memory relies on the viewpoint of the observer and
is believed to be independent of the hippocampus, relying instead on parietal regions
(O’Keefe and Nadel 1978; King et al. 2002; Burgess et al. 2002; Byrne, Becker, and

Burgess 2009). By its ability to disentangle these aspects of memory, the TST has



been demonstrated to be a specific and sensitive measure of impairments in
hippocampus-dependent learning and memory in patients with acquired brain injury
(King et al. 2002, 2004) and post-traumatic stress disorder (PTSD; Smith et al. 2015).
On the task, participants are tested on memory for object locations in a town square
from either the same perspective as during learning (egocentric condition) or from a
shifted-view position (allocentric condition). Based on the knowledge of the relative
neural substrates of the two types of spatial memory, the aim of the current study was
to investigate hippocampus-dependent allocentric versus egocentric spatial memory in
affective disorders. We used a sample of patients with BD or UDD in full or partial
remission to investigate potential impairments independent of current
symptomatology. We hypothesized that while patients with affective disorders might
exhibit impairments in both egocentric and allocentric memory compared to healthy
controls, the impairment in allocentric memory would be relatively greater than in
egocentric memory. To assess potential differences in the relationship between
allocentric and egocentric memory performance with general cognitive function and
functional level, we also investigated the relationship between spatial memory and

standard neuropsychological tests and functional measures.

Methods

Participant characteristics and recruitment

A total of 22 participants with unipolar disorder (UD) or bipolar disorder (BD) (12
females; mean age 38.2 +/- 12.7 years) were recruited from Psychiatric Centres in the
Capital Region of Denmark and 32 participants were recruited for the healthy control

group (18 females; mean age 36.7 +/- 13.2 years) from blood banks in the Capital



Region of Denmark (see Table 1). Participants in the patient group had all been
diagnosed by a psychiatric specialist with an ICD-10 diagnosis of Major Depressive
Disorder (MDD) or bipolar disorder (type I and II) and were in partial or full
remission (Hamilton Depression Rating Scale 17 items [HDRS-17] scores < 14;
Hamilton 1960; and Young Mania Rating Scale [YMRS] scores < 14; Young et al.
1978). Diagnosis was confirmed via clinical records. Healthy control participants
were screened for current and previous psychiatric disorders with the Mini
International Neuropsychiatric Interview (MINI; Sheehan et al. 1998). Participants
with current or previous psychiatric or neurological disorders, and participants with
first-degree relatives diagnosed with a psychiatric disorder were excluded from
participation in the healthy control group. The study was approved by the local ethics
committee in the Capital Region of Denmark. All participants received a gift

certificate for their participation.

Procedure

Participants visited the Copenhagen Affective Disorder Research Centre, Psychiatric
Centre Copenhagen, Copenhagen University Hospital, Rigshospitalet, on one
occasion. Participants were screened for symptoms of mania and depression with
YMRS and HDRS, and controls were screened for current and previous psychiatric
disorders. All participants completed a neuropsychological test battery (see below for

more details) and the Town Square Task.

Cognitive assessments

Town Square Task



The Town Square Task takes place in a virtual town square where the participant can
navigate along the top of two walls lining the square below. Each trial begins with the
participant walking from the roof top corner between the two walls to a signpost
placed at the end of one of the walls. When the participant touches the signpost, the
learning phase of the trial begins, and participants are presented with either 3 or 6
objects shown at different locations on the square by 21 randomly positioned
placeholders. We used the two different trial lengths (3 or 6 objects) to limit
predictability in completion of the task and to reduce the likelihood that participants
would develop specific learning strategies. Each object was displayed for 3 seconds
followed by a 1 second inter-stimulus interval (ISI). Immediately after the completion
of the learning phase with presentation of 3 or 6 objects, participants were presented
with a forced-choice test where, for each of the objects presented during learning,
participants were instructed to choose the location where the object was presented
during learning (Figure 1). Hence, during the test phase of each trial, the objects
presented during the learning phase were presented in their original presented location
along with three foil locations. Participants were instructed to identify the correct
original position of each presented object. On egocentric memory trials, the test phase
took place from the same viewpoint as during learning. On allocentric memory trials
however, the viewpoint during the test phase of each trial was shifted to the opposite
corner diagonally to the corner from which learning took place (a rotation of 140°).
Viewpoint for both the learning and test phases as well as trial length was
counterbalanced and randomised. The task was difficulty matched across the two
viewpoint conditions so that the forced choice options for the egocentric trials were
placed closer together than they are for the allocentric trials. The distances between

objects were matched based on performance as described in King et al., 2004. There



were 4 rounds of each condition (same or shifted view) x length (3 or 6 items)
combination, yielding a total of 72 test questions. Memory performance for the two
conditions was measured as the percentage of correct trials out of the total number of

trials for each condition.

