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a b s t r a c t

Background: Amotivation, or decisional anhedonia, is a prominent and disabling feature of depression.
However, this aspect of depression remains understudied, and no prior work has applied objective la-
boratory tests of motivation in both unipolar and bipolar depression.
Methods: We assessed motivation deficits using a Progressive Ratio Task (PRT) that indexes willingness
to exert effort for monetary reward. The PRT was administered to 96 adults ages 18–60 including 25
participants with a current episode of unipolar depression, 28 with bipolar disorder (current episode
depressed), and 43 controls without any Axis I psychiatric disorders.
Results: Depressed participants exhibited significantly lower motivation than control participants as
objectively defined by progressive ratio breakpoints. Both the unipolar and bipolar groups were lower
than controls but did not differ from each other.
Limitations: Medication use differed across groups, and we did not have a separate control task to
measure psychomotor activity; however neither medication effects or psychomotor slowing are likely to
explain our findings.
Conclusions: Our study fills an important gap in the literature by providing evidence that diminished
effort on the PRT is present across depressed patients who experience either unipolar or bipolar de-
pression. This adds to growing evidence for shared mechanisms of reward and motivation dysfunction,
and highlights the importance of improving the assessment and treatment of motivation deficits across
the mood disorders spectrum.

& 2016 Elsevier B.V. All rights reserved.
1. Introduction

Anhedonia is a cardinal feature of depression, which can occur
in the context of unipolar major depressive disorder or bipolar
disorder. Anhedonia may thus represent a critical neurobiological
process common across disorders. Defined as decreased interest or
pleasure in activities (APA, 2000), accumulating evidence from af-
fective neuroscience suggests that anhedonia can be differentiated
into two distinct processes: the experience of reward (con-
summatory anhedonia) and motivated behavior to obtain a reward
(decisional anhedonia, closely related to anticipatory anhedonia
(Der-Avakian and Markou, 2012; Dichter, 2010; Treadway and
Zald, 2011). Decisional anhedonia is uniquely associated with
iversity of Pennsylvania, 10th
a, PA 19104, United States.
disruptions in nucleus accumbens dopamine transmission
(Treadway and Zald, 2013). Animal studies show that dopamine
depletion leads to selection of low rather than high-effort paths
toward reward (Salamone et al., 2007). Clinically, motivational
deficits may benefit from specific intervention, indicated by pre-
ferential responding to dopaminergic rather than serotonergic
antidepressants (Calabrese et al., 2014).

Given such convergent evidence, decisional anhedonia is in-
creasingly studied as a potential intermediate phenotype. One
promising objective measure of amotivation is the Progressive
Ratio Task (PRT). PRTs originate in the pre-clinical animal literature
(Hodos, 1961) and identify the maximum effort a participant is
willing to exert by progressively increasing the number of re-
sponses required for reward. The maximal effort exerted before
choosing not to respond further provides a measure of motivation,
referred to as a “breakpoint”. PRTs have been used to study mo-
tivation in humans, primarily in the context of addiction. For ex-
ample, depressed smokers show greater PRT motivation to obtain
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nicotine than money (Audrain-McGovern et al., 2014) and re-
creational drinkers show increased PRT motivation for alcohol
following depressed mood induction (Willner et al., 1998b). The
strength of the PRT is its applicability in both animal models and
humans, making this task especially useful for translational in-
vestigation (Scheggi et al., 2015; Willner et al., 1998a).

Despite such strengths, to our knowledge only one small pilot
study (n¼6) has utilized the PRT to measure decisional anhedonia
in patients with clinical depression (Hughes et al., 1985). In that
study, PRT motivation increased in most of the treatment-re-
sponsive patients, but none of the non-responsive patients. A
closely related laboratory effort task, the Effort Expenditure for
Rewards Task (EEfRT; Treadway et al., 2009), has been more widely
applied in depression than the PRT itself. Motivation on the EEfRT
is reduced in subsyndromal and clinical unipolar depression
(Treadway et al., 2012; Treadway et al., 2009), and normalizes with
depression remission (Yang et al., 2014). This growing body of
translational research suggests that laboratory effort tasks may
provide a valuable quantitative index of decisional anhedonia in
depression.

Compared to unipolar depression, there has been relatively
little laboratory investigation of reward or motivation abnormal-
ities in bipolar depression. While bipolar disorder is distinguished
by mania, the same criteria are used to diagnose depressive epi-
sodes in unipolar and bipolar disorder, and depression is re-
sponsible for the majority of morbidity in bipolar disorder (Post,
2004; Yatham et al., 2005). Consistent with shared mechanisms,
behavioral and imaging studies relate blunted reward learning and
brain reward responses to depression in both disorders (Hägele
et al., 2015; Pizzagalli et al., 2008a, 2008b; Satterthwaite et al.,
2015). However, one study reported distinct abnormalities in brain
reward response during depression in the two disorders (Chase
et al., 2013), and another reported higher trait behavioral activa-
tion in bipolar compared to unipolar depression (Quilty et al.,
2014). No effort paradigm of any kind has been applied in bipolar
depression alone or across both unipolar and bipolar disorders.
Thus, the degree to which decisional anhedonia is common to both
unipolar and bipolar depression remains unknown.

