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Abstract

Background. Effort-based decision-making has been proposed as a potential mechanism con-
tributing to transdiagnostic motivational deficits in psychotic disorder and bipolar disorder.
However, very limited information is available about deficits in effort-cost-decision-making
in the early stages of psychotic disorder and no study has investigated effort allocation deficits
before the onset of bipolar disorder. Our aim was to investigate effort-based-decision-making
in ultra-high-risk for psychosis (UHR-P) and bipolar disorder (UHR-BD).
Methods. Effort-cost decision-making performance was evaluated in UHR-P (n = 72) and
UHR-BD (n = 68) and healthy controls (n = 38). Effort-Expenditure for Reward Task
(EEfRT) was used.
Results. Compared to controls, both UHR-P and UHR-BD groups were associated with a
reduced possibility to choose the harder task when the reward magnitudes and/or the likeli-
hood of receiving the reward were high. In both groups, effort allocation abnormalities were
associated with poor social functioning.
Conclusions. The current findings suggest that difficulties in effort-cost computation are
transdiagnostic markers of illness liability in psychotic and bipolar disorders. In early inter-
vention services, effort-based decision-making abnormalities should be considered as a
target for interventions to manage motivational deficits in individuals at high risk for psych-
osis and BD.

Introduction

Motivational deficits and anhedonia are observed in many psychiatric disorders and might be
reflections of transdiagnostic mechanisms (Trøstheim et al., 2020). The framework, which
might be labeled as effort-cost-decision-making (ECDM), or willingness to exert effort, is
one of the promising transdiagnostic mechanisms leading to motivational deficits in mental
disorders. The concept of ECDM refers to decisions of people about how much effort to
increase as a function of factors such as the amount or type of reward that one would receive,
the likelihood of receiving that reward or the amount of time it would take to obtain the
reward (Barch et al., 2023; Strauss, Waltz, & Gold, 2014). Previous research has used several
behavioral paradigms to investigate ECDM. These tasks include Effort Expenditure for
Reward Task (EEfRT), Progressive Ratio Task and Effort Discounting Task (Blouzard,
Pouchon, Polosan, Bastin, & Dondé, 2023). In these computerized tests, in each trial, partici-
pants must choose between a ‘low effort’ and a ‘high effort’ option and their willingness to
exert physical or cognitive effort for a given level of reward is measured (Treadway,
Buckholtz, Schwartzman, Lambert, & Zald, 2009).

The main focus of the available research on ECDM has been schizophrenia and negative
symptoms. Most of the available studies on schizophrenia showed that patients display a
reduced willingness to expend effort to obtain rewards under certain conditions. Most
commonly, participants with schizophrenia spectrum disorders, unlike typical individuals,
were shown to not increase their effort in high-reward and high-probability of obtaining
the reward conditions (Barch, Treadway, & Schoen, 2014; Fervaha et al., 2013; Ince Guliyev,
Guloksuz, & Ucok, 2022; McCarthy, Treadway, Bennett, & Blanchard, 2016; Treadway,
Peterman, Zald, & Park, 2015). A recent meta-analysis of 19 studies in schizophrenia sup-
ported a deficit in willingness to expend effort to obtain higher rewards (Blouzard et al.,
2023). In this meta-analysis, subjects with high negative symptoms had a significantly stronger
impairment in effort-cost-decision-making compared to people with low negative symptoms.

https://doi.org/10.1017/S003329172400134X Published online by Cambridge University Press

https://www.cambridge.org/psm
https://doi.org/10.1017/S003329172400134X
https://doi.org/10.1017/S003329172400134X
mailto:emre.bora@deu.edu.tr
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-1598-6832
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S003329172400134X&domain=pdf
https://doi.org/10.1017/S003329172400134X


However, unlike categorical analyses, correlational analyses
between ECDM abnormality and negative symptoms gave incon-
sistent findings across studies (Barch et al., 2014; Fervaha et al.,
2013; McCarthy et al., 2016).

