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Abstract

Background: Anhedonia and amotivation are symptoms of many different mental health
disorders that are frequently associated with functional disability, but it is not clear whether the
same processes contribute to motivational impairments across disorders. This study focused on
one possible factor, the willingness to exert cognitive effort, referred to as cognitive effort-cost
decision making (ECDM).

Methods: We examined performance on the Deck Choice task as a measure of cognitive ECDM,
in which people choose to complete an easy task for a small monetary reward or a harder task

for larger rewards, in five groups: healthy controls (HC; N=80), schizophrenia/schizoaffective
disorder (SZ; N=50), bipolar disorder with psychosis (BD; N=58), current major depression
(C-MDD; N=60), and past major depression (P-MDD; N=51). We examined cognitive ECDM

in relation to clinician and self-reported motivation symptoms, working memory and cognitive
control performance, and life function measured by ecological momentary assessment (EMA) and
passive sensing.
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Results: We found a significant Diagnostic Group X Reward interaction (F(8, 588)=4.37,
p<.001, an:.OSG. Compared to HC, the SZ and BD groups, but not the C-MDD or P-MDD
groups, showing a reduced willingness to exert effort at the higher reward values. In the

SZ/BD group, but not MDD, reduced willingness to exert cognitive effort for higher rewards

was associated with greater clinician rated motivation impairments, worse working memory and
cognitive control performance, and less engagement in goal-directed activities measured by EMA.

Conclusions: These findings suggest that the mechanisms contributing to motivational

impairments differ among individuals with psychosis spectrum disorders versus depression.
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Introduction

Anhedonia and amativation are clinical symptoms of many different mental health disorders
that are frequently associated with distress, impairment, and functional disability (1). As
one example, individuals with schizophrenia often report difficulties with motivation and
anticipated pleasure/reward in the domains of social, occupational, and educational function
that are associated with life impairment. In addition, individuals with major depression often
report anhedonia (a reduction in the ability to experience pleasure) and a lack of motivation,
again often associated with functional impairment (2-4). Further, individuals with bipolar
disorder can also experience anhedonia and amotivation, though they can experience hyper-
reward responsibility in the manic phase (2). One hypothesis in the literature is that there
are mechanisms contributing to anhedonia/amotivation that cut across putative diagnostic
boundaries (5-9), though some work has begun to suggest that such mechanisms may not be
fully transdiagnostic (5, 10-13). The goal of the current work is to test this hypothesis about
transdiagnostic mechanisms contributing to motivational impairments, with a specific focus
on the role of willingness to expend cognitive effort, a component of reward valuation in the
positive valence systems component of RDoC (14-16).

There have been a number of different frameworks used to try to understand the pathways
that lead individuals to experience anhedonia or amotivation (17). These frameworks include
examining the experience of pleasure or reward “in the moment”, the anticipation of reward
or pleasure in the future, and/or the ability to learn about cues and actions in the environment
that might lead to reward or pleasure. One additional approach that may help integrate these
different components of motivation and parse the source of impairments is the concept of
willingness to exert effort, or effort-cost decision-making (ECDM). ECDM refers to choices
that a person makes about how much effort to expend as a function of factors such as the
amount or type of reward that one would receive, the likelihood of receiving that reward
should you expend the effort, or the amount of time it would take to obtain the reward.

Such effort can be either physical (e.g., finger tapping or grip exertion) or cognitive (e.g.,
willingness to perform a more difficult versus less difficult cognitive task). There is now
robust evidence that individuals with schizophrenia or other psychosis spectrum conditions
display a reduced willingness to expend effort to obtain reward under certain conditions
(high reward and high probability of obtaining the reward) that would typically lead people
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to be most likely to allocate effort, both cognitive (18-22) and physical effort allocation (20,
21, 23-32).

Studies investigating ECDM in depression have shown some evidence of reduced
willingness to expend physical effort with increasing reward (25, 33-37), consistent with

the possibility that ECDM deficits represent a transdiagnostic mechanism contributing to
amotivation and anhedonia. However, as with schizophrenia, there are mixed findings, with
some studies not finding impairments, even among those with current depression (23, 24,
38-40). A few studies have also examined cognitive effort allocation. Both Ang et al. and
Westbrook et al. found that individuals with current depression discounted reward as a
function of greater cognitive effort more so than healthy controls (41, 42), though Westbrook
et al. found that those with remitted depression did not. In contrast, Vinckier did not find that
depressed individuals were less willing to allocate cognitive effort as a function of reward
(38). Studies of ECDM in bipolar disorder have focused exclusively on physical effort,

with evidence for reduced allocation of effort as a function of reward in depressed bipolar
individuals in one study (37), though not in two other studies (24, 43), in bipolar individuals
with unspecified phase of illness (23, 25), and in bipolar individuals during the manic phase
of illness (24).

