Metadata, citation and similar papers at core.ac.uk

Provided by Harvard University - DASH

. SH

Acute Stress Reduces Reward Responsiveness: Implications for
Depression

DIGITAL ACCESS TO
SCHOLARSHIP AT HARVARD

The Harvard community has made this article openly available.
Please share how this access benefits you. Your story matters.

Bogdan, Ryan, and Diego A. Pizzagalli. 2006. Acute stress
reduces reward responsiveness. Implications for depression.
Biological Psychiatry 60(10): 1147-1154.

Published Version  doi:10.1016/j.biopsych.2006.03.037

Accessed February 17, 2015 10:46:38 PM EST

Citable Link http://nrs.harvard.edu/urn-3:HUL .InstRepos: 3200669

Terms of Use This article was downloaded from Harvard University's DASH
repository, and is made available under the terms and conditions
applicable to Other Posted Material, as set forth at
http://nrs.harvard.edu/urn-3:HUL .l nstRepos:dash.current.terms-of -
use#rLAA

(Article begins on next page)


https://core.ac.uk/display/28931526?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://osc.hul.harvard.edu/dash/open-access-feedback?handle=1/3200669&title=Acute+Stress+Reduces+Reward+Responsiveness%3A+Implications+for+Depression
http://dx.doi.org/10.1016/j.biopsych.2006.03.037
http://nrs.harvard.edu/urn-3:HUL.InstRepos:3200669
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA

Acute Stress Reduces Reward Responsiveness: Implications for
Depression
Ryan Bogdan and Diego A. Pizzagalli

Department of Psychology, Harvard University, Cambridge, Massachusetts

Running head: ACUTE STRESS REDUCES REWARD RESPONSIVENESS

Please address all correspondence to:

Diego A. Pizzagalli, Ph.D.

Department of Psychology

Harvard University

1220 William James Hall Phone: +1-617-496-8896

33 Kirkland Street Fax: +1-617-495-3728

Cambridge, MA 02138, USA Email: dap@wjh.harvard.edu

Key Words: Depression, Affect, Anhedonia, Depression, Dopamine, Reward, Stress



Abstract

Background: Stress, one of the strongest risk factors for depression, has been linked to
“anhedonic” behavior and dysfunctional reward-related neural circuitry in preclinical
models.

Methods: To test if acute stress reduces reward responsiveness (i.e., the ability to
modulate behavior as a function of past reward), a signal-detection task coupled with a
differential reinforcement schedule was utilized. Eighty female participants completed
the task under both a stress condition, either threat-of-shock (n = 38) or negative
performance feedback (n = 42), and a no-stress condition.

Results: Stress increased negative affect and anxiety. As hypothesized based on
preclinical findings, stress, particularly the threat-of-shock condition, impaired reward
responsiveness. Regression analyses indicate that self-report measures of anhedonia
predicted stress-induced hedonic deficits even after controlling for anxiety symptoms.
Conclusions: These findings indicate that acute stress reduces reward responsiveness,
particularly in individuals with anhedonic symptoms. Stress-induced hedonic deficit is a

promising candidate mechanism linking stressful experiences to depression.



Introduction

Diathesis-stress models postulate that both biological and environmental factors
influence the development of psychiatric disorders, including depression (Millon and
Davis 1999). These theories suggest that diatheses, including genetic (Caspi et al 2003;
Kendler and Karkowski-Shuman 1997) and neurobiological (Davidson et al 2002;
Holsboer 2000) predispositions, influence one’s vulnerability to the destabilizing effects
of stress. Consistent with this view, stress has been strongly associated with depression
in both retrospective and prospective research (Brown and Harris 1978; Monroe and
Hadjiyannakis 2002; Van Praag et al 2004). Specifically, severe, chronic, and dependent
psychosocial stressful life events have been linked to depression onset (Brown and
Harris 1978, 1989; Kendler et al 1999). Despite the impressive predictive value of
stressful events for depression and the suggested causality (Kendler et al 1999), the
mechanisms by which stress is associated with depression are poorly understood.

Findings emerging from preclinical research offer potential insight into these
mechanisms. Animal models of depression have demonstrated that stress induces
anhedonic-like behavior (Anisman and Matheson 2005). Various procedures, including
chronic mild stress (Willner 2005), learned helplessness (Henn and Vollmayer 2005),
inescapable stress (Zacharko et al 1983), and early separation (Matthews and Robbins
2003) have been shown to decrease animals’ sensitivity to reward. Importantly, animal
research suggests that only stressors affecting dopaminergic transmission in pathways
associated with reward (Schultz 2002; Wise 2004), result in anhedonic behavior
(Zacharko et al 1983). These preclinical findings are particularly intriguing in light of

the role of anhedonia in depression (American Psychiatric Association 2000).