Traditionally, BD has not been related to amotivation beyond
depressive episodes. However, in fact, amotivation, apathy, and
mild negative symptoms are present in a subgroup of patients
with BD in the euthymic phase of the illness (Ihler et al., 2023;
Kirschner et al., 2020; Strauss, Vertinski, Vogel, Ringdahl, &
Allen, 2016). Several studies provided evidence for ECDM impair-
ment in bipolar disorder (BD) (Barch et al., 2023; Hershenberg
et al., 2016; Yang et al., 2021; Zou et al., 2020). A reduced willing-
ness to exert effort at the higher reward values might be a trans-
diagnostic feature related to motivational abnormalities seen in
schizophrenia and BD.

Most of the available reports that investigated ECDM were
based on studies conducted in chronic patients. However,
motivational deficits are prevalent in the early stages of psych-
otic disorder and are important factors in explaining psycho-
social impairment (Fervaha, Foussias, Agid, & Remington,
2015). Furthermore, chronic patients with schizophrenia and
BD have a long history of antipsychotic use which can have a
negative impact on patients’ motivation via dopamine-receptor
blockade (Juckel, 2016; Kirschner, Aleman, & Kaiser, 2017).
For example, one might argue that motivational deficits
might be a primary feature of schizophrenia but are secondary
characteristics of BD in the context of antipsychotic use in BD
(Ueda et al., 2016). Vascular changes in the context of meta-
bolic syndrome and obesity in BD and psychosis might also
lead to effort allocation problems over the years (Bora,
McIntyre, & Ozerdem, 2019; Saleh et al., 2021). Therefore, it
is important to investigate ECDM after the first-episode or
before the onset of the illness. To date, very few studies have
investigated ECDM in the early stages of psychotic disorder.
Two reports from a single group investigated effort allocation
in an overlapping sample of first-episode psychosis using
two different paradigms (EEfRT and Cognitive Effort-
Discounting) (Chang et al., 2019, 2020). The outcome of
these studies suggests that first-episode psychosis patients
display a reduced willingness to expend effort for high-value/
high-probability reward as compared to controls.

Both schizophrenia and BD are often preceded by a pro-
dromal period that is characterized by attenuated positive or
hypomanic symptoms and gradually worsening functional out-
comes (Van Meter, Burke, Youngstrom, Faedda, & Correll,
2016; Yung et al., 1996). In recent years, ultra-high-risk
(UHR) paradigms have been increasingly used to identify
youth with probable prodromal syndromes of psychosis and
BD. Amotivation is a common feature of individuals with
ultra-high-risk for psychosis (UHR-P) (Piskulic et al., 2012).
To date, we are aware of a only single study that investigated
ECDM in UHR-P (Strauss, Bartolomeo, & Luther, 2023). This
study found that participants with UHR-P, similar to chronic
patients, display a reduced willingness to exert high effort for
high probability and magnitude rewards. Studies using the
UHR paradigm might be important to investigate whether the
willingness to expend effort for high-value/high-probability
reward is also decreased in BD before the first-episode. Studies
comparing UHR-P and UHR-BD might also potentially reveal
the specificity of ECDM deficits to psychosis in the early stages
of severe mental disorders. To the best of our knowledge, no
prior study investigated ECDM in early stages of BD.

The goal of the current study was to examine whether there are
cross-diagnostic ECDM deficits using EEfRT in UHR-P and
UHR-BD. Our hypothesis was that ECDM defcits would be evi-
dent in both UHR-P and UHR-BD. In addition, we aimed to
examine whether the social functioning and clinical symptoms
correlate with ECDM across UHR-P and UHR-BD.

Method

Participants

The study was conducted at the Department of Psychiatry and
Department of Neurosciences, Dokuz Eylul University. The
study included 72 UHR-P, 68 UHR-BD, and 38 healthy controls.
The participants were aged between 13 and 30. People with
UHR-P and UHR-BD were recruited from the Early
Intervention in Psychiatric Disorders Unit (ETAP) of the
Department of Psychiatry at Dokuz Eylul University Hospital.
Exclusion criteria for UHR groups were: (a) personal history of
medical and neurological disorders that have a negative impact
on cognitive abilities; (b) current alcohol/substance abuse; (c) pro-
blems in vision, motor function or hearing that will have a nega-
tive effect on participants’ ability to use computerized EEfrT; (d)
diagnosis of intellectual disability.

Healthy controls (HCs) were recruited through advertisements
on the Dokuz Eylul University campus and at the university hos-
pital. In addition to the exclusion criteria above, HC had no his-
tory of psychiatric treatment and had no relatives with psychosis
or BD. The study protocol was approved by the Dokuz Eylul
Hospital Ethics Committee. Written informed consent was signed
by the participants and parents (only for the participants under
age 18).

