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Anhedonia (lack of reactivity to pleasurable stimuli) and a negatively skewed view of the future are
important components of depression that could affect economic decisions in depressed individuals.
Delay discounting paradigms might be useful for probing putative affective and cognitive underpin-
nings of such decisions. As a first step to evaluate whether difficulties experiencing pleasure might
affect delay discounting, 36 undergraduate students with varying levels of anhedonia performed
a delay discounting task in which they made choices between a small immediate and larger future

Key WorqS: ) monetary reward. Increasing levels of anhedonia (Snaith—Hamilton Pleasure Scale) were negatively
Delay discounting . . . . e P

Anhedonia associated with delay discounting rate, indicating that anhedonic individuals tended to choose the
Impulsivity larger, albeit delayed reward. These correlations remained after controlling for variables previously
Working memory linked to delay discounting (working memory capacity and impulsivity) and pessimistic future-directed
Depression thinking. The current findings provide preliminary evidence indicating that anhedonic individuals

Future-directed thinking make less myopic decisions about their future, possibly due to their decreased responsiveness to

immediate rewards.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Major Depressive Disorder (MDD) is a common and debilitating
psychiatric disorder, with a lifetime prevalence of 16.2% in the
United States (Kessler et al, 2003). MDD is characterized by
persistent sad mood and difficulty experiencing pleasure (anhe-
donia), accompanied by several associated symptoms, including
weight loss or gain, sleep disturbances, and difficulty concen-
trating, among others. An important feature of depressive thinking
is a negative view of the future (Beck, Rush, Shaw, & Emery, 1979),
which can manifest as a lack of positive expectations (Macleod &
Salaminiou, 2001).

A sound measure of future-oriented thinking regarding positive
experiences (e.g., receiving rewards) is the delay discounting
paradigm. Delay discounting refers to the reduction in the present
value of a future reward as the delay for obtaining the reward
increases (Richards, Zhang, Mitchell, & de Wit, 1999). Delay dis-
counting is usually measured by presenting individuals with
a hypothetical or real choice between two rewarding options
available at different times (e.g., “Would you prefer $10 now or $15 in
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a week?”). Individuals have different discounting rates (i.e., some
value future rewards less than others), and delay discounting
shows substantial stability over time (1-year test-retest stability:
0.71; Kirby, 2009). Prior research suggests that delay discounting
represents an important individual difference variable that could
shape decision making in a host of contexts (e.g., decisions about
diets, relationships and spending).

It is not clear whether delay discounting rate might be affected
by depression or elevated anhedonic symptoms, and if so, in which
way. One hypothesis is that, because of their generally bleak view of
the future (Beck et al., 1979), depressed individuals will discount
delayed rewards at a higher rate than healthy controls. This rela-
tionship might reflect mood incongruence: difficulty forming
mental representations of positive future experiences might result
from the discrepancy between these representations and current
low mood in depression (Schacter, Addis, & Buckner, 2007). In other
words, reflecting on current depressed mood could lead individuals
to expect similarly negative future events (pessimistic future-
directed thinking), possibly leading to a preference for immediately
available rewards, and thus more “short-sighted” (myopic) deci-
sions in delay discounting paradigms.

The contrasting hypothesis is that, relative to healthy controls,
depressed individuals will show reduced delay discounting due to
current anhedonia, evident in their reduced positive affect and
behavioral responsiveness to immediately available pleasurable
stimuli (e.g., Berenbaum & Oltmanns, 1992). In other words,
because immediate rewards tend to elicit weaker levels of pleasure
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in depressed individuals relative to healthy subjects, they might be
deemed less preferable than objectively greater delayed rewards,
leading to more “far-sighted” decisions.