Surprisingly, and in contrast with the animal literature, little translational human
research has investigated the interplay of stress and anhedonia. One notable exception
found that samples of U.S. Army cadets and college students reported a decreased ability
to experience pleasure following a stressful period (field training exercises and final
examinations, respectively) compared to a control period (Berenbaum and Connelly
1993). Further highlighting a potential link between anhedonia and stress, depressed
individuals with anhedonia reported higher subjective ratings of stressful events (Willner
et al 1990). Moreover, melancholia, a subtype of depression characterized by anhedonia,
is often accompanied by hypercortisolemia (Gold and Chrousos 1999). Taken together,
preclinical evidence and limited human research invite the possibility that stress might
increase the likelihood of depression development by inducing anhedonia.

As an initial test of this hypothesis, the present study aimed to investigate whether
acute stress induced hedonic deficits in healthy female controls. Only females were
included because depression occurs nearly twice as often in women compared with men
(Kessler et al 1993) and gender differences in behavioral and biological stress responses
have been described in both the animal (Faraday 2002; Tinnikov 1999) and human
(Maciejewski et al 2001; Weiss et al 1999) literature. To elicit acute stress, two widely
used laboratory stress-induction paradigms, threat-of-shock and negative performance
feedback, were utilized. Prior findings indicate that both paradigms reliably induce
negative affect and anxiety (Grillon et al 1993; Stroud et al 2002). To objectively assess
hedonic behavior, a signal-detection task was utilized to measure reward responsiveness,
which can be conceptualized as an individual’s propensity to modulate behavior

according to rewarded experience (Pizzagalli et al 2005a). Given animal research and the



limited human findings reviewed above linking stress to anhedonic-like behavior, we
hypothesized that individuals will demonstrate impaired reward responsiveness and
reward learning under a stress compared with a no-stress condition. Moreover, we
hypothesized that stress induced impairments in reward responsiveness will be
particularly pronounced in individuals reporting anhedonia in daily life.
Methods and Materials
Participants

Eighty-three female participants aged 18-25 were recruited from the community
and introductory psychology courses. All were right-handed (Chapman and Chapman
1987) and reported no color blindness, past or present neurological, psychiatric,
hormonal, or metabolic disturbances. For their time, participants received either course
credit or $10/hour as well as money ($10.60) “won” during the task. Participants who did
not believe the stress manipulation (z = 2) or did not understand the experiment (n = 1)
were excluded. Thus, data from 80 subjects were utilized for analyses. Participants were
randomly assigned to either a negative performance feedback (n = 42; age: 21.26 +
2.37) or threat-of-shock (n = 38; age: 22.05 + 2.24) manipulation.
The study was approved by the Committee on the Use of Human Subjects at Harvard
University.
Task

The computer task, which was adapted from prior research (Pizzagalli et al 2005a;
see also Tripp and Alsop 1999), was presented on a PC using E-prime software (version

1.1; Psychology Software Tools, Inc, Pittsburgh, Pennsylvania). The task consisted of



300 trials, which were divided into 3 blocks of 100 trials. Blocks were separated by a 30-
second break. Each subject completed the computer task twice: in a stress and no-stress
condition, the order of which was counterbalanced across subjects. To reduce
carry-over effects between conditions, two different stimuli (a nose and mouth; see
below) were utilized as targets. Stimuli were counterbalanced across conditions
and subjects.

Trial Presentation (Figure 1A4)

Each trial began with the presentation of a fixation cross for 1.0 —1.4 sec in the
middle of the screen (Figure 1A). The fixation cross was replaced by a mouthless (or
noseless) face presented in the center of the screen. After 500 ms, either a short mouth
(10.00 mm) or nose (5.00 mm); or a long mouth (11.00 mm) or nose (5.31 mm) was
presented for 100 ms. (The length of stimuli were determined through pilot testing to
minimize potential differences in response bias and discriminability between the nose and
mouth stimuli.) Importantly, the difference in stimulus length was small, making the
discrimination between a short or long mouth (or nose) difficult. The mouthless (or
noseless) face remained on the screen for an additional 1500 ms. Participants were
instructed to identify which stimulus (long or short) was presented by pressing the ‘1’ or
‘4’ key (counterbalanced across subjects and between conditions) on a button response
box. Within each block, the short and long stimuli were presented equally often in a
pseudo-randomized sequence with the constraint that no more than three instances of the
same stimulus were presented consecutively. For each block, reward feedback (“Correct!!
You won 5 cents”) was presented after 40 correct trials according to a controlled