Procedure

UHR-P: Help-seeking participants were rated by the Turkish ver-
sion of Structured Interview for Prodromal Syndromes (SIPS;
Miller et al., 2003; Tonyali et al., 2022). SIPS include three
UHR-P syndromes including Attenuated Psychosis Symptoms
(APS), Brief Limited Intermittent Psychotic Symptoms (BLIPS),
and Genetic Risk and Deterioration Syndrome (GRDS). p score
was used as a measure of the severity of subclinical psychotic
symptoms.

UHR-BD: Help-seeking participants were assessed through the
Turkish version of the semistructured Bipolar Prodrome
Symptom Interview and Scale-Full Prospective (BPSS-P)
(Correll et al., 2014; Yalın Sapmaz et al., 2022). The items of
the BPSS-P target signs of prodromal BD including subthreshold
hypomanic symptoms, and affective and general symptoms. M
score was used as a measure of the severity of subtreshold hypo-
manic symptoms.

Negative symptoms of both at-risk groups were assessed with
the Brief Negative Symptom Scale (BNSS) (Kirkpatrick et al.,
2011; Polat Nazlı et al., 2016). In addition to total BNSS score,
motivation and pleasure (MAP: anhedonia, avolition, and asocial-
ity) and diminished expression (EXP: alogia and blunted affect)
scores and five domain scores were calculated (Chang et al.,
2021). All participants were interviewed through the Structured
Clinical Interview for the DSM-IV Axis I Disorders (SCID-I)
(First, Spitzer, Gibbon, & Williams, 2002). Additionally, UHR-P
and UHR-BD groups were assessed using the Hamilton
Depression Rating Scale (HAM-D-17) (Hamilton, 1960), the
Young Mania Rating Scale (YMRS) (Young, Biggs, Ziegler, &
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Meyer, 1978), and formal thought disorder subscale of the Scale
for the Assessment of Positive Symptoms (SAPS FTD)
(Andreasen, 1984).

The Personal and Social Performance (PSP) scale was used to
assess the level of current functioning of the participants. The
PSP variables include the total score and four subscores for main
areas including socially useful activities, personal and social relation-
ships, self-care and disturbing, and aggressive behavior (Morosini,
Magliano, Brambilla, Ugolini, & Pioli, 2000; Aydemir et al., 2009).

The clinical interviews were administered by a psychiatrist
(E.B) or one of the three psychiatry or child/adolescent psychiatry
residents (C.E, S.U, or E.S) who were trained before the onset of
the study and regularly use these tools in the early treatment and
Diagnosis Program at Dokuz Eylul University Hospital/
Department of Psychiatry in Turkey.

Effort-Expenditure for Rewards Task (EEfRT)

Effort-Expenditure for Rewards Task (EEfRT) was used to assess
ECDM (Treadway et al., 2009). During this task, which lasts 20
min, the participant is expected to choose either a hard or an
easy task according to the cues on the screen. The task requires
participants to choose between performing a low physical effort
task (30 button presses within 7 s with the dominant hand
index finger) for a lower reward value ($1) or a high effort option
(100 button presses within 21 s with the non-dominant hand little
finger) for higher reward values ($1.24–$4.30) (McCarthy et al.,
2016). The probability of reward receipt is different across trials
with cues at the start of each trial indicating a high (88%),
medium (50%), or low (12%) probability of receiving money on
that trial. The rate of selecting the high effort choice across prob-
ability and magnitude levels is the key variable in EEfRT. We also
calculated ‘change from 12 to 88%’ and ‘change from low to high
reward’ scores by subtracting the percentage of selection of hard-
task in the second condition (88% or high-reward) from the first
condition (12% or low-reward).