A small number of studies have explored the relationship
between delay discounting and depression. In one recent study, ex-
smokers endorsing a history of depressive symptoms exhibited
greater discounting rates than ex-smokers without such history
(Yoon et al., 2007). In another report, relative to healthy partici-
pants, medicated subjects with MDD discounted delayed outcomes
less when probed about the distant future, whereas they showed
a larger discounting rate of rewards in the near future (Takahashi
et al., 2008). These findings were interpreted within the frame-
work of increased impulsivity in depression, which might manifest
itself in impulsive and risky (including self-harm) behavior
(Sinclair, Crane, Hawton, & Williams, 2006).

Prior studies of delay discounting in depression are character-
ized by three important limitations. First, these studies have not
considered the possible influence of other variables known to
modulate delay discounting, including impulsivity and working
memory capacity. Impulsive behavior (e.g., in the context of
substance abuse) has been strongly associated with higher
discounting rates (for review, see Reynolds, 2006). Similarly, dis-
counting rates are higher in individuals with poor working memory
and in healthy subjects under high working memory load (Bobova,
Finn, Rickert, & Lucas, 2009; Hinson, Jameson, & Whitney, 2003;
Shamosh et al, 2008), likely due to a diminished ability to
consider the most rational decision and resorting to “gut” decisions
by choosing the immediate (yet smaller) reward. In light of the role
of impulsivity (Takahashi et al.,, 2008) and diminished working
memory capacity (Austin, Mitchell, & Goodwin, 2001) in depres-
sion, it appears critical to consider individual differences in these
variables when examining links between depression/anhedonia
and discounting rate.

Second, depression is a highly heterogeneous condition, and it is
conceivable that distinct constellations of symptoms may impact
delay discounting in different ways, leading to inconsistencies in
the literature. Third, although studies in currently depressed
participants are clearly very important, the study of individuals
experiencing current MDD does not allow researchers to differen-
tiate whether abnormal delay discounting behavior might repre-
sent a vulnerability to depression, or rather a consequence of
current symptoms. In light of these key conceptual challenges,
consensus is emerging about the need to consider intermediate
phenotypes (“endophenotypes”) that might be more proximally
related to disease vulnerabilities (Gottesman & Gould, 2003; Insel &
Cuthbert, 2009). Because of its relative stability over time
(Shankman, Nelson, Harrow, & Faull, 2010), clinical and biological
plausibility (e.g., American Psychiatric Association, 2000; Pizzagalli
et al.,, 2009), and substantial heritability (Bogdan & Pizzagalli, 2009;
Dworkin & Saczynski, 1984), anhedonia has emerged as one of the
most promising endophenotypes of depression (Hasler, Drevets,
Manji, & Charney, 2004), warranting investigations of its putative
effects on delay discounting.

As a first step to address these limitations, the present study
examined the relationship between anhedonic symptoms, as
measured by the Snaith—Hamilton Pleasure Scale (Snaith et al., 1995),
and delay discounting rate in a student sample without any history
of MDD while controlling for individual differences in impulsivity
and working memory. We tested the two contrasting hypotheses
developed above: relative to participants reporting normal hedonic
tone, those reporting elevated levels of anhedonic symptoms: (1) will
discount delayed rewards at a higher rate, possibly due to difficulties
forming mental representations of positive future experiences; vs.
(2) will discount delayed rewards at a lower rate, possibly due to
reduced responsiveness to immediate rewards. Critically, we

reasoned that evidence for the second hypothesis could be bolstered
by showing that links between anhedonic symptoms and delay
discounting rates remained after controlling for pessimistic future-
directed thinking, which was assessed by means of the Future Events
Task (Miranda & Mennin, 2007).