Neuropsychological test battery and functional measures

Participants completed a neuropsychological test battery (approximately 1 hour
duration) comprising the Rey Auditory Verbal Learning Test (RAVLT), Trail Making
A and B, verbal fluency tests (S and D), WAIS-1II letter number sequencing and the
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) digit
span and coding tests. Premorbid intellectual ability was estimated with the Danish
Adult Reading Test (DART). Functional level was assessed with the Functioning
Assessment Short Test (FAST;, Rosa et al. 2007), a subjective self-report
questionnaire completed in collaboration with a rater, and the Brief university of
California, San Diego (UCSD) Performance-based Skills Assessment (UPSA-B;
Mausbach et al. 2010), an objective measure of functional status administered by a

rater.

Statistical analysis

All statistical analyses were carried out using SPSS version 25. Independent t-tests
and y° tests were used to assess whether there were differences in baseline measures
such as age and gender between the two groups. Spatial memory performance on the
Town Square Task was analysed with a 2x2x2 mixed factorial analysis of variance
(ANOVA) with trial length (3, 6) and viewpoint (same-view, shifted-view) as within-

subject variables and group (HC, PT) as a between-subject variable. As follow-up for



significant 3-way interactions, 2x2 ANOVAs with viewpoint as a within-subject
factor and group as a between-subject factor was carried out for each of the trials
lengths, followed by posthoc t-tests (Bonferroni-corrected). An equivalent 2x2x2
ANCOVA with depressive and manic symptoms added to the above analysis was also
conducted to assess the potential contribution of residual mood symptoms.

For analysis of the relationship between the Town Square Task and
neuropsychological measures, we calculated a global composite cognition score for
all included cognitive domains. The cognitive domains in the global score included
verbal learning and memory (RAVLT subtests), working memory and executive
function (letter-number sequencing, trail making B and fluency tests), attention
(RBANS digit span) and processing speed (RBANS coding test and trail making A).
Further, we also examined the relationship between performance on the Town Square
Task and a sub-composite score for memory only (including the RAVLT subtests
Immediate recall, Delayed recall, Recognition and Total score). These scores were
calculated by converting all test scores into Z-scores (based on the mean and SD in
the HC group) and taking the mean of the tests in each cognitive domain. For some
domains there were highly similar tests (e.g. fluency S and D tests) and these tests
were weighted as one rather than two subtests to ensure equal load of different tests
onto the domains. Finally, an estimate of premorbid 1Q was calculated based on
participants’ performance on the DART with the formula proposed by Nelson and
Willison (1991). Assumptions were checked prior to analysis for all tests and where
assumptions were violated, non-parametric alternatives were carried out. The alpha-

level was set at 0.05.

Results

10



Demographic and clinical variables

As shown in Table 1, there were no differences between the UD/BD group and the
HC group on demographic variables. Patients with affective disorders were in full or
partial remission but nevertheless displayed more depressive symptoms that controls
(t(52)=4.77, p<0.001), which was expected. There were no differences between the

two groups in terms of mania symptoms (Table 1).

Spatial memory performance

A 2x2x2 ANOVA showed that there was a significant trial length x view x group
interaction (F(1,52)=5.91, p=0.02, 1?=0.10), indicating that the view x group
interaction differed for the different trial lengths. The main effect of trial length was
significant (F(1,52)=24.76, p<0.001, n?=0.32), which was due to better performance
on 3-item trials compared to 6-item trials overall. Also, the main effect of viewpoint
was significant (F(1,52)=78.72, p<0.001, 1?>=0.60) due to better performance on
same-view trials compared to shifted-view trials. Finally, the main effect of group
was also significant (F(1,52)=11.40, p=0.001, n?=0.18), reflecting that across trial
length and viewpoint, the patient group showed lower memory performance than the
HC group.

Investigating the three-way interaction further, a 2x2 ANOVA for 6-length
items alone with viewpoint as a within-subject variable and group as a between-
subject variable showed that there was a significant view X group interaction,
(F(1,52)=5.20, p=0.027, n?=0.091), reflecting that the two groups performed
differently in the two viewpoint conditions (Figure 2). Posthoc t-tests tests showed

that this effect was due to a specific impairment for the shifted-view condition in the
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patient group compared to the control group (t(52)=3.33, p<0.01; Bonferroni
corrected, equal variances not assumed), whereas there was no difference between the
two groups in performance on the same-view trials (t(52)=1.98, p=0.14; equal
variances not assumed).