Several studies have also examined deficits in physical ECDM in transdiagnostic samples
that includes individuals with schizophrenia/schizoaffective disorder, major depression, and
bipolar disorder. All four of these studies found that both individuals with schizophrenia/
schizoaffective disorder and bipolar disorder (though with some variation for depressed
versus manic phase) demonstrated reduced willingness to allocate greater physical effort

as a function of greater reward amount or probability (23-25, 44), and Yang et al. and

Zou et al. also found this to be true of individuals with current major depression (23, 25).
However, both Yang et al. (24) and Moran et al. (45) found that individuals with current
major depression did not differ from controls in their willingness to exert physical effort as
a function of reward, and Yang et al. also did not see differences in bipolar patients in a
depressed episode. Further, none of these studies examined cognitive effort allocation. Given
that difficulties with concentration are a cardinal symptom of depression, it is possible that
deficits in cognitive effort allocation might be more robust among individuals with current
major depression.

Even if deficits in cognitive ECDM are present transdiagnostically, it is still possible that
the mechanisms contributing to cognitive ECDM deficits differ across putative diagnostic
boundaries. For example, among individuals with schizophrenia, degree of working memory
impairment was associated with effort discounting for cognitive effort (19). However,
associations with cognitive function have not been examined in depression and bipolar
disorder. Interestingly, there seems to be shared neural substrates of cognitive and physical
ECDM in valuation regions that include parts of the dorsal frontal cortex, the insula, and
the ventral striatum (46, 47), but these different aspects of ECDM may dissociate in terms
of their associations with more task specific effector brain systems, such as frontal-parietal
networks for cognitive function and more motor/sensory regions for physical effort (46,
47). As such, it is possible that the known disruptions in frontal-parietal systems found in
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psychosis (48) may also contribute to differential correlates of cognitive ECDM in psychosis
versus mood disorders.

Further, in schizophrenia motivation and pleasure symptoms (e.g., anhedonia, amotivation)
are associated with reduced effort allocation as a function of reward (either cognitive or
physical) (19, 21, 24, 27, 28, 31, 49), though not in every study (26, 30, 39, 50). In
depression, reductions in anticipated pleasure have been associated with reduced effort
allocation as a function of reward (33). In the physical effort transdiagnostic studies
described above, Yang et al. report relationships of self-reported a-motivation and effort
allocation in schizophrenia, but not in depression or bipolar disorder. Neither Zou et al. or
Yang et al. found relationships of effort allocation with clinically assessed or self-reported
symptoms. However, Moran et al. found relationships between self-reported amotivation/
anhedonia that cut across schizophrenia, bipolar disorder, and major depression (44). Thus,
whether associations with symptoms are transdiagnostic is still unclear. Further, most studies
examine relations to clinician or self-reported symptoms, but not to everyday life experience
measures with tools such as ecological momentary assessment (EMA) and passive sensing.
In schizophrenia, greater willingness to exert physical and cognitive effort for reward was
associated with fewer motivation and pleasure symptoms assessed via EMA (19, 49, 51).
As such, determining whether lab based measures of cognitive effort relate to everyday

life experiences as assessed via EMA in patient populations is critical to understanding
whether or not ECDM deficits are important in understanding functional impairment
transdiagnostically In theory one could use traditional assessment measures (semi-structured
interviews and questionnaires) to gauge real-world function. However, there is evidence
that these measures may be confounded by deficits in memory and associated cognitive
processes in people with schizophrenia (49). EMA is an important tool for assessing daily
experiences of motivation and pleasure more in the moment, which might provide a more
accurate assessment.