2. Method
2.1. Participants

Thirty-nine participants, recruited from the Harvard University
Department of Psychology study pool, completed the study after
providing informed written consent. All were English-speaking and
right-handed. They were paid $10/hour, and were told that they
would have the opportunity to win more money during one of the
computerized tasks. Three participants were excluded from anal-
yses; two were current cigarette smokers, while one fulfilled
criteria for marijuana abuse. These subjects were excluded due to
the well-established link between drug abuse and high delay dis-
counting rate (Reynolds, 2006). The remaining thirty-six subjects
(mean age: 26.3 years, S.D.: 7.5, range: 19—50; 20 females; 6 Afri-
can—American, 19 Caucasian, 11 Asian) reported no current or past
depression and no current psychopathology, as assessed by the
Mini International Neuropsychiatric Interview (MINI; Sheehan
et al., 1998). The study was approved by the Committee on the
Use of Human Subjects at Harvard University.

2.2. Procedure

2.2.1. Delay discounting task

The delay discounting task used here is a computerized ques-
tion-based measure that can be used to study choice behavior
(Richards et al., 1999). Participants were presented with a series of
questions asking about their preferences between $10 to be
received after one of the delays (1, 2, 30, 180 and 365 days) or
a smaller amount (e.g., $2) to be received immediately. For each
trial, they were instructed to click on the reward they preferred.
Time to choose was unlimited, and after each response, participants
were asked, “Are you sure about your response?” If they indicated
uncertainty, they were permitted to go back to make a different
choice; if they were sure, the program continued to the next
question. For each delay, the smaller amount was increased or
decreased in value (+$0.50) based on previous responses until an
indifference value was reached. An indifference value is defined as
the smallest amount of money chosen to be received immediately
instead of waiting the specified delay in order to receive the $10
standard. The task automatically terminated once an indifference
value was calculated for each delay. To increase the saliency and
relevance of their choices, participants were told at the outset that
one of their responses would be randomly selected and that they
would receive the amount they chose at the delay specified. That is,
if they chose the immediate reward on the randomly selected trial,
they would receive the money as additional compensation after the
session; conversely, if they chose the larger, delayed reward, they
would receive the money by mail after the delay specified. After
completing the delay discounting task, participants were asked to
rate their certainties for receiving the delayed rewards (e.g., “If you
had chosen the money delayed by 365 days, were you sure you would
actually get that money if it was the randomly selected answer? How
sure were you that you would get the money in 365 days if you chose
it?”; Richards et al., 1999).

2.2.2. Automated Operation Span task
The Automated Operation Span task (Unsworth, Heitz, Schrock,
& Engle, 2005) was used to assess working memory capacity. In this
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task, participants are asked to recall a sequence of letters, while
solving simple math operations. In each trial, participants first saw
a math operation (e.g., (1 x 2) + 1 = ?). Once they thought that they
knew the answer, they clicked the mouse to advance to the next
screen. They then saw a number (e.g., “3”) and were required to
respond if the number was the correct solution by clicking on
“True” or “False” on the screen. Following this, participants saw
a letter, which was presented for 800 ms. After the presentation of
3—7 pairs of math problems and letters, the participants saw a list
of letters and were asked to indicate by mouse click the order of the
letters in the last set. They were then provided with feedback,
which included how many letters they recalled correctly in that set,
and what cumulative percentage of the math problems were
answered accurately. If participants took more time to solve the
math than their average time (as determined during a practice
section before the task) plus 2.5 SD, the program automatically
advanced. This served to prevent participants from rehearsing the
letters while solving the math operations. Participants were
instructed to maintain their math accuracy above 85% in order to
ensure that they were attempting to both solve the math opera-
tions and remember the letters. Performance on this task has been
found to provide a reliable measure of working memory capacity
(Unsworth et al.,, 2005). Higher scores indicate better working
memory capacity. In total, the task included 75 operations and 75
letters. As in prior studies (e.g., Unsworth et al., 2005), the Opera-
tion Span score was the main variable of interest and reflected the
sum of all perfectly recalled sets. If, for example, a participant
correctly recalled four letters in a set size of 4, five letters in a set
size of 5, and one letter in a set size of 6, his or her Operation Span
score was 9 (4 + 5 + 0).