In contrast, when analysing 3-item trials alone in a 2x2 ANOVA with
viewpoint as a within-subject variable and group as a between-subject variable, the
view X group interaction was non-significant (F(1,52)=1.26, p=0.27, 1?=0.024),
indicating that the two groups did not significantly differ in terms of their
performance on the two conditions (Figure 2). Conducting a 2x2x2 ANCOVA where
depressive and mania symptoms were added as covariates to the above analysis did
not change the results although for the 2x2x2 interaction, the effect size changed from
medium (n?=0.10) to large when covariates were included, F(1,50)=7.26, p=0.01,

n2=0.127).

Spatial memory performance and subsyndromal mood symptoms

There was no significant negative relationship between depressive symptoms and
total allocentric (shifted-view; rs(52)=-.20, p=0.15 (two-tailed)) or egocentric (same-
view; rs(52)=-.08, p=0.57 (two-tailed)) scores across the entire sample. Likewise,
when analysing allocentric and egocentric scores for each of the 3-item and 6-item
trial lengths separately, there were no significant correlations with subsyndromal
depressive symptoms (all p’s>0.05). Finally, there were no significant correlations
between spatial memory performance (egocentric or allocentric) and sub-syndromal

mania symptoms (all p’s>0.05).

Spatial memory and cognitive function on neuropsychological tests
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The UD/BD group showed reduced performance on neuropsychological tests,
including the memory subcomposite score and the global composite score, compared
to the HC group (Table 2). Across the entire sample, there was a significant positive
correlation between the global composite cognition score and both total allocentric
(rs(52)=.43, p=0.001) and egocentric (rs(52)=.42, p=0.001) memory. For the memory
sub-composite score, there was a significant positive correlation with total allocentric
memory score (rs(52)=.40, p<0.01) and total egocentric memory score (rs(52)=.37,

p=0.001).

Spatial memory performance and functional measures

Across the entire sample, there was a significant negative correlation between total
allocentric memory performance and self-reported functioning as measured on the
FAST (rs(52)=-.28, p=0.04), indicating that greater deficits in hippocampus-
dependent memory was associated with more functional difficulties in everyday life
(Figure S1). This effect was driven by performance on the 6-item length trials, for
which there was a significant relationship with the degree of functional problems in
everyday life (rs(52)=-.32, p=0.02). In contrast, there was no significant relationship
between total egocentric memory and self-reported functioning (FAST score) (r(52)=-
.11, p=0.41). However, comparing the two correlations (allo- and egocentric memory
with FAST) (Steiger 1980) revealed that the correlations were not significantly
different, (p=0.08, two-tailed). As FAST scores between the two groups were
significantly different (p<0.001, see table 2), we also carried out partial correlations
controlling for group differences for the FAST correlations with ego- and allocentric

memory scores and these correlations were both non-significant (p>0.05).
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There was no significant relationship between performance-based functional level
(UPSA-B score) and egocentric or allocentric memory performance (P’s>0.05; see

Figure S1).

Discussion

The present study investigated the pattern of impairments in spatial memory in
remitted patients with affective disorders using the Town Square Task that probes
both allocentric and egocentric memory processes. We hypothesized that patients
would show a specific impairment on hippocampus-dependent allocentric (shifted-
view) trials compared to egocentric (same-view) trials. This hypothesis was supported
for the most difficult (6-item) trials, where patients scored significantly lower on
allocentric trials while there was no difference between the groups on egocentric
trials. In contrast, the more easy 3-item trials and the average scores across 3- and 6-
item trials showed no differences between the groups. Both groups scored lower on
allocentric compared to egocentric trials, reflecting that allocentric trials were more
difficult. Although the conditions are adjusted for difficulty, this adjustment is not
perfect and hence this finding is not surprising. However the group x condition
interaction shows that the reduction in allocentric memory performance is
significantly larger in the UD/BD group than in the HC group.