reinforcement schedule. Critically, one stimulus (hereafter labeled as the “rich stimulus™)



was disproportionately rewarded compared to the other (hereafter labeled as the “lean
stimulus”) for correct responses with a ratio of 3 to 1. Thus, during each block, a
participant received 30 reward feedbacks for correct identifications of the rich stimulus
while receiving only 10 reward feedbacks for correct identifications of the lean stimulus.
The controlled reinforcement schedule used guaranteed that reward feedback for correct
responses was given according to a pseudo-randomized schedule. If a participant failed
to make a correct response for a trial in which feedback was scheduled, reward feedback
was delayed until the next correct identification of the same stimulus type (rich or lean).
Reward feedback was presented for 1500 ms and was followed by a blank screen for 250
ms. If feedback was not given (i.e., the subject was inaccurate or was accurate but no
feedback was scheduled), a blank screen was displayed for 1750 ms.
Stress Manipulation

Two stress manipulations were used; threat-of-shock and performance feedback
(Figure 1B, 1C). Throughout the experiment, a multicolored bar was utilized to signal
the presence of the stressor. For participants in the threat-of-shock manipulation (no
shock was ever actually delivered), this bar represented the likelihood that they would
receive an “unpleasant but not painful” electrical shock via the electrodes attached to the
back of their neck (see Procedure). Participants were instructed that the likelihood they
would receive a shock was dependent upon their performance, such that they were more
likely to receive a shock if they were performing worse than past participants. In the
performance feedback manipulation, the bar represented the participant’s percentile

ranking relative to past participants. These stressful manipulations and instructions were



utilized to emphasize psychosocial (i.e., evaluative), and dependent (i.e., contingent on
the individuals’ own behavior) aspects of stress, which have been strongly linked to
depression onset in humans (Kendler et al 1999).

For both stress manipulations, an indicator mark on the bar represented the
participant’s current level, i.e., the likelihood of receiving a shock in the threat-of-shock
manipulation or their percentile ranking in the performance feedback manipulation. To
maintain the stress manipulation throughout the experiment, the location of the indicator
mark was updated after every 10 trials according to a fixed pattern, independent of actual
performance. To minimize task distraction a 2-sec window was provided during which
the indicator mark moved before the next trial started. For the stress condition of the
threat-of-shock manipulation, the indicator mark oscillated within the region indicating a
50-75% likelihood of receiving an electrical shock. In the no-stress condition, the
indicator mark moved within the 0-25% region labeled “‘safe.” Participants were told that
if the indicator mark was within the “safe” region it would be impossible for them to
receive a shock.

Subjects assigned to the performance feedback manipulation received poor
performance feedback during the stress condition. To this end, the indicator mark
fluctuated within the region indicating that the participant was performing within the
25th—50th percentiles of past participants. In the no-stress condition of the performance
feedback manipulation the indicator mark moved within the 75th—100th percentile.
Procedure

After providing informed written consent, participants were given verbal

instructions. Subjects were told that the aim of the study was to win as much money as



possible and that the best way to do so was to correctly identify as many stimuli as
possible. Additionally, participants were informed that not every correct response would
receive a reward. To assess the effects of stress on self-report measures of affect, subjects
completed the state form of the Spielberger Trait Anxiety Inventory (STAI; Spielberger
et al 1970) and the Positive and Negative Affect Scale (PANAS; Watson et al 1988) four
times: immediately before (pre-task) and after (post-task) the stress and no-stress
conditions. 1 For participants assigned to the threat-of-shock manipulation, for both the
stress and no-stress condition, 8-mm electrodes (Coulborn, V91-93, V91-33) were
attached immediately after the pre-task administration of the PANAS and STAI scales
and removed immediately after completion of the post-task PANAS and STAI scales. To
avoid confounding effects due to asymmetrical placement on the body (Simpson et al
2001), electrodes were attached to the neck.