2.2.3. Self-report questionnaires

Self-report questionnaires administered after the experiment
included the Future Events Task (Miranda & Mennin, 2007), Beck
Depression Inventory-Il (BDI-II; Beck, Steer, & Brown, 1996),
Snaith—Hamilton Pleasure Scale (SHPS; Snaith et al., 1995), and
Barratt Impulsiveness Scale Version 11 (BIS-11; Patton, Stanford, &
Barratt, 1995). In the Future Events Task, participants were pre-
sented with a list of 34 future events, half of which were positive
and half negative. For each item, they were asked to (1) answer the
question, “Is this likely to happen to you some time in the future?” by
circling yes or no, and (2) indicate how certain they were of each
response by using a 5-point Likert scale (1: Not at all certain; 5: As
certain as one can be). Participants were assigned a score of “1” for
each item scored “as certain as one can be” about a pessimistic
expectation (i.e., being certain that a negative event would happen
or a positive event would not happen to them), and assigned a score
of “0” otherwise. The total score indicates level of depressive
predictive certainty, with higher scores indicating more pessimistic
future-thinking (Miranda & Mennin, 2007).

The BDI-II is a reliable and well-validated instrument used to
assess symptoms of depression (Beck et al., 1996). For each of the
21 items, individuals are asked to choose statements that indicate
how they have been feeling in the past two weeks. These items
reflect symptoms such as sadness, loss of pleasure, and changes in
energy, sleep, and appetite.

The SHPS is a well-validated, 14-item instrument used to assess
anhedonia. Participants are asked to rate whether they agree,
strongly agree, disagree, or strongly disagree that they would enjoy
various experiences that are generally considered pleasurable (e.g.,
“I would find pleasure in my hobbies and past-times”). Following
recent recommendation (Franken, Rassin, & Muris, 2007), an
ordinal (rather than the original dichotomous) scoring was used.
Specifically, items answered with “strongly agree” were coded as
“1”, while a “strongly disagree” response was assigned a score of

“4.” Therefore, scores on the SHPS can range from 14 to 56, with
higher scores corresponding to higher levels of anhedonia. The
SHPS has satisfactory test-retest validity in healthy participants
over an interval of three weeks (intraclass correlation coefficient
between test and retest: r = 0.70, p < 0.001; Franken et al., 2007).

The BIS-11 provides a measure of real-world impulsivity (e.g., “I
charge more than I earn”) and has been found to possess satisfactory
reliability and validity (e.g., Patton et al., 1995).

2.2.4. Mini International Neuropsychiatric Interview (MINI)

The MINI is a short structured diagnostic interview for DSM-IV
and ICD-10 psychiatric disorders with satisfactory reliability and
validity (Sheehan et al., 1998). The MINI interview was adminis-
tered in the same session, following the experimental portion.

2.3. Data reduction and analyses

For each participant, the indifference values obtained in the
delay discounting task were used to estimate a delay discounting
rate, measured by the variable k. Prior research indicates that delay
discounting of reward value can be described by a hyperbolic
discount function (e.g., Richards et al., 1999):

Indifference value = A/(1+kD) (1)

where A is the amount of the reward, D is the delay to reward, and k
is a free parameter. This equation was fit to the five delay indif-
ference points for each person using LoggerPro 3.5 (Vernier Soft-
ware & Technology; Beaverton, OR), which determined the best
fitting values for k. Larger values of k indicate more marked
devaluation of reinforcer value by delay, or higher discounting rate
(Richards et al., 1999).