Statistical analyses

Demographic and clinical characteristics of the groups were com-
pared using a chi-square test and an analysis of variance test
(ANOVA). The analysis of the EEFRT data included three separ-
ate ANOVAs for main effects (group, reward magnitude, or prob-
ability) and three different separarate mixed model repeated
measures ANOVA for group interactions with reward magnitude
and/ or probability. Two of these latter mixed ANOVAs included
group (UHR-P, UHR-BD, and HC) as a between-subject factor
and either probability (12, 50, and 88%) or reward magnitude
(low, medium, and high) as within-subjects factors. The third
mixed ANOVA included both probability and reward magnitude
instead of selecting one. The dependent measure for each condi-
tion was the percentage of ‘hard’ task choices. The analyses were
corrected for sex. In post-hoc tests, Tukey’s HSD test was used for
correction of multiple pairwise comparisons. Correlations of
EEfRT with clinical and other measures were imvestigated by con-
ducting Pearson’s correlation analyses. As amotivation subdo-
main of negative symptoms may be potentailly more specifically
linked to impaired effort allocation, we also used a categorical
approach by classifying UHR-P patients into high (HIgh-MAP)
and low (low-MAP) amotivation subgroups, based on a median
split (split score = 15) of BNNS MAP score (Chang et al., 2019).
As BNSS MAP scores were lower in UHR-BD, participants were

divided from upper quartile instead of median (split score = 7)
in this group. Statistical analyses were performed using
JAMOVI (Version 2.3.26) (The Jamovi project, 2022) and R (R
Core Team, 2021).

Results

Demographic and clinical variables

The UHR-P group had a significantly higher percentage of males
compared to UHR-BD and healthy controls ( p = 0.044) (Table 1).
There was no significant difference in age among groups
(Table 1). The duration of education was significantly different
among the groups (UHR-P < UHR-BD<healthy controls). In con-
trast, the durations of education of fathers and mothers of the par-
ticipants were not significantly different among the groups. There
were no significant differences in BMI between groups. UHR-P
had a significantly reduced functioning level as measured by the
total PSP score compared to UHR-BD.

The clinical characteristics of the groups are summarized in
Table 1. A higher percentage of UHR-BD participants were
using mood stabilizers compared to UHR-P (23.5% v. 4.2%).
There were no significant differences in the use of antipsychotics
(all atypical antipsychotics, mean chlorpromazine equivalent
doses: 89.9 v. 61.1 mg) and antidepressants (Table 1). History of
co-morbid alcohol abuse was significantly more common in
UHR-BD compared to UHR-P and healthy controls. All of the
seven participants who had been prescribed stimulants for
ADHD were in the UHR-BD group (Table 1). As expected nega-
tive symptoms and formal thought disorder were more pro-
nounced in UHR-P compared to UHR-BD (Table 1). There
were no significant differences between UHR-P and UHR-BD
for current depressive symptoms.

Main effects

There were significant main effects of probability (F = 6.3, p =
0.002) and reward (F = 12.0, p < 0.001). The participants overall
chose the hard task more often in the context of increasing prob-
ability of reward (12%, 50%, and 88%) and greater reward amount
(low, medium, and high). The main effect of group was not sig-
nificant (F = 1.20, p = 0.30).

Group effects and interactions

There was a significant interaction between group and probability
(F = 5.75, p < 0.001) (Fig. 1). As seen in Fig. 1, both UHR-P and
UHR-BD had significantly reduced increases than controls as a
function of increasing the probability. Planned comparisons
showed that, in 88% probability condition, both UHR-P (t =
−4.18, p < 0.001) and UHR-BD (t = −2.32, p = 0.02) participants
selected significantly fewer hard task choices than healthy con-
trols. In this condition, the difference between UHR-P and
UHR-BD was also significant (t =−2.25, p = 0.02).

There was a significant interaction between group and reward
(F = 6.18, p < 0.001). As seen in Fig. 2, both UHR-P and UHR-BD
had significantly reduced increases in the selection of hard
effort conditions than controls as a function of the increasing
value of the reward. Planned comparisons revealed that, in high-
reward condition, both UHR-P (t = −3.25, p = 0.001) and
UHR-BD (t =−2.08, p = 0.04) participants selected significantly
fewer hard task choices than healthy controls. In this condition,
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the difference between UHR-P and UHR-BD was not significant
(t =−1.42, p = 0.16).