After completion of pre-task PANAS and STAI measures, written instructions for
the signal-detection task were presented on the computer screen, followed by practice
trials. Participants were allowed as many practice trials as necessary. Following
completion of the signal-detection task during the first condition (stress or no-stress),
participants completed the post-task STAI and PANAS assessments. Between the two
conditions, participants completed a variety of self-report measures, including the
Chapman and Chapman (1987) handedness scale, Mood and Anxiety Symptom
Questionnaire (MASQ; Watson et al 1995), and the Beck Depression Inventory II (BDI-
IT; Beck et al 1996), among others. The second condition (stress or no-stress) was
presented at least 30 min after completion of the first condition. Before beginning the

second condition, the respective instructions and practice trials were provided. The state
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forms of the STAI and PANAS scales were administered again immediately before and
after the second condition. Following completion of the entire study, participants were
debriefed and remunerated.
Data Reduction

The main variable of interest was response bias, which is an empirically-based
measure of reward responsiveness. Response bias assesses participants’ systematic

preference for the response paired with the more frequent reward, and is calculated as:

Response Bias: ><

As evident from the formula, a high response bias emerges with (a) large numbers
of correct identifications of the rich stimulus and misses for the lean stimulus (incorrectly
identifying the lean stimulus as the rich stimulus), which result in a large numerator; and
(b) small numbers of misses for the rich stimulus and correct identifications of the lean
stimulus, which result in a smaller denominator. To further evaluate response bias
findings, analyses were also performed on accuracy (percentage of correct responses) for
each stimulus (rich or lean) type.

To test the specificity of putative findings, control analyses were performed on
discriminability. Discriminability provides a measure of a participants’ ability to
discriminate the two stimuli and is a measure of overall task performance or difficulty.

Discriminability was calculated according to the following formula:

Discriminability: ><

Response bias and discriminability were derived from the behavioral model of signal

detection (Macmillan and Creelman 2005).
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Statistical Analyses

To remove outliers, trials with RTs less than 150 ms or longer than 1500 ms were
first excluded. Next, for each subject, trials with RTs (following natural log
transformation) falling outside the mean + 3 SD were considered as additional outliers
and excluded. Overall, 1.32% of trials were excluded. To assess the general effects of
acute stress on affect and task performance, analyses of variance (ANOV As) were
performed on the entire sample (n = 80).

For the signal-detection task, ANOV As with Condition (stress, no-stress), and
Block (1,2,3) as repeated measures and Stress Manipulation (threat-of-shock, negative
performance feedback) as a between-subject factor were performed for response bias
and discriminability separately.2 To further assess the unique effects of the two stress
manipulations on response bias and discriminability, Condition x Block ANOV As were
repeated separately for the threat-of-shock (N = 38) and performance feedback (N = 42)
manipulations. For accuracy scores, an ANOVA with Condition (stress, no-stress),
Stimulus Type (rich, lean), Block (1,2,3) and Stress Manipulation as factors was
performed.

For each self-report measure of affect (PANAS PA, PANAS NA, and STAI), a
separate ANOVA with Condition (stress, no-stress) and Time (pre-task, post-task) as
repeated measures and Stress Manipulation (threat-of-shock, negative performance
feedback) as a between-subject factor was performed. Throughout, the Greenhouse-
Geisser correction was applied when applicable. Post-hoc Newman-Keuls tests were

utilized in case of significant ANOVA effects.
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To investigate whether self-report measures of mood were associated with
response bias, Pearson correlations were run between BDI/MASQ scores and total
response bias within the stress and no-stress conditions. As in prior studies (Joiner et al
2003; Pizzagalli et al 2005a), an anhedonic subscore of the BDI was computed by
summing items #4 (loss of pleasure), #12 (loss of interest), #15 (loss of energy), and #21
(loss of libido). For the MASQ, the four subscales—anhedonic depression (AD), general
depression (GDD), anxious arousal (AA), and general anxiety (GDA)—were considered
(Watson et al 1995). Finally, to test the a priori hypothesis of a link between anhedonia
and stress, hierarchical regression analyses were run to evaluate if anhedonic depression
(as measured by the MASQ and BDI) uniquely predicted response bias during the stress
condition after controlling for response bias in the no-stress condition (entered in the first
step) and MASQ measures of anxiety (AA and GDA; entered in the second step).
Results
The Effects of Stress on Response Bias

The three-way ANOV A with Condition (stress, no-stress), Block (1,2,3), and
Stress Manipulation (threat-of-shock, negative performance feedback) revealed a main
effect of Block [F(2,156) = 32.73, p <.001], due to increases in response bias over time
(block 3 > block 1; block 2 > block 1; Newman-Keuls: p’s > .001). More importantly, the
main effect of Condition was also significant [F(1,78) = 5.39, p <.03], due to lower
response bias during the stress (0.08 & 0.16) than no-stress (0.16 + 0.17) condition (Fig.
2A).