Due to prior evidence of a relationship between inconsistency in
intertemporal choice and depression (Takahashi et al., 2008), we
also fitted the g-exponential function to each subjects’ data to
determine estimates of q (inconsistency) and kq (impulsivity) using
R statistical language (www.r-project.org). This function is based on
Tsallis' statistics, and was computed as:

V(D) = A/expq(kqD) = A/[1+(1—q)kgD]"/1 =9 (2)

where A is the amount of the reward at D = 0, D is the delay to
reward, kg is a parameter of impulsivity at delay D = 0, and the q
parameter can be used to assess a subject's consistency in inter-
temporal choice (Cajueiro, 2006; Takahashi, 2007; Takahashi, Oono,
& Radford, 2007).2

The goodness-of-fit was evaluated using the second-order
Akaike Information Criterion (AICc), which was used to correct for
small sample size. Smaller AICc indicates better fit. The AICc values
for the hyperbolic discount function, g-exponential function, and
exponential function were 15.66, 29.85 and 42.44, respectively.
Hence, we concluded that the hyperbolic function was the best
choice of discounting model for this particular dataset; accordingly,
main analyses focused on k values. Before analyses, the distribution
of k values was normalized using a logo transformation.

To examine the relationship between anhedonic symptoms and
delay discounting rate, a Pearson correlation was performed

2 Note that equation (2) is equivalent to the simple hyperbolic discount function
[equation (1) = V(D) = A/(1 + kD)] when q = 0. Critically, in the current dataset, the
g-exponential function could not be fitted in 10 participants due to an infinity
value. In light of these results and the AICc values indicating that the hyperbolic
function best fitted the current dataset, findings emerging from the g-exponential
function were not further interpreted and should be interpreted with caution.
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between SHPS scores and k values. Next, a hierarchical regression
was performed to examine whether SHPS scores predicted delay
discounting rate when controlling for variance associated with
working memory capacity (as assessed by the Operation Span
scores), impulsivity (as assessed by the total BIS-11 scores), and
certainty ratings about the delivery of delayed reward (as assessed
by the post-task questionnaire). For a more stringent test of the
study hypotheses, a second hierarchical regression was run to
evaluate whether SHPS scores would predict delay discounting rate
after entering pessimistic future-directed thinking (as assessed by
the Future Events Task) in the first step, and impulsivity, working
memory capacity, and certainty regarding the delivery of delayed
reward in the second step of the model. Finally, in secondary
analyses, Pearson correlations between delay discounting rate and
(1) post-task ratings of certainty regarding the delivery of a reward
at various delays; and (2) depressive predictive certainty (as
assessed by the Future Events Task) were run. All analyses were
performed using SPSS, Version 16.0.

3. Results
3.1. Primary analyses

One participant's delay discounting rate data were lost due to
experimenter error. Gender did not affect delay discounting (t(34)
= —0.86, p > 0.39) or anhedonia (t(34) = 0.68, p > 0.49), thus this
variable was not further considered in the analyses. Table 1
summarizes descriptive statistics and inter-correlations among
the variables. Of primary relevance to the study hypotheses,
k values were significantly and negatively correlated with SHPS
scores (SHPS range: 14—30; r = —0.42; p < 0.015; Fig. 1). Accord-
ingly, increasing anhedonic symptoms were associated with
smaller discounting rate of future rewards, suggesting that partic-
ipants reporting relatively greater anhedonic symptomatology
were more likely to choose a larger, delayed reward over an
immediate smaller reward.> Pessimistic future-thinking in the
Future Events Task was weakly related to k value (r = —0.30, p =
0.08). In contrast to prior studies (e.g., Bobova et al., 2009;
Reynolds, 2006), no correlations emerged between delay dis-
counting and impulsivity score (r = —0.12, p > 0.51) or working
memory capacity (r = —0.20, p > 0.25).

A hierarchical regression analysis indicated that SHPS scores
predicted delay discounting rates even after controlling for indi-
vidual differences in impulsivity, working memory capacity, and
certainty regarding the delivery of delayed reward [AR? = 0.16, AF
(1, 29) = 6.71, p < 0.015]. Moreover, SHPS scores remained signif-
icant predictors of discounting rates even when entering pessi-
mistic future-directed thinking in the first step of the hierarchical
regression model, and impulsivity, working memory capacity, and
certainty regarding the delivery of delayed reward in the second
step [AR? = 0.11, AF (1, 28) = 5.26, p < 0.03].