There was also a significant interaction between group ×
reward × probability interaction (F = 4.45 <0.001). As seen (online
Supplement Figure s1), there was a significant interaction between
probability and reward as a function of group. Post-hoc analyses
revealed significant between-group differences in three condi-
tions. In 88% probability-high reward condition, both UHR-P
(t =−5.92, p < 0.001) and UHR-BD (t = 3.63, <0.001) participants
selected fewer number of hard choices. In this condition, the dif-
ference between UHR-P and UHR-BD was also significant (t =
−2.76, p = 0.006). In, 50% probability-high reward condition,
UHR-P (t = −2.51 p = 0.01) but not UHR-BD group (t =−1.67

p = 0.1) had selected fewer hard choices. In this condition, the dif-
ference between UHR-P and UHR-BD was not significant (t =
−1.02, p = 0.31). Finally, in 88% probability-medium reward con-
dition, both UHR-P (t = −3.36, p < 0.001) and UHR-BD (t =
−1.97, p = 0.05) had a significantly reduced number of hard
task choices. In this condition, there was no significant difference
between UHR-P and UHR-BD (t = −1.68, p = 0.09).

There was a significant difference on whether participants
could complete the tapping task successfully after chosing the
hard option. Healthy controls (98%) were significantly more suc-
cessful in completing effort task than UHR-P (90%) and
UHR-BD (92%) (F = 5.53, p = 0.005). The findings were similar
in antipsychotic naive individuals (F = 3.1, p = 0.04). However,

Table 1. Clinical and demographic features of ultra-high-risk for psychosis (UHR-P) and bipolar disorder (UHR-BD) and healthy controls

UHR-P (n = 72) UHR-BP (n = 68) HC (n = 38)

Mean (S.D.) Mean (S.D.) Mean (S.D.) F p Post-hoc

Age 20.0 (4.1) 20.9 (4.0) 21.9 (4.4) 327 0.07

Education (years) 11.5 (2.3) 13.0 (2.3) 14.1 (2.6) 15.7 <0.001 I < II<III

Education (mother) 9.1 (4.8) 10.3 (4.3) 10.0 (5.0) 1.3 0.48

Education (father) 10.9 (4.4) 10.8 (4.4) 11.6 (4.5) 0.4 0.67

Body mass index 24.1 (5.1) 24.7 (5.0) 23.4 (5.2) 0.7 0.48

PSP 50.7 (12.6) 64.0 (12.9) 36.9 <0.001

BNSS total score 21.8 (13.9) 7.5 (10.9) 45.3 <0.001

-BNSS MAP 15.4 (9.2) 5.0 (7.1) 54.5 <0.001

-BNSS EXP 6.4 (6.0) 2.2 (4.6) 21.2 <0.001

-BNSS anhedonia 5.4 (4.1) 2.1 (3.3) 26.9 <0.001

-BNSS asociality 4.9 (3.1) 1.5 (2.4) 51.9 <0.001

-BNSS avolition 4.2 (2.9) 1.6 (2.4) 33.2 <0.001

-BNSS blunted affect 4.3 (3.8) 1.6 (3.2) 20.8 <0.001

-BNSS alogia 2.0 (2.6) 0.6 (1.6) 14.8 <0.001

SAPS FTD 2.4 (3.7) 0.9 (2.5) 7.3 0.008

YMRS 0.2 (1.3) 1.0 (2.3) 6.8 0.01

HDRS 6.6 (5.1) 5.5 (4.5) 1.8 0.18

CPZ equivalent (mg) 89.9 (134.0) 61.1 (120.0) 1.8 0.19

χ2 p

Sex (m/f) 38/34 23/45 13/25 6.3 0.044 I > II = III

Antipsychotics (%) 45.1 32.4 2.4 0.12

Antidepressants (%) 40.9 35.3 0.5 0.50

Mood stabilizers (%) 4.2 23.5 10.9 0.001

Smoking (%) 32.9 45.6 17.2 7.6 0.02 II > III

History of alcohol
Use disorder (%)

5.7 17.7 3.5 7.1 0.03 II > I = III

History of cannabis
Use disorder (%)

12.7 14.7 3.5 2.5 0.28

History of other substance
Use disorders (%)

2.8 2.9 0 0.9 0.65

Stimulant use for ADHD (%) 0 10.3 0 10.7 0.005 II>I = III

CPZ, Chlorpromazine equivalent; MAP, Motivation and Pleasure; EXP, Diminished expression.
PSP, Personal and Social Performance scale; BNSS, Brief Negative Symptom Scale; SAPS FTD; Formal thought disorder subscale of the Scale for the Assessment of Positive Symptoms, HDRS;
Hamilton Depression Rating Scale; YMRS; Young Mania Rating Scale.
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the proportion of completed trials did not significantly correlate
with the percentage of high-effort trials selected in UHR-P (r =
0.13, p = 0.27), UHR-BD (r = 0.01, p = 0.96) and healthy controls
(r = 0.22, p = 0.19).