Current Study

The goal of the current study was to examine whether there are transdiagnostic deficits in
cognitive ECDM, a component of effort allocation that has not yet been examined in this
way. Cognitive effort could be particularly relevant to understanding life function, as it may
relate to ability to engage in educational and occupational endeavors, and it is not clear
whether the transdiagnostic patterns of impairment in cognitive effort parallel those seen
with physical effort. In addition, we wished to examine whether the symptom correlates

of cognitive ECDM were the same or different across diagnostic categories, to address
whether deficits arising in the context of different forms of mental illness might reflect the
same mechanisms. We further sought to determine whether there were relationships between
cognitive effort allocation and cognitive function that were transdiagnostic, again relevant
to the question of whether such effort allocation impairments reflect common mechanisms
across disorders. We also examined the degree to which performance on a cognitive effort
task in the laboratory related to everyday life function using EMA and passive sensing.
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Methods

Participants

Study participants included 50 people with schizophrenia or schizoaffective disorder (SZ),
58 with bipolar I disorder with a history of psychosis in any current phase of illness (BD),
60 with major depressive disorder (MDD) as defined by the DSM-5 in a current major
depressive episode (C-MDD), and 51 with a past history of a major depressive episode
(P-MDD). We included both current and past depression groups to examine trait versus
state associations with major depression. In addition, there were 80 control participants
(HC). All participants provided written informed consent to the protocol approved by the
Washington University Institutional Review Board. 163 of these individuals completed the
tasks in person (40 SZ, 44 BD, 49 C-MDD & 51 HC), and 87 (including all of the P-MDD)
completed them remotely via Zoom during COVID in response to the temporary cessation
of in-person testing. None of the results below differed as a function of mode of assessment
(no interactions with assessment mode; see Supplemental Materials. Thus, all of the data
presented below used the entire sample. See Supplemental Materials for Inclusion/Exclusion
and additional study details.

Diagnostic and Symptom Assessment

Diagnostic status including history of psychosis in the individuals with BD was confirmed
using the Structured Clinical Interview for DSM-5 conducted by masters or Ph.D.-level
clinicians. These clinicians also assessed symptoms using the (52), the 24-item Brief
Psychiatric Rating Scale (BPRS)(53-55), the Young Mania Rating Scale (YMRS) (56),
the Bipolar Depression Rating Scale (BDS)(57), and the Clinical Assessment Interview
for Negative Symptoms (CAINS)(58-60). To assess motivation and pleasure negative
symptoms, participants completed the Motivation and Pleasure Self-Report (MAP-SR)
Scale (61) with higher scores equaling more motivation and pleasure across the week (i.e.
lower motivation and pleasure negative symptoms). Self-reported depression symptoms were
assessed using the Center for Epidemiological Studies Depression Scale (62) and mania
symptoms were assessed using the Altman Self-Rating Mania Scale (45).

Deck Choice Task.—We used the same cognitive effort based decision making task — the
Deck Choice Effort Task — used previously in studies by Reddy et al. (20) and Horan et
al.(21). In this task (Figure 1) participants make choices from one of two “decks” of cards.
One deck of cards are all the same color (“easy” deck), and the participant does the same
mental task for each card — either deciding whether the number on the card is odd or even or
above 5 or below five. The other deck of cards (“hard” deck) alternates between two colors,
one of which has the individual do one mental task (odd/even) and the other a different

task (above or below 5). Thus, modulation of cognitive effort in this paradigm is achieved
via the amount of “mental task switching” a participant must perform during each deck.
Participants complete practice rounds until they learn which color is associated with which
task and achieve 70% accuracy. Participants earn $0.10 reward for successful completion of
an easy deck choice, but hard deck choices can be associated with either $0.10, $0.20 or
$0.40. There are 12 choices between easy and hard decks for each of the values of the hard
deck (36 total) and participants do the easy or hard task 10 times for each choice. Successful
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completion is defined as at least 70% accuracy. Outcome measures are the percentage of
hard tasks chosen at each of the three different reward amounts ($0.10, $0.20, $0.40). This
task has reasonable reliability (ICC=.63 for change from low to high reward (20)).

Dot Probe Expectancy Task.—This task is a measure of the goal representation
component of cognitive control (63). See Supplemental Materials for details.

Running Span Task.—This task is a measure of working memory (64). See
Supplemental Materials for details.

Ecological Momentary Assessment and Passive Sensing

For the 163 individuals who completed the tasks in person, we used the Crosscheck (40)
platform to conduct two weeks of ecological momentary assessment (EMA), along with
passive sensing measures of moving during the day. Crosscheck runs in the background

on Android phones and passively collects data. The 87 virtual participants completed the
exact same EMA component with the same timing and questions using Qualtrics surveys.
Participants using Crosscheck also wore a Garmin Vivosmart 4 fit watch on their non-
dominant arm to track steps, heart rate, and sleep throughout the two week EMA assessment
period. We focused on daily step count as a measure of effort allocation for physical activity
in the current analyses, though this measure was not available in the virtual participants.