3.2. Control analyses

In order to disentangle the effect of general depressive symp-
toms, as measured by the BDI-II, from the effect of anhedonia on
delay discounting rate, a hierarchical regression analysis was

3 A similar correlation emerged when considering total BDI scores (Pearson r =
—0.45; p < 0.007). Although the range for BDI scores was 0—19, the mean BDI score
was low (4.78, SD = 5.11), and the distribution was skewed towards the left, which
is not surprising given the non-clinical nature of the sample. A non-parametric
Spearman Rank's correlation confirmed a significant relation between BDI scores
and delay discounting rates (rho = —0.38, p = 0.025). In light of the overall low BDI
scores, main analyses focused on anhedonic symptoms, as assessed by the SHPS.

Table 1
Descriptive statistics (mean and SD) and correlation matrix of the variables of
interest.

Mean SD BIS-11 WM FET k value
SHPS 21.57 408 r=-023 r=0.16 r=0.21 r=-0.42
p=0.19 p=036 p=023 p < 0.015
BIS-11 70.17 933 1 r=0.26 r=-013 r=-0.12
p=013 p=044 p =051
WM 49.78 1533 1 r=-0.05 r=-020
p=0.77 p =0.25
FET 142 1.78 1 r=-0.30
p =0.08
kvalue -2.04 0.82 1

Notes: SHPS: Snaith—Hamilton Pleasure Scale (Snaith et al., 1995); BIS-11: Barratt
Impulsiveness Scale, version 11 (Patton et al, 1995); WM: working memory
capacity (as assessed by the Operation Span task; Unsworth et al., 2005); FET: Future
Events Task; k value: discounting rate. Higher scores on the SHPS and BIS-11 indi-
cate higher levels of anhedonia and impulsivity, respectively. Higher WM scores
indicate better working memory capacity. Higher FET scores indicate more elevated
depressive predictive certainty. Higher (less negative) k values indicate preference
for smaller immediate rewards over later, larger ones.

performed. Findings revealed that SHPS scores continued to predict
delay discounting rate even when BDI-II scores were entered with
impulsivity, working memory capacity and certainty regarding the
delivery of delayed reward in the first step of the model [AR? = 0.13,
AF (1, 28) = 1.11, p < 0.02].

Analyses considering the g-exponential function based on
Tsallis' statistics to estimate g (inconsistency) and kq (impulsivity)
revealed no relationship between either of these variables and
SHPS score (q: r = —0.39; p > 0.07; kq: r = 0.12; p > 0.57). Finally,
there was no relation between either of these parameters and
working memory, impulsivity and future-directed thinking.

4. Discussion

The results of the present study indicate that relatively
decreased capacity for experiencing pleasure is associated with
a lower discounting rate for future rewards. Thus, when partici-
pants reporting anhedonic symptoms in their daily life faced
a choice between a small, immediate reward and a larger, future
reward, they were more likely to take the larger reward in the
future, despite the delay, demonstrating more far-sighted deci-
sions. Interestingly, anhedonic symptoms predicted delay dis-
counting rates even when controlling for individual differences in
variables previously associated with discounting behavior,
including working memory capacity and impulsivity (Bobova et al.,
2009; Hinson et al., 2003; Reynolds, 2006), general depressive
symptoms (as assessed by the BDI-II), and pessimistic future-
directed thinking (as assessed by the Future Events Task).