The current study aims to address this gap in knowledge by
applying a brief computerized PRT (Wolf et al., 2014) to patients
with unipolar and bipolar depression, as well as healthy com-
parators. Based on existing evidence for shared anhedonic me-
chanisms and phenotypes, we hypothesized that depression
would be associated with reduced PRT effort across both unipolar
and bipolar groups.
Table 1
Demographic and clinical variables.

Variable CON (n¼43) DEP

Age (mean, years) 40.2 (11.7) 37.5 (
Gender (% female) 53% 55%
Race (% Caucasian) 47% 57%
Smoke (% yes) 33% 25%
Employment (% employed) 79% 40%
Education (mean, yrs) 14.7 (2.2) 15.0
Parental education (mean, yrs) 13.8 (2.6) 14.2
Atypical antipsychotics (% using)d 0% 28%
Lithium (% using) 0% 25%
Benzodiazepines (% using) 0% 25%
Anticonvulsants (% using) 0% 23%
Antidepressants (% using) 0% 40%
Beck Depression Inventory (mean, total) 2.5 (4.7) 23.9

a 2-tailed p-values, comparing control (CON) and depressed (DEP) groups. Unipolar
b Student's t test used to compare group means for dimensional variables
c Fisher's Exact Test was used to compare proportions for categorical variables.
d No typical antipsychotics were in use.
e For medication use variables, p-values reflect UNI vs. BIP comparison with Fisher′
2. Methods

2.1. Participants and procedure

The PRT was administered to 96 adults age 18–60 including 53
participants diagnosed with a current major depressive episode
(25 unipolar, 28 bipolar), and 43 controls without any Axis I psy-
chiatric disorders. The depressed and control groups did not differ
demographically except for occupational status, nor did the de-
pressed subgroups differ from each other except in medication
patterns (Table 1). After complete description of the study, written
informed consent was obtained. The Institutional Review Board
approved all study procedures. PRT data was collected as part of a
larger study (Satterthwaite et al., 2015; Wolf et al., 2014). On the
first study visit, subjects were assessed using the Structured
Clinical Interview for DSM-IV (Spitzer et al., 1995) and enrolled if
they met criteria for a current depressive episode in either major
depressive disorder or bipolar disorder (type I or II). The PRT and
the Beck Depression Inventory IA (BDI, Beck and Steer, 1993) were
performed during a second visit (an average of 12 days after the
initial visit). Two subjects included as depressed by diagnostic
assessment had subthreshold (o10) BDI scores at the time of PRT;
however, excluding them did not change any reported findings.
PRT data from 37 controls were included as part of a previous
report on amotivation in schizophrenia (Wolf et al., 2014); all
control and depressed subjects were tested over approximately
the same time period using identical procedures.

2.2. Progressive ratio task

Participants performed a computerized PRT to earn money (see
detailed description in Wolf et al. (2014)). In brief, the task in-
cluded 7 sets of trials at each of 3 monetary reward levels ($0.50,
$0.25, and $0.10). For each individual trial, participants viewed
2 numbers on the screen and identified the larger one by pressing
one of 2 keys. Numbers were random between 0 and 1000. The
effort (i.e., number of correct responses) required to achieve a
reward increased with each successive trial set within a given
reward level; no credit was given for incorrect responses. Before
each set, the monetary value and number of trials required were
presented and the participant chose whether to perform the set;
they also could quit a set at any point. When a participant chose
not to complete a set, the higher effort sets at that monetary value
were skipped and the next set offered was the lowest effort set at
the next (lower) monetary value. The PRT was self-paced without
(n¼53) UNI (n¼25) BIP (n¼28) p-value

12.2) 38.8 (12.8) 36.4 (11.7) n.s.a,b

44% 64% n.s.c

48% 64% n.s.
24% 25% n.s.
44% 36% 0.0001

(2.4) 14.6 (2.5) 15.4 (2.2) n.s.
(2.8) 13.5 (2.7) 14.8 (2.8) n.s

8% 46% 0.002e

8% 39% 0.01
20% 29% n.s.
4% 39% 0.001
60% 21% 0.006

(8.5) 25.2 (8.6) 22.4 (8.4) o0.001

(UNI) and bipolar (BIP) subgroups differed only in medication use.

s Exact Test.
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trial or task time limits. Participants received their earnings at the
end of the study; a maximum of $5.95 could be earned by com-
pleting all 21 sets (1454 correct trials).