Correlations with personal and social functioning and clinical
ratings

In UHR-P, better social functioning, as measured by PSP-total
score, was significantly associated with the selection of a higher
number of hard choices in 88% probability-high reward condition
(r = 0.30, p = 0.01) and change from low to high reward score (r =
0.31, p < 0.01). PSP-activities subscore was significantly correlated
with 88% probability-high reward condition (r = −0.31, p = 0.01),
change from 12 to 88% probability score (r =−0.24, p < 0.05) and
the change from low to high reward score (r = −0.29, p < 0.05).

In UHR-BD, PSP-activities subscore was significantly correlated
with the selection of a higher number of hard choices in 88%
probability-high reward condition (r =−0.26, p < 0.05) and change
from low to high reward score (r = 0.25, p < 0.05). PSP-relationships
subscore was significantly related to 88% probability-high reward
(r =−0.33, p < 0.01), 88% probability (r =−0.30, p < 0.01), and
change from 12 to 88% (r =−0.36, p < 0.001) scores.
PSP-self-care was also associated with better 88% probability-high
reward (r =−0.25, p < 0.05), 88% probability (r =−0.25, p < 0.05),
and change from 12 to 88% (r =−0.28, p < 0.05) scores.

None of the EEfRT measures were significantly correlated with
negative symptoms or depression ratings. p score, which reflects
the severity of the history of subthreshold positive symptoms,
was significantly related to the change from 12 to 88% probability
score in UHR-BD (r =−0.27, p < 0.05).

Effort task performance in high and low amotivation groups

In UHR-P, there was no significant difference in number of hard
choices selected between low-MAP and high-MAP subjects

in high-reward (F = 0.35, p = 0.56), high-probability (F = 0.38,
p = 0.54), 88% probability-high reward condition (F = 0.52, p =
0.47), 50% probability-high reward condition (F = 1.08, p = 0.30),
and 88% probability-medium reward (F = 0.28, p = 0.60)
conditions.There were also no significant differences in change
from low to high reward (F = 0.18, p = 0.67) and change from 12
to 88% (F = 0.29, p = 0.59) scores.

In UHR-BD, there was no significant difference in number of
hard choices selected between low-MAP and high-MAP subjects
in high-reward (F = 0.01, p = 0.96), high-probability (F = 3.19, p =
0.08), 88% probability-high reward condition (F = 2.87, p = 0.1),
50% probability-high reward condition (F = 0.01, p = 0.93), and
88% probability-medium reward (F = 0.96, p = 0.33) conditions.
However, UHR-BD participants with low-MAP scores had sig-
nificantly higher scores + than UHR-BD participants with
High-MAP in change from 12 to 88% proabability (F = 6.31,
p = 0.014) measure.

Correlations with antipsychotic chlorpromazine equivalents

In the UHR-P group, there were significant correlations between
chlorpromazine equivalents and the percentage of hard task
choices in the 88% probability condition (r =−0.39, p < 0.001),
88% probability-high-reward condition (r = −0.35, p < 0.05), and
in the change in hard task choice from the 12% to 88% condition
(r =−0.42, p < 0.001). In the UHR-BD group, there was no signifi-
cant relationship between chlorpromazine equivalents and EEfRT
variables (Table 2).

Effort allocation in antipsychotic naive participants

The EEfRT analyses were repeated in antipsychotic naive UHR-P
(n = 39) and UHR-BD (n = 46) participants. Group-probability
(F = 4.3, p = 0.002), group-reward (F = 6.9, p < 0.001), group ×
reward × probability (F = 3.4, p < 0.001) interactions were again

Figure 1. Effort expenditure by group and reward probability in UHR-P, UHR-BD, and healthy control participants.
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significant. The findings of analyses in drug-naive UHR samples
and healthy controls were very similar to the findings in the whole
sample (See Figure 2s in the Supplement). Similar to results of the
analyses in the whole sample, in 88% probability-high reward
condition, both UHR-P (t = −5.11, p < 0.001) and UHR-BD (t =
3.05, <0.001) participants selected fewer number of hard choices.