In light of this pattern, we speculate that the current finding of
an inverse relation between anhedonic symptoms and delay

SHPS score
20 25 30

-
o
-
(9

o
o

log k value
e h A
o o o

4.0 -

Fig. 1. Pearson correlation and scatterplot of delay discounting rate and SHPS scores
(r=-042; p <0.015).
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discounting rate might be explained by blunted responses to
immediate rewards and positive cues characteristic of individuals
with anhedonia and/or depression (e.g., Berenbaum & Oltmanns,
1992; Wacker, Dillon, & Pizzagalli, 2009). Of note, neuroimaging
studies of delay discounting have shown that activation in ventral
striatal regions (e.g., the nucleus accumbens) is associated with
a preference for immediate over delayed rewards (e.g., Hariri et al.,
2006). The nucleus accumbens plays a key role in coding the
incentive properties of stimuli and has been found to be hypoactive
in both non-clinical samples with elevated anhedonic symptoms
(Wacker, Dillon, & Pizzagalli, 2009) and unmedicated MDD samples
(e.g., Pizzagalli et al., 2009). Collectively, these findings raise the
possibility that weaker hedonic responses to immediately available
rewards might contribute to a lower delay discounting rate in
anhedonic individuals.

In spite of these convergent findings, the neurobiological basis
of delay discounting remains largely unknown (but see
Schweighofer et al., 2008 for initial evidence indicating that acutely
lowered serotonin levels lead to steeper delayed discounting, likely
due to more impulsive behavior). Anhedonia has been associated
with a hypoactive dopaminergic system (Hasler et al., 2008; Heinz,
Schmidt, & Reischies, 1994; Tremblay, Naranjo, Cardenas,
Herrmann, & Busto, 2002), and it is possible that reduced dopa-
mine transmission might diminish the saliency of immediate
rewards (Berridge, 2007), biasing anhedonic individuals towards
larger, delayed rewards. Although entirely speculative at this stage,
it is interesting to note that individuals with disorders character-
ized by an excess of mesolimbic dopamine, such as schizophrenia,
are characterized by higher-than-normal discounting rates (Heerey,
Robinson, McMahon, & Gold, 2007). Moreover, delay discounting
rate has been inversely associated with salivary cortisol levels,
indicating that individuals with high cortisol levels made more far-
sighted decisions (Takahashi, 2004). Critically, anhedonic subjects
are characterized by dysfunctional stress regulation (Putnam,
Pizzagalli, Gooding, Kalin, & Davidson, 2008; Soliman et al,
2008), which might make them more vulnerable to the delete-
rious effects of stressful events (Meehl, 1975). Collectively, these
findings suggest that it will be important in future studies to
investigate the role of stress in delay discounting, and whether
discounting rate factors into the progression from dysregulated
stress response to major depression.

The present results could also be interpreted within the
framework of recent findings emerging from the affective fore-
casting literature. For example, in a recent series of studies, Kassam,
Gilbert, Boston, and Wilson (2008) described the construct of future
anhedonia, or the belief that hedonic states will be less intense in
the future than the present. According to this conceptualization,
because of the temporal distance between the self and the future
reward, it may be difficult to mentally represent the emotion that
would follow receipt of the future reward. In individuals who have
difficulty experiencing pleasure in the present (i.e., anhedonic
subjects), hedonic responses to current rewards are, by definition,
blunted. It is possible, then, that only the magnitudes of the
rewards might factor into the choices of anhedonic individuals. As
a consequence, they are more likely than healthy controls to make
the more far-sighted decision and choose the larger, albeit delayed
reward. Interestingly, emerging evidence from behavioral
economics indicates that far-sighted vs. myopic decisions can have
different affective sequelae within specific contexts. Kivetz and
Keinan (2006), for example, reported that myopic choices are
often followed by less regret than more far-sighted choices are (e.g.,
participants who chose work over pleasure later expressed more
regret over their choice than participants who made the opposite
decision). Because depression is often marked by overwhelming
feelings of regret, it will be important to investigate whether

abnormalities in reward-related decision making might increase
risk for depression also through the emergence of regret and other
negative emotions.