For EMA, participants were prompted pseudo-randomly four times a day between 9:30
a.m. and 8:30 p.m. and asked to answer questions about what they were currently doing
and their current enjoyment and interest level, and the same set of questions about
anticipated activities in the next two hours. We focused on the degree to which participants
were currently engaged in putatively goal directed activities as a measure potentially
related to cognitive effort exertion. Goal directed was defined as choosing one or more

of the following activities that required them to be actively engaging in an activity

that accomplished some sort of occupational, work, or social task for the individual: 1)
Entertainment away from home; 2) Exercising; 3) Work/school; 4) Running an errand; 5)
Cleaning/hygiene/chores/cooking; or 6) Therapy/doctor’s appointment. Non-goal directed
was defined as choosing only one or more of the following activities that could be passive:
1) Eating or drinking; 2)

TV/radio/reading/computer; 3) Socializing; 4) Smoking; 5) Sleeping; or 6) Nothing in
particular. Only EMA survey responses that were completed within 20 minutes of survey
notification were included in analyses. Mean response rates were 84% (SD=18%) and did
not differ by group (81% to 86.5%; F(4,295=.833, p=.51). Consistent with previous EMA
research (65), participants were only included in analyses if they completed at least 33% of
surveys.

Data Analysis

The deck choice task data was analyzed using a repeated measures ANOVA in SPSS
Version 27 that included Diagnostic Group (HC, SZ, BD, C-MDD, P-MDD) as a between
subject factor and Reward Level ($0.10, $0.20, $0.40) as a within-subject factor. Significant
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Diagnostic Group X Reward Level interactions were followed up by planned comparisons
at each reward level. We computed correlations between the percentage of hard task choices
in the high reward level ($0.40) and performance on the working memory and cognitive
control tasks, as well as the clinician reported and self-report symptoms. Diagnostic group
differences in correlations were compared using a Fisher r-to-z transform test. The EMA
and movement data were analyzed using linear mixed models in “R” version 4.03 using the
Imer function in the package Ime4 version 1.1.25. As engagement in goal-directed activity
was a binary outcome (1 or —1), we used a binary logistic linear mixed model for this
analysis, using the glmer function in Ime4. For these models, we used the percent choice of
hard task in the $0.40 conditions and dummy codes for diagnostic group to predict either
being engaged in a goal-directed activity when prompted, or steps taken, with the repeated
estimates of the outcomes variables across days nested as random effects within participants.

Demographic and symptom characteristics

There were no significant group differences in sex or age (Table 1). As typical, there were
significant group differences in education, with the SZ group having the lowest education,
the HC, BD, and C-MDD groups having similar levels of educations, and the P-MDD
group having the highest level of education. There were also group differences in parental
education, with HC having the lowest parental education, significantly lower than BD,
C-MDD, and P-MDD, but no difference from SZ.

Group Differences

As shown in Figure 1, we observed a significant main effect of Reward Magnitude
(F(2,588)=219.86, p<.001, an:.48) suggesting that people were more willing to expend
cognitive effort as reward value increased. There was also a significant main effect of Group
(F(4,294)=3.82, p=.005, an:.049) that was modified by a significant Group x Reward
interaction (F(8, 588=4.37, p<.001, an:.OSG). Follow-up analyses revealed significant
between group differences in hard cognitive task choice in the $0.40 (F(4,294)=6.88,
<.001, 1,2=.086) and $0.20 reward conditions (F(4,294)=5.37, p<.001, 1,?=.068), but no
group differences in the $0.10 reward condition (F(4,294)=1.05, p=.383, an:.014). For both
the $0.20 and $0.40 conditions, these group differences reflected the SZ and BD groups
making significantly fewer cognitive hard task choices than the HC, P-MDD, and C-MDD
groups. The C-MDD and P-MDD group did not make fewer cognitive hard task choices than
HC in any condition.