When considering the two stressor manipulations separately, Condition x Block

ANOV As revealed that the main effect of Condition was significant only for the threat-
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of-shock manipulation [F(1,37) = 6.47, p < .02; stress: 0.08 & 0.14, no-stress: 0.17 =
0.13]. On an individual level, 28 of the 38 subjects (74%) in the threat-of-shock
manipulation showed lower response bias in the stress than no-stress condition (binomial
P(28/38) <.002). To examine the contribution of each stimulus type on response bias, a
Stimulus Type (rich, lean) x Block x Condition ANOVA was conducted on accuracy
scores. Critically, a significant Stimulus Type x Condition interaction emerged [F(1,37) =
10.39, p <.01; see Figure 2B].3 Post-hoc Newman-Keuls tests revealed that accuracy for
the rich stimulus was significantly higher in the no-stress relative to the stress condition
(p <.02); for the lean stimulus, accuracy was higher in the stress compared to the no-
stress condition (p <.03).

In light of the response bias findings, correlation and regression analyses were
performed to investigate whether individual differences in anhedonic symptoms predicted
response bias in the threat-of-shock manipulation. Consistent with our hypotheses,
negative correlations emerged between mean response bias during the stress, but not no-
stress, condition and (1) BDI anhedonic subscore (r = -.33, p <.05) and (2) MASQ
anhedonic depression subscale (» = -.30, p < .08; Table 1). Highlighting the specificity of
these findings, hierarchical regression analyses clarified that MASQ anhedonic epression
predicted mean response bias during the stress condition even after controlling for mean
response bias during the no-stress condition and MASQ anxiety measures (GDA, AA),
[AR2 = .14, AF(1,32) =5.36, p < .03]. When considering the BDI anhedonic subscore
score, a similar pattern emerged [AR2 = .09, AF(1,33) =3.47, p <.08].

Control Analyses
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Discriminability. The three-way ANOVA with Condition, Block, and Stress
Manipulation as factors revealed only a significant main effect of Block [F(2, 156)
5.01,p .01; :0.93], due to greater discriminability in block 2 (0.43 _ 0.18) relative to
block 1 (0.38 0.14; Newman-Keuls: p _ .01; see Figure 2C). When considering the two
stressor manipulations separately, the main effect of Condition was not significant for the
threat-of-shock [F(1,37) .06, p .81] or the performance feedback [F(1,37) 2.19,p
The mean response bias (averaged across blocks) was considered.

Self-Report Measures of Affect. To test the effects of stress on affect, Condition
(stress, no-stress) x Time (pre-task, posttask) x Stress Manipulation (threat-of-shock,
negative performance feedback) ANOVAs were performed for NA, PA, and STAI
scores separately. For the sake of brevity, only effects involving Condition are reported.
For STAI, the Condition x Time interaction was significant [F(1,78) = 8.54, p <.01]. For
PANAS NA, the Condition x Time interaction approached significance [F(1,78) =3.31, p
<.08]. As expected, the stress condition led to increases of NA and STAI (post > pre,
Newman-Keuls: p’s <.02). Moreover, STAI scores were significantly higher after the
stress than no-stress condition (Newman-Keuls: p’s <.01; Fig. 3B). For PANAS PA, a
significant Condition x Time x Stress Manipulation emerged [F(1,78) =4.83, p <.04].
Follow-up Condition x Time ANOV As conducted for each stress manipulation separately
revealed, however, no significant findings.

Discussion

Anhedonia has long been recognized as a potential trait marker of depression

(Loas 1996; Meehl, 1975). More recently, anhedonia has come under renewed attention

as a particularly promising depressive phenotype (Hasler et al 2004; Pizzagalli et al
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2005a) because it is: 1) a cardinal symptom of depression (American Psychiatric
Association 2000); 2) heritable (Farmer 2003); 3) associated with dysfunctions in brain
reward pathways (Anisman and Matheson 2005); 4) a predictor of poor outcome (Kasch
et al 2002); and 5) often a precipitant of depression onset (Dryman and Eaton 1991).
However, although preclinical findings suggest that stress plays a major role in the
emergence of anhedonia (Anisman and Matheson 2005), the mechanisms by which
hedonic deficits arise in humans remain largely unknown.