Discussion

The goal of the current study was to investigate effort allocation in
response to different reward magnitudes and reward probabilities
using the Effort-Expenditure for Rewards Task (EEfRT) in
UHR-P and UHR-BD. In general, participants with both
UHR-P and UHR-BD were less likely than healthy controls to
choose the harder task when the reward magnitudes and/or the
likelihood of receiving the reward were high.

Reduced effort expenditure for high probability and high
reward magnitude conditions in UHR-P is consistent with prior
studies in schizophrenia both in chronic and first-episode samples
(Barch et al., 2014; Chang et al., 2019; Chang et al., 2020;
Culbreth, Moran, & Barch, 2018; McCarthy et al., 2016). The cur-
rent findings are also compatible with the outcome of a single pre-
vious UHR-P study (Strauss et al., 2023). Importantly, ECDM
impairment in UHR-P was significantly related to poorer social
functioning, particularly in the subdomain of socially useful activ-
ities (school, work, other). Our findings extend the previously
observed relationship between real-life functioning and laboratory
effort tasks in chronic and first-episode stages of psychotic disor-
ders (Barch et al., 2014; Chang et al., 2019; Horan et al., 2015) to
the UHR stage of psychotic disorders.

More originally, the current study showed that effort expend-
iture for high probability and high reward magnitude conditions
was also reduced in UHR-BD. To the best of our knowledge, this
is the first study investigating ECDM impairment in people at
clinical risk for BD. However, the current findings are consistent

with the outcome of a few studies in chronic BD samples (Barch
et al., 2023; Hershenberg et al., 2016; Yang et al., 2021; Zou et al.,
2020). Our findings suggest that reduced willingness to exert
effort at the higher reward values might be a transdiagnostic fea-
ture of psychotic and bipolar disorders in both early and chronic
stages of these disorders. Another important point is the potential
relationship between effort allocation and social functioning in
BD. A recent study reported a significant relationship between
goal-directed activities and effort allocation performance in
chronic BD (Barch et al., 2023). In this study, we found significant
relationships between ECDM deficits and impaired functioning in
interpersonal relationships, socially useful activities and self-care.
Originally, the current findings suggest that effort allocation abil-
ities are related to social functioning not only in chronic BD but
also in UHR-BD.

In the current study, in dimensional analyses, clinical ratings
for negative symptoms were not significantly correlated with
any measure of EEfRT in UHR-P and UHR-BD. This finding is
inconsistent with the findings of Strauss et al. (2023) who
found a modest but significant correlation between BNSS and
lower effort expenditure on the very high reward magnitude con-
dition in UHR-P. The studies in schizophrenia did not consist-
ently provide evidence for a robust relationship between
negative symptoms and ECDM (Barch et al., 2014; Fervaha
et al., 2013; McCarthy et al., 2016). In general, categorical
approaches that divide schizophrenia into subsamples with or
without amotivation reported more significant differences in
ECDM (Chang et al., 2019; Gold et al., 2013). For example,
Chang et al. (2019) investigated the relationship between effort
allocation deficits and negative symptoms with both categorical
and dimensional approaches and found a significant relationship
only with the categorical approach. In our study, there was no sig-
nificant difference in ECDM between UHR-P with and without
high-MAP scores. However, our findings indicated that ECDM
deficits were more pronounced in UHR-BD with high-MAP

Figure 2. Effort expenditure by group and reward magnitude in UHR-P, UHR-BD, and healthy control participants.
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Table 2. Correlations between EEfRT measures, clinical characteristics and social functioning in ultra-high-risk for psychosis (UHR-P) and bipolar disorder (UHR-BD)