Relationships to Cognitive Task Difficulty

One reason that individuals with SCZ or BD might be less likely to choose the hard
cognitive task is that could be less capable of performing that task. There was a significant
group differences in hard cognitive task success (F(4,284)=11.34, p<.001, an:.138).
However, while SZ (M=48%, SD=3.0%) were less able to complete the hard cognitive

task than HC (M=83%, SD=2.4%), BD (M=75%, SD=3.3%), C-MDD (M=77%, SD=3.0%)
and P-MDD (M=79%, SD=2.8%), the individuals with BD did not differ from the HC,
C-MDD or P-MDD in their ability to complete the hard cognitive task. Further, when we
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included hard accuracy as a covariate in the ANOVA, we still saw a significant group X
reward interaction (F(8, 566)=2.15, p<.05, an:.029). We also found that the significant
group X reward interaction remained for both education as a covariate (F(8, 586)=2.32,
p<.05, np,?=.031) and reading level as a covariate (F(8, 584)=2.99, p=.003, 1,2=.039). Thus,
the deficits in willingness to exert effort for reward among the individuals with SZ and

BD were not secondary to difficulties to performing the task or lower education or reading
levels.

Relationship to Working Memory and Cognitive Control

Given that the SZ and BD groups performed similar on the Deck Choice task, as did the
current and past MDD groups, we combined each of these two groups to create three groups
(Sz/BD, C-/P-MDD, HC) for these correlational analyses. As shown in Table 2, Running
Span Task performance as a measure of working memory was significantly positively
associated with the percentage of hard task choices in the highest reward conditions in
SZ/BD, but not in HC or current or past MDD, though the magnitude of these correlations
did not differ significantly across group. D’-context on the Dot Probe Expectancy task as a
measure of cognitive control was significantly positively associated with the percentage of
hard task choices in the highest reward conditions in both the HC and SZ/BD group, but not
the MDD group. Further, the magnitude of the association was significantly stronger in the
SZ/BD compared to the MDD group (Table 2).

Relationships with symptoms

As shown in Table 2, among the SZ/BD group, clinician rated motivation and pleasure
symptoms were negatively associated with the percentage of hard task choices in SZ/BD,
but not in current/past MDD. This relationship was significantly stronger in the SZ/BD
compared to MDD group. Clinician rated depression symptoms were not related to the
percentage of hard task choices in either group. Self-reported motivation and pleasure
symptoms and depression were also not related to cognitive hard task choice in any group
(Table 2).

Relationships to engagement in goal-directed activities or locomotion.—The
binary logistic linear mixed effect model predicting the likelihood of being engaged in a
goal-directed activity when questioned via EMA indicated a significant positive relationship
to the percent of hard task choices at $0.40 (Std.Coef.=0.19, t=3.54, p=.0004 ). When we
added the three group factor (HC, SZ/BD, C-MDD/P-MDD) to the glmer model, the
relationship of percent hard task choices at $0.40 to likelihood of being engaged in goal
directed activities remained significant (Std.Coef.=0.11, t=2.11, p=.035). Interestingly, both
patient groups were less likely to be engaging in goal-directed activities than controls,
though the magnitude of this difference was larger for the SZ/BD (Std.Coef.=-.33, t=-5.27,
p<.0001) than the MDD (Std.Coef.= —.14, t(289)= -2.29, p=.022) group. A model that
included interactions between the group factor and percent hard task choices in predicting
goal-directed activity fit the data worse (BIC=17876.3 for interaction model vs 17859.9
without), and neither interaction term was significant (p>.50). When we examined this
relationship within each group, it was only significant in the SZ/BD group (Std.Coef.=0.19,
t=2.618, p<.009) and not in the HC (Std.Coef.=0.06, t=0.71, p=.479) or MDD groups
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(Std.Coef.= -.01, t=-0.135, p=.893). Thus, task performance and diagnostic group status
demonstrated independent relationships to engagement in goal-directed activities, with some
evidence of stronger relations in SZ/BD.

There was also a significant positive relationship between percent of hard task choices

and number of steps taken during the day (Std.Coef.=0.22, t=2.45, p=.0155). This effect
remained significant (Std.Coef.=0.20, t=2.10, p=.0369) in a model that included the group
factor, and neither group differed from HC in the number of steps taken per day. There
were again no significant interactions between group and percent hard task choices in
relationship to steps taken (ps>.80), and in this case none of the within group associations
was significant, though the closest was the SZ/BD group (Std.Coef.=0.22, t=1.68, p=.0974).