2.3. Data analysis

The primary PRT outcome was the breakpoint, the maximum
effort a participant is willing to exert for a particular reward;
higher breakpoints indicate greater motivation. We measured
breakpoint in effort trials per-cent (tpc). A single breakpoint was
obtained for each participant by averaging across breakpoints for
each of three monetary amounts. Within each monetary level,
breakpoint was calculated as the geometric mean of the tpc value
of the last completed set and the first incomplete set. If no sets
were completed, the breakpoint was estimated as the tpc value for
the first set; if all sets were completed, then breakpoint was es-
timated as the tpc value for the last set. As breakpoints were not
normally distributed, we examined group differences comparing
medians using the Wilcoxon Rank Sum non-parametric test.
Breakpoint comparison between depressed and control partici-
pants was 1-tailed given our strong a priori hypothesis of reduced
motivation in depression; all other analyses were 2-tailed, and a
threshold of po0.05 was used throughout.
3. Results

As shown in Fig. 1, depressed participants exhibited sig-
nificantly lower motivation than control participants as objectively
defined by progressive ratio breakpoints (median controls¼3.37,
median depressed¼1.08, W¼2353, p¼0.024). To examine speci-
ficity for bipolar vs. unipolar depression, we compared the sub-
groups separately to controls and found that both unipolar
(median¼1.34, W¼724, p¼0.039) and bipolar groups (med-
ian¼1.06, W¼879, p¼0.065) were lower than controls, but did
not differ from each other (W¼670, p¼0.94). Breakpoints did not
differ according to occupational status across all groups (p¼0.34),
nor did use of specific medication classes relate to breakpoints in
the depressed subjects (p's40.2). Psychomotor slowing did not
explain our results: control and depressed groups did not sig-
nificantly differ in per-trial median response times (p¼0.13),
breakpoints were not significantly correlated with response times
Fig. 1. PRT motivation by group, measured as the group median of breakpoint
(maximum effort trials per cent earned). Upper error bar reflects 75th percentile,
lower error bar reflects 25th percentile.
(r¼�0.14, p¼0.19), and group differences in breakpoint remained
significant after adjusting for response times. Although total BDI
scores did not correlate significantly with breakpoints in the de-
pressed group, there was evidence of heterogeneity within the BDI
in relation to PRT motivation, with anhedonia and amotivation
tending to reduce effort, but self-criticism and dysphoria tending
to increase effort (see Supplementary materials).
4. Discussion

Our results demonstrate for the first time that diminished
motivation in a laboratory effort task is present across both uni-
polar and bipolar depression. While unipolar and bipolar depres-
sion have very similar clinical phenomenology, it remains unclear
to what extent neurobehavioral reward and motivation pheno-
types are shared in the depressive phase of the two disorders
(Chase et al., 2013; Pizzagalli et al., 2008a; Satterthwaite et al.,
2015). Our PRT results are consistent with evidence that both
disorders show depression-related hypofunction of motivation
circuitry (Hägele et al., 2015; Satterthwaite et al., 2015) and an-
hedonia-related impairments in reward learning (Pizzagalli et al.,
2008a, 2008b). Our study thus provides novel evidence that de-
cisional anhedonia is present across unipolar and bipolar depres-
sion and encourages further efforts to understand shared me-
chanisms of reward and motivation dysfunction across psychiatric
disorders (Foussias et al., 2015; Whitton et al., 2015; Wolf et al.,
2014).

Using a PRT to index motivational deficits in animals and hu-
mans has wide translational utility. However, despite increasing
evidence that decisional anhedonia is an important feature of
clinical depression, there has been little research using PRT with
clinically depressed patients. Our PRT findings in the unipolar
group replicate prior findings of reduced effort in unipolar de-
pression with the EEfRT paradigm (Treadway et al., 2012; Tread-
way et al., 2009) and provide convergent evidence that decisional
anhedonia is an important feature of depression. The EEfRT is
likewise adapted from the animal literature (Salamone et al.,
1994), but unlike the PRT which uses deterministic effort-reward
ratios, the EEfRT incorporates probabilistic rewards. Therefore, the
present results argue against the possibility that abnormalities in
assessing reward probability are central to the decisional anhe-
donia seen in depression.

4.1. Limitations

Medication use differed across groups, and we did not have a
separate control task to measure psychomotor activity. Our results
indicate that medication effects or psychomotor slowing are un-
likely to explain our findings; however, future studies should in-
clude unmedicated samples and a psychomotor control task.

4.2. Conclusions

Prior work suggests that behavioral measures of decisional
anhedonia improve when depression remits (Hughes et al., 1985;
Yang et al., 2014). Such behavioral measures could help match
depressed patients to the most appropriate treatments, speeding
recovery. Treatments that directly target motivational deficits,
such as Behavioral Activation and/or dopaminergic drugs, may be
particularly advantageous for those who show motivational defi-
cits on the PRT or similar tasks. Given mixed evidence for anti-
depressant use in bipolar disorder, including those enhancing
dopaminergic function (Bond et al., 2012; Goldberg et al., 2004;
Pacchiarotti et al., 2013), objective measures of amotivation could
help tailor individualized risk-benefit calculations for using
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dopaminergic agents in bipolar depression. As antidepressant
treatment may cause manic switching, nonpharmacological ap-
proaches such as Behavioral Activation may be particularly useful
in bipolar depression. Furthermore, effort tasks, potentially in
combination with neuroimaging, could provide objective in-
dicators of treatment response. Ultimately, translational mea-
surement of decisional anhedonia may help to parse the hetero-
geneity within depression, accelerate drug discovery, and improve
clinical care.
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