BNSS
total

BNSS
MAP p score

M
Score HDRS

PSP
Activities

PSP
Relationships

PSP
Self-care

PSP
Disturbing

PSP
Total CPZ Eq

UHR-P

88% Probability 0.03 −0.01 −0.14 0.13 0.12 −0.17 −0.14 −0.23 −0.05 0.16 −0.39**

high Reward −0.04 −0.04 −0.05 0.10 −0.03 −0.16 −0.16 −0.22 −0.02 0.18 −0.28*

88%-Prob-high reward
condition

−0.10 −0.09 −0.07 0.22 0.08 −0.31* −0.21 −0.20 −0.12 0.30* −0.35*

Change from 12 to 88%
Probability

−0.10 −0.05 −0.16 0.20 0.18 −0.24* −0.17 −0.12 −0.08 0.23 −0.42**

change from low to
high
Reward

−0.08 −0.07 −0.05 0.16 −0.08 −0.29* −0.21 −0.12 −0.10 0.31** −0.15

UHR-BD

88% Probability −0.08 −0.12 −0.16 0.03 0.01 −0.17 −0.30* −0.25* −0.01 0.15 −0.07

high reward 0.03 0.02 0.05 0.19 −0.04 −0.17 −0.12 −0.10 0.02 0.06 −0.22

88%- prob-high reward
condition

−0.10 −0.12 −0.11 0.04 −0.09 −0.26* −0.33** −0.25* −0.11 0.21 −0.17

Change from 12 to 88%
Probability

−0.17 −0.20 −0.27* −0.03 −0.13 −0.15 −0.36** −0.28* −0.07 0.18 0.04

change from low to
high
reward

−0.04 −0.02 0.08 0.18 −0.14 −0.25* −0.19 −0.11 −0.07 0.15 −0.23

* = <0.05, ** = <0.01.
CPZ Eq, chlorpromazine equivalent; MAP, motivation and pleasure; PSP, personal and social performance scale; BNSS, Brief Negative Symptom Scale; HDRS, Hamilton Depression Rating Scale; p score, psychosis score; M, mania score; EEfRT,
Effort-Expenditure for Rewards Task.
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compared to UHR-BD with low-MAP scores. These findings sug-
gest that ECDM deficits as measured by the EEfRT task might not
be a proxy of MAP aspect of negative symptoms which might be
related to striatal dysfunction and might be more sensitive to
amotivation caused by extra-striatal mechanisms (Kirschner
et al., 2020).

One can also argue that alternative approaches such as using
multiple momentary symptom assessments in daily life using
EMA methodology might represent a more sensitive measurement
of amotivation and can more effectively reveal the relationship
between amotivation and ECDM (Gard et al., 2014). The potential
effects of antipsychotics on effort allocation is another important
subject. In our study, there was some evidence of a relationship
between antipsychotic dose and effort allocation deficits in
UHR-P but not in UHR-BD. However, our analyses in anti-
psychotic naive participants revealed that reduced willingness to
extend effort for rewards magnitudes and probabilities in UHR-P
and UHR-BD was not secondary to the effects of treatment.

The current study has several limitations. The cross-sectional
nature of the study was the main limitation. The longitudinal
follow-up and data collection of the current sample to investigate
the potential of baseline ECDM abnormalities in predicting long-
term prognosis and functioning in UHR-P and UHR-BD is in
progress. Second, the current study included a task that only
assess willingness to extend physical effort but not cognitive
effort. It would be more informative to use multiple types of
ECDM tasks but this was not feasible in the current study due
to practical concerns about duration of administration of cogni-
tive tasks. Third, the rate of antipsychotic use was relatively
high as UHR subjects were expected to be in the later stages of
prodrome and had a high-risk of transition to full-blown illness
which is typical for the newly established early intervention pro-
grams who have a high-influx of clinician-referred help-seeking
individuals. Fourth, the co-morbidity of psychiatric diagnoses
were assessed but no assessment was conducted for personaity
disorders. Five, Turkish version of SIPS was validated in adoles-
cents (age range 12–18) (Tonyali et al., 2022) but we recently vali-
dated the same instrument in adults. Finally, our study was purely
behavioral. Future studies investigating brain imaging or neuro-
biological correlates of ECDM deficits in at-risk subjects for
psychosis and BD would be important.

To the best of our knowledge, this is the first study that inves-
tigated effort allocation in response to different reward magni-
tudes and reward probabilities in UHR-BD compared with
controls and UHR-P. The current findings might have important
clinical implications. Effort-based decision-making paradigms
and related laboratory effort tasks might potentially have a role
as measures of real-world motivation. The reduced willingness
to exert effort at the higher reward values is a transdiagnostic fea-
ture of psychotic and bipolar disorders that can be a target for
interventions from the early stages of these disorders.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S003329172400134X.
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