Discussion

We found evidence of reduced willingness to exert cognitive effort compared to controls
among individuals with SZ and BD with psychosis, and not among those with current or
past MDD. We also found that reduced cognitive ECDM was related to impaired working
memory and cognitive control and to clinician rated symptoms of reduced motivation

and pleasure in individuals with SZ and BD, but not amongst those with current or past
depression. Further, willingness to exert cognitive effort in the laboratory based task was
related to the likelihood of being engaged in goal-directed activities in everyday life via
EMA in the SZ/MD, but not in current/past MDD, though the average number of steps
taken during the day was related across all groups. There was also a significant reduction in
goal-directed activities among all diagnostic groups compared to controls, with the largest
differences among individuals with SZ and BD. Together, these findings challenge the
hypothesis that the same mechanisms contribute to motivational impairments across SZ, BD,
and MDD, instead suggesting commonalities across SZ and BD with psychosis that may not
extend to MDD.

Our findings demonstrated that both individuals with SZ and those with BD with psychosis
showed a reduced willingness to exert cognitive effort as a function of reward compared

to controls, with the largest group differences in the highest reward condition. This pattern
in SZ replicates many previous findings with both cognitive (18-22) and physical effort
allocation (20, 21, 23-32). However, no previous research has examined cognitive effort
allocation in a BD group. Our findings in BD are consistent with several previous studies
that found reduced willingness to exert physical effort as a function of reward (23-25, 37),
but not two other studies that did not find such a reduction in individuals with BD (24, 43).
One intriguing possibility for the variability across studies is whether the BD individuals
had psychosis. All of our individuals with BD had a history of psychosis. Hershenberg et
al. (37), Wang et al. (23), and Zou et al. (25) did not specify whether their individuals with
BD had psychosis and all found deficits. Yang et al. (24) found deficits in their individuals
with BD in a manic phase, 10 of whom had psychosis. However, all BD individuals in the
Whitton et al. (43) study had psychosis, but did not show physical effort allocation deficits.
Notably however, Whitton et al. never presented demographic or clinical information
separately as a function of diagnostic group, so it is difficult to know whether there might
have been factors that might have impacted the findings. Nonetheless, the fact that the

Biol Psychiatry. Author manuscript; available in PMC 2024 September 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Barch et al.

Page 10

individuals with SZ and BD with psychosis showed very similar patterns of cognitive
ECDM deficits is consistent with a large body of literature suggesting commonalities across
these putatively different disorders in terms of genetics, neurobiology, and cognitive function
(64, 66-71), providing evidence consistent with the idea that BD with psychosis may be part
of a spectrum of psychatic disorders.

In striking contrast to the findings in SZ and BD with psychosis, neither the individuals

with current depression nor those with past depression showed any evidenced of a reduced
willingness to exert cognitive effort. It is difficult to say whether this is consistent with the
prior literature on either physical or cognitive effort allocation in depression, as the previous
work in this area has been mixed, with a number of studies finding physical ECDM deficits
in depression (25, 33-37), but a number that did not (23, 24, 38, 39). Work on cognitive
ECDM has been similarly mixed, with two studies finding greater discounting of reward as a
function of cognitive effort in depression (41, 42), but other work (38) finding no differences
in willingness to exert cognitive effort as a function of reward. As with the mixed findings
on BD, it is not clear what drives the variability in findings across studies of depression.

One possibility is that it could have something to do with an aspect of depressive disorder
severity that has not yet been systematically examined, such as age of onset, number of prior
episodes, or co-morbidity of anxiety, hypotheses that could be tested in future studies.

In the current study, the individuals with current depression showed similar levels of
clinician rated symptoms of reduced motivation and pleasure as SZ and more symptoms than
individuals with BD. Further, they self-reported worse symptoms of motivation and pleasure
than individuals with either SZ or BD (who did not differ). Thus, the differences at the
group level between individuals with SZ/BD and MDD in the currently study cannot easily
be explained by less severe symptoms of impaired motivation in current MDD compared to
the other groups. Further, when we examined the relationship of clinician rated motivation
and pleasure symptoms to ECDM, there was a relationship in the SZ/BD group, but not the
current/past MDD group, and this relationship was significantly greater in SZ/BD than in
MDD. We also found that cognitive ECDM performance was related to working memory
and cognitive control performance in SZ/BD, but not in the MDD, again with significantly
stronger associations in SZ/BD (at least for cognitive control). Together these results are
consistent with the idea that the mechanisms contributing to deficits in motivation differ
across individuals in the psychosis spectrum versus MDD. Further, they suggest that ECDM
deficits play a more important role in motivational impairments in the psychosis spectrum
than in depression, with potential contributions from cognitive impairment. This later
hypothesis is consistent with the fact that there tends to be associations between negative
symptoms in psychosis (which include motivation impairments) and cognitive dysfunction
(72).