It is worth noting that in the current delay discounting task, the
probability that any particular reward in any trial would actually be
received was small. Therefore, a preference for later, larger rewards
should not be interpreted as evidence of an optimistic outlook
towards the future. Rather than contradicting previous findings of
pessimistic future-directed thinking in depression, these results
support the assertion that reduced hedonic capacity may be
responsible for the inability to find future positive experiences
pleasurable (Macleod & Salaminiou, 2001). Accordingly, both
cognitive and affective components likely play a key role in the
emergence and maintenance of a negative view towards the future
in depression.

The sample used in this study can be seen as both a strength and
a limitation. Utilizing a psychiatrically healthy student sample
allowed us to (1) investigate the effect of anhedonia on delay dis-
counting without the possible confounding effects of other symp-
toms associated with major depression, and (2) identify hedonic
abnormalities that might represent a vulnerability for, rather than
consequence of, depression. Interestingly, anhedonia was a signifi-
cant predictor of delay discounting rate even after controlling for
general depressive symptoms, highlighting the specificity of this
relationship. The clear limitation is that possible inferences to
major depression are premature. Importantly, we cannot discern
whether the current individuals with elevated anhedonic symp-
toms but no current or past depression represent a “resilient” group
or rather a group with increased risk for future depression
(particularly since this young group was still within the vulnera-
bility period for depression).

Several other limitations of the present study deserve mention.
First, the sample size was relatively modest, and low statistical
power might explain null findings concerning relations between
delay discounting, on one side, and working memory capacity and
impulsivity, on the other side. Null findings with respect to working
memory capacity are unexpected, but while working memory load
has been shown to affect discounting rate in healthy participants
(Hinson et al., 2003), another factor (i.e., intelligence) has been
found to mediate the relationship between working memory
capability and discounting rate (Shamosh et al., 2008). Unfortu-
nately, intelligence was not assessed in the current study. Negative
findings regarding impulsivity are only partially surprising,
particularly when seen within the framework of prior reports.
While some studies have shown a link between self-report and
behavioral measures of impulsivity, others have found very weak
relationships (Reynolds, Ortengren, Richards, & de Wit, 2006). It is
possible that delay discounting paradigms and self-report ques-
tionnaires measure different constructs; in self-report measures,
participants must recognize and report on their own behavioral
tendencies in various contexts, and these self-perceptions may not
always accurately reflect their behavior. In contrast, performance
on behavioral tasks is less sensitive to biased self-perceptions
(Reynolds et al., 2006). It is interesting to note, however, that the
present link between anhedonic symptoms and delay discounting
remained after controlling for individual differences in working
memory capacity and impulsivity, highlighting promising
specificity.

Second, although the relation between anhedonic symptoms
and delay discounting remained even after controlling for pessi-
mistic future-directed thinking, providing suggestive evidence that
the current findings might be explained by reduced responsiveness
to immediate rewards, conclusive statements about mechanisms
behind the affect-discounting relationship are premature. Neuro-
imaging approaches contrasting reward-related encoding and
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retrieval processes might be useful for pinpointing mechanisms
contributing to the present findings.

Finally, we hypothesized that performance in the Future Events
Task, a questionnaire that assesses individuals' expectations about
the future, would be related to delay discounting rate, but only
a statistical trend emerged (possibly due to limited statistical
power). The trending inverse correlation indicates that individuals
with more pessimistic expectations about the future were charac-
terized by reduced discounting of future reward, in line with the
primary findings. Critically, anhedonic symptoms predicted dis-
counting rates above and beyond pessimistic future-directed
thinking, consistent with the assumption of reduced hedonic
responsiveness to immediate rewards.

In conclusion, the current findings indicate that individuals
reporting loss of pleasure in their daily life make more economi-
cally far-sighted choices about their future, possibly due to their
decreased responsiveness to immediate rewards. These prelimi-
nary findings are consistent with the assumption that affective
components play an important role in economic decisions in
depression, and warrant future studies in clinical samples.
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