The goals of the present study were to: 1) test whether acute stress impairs reward
responsiveness, an empirical measure of hedonic capacity, in healthy female controls; 2)
assess the effects of two different psychosocial stress manipulations on reward
responsiveness; and 3) evaluate associations between self-reported anhedonia and levels
of reward responsiveness under stress and no-stress conditions. Consistent with prior
research, both stress manipulations successfully induced negative affect and anxiety
(Grillon et al 1993; Rhudy and Meagher 2003; Stroud et al 2002). As in prior studies
from our laboratory, which assessed subject samples different from the one considered
here (Pizzagalli et al 2005a; Pizzagalli, Ratner, Jahn, unpublished observation), reliable
response bias development and stimulus-dependent changes in accuracy indicated that
participants modified their behavior according to reinforcement history. Thus, both the
stress induction and reward responsiveness task were successful.

Consistent with our main hypothesis, preclinical investigations (Anisman and
Matheson 2005; Henn and Vollmayr 2005; Willner 2005) and limited human research
(Berenbaum and Connelly 1993), subjects, particularly in the threat-of-shock

manipulation, displayed significantly lower response bias in the stress compared to the
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no-stress condition indicating that acute stress reduced reward responsiveness in healthy
female controls. Notably, for both stress manipulations, analyses on discriminability
scores revealed no significant differences between the stress and no-stress condition
suggesting no global effects of stress on task performance. Further highlighting specific
hedonic impairments rather than a global performance deficit, the stress condition

was associated with significantly lower accuracy for the rich stimulus but significantly
higher accuracy for the lean stimulus.

Interestingly, negative correlations emerged between self report measures of
anhedonia and response bias during the stress, but not no-stress, condition. Accordingly,
individuals reporting greater anhedonic symptoms in their daily life showed the strongest
hedonic deficits in the face of an acute stressor. Highlighting the specificity of this link,
anhedonic symptoms predicted stress-induced hedonic deficits even after controlling
for response bias in the no-stress condition and anxiety symptoms.

Collectively these findings suggest that acute psychosocial stressors with
evaluative and dependent features4 led to transiently blunted hedonic capacity in
psychiatrically healthy female participants, particularly in those reporting hedonic
deficits. In light of the observations that both stress (Monroe and Hadjiyannakis 2002)
and anhedonia (Dryman and Eaton 1991) often precede depression onset, the present
findings provide a potential mechanism—stress-induced hedonic deficits—by which
stress may lead to depression onset. In addition to this study, two independent lines of
evidence suggest that these effects might be particularly deleterious for individuals with
biological vulnerabilities featuring anhedonic traits (Farmer et al 2003; Oquendo et al

2004). First, a family history of depression has been found to confer an increased
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vulnerability to stress-induced hedonic deficits (Berenbaum and Connelly 1993). Second,
animals bred for depression demonstrate increased stress-induced anhedonic-like
behavior (Overstreet et al 1997) and blunted dopamine responses to reward (Yadid et al
2001).

Interestingly, in a recent study using the same signal-detection task without any
acute stressor, we observed that subjects who appraised recent situations in their life as
stressful, unpredictable, and uncontrollable had significantly lower reward responsiveness
than comparison subjects (Pizzagalli, Ratner, Jahn, unpublished observation). Although
in the present study we did not assess the participants’ appraisal of how uncontrollable or
unpredictable the acute stressors were, findings from these independent studies suggest
that both sustained laboratory stressors with psychosocial components as well as
perceived stress in daily events were associated with similar reductions in hedonic
capacity. In addition to providing important convergent evidence, these findings
emphasize the ecological validity of laboratory stressor paradigms.

Candidate Neurobiological Mechanisms

Due to the purely behavioral nature of this study, no conclusive statements about
putative neurobiological mechanisms underlying the link between acute stress and
anhedonia can be advanced. Extrapolating from extensive preclinical findings, we
suggest, however, that stress may induce hedonic deficits by altering the rewarding
properties of stimuli through dysfunction within dopaminergic tracts and structures
associated with reward processing, most notably the mesocorticolimbic pathways

(Anisman and Matheson 2005). Generally, animal research suggests that enhanced
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mesolimbic dopamine transmission promotes approach-related behaviors while stress-
related dysfunctions are associated with decreased hedonic capacity (Cabib and Puglisi-
Allegra 1996; Di Chiara et al 1999; Pani et al 2000). Interestingly, stress-