There was also a hint that the relationship of cognitive ECDM to everyday life function as
measured both by EMA differed between the psychosis spectrum and depression groups.
We found that the number of hard task choices to the highest reward value predicted greater
likelihood of being engaged in goal-directed activities at the time of EMA prompts. While
diagnostic group also predicted reduced engagement in goal directed activities, particularly
among the SZ/BD group, the relation of cognitive effort exertion remained independent of
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group status. There was no significant modulation of this relationship by group, but the
association of cognitive ECDM performance and engagement in goal directed activities
was only significant in the SZ/BD group, and non-existent in the MDD group. We also
found that better ECDM task performance predicted more steps taken on average daily.
This association was again independent of group status, with no group differences in steps
taken, though again there was a hint for a stronger relationship in the SZ/BD group. Taken
together, these findings provide support for a link between cognitive ECDM and function in
everyday life both for engagement in goal-directed activities and steps, which are intriguing
likely to involve both cognitive and physical effort exertion. These findings also provide
some evidence consistent with this relationship being different in SZ/BD group than MDD,
at least for goal-directed activities. In future work, it would be important to provide even
more detailed examination of the nature of goal-directed activities (what kinds of work,
what type of schooling, etc.) being performed in everyday life, as this may reveal even
stronger evidence for diagnostic group differences in the relation between willingness to
exert cognitive effort and function in everyday life.

These findings must be interpreted in the context of several limitations. The data are cross-
sectional, and longitudinal analyses of the variation in laboratory based assessments and
function in everyday life would help to establish the robustness of such relationships. In
addition, we did not have a BD group without a history of psychosis nor a group with
MDD with psychosis. Thus, we cannot fully assess the degree to which the presence of
psychasis is critical in determining the presence of relations between cognitive ECDM and
symptoms of motivational impairment and measures of function in everyday life. Also, a
subset of the participants completed the tasks virtually (including all of the individuals with
past MDD), though we did not find that the results differed meaningfully as a function of in
person versus virtual assessment and the individuals with current and past MDD performed
almost identically. Lastly, we found relations to clinician rated motivation and pleasure
symptoms, but not to the same domain of self-report symptoms. Further work will be needed
to determine why results differ across clinician versus self-report, and whether one or the
other might be more predictive of different domains of motivation relevant behaviors.

In summary, the current study provided strong evidence for the differential presence of
deficits in cognitive ECDM among individual with psychosis spectrum disorders (and not
among individual with current or past depression. Further, we found evidence for differential
relationships of cognitive ECDM to symptoms, cognitive function and everyday life function
as measured by EMA among individuals with psychosis spectrum disorders compared

to those with depression. These differential relationships suggest that the mechanisms
contributing to motivational impairments are not fully transdiagnostic, and differ across

the psychosis versus non-psychosis divide.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2:
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P-MDD=Past Major Depressive Disorder; Error bars reflect 95% confidence intervals.
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Specific L
Resource Type Reagent or Source or Reference Identifiers ﬁgg:,t'n?;?:m
Resource
Include name of manufacturer, Include catalog numbers,
company, repository, individual, or stock numbers, database Include an
Include snecies research lab. Include PMID or DOI IDs or accession additionaly
Add additional rows as needed and sex V\l/)hen for references; use “this paper” if numbers, and/or RRIDs. information or
for each resource type : new. RRIDs are highly .
applicable. encouraged; search notes if
for RRIDs at https:/ necessary.
scicrunch.org/resources.
Antibody
Bacterial or Viral Strain
Biological Sample
Cell Line
Chemical Compound or Drug
Commercial Assay Or Kit
Deposited Data; Public Database
Genetic Reagent
Organism/Strain
Peptide, Recombinant Protein
Recombinant DNA
Sequence-Based Reagent
IBM Corp. Released 2020. IBM
Software; Algorithm SPSS Statistics for Mac, Version
SPSS 27.0. Armonk, NY: IBM Corp \ersion 27
R Core Team (2020).R: A
language and environment for
. - statistical computing.R Foundation
Software; Algorithm for Statistical Computing,
Vienna, Austria. URL https://www.R-
R project.org/ Version 4.03

Transfected Construct

Other
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Key Resource Table

The journals of the Society of Biological Psychiatry support efforts in the biomedical research community to improve transparency and
reproducibility in published research. Thus, Biological Psychiatry and Biological Psychiatry: Cognitive Neuroscience and Neuroimaging are
pleased to participate in the initiative to include a Key Resources Table in published articles.