Our finding that patients with affective disorders showed exacerbated
impairments on allocentric memory performance compared to egocentric memory in
high-load (6-item) trials suggests specific impairments in hippocampal-dependent
spatial memory in this group. Our results are consistent with previous evidence for
impairments in spatial navigation and memory in depressed individuals (Cornwell et

al. 2011; Gould et al. 2007). However, previous studies did not include any non-
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hippocampal-dependent memory measure and could not as such elucidate whether the
spatial memory deficit was hippocampus-specific or if it was rather a reflection of
more global impairment. Although Gould et al. (2007) compared the spatial memory
performance against a second spatial task in a subset of participants, this task was a
more general memory test rather than a measure of non-hippocampal-dependent
spatial memory. Our study offers a non-hippocampal dependent control condition to
serve as a baseline and hence reduces the risk of inferring deficits in hippocampus-
dependent forms of cognition that are really due to more global cognitive
impairments.

Also in contrast to previous studies (Cornwell et al. 2011; Gould et al. 2007),
we recruited patients with UD or BD that were in partial or full remission. Hence, our
results show that previously observed spatial memory impairments in currently
depressed patients also appear to be present in remitted individuals. This point is
further strengthened by the fact that there was no significant relationship between
sub-syndromal mood symptoms and allocentric memory and that the inclusion of
residual mania and depressive symptoms as a covariate in the main ANOVA analysis
did not alter the results. Hence, our findings suggest that the hippocampus-dependent
memory impairments could reflect a more chronic or trait-related difficulty that is
relatively independent of current mood state. This finding contrasts a previous finding
by Hviid et al. (2010) who found no impairments on spatial navigation ability in a
virtual reality navigation task in a sample of patients formerly suffering from unipolar
depression. However the Hviid et al. (2010) study used a measure of spatial
navigation as their outcome whereas the current study investigated two forms of
spatial memory performance, which might explain the discrepancy between the

findings.
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We did not see the same specific impairment for allocentric memory on the
easier 3-item trials. It is possible that the lack of effect for the 3-item trials may reflect
recruitment of working memory for the shorter 3-item trials, while this is not likely
for the 6-item trials. Although 6 simple items (e.g. numbers) is within normal working
memory capacity, we studied 3 and 6 allocentric spatial locations that may not be
stored in the visuospatial sketchpad in the same way as simpler stimuli. Rather,
evidence has suggested that the hippocampus is required for short-term allocentric
memory and even perception (Hartley et al. 2007; Bird and Burgess 2008) as well as
in working memory during associative learning (Borders, Ranganath, and Yonelinas
2021). However, the issue could be explored in future studies by introducing a delay
between the learning and test phase and/or by including e.g. 9-item trials instead of
the 3-item trials in addition to the 6-item trials.

Investigating the relationship between TST ego- and allocentric memory
performance with memory tests on standard neuropsychological tools, we found that
both ego- and allocentric memory correlated with the verbal memory composite score
across the two groups. This is not surprising since neuropsychological memory tests
are not hippocampus-specific and may place demands on both hippocampal and non-
hippocampal memory resources. Interestingly, poorer allocentric (but not egocentric)
memory performance was associated with more functional difficulties measured on
the FAST. Hence, it appears that allocentric memory performance might comprise an
index for aspects of cognition that relates to everyday functional level, although the
correlation reported here was only significant when analysed across the entire sample
and did not significantly differ from the correlation between FAST and egocentric
score. Hence, this result should be interpreted with caution. However if this finding is

replicated in future studies, this might suggest that allocentric memory performance

16



could comprise a target for pro-cognitive treatments that translates to subjective
functional improvement experienced by patients, an idea that is supported by studies
demonstrating a relationship between effective pro-cognitive treatments and
hippocampal volume (Miskowiak et al. 2015; Ott et al. 2019). In contrast to the
FAST, we did not see a significant correlation between allocentric or egocentric
memory performance and the objective measure of functional status (UPSA-B). It is
possible that the lack of a significant correlation like the one observed between
allocentric memory and the FAST was due to little variability in UPSA-B scores.
This, in turn, might be explained by the fact that all participants in this study were
healthy controls or UD/BD patients in remission, and it is possible that the FAST is a
more sensitive measure of functional status for these populations. Correlational
analyses in our study were conducted across the entire sample to avoid small-sample
analyses but future studies should explore these associations further on a group-by-
group basis.

A limitation of our study was the relatively small sample size, which
prevented an investigation of whether there were differences between diagnostic
groups in hippocampus-dependent memory deficits. Another limitation of the study is
that the shifted-view trials are inherently more difficult than same-view trials, which
poses a risk that differences in performance reflects more global impairments due to
greater difficulty in allocentric trials rather than a specific measure of hippocampal
function. This issue was confronted by balancing trial difficulty so that the forced
choice alternatives on the shifted-view trials were further apart than on the same-view
trial making the difficulty for the two types of trials more similar. However, it is not
possible to control for this issue completely, thus this potential problem was dealt

with statistically by primarily assessing whether there were significant group X
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viewpoint interactions. Future studies should strive for even more rigorous balancing
of difficulty between conditions.

In addition, future studies should investigate the relationship between
allocentric memory and a measure of autobiographical memory. Finally, the current
study showed a behavioural effect that is consistent with selective hippocampal
impairments in UD/BD compared to healthy controls but we do not directly
demonstrate functional or structural deficits in the hippocampus. Hence, combining
performance on the Town Square Task with neuroimaging in a future study would
allow further conclusions to be drawn.

In conclusion, we observed specific impairments in hippocampal-dependent
allocentric (but not egocentric) memory in a patients with affective disorders for high-
load (6-item) trials. The specific allocentric memory impairment in the patient group
on 6-item trials was not related to sub-syndromal depressive symptoms and hence
appears to be trait- rather than state-related. The association between this
hippocampus-dependent memory impairment and functional capacity highlights a
potential importance of targeting hippocampus-dependent memory in future treatment

strategies aimed at improving functional recovery in affective disorders.
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Figure 1. The Town Square Task. Participants navigate along the top of two walls

lining a town square. During the learning phase of each trial, participants learn the
position of 3 or 6 different objects in the square from the viewpoint of a signpost (left
panel). This is followed by a forced-choice test in which participants choose from
four options where they remember seeing the presented object during the learning
phase. During the test, the participant’s viewpoint is either the same as during
learning (egocentric condition, top right) or shifted to the opposite corner (allocentric

condition, bottom right).
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Figure 2. Left and middle panel: Allocentric and egocentric spatial memory
performance on the Town Square Task, by group (coloured) and trial length (3-item:
left; 6-item: middle). Right panel: Visualisation of the significant group x viewpoint
interaction observed for 6-item trials. Error bars show standard errors.
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Table 1. Demographic and clinical variables

Group

Variable HC uD/BD p-value

(n=32) (n=22)
Demographic and clinical
Age, mean (SD) 36.7 (13.2) 38.2 (12.8) 0.67
Years of education, mean (SD) 15.4 (1.8) 14.3 (2.2)2 0.06
Est. premorbid intellectual ability (SD)  113.1 (5.8)° 112.1 (7.2)° 0.61
Gender, proportion of women (%) 56.3 54.5 0.90
HDRS-17 baseline, mean (SD) 1.1 (1.6) 4.9 (4.2) <0.001***
YMRS baseline, mean (SD) 0.9 (1.8) 1.8 (1.9) 0.10
Medication:
Lithium, proportion (%) 5 (22.7)
Antidepressants, proportion (%) 4 (18.2)
Antiepileptica (%) 3 (13.6)
Antipsychotics (%) 3 (13.6)
Any psychoactive medication 12 (54.5)

BD: Bipolar Disorder. HC: Healthy Control. UD: Unipolar Disorder. SD: Standard
Deviation. HDRS-17: 17 item Hamilton Depression Rating Scale. YMRS: Young
Mania Rating Scale. *** = p < 0.001 (two-tailed)
aMissing data for n = 1 participant "Missing data for n = 4 participants “Missing data

for n = 2 participants “Missing data for n=4 participants
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Table 2. Neuropsychology, spatial memory performance and functional capacity
measures.
Group

Variable HC uD/BD p-value

(n=32) (n=22)
Neuropsychological domains
Verbal learning/memory, mean (SD) 0.0 (0.9 -0.9(1.2) <0.01**
Global cognition, mean (SD) 0.0 (0.7) -0.8 (0.7) <0.01**
Functional capacity measures
FAST, mean (SD) 1.3(1.6) 17.3(9.9) <0.001***
UPSA-B, mean (SD) 84.4 (9.1)? 83.4 (9.8)° 0.89

BD: Bipolar Disorder. HC: Healthy Control. UD: Unipolar Disorder. SD: Standard
Deviation. FAST: Functional Assessment Short Test. UPSA-B: Brief UCSD
Performance-based Skills Assessment. Composite scores were calculated by
converting all test scores into Z-scores based on the mean and SD in the HC group
and taking the mean of all tests in the composite score domain.** = p < 0.01 (two-

tailed), *** = p < 0.001 (two-tailed)
4Missing data for n = 4 participants

bMissing data for n = 1 participant
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Figure S1. Top panel: Correlations between FAST scores and TST scores (egocentric
and allocentric). Bottom panel: Correlations between UPSA-B scores and TST scores

(egocentric and allocentric).
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