Authors are asked to submit this table at first revision, which may be uploaded using the "Key Resources Table" item type. This table will then
be published as supplemental information.

The Key Resources Table is designed to promote reproducibility and thus, should include the resources and relevant details necessary to
reproduce the study's results. It does not need to be exhaustive. Extensive lists (e.g., oligonucleotides, etc.) may be supplied in a supplementary
table and the table referenced here. We strongly encourage the use of RRID identifiers that provide persistent, unique identifiers to key study
resources. Search for RRIDs at https://scicrunch.org/resources.

Resource categories

Note: For all categories, indicate sex and species when applicable

. Antibody - include host organism common name and clonality (e.g., “mouse monoclonal™)

. Biological sample - any other biological entity, ranging from isolated tissue to defined population

. Cell line - if a primary cell line, describe in Additional Information

. Chemical compound, drug - commercially available reagents

. Commercial assay/kit - detection assays; labeling and sample preparation kits

. Deposited data or public database - include both raw data from this paper deposited into a repository and public repository
databases (postmortem tissue; genetic consortia data; etc.)

. Genetic reagent - applies to mutations and variants in whole organism, including transgenically introduced constructs

. Peptide, recombinant protein - commercially available reagents

. Recombinant DNA reagent - traditional cultured clones, plasmids, cDNASs, etc., including recombinant DNA libraries

. Sequence-based reagent - oligonucleotides, primers, etc.; indicate sequence

. Software, algorithm - include version number and URL for download

. Organism/Strain - applies to whole organism

. Transfected construct - in cell line; indicate species of cell line or construct component

. Other - miscellaneous other categories, including histological stains

Biol Psychiatry. Author manuscript; available in PMC 2024 September 15.
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EXAMPLE KEY RESOURCES TABLE
Resource Type Specific Reagent or Source or Reference Identifiers Additional
Resource Information
Add additional rows Include species and sex Include name of Include catalog numbers, stock Include any
as needed for each when applicable. manufacturer, company, numbers, database 1Ds or accession additional
resource type repository, individual, or numbers, and/or RRIDs. RRIDs are information or
research lab. Include PMID highly encouraged; search for RRIDs notes if
or DOI for references; use at https://scicrunch.org/resources. necessary.

Antibody rabbit anti-E2F2 Abcam Abcam Cat# ab50917,
RRID:AB_869541

Antibody total actin MP Biomedicals Cat#8691002, RRID:AB_2335304

Antibody E2F3 Santa Cruz C-18, Cat#SC-878,
RRID:AB_2096807

Bacterial or Viral AAV-hSyn-DIO- University of North Carolina N/A

Strain

hM3D(Gq)-mCherry

Vector Core

Bacterial or Viral
Strain

HSV-witSmurfl

PMID: 10458166

Addgene plasmid # 11752

Biological Sample

postmortem brain tissue

Harvard Brain Tissue
Resource Center

RRID:SCR_003316

Cell Line control 03231 iPSC line National Institute NINDS # ND03231;
of Neurological RRID:SCR_004520
Disorders and Stroke
repository

Chemical Terazosin Sigma-Aldrich N/A

Compound, Drug

Commercial Assay Bio-Rad DC Protein Bio-Rad Laboratories, Inc. #5000111

Or Kit

Assay

Commercial Assay
Or Kit

TruSeq Stranded mRNA
Sample Prep Kit v2

Illumina, Inc.

Cat. No. RS-122-2101

Deposited Data;
Public Database

GSE17806, GSE53987,
GSE35978, GSE13564,
GSE80655, and
GSE25219

NCBI GEO DataSets

RRID:SCR_005012; https://
www.ncbi.nlm.nih.gov/gds

Organism/Strain

Mouse: C57BL/6J, male

The Jackson Laboratory

RRID:IMSR_JAX:000664

Sequence-Based
Reagent

Primers for RT-qPCR,
see Table S1

This paper

N/A

Software; Algorithm

HTSeq Python package

https://doi.org/10.1093/
bioinformatics/btp120;
https://doi.org/10.1093/
bioinformatics/btu638

RRID:SCR_005514

Software; Algorithm

MATLAB v9.1

Mathworks

RRID:SCR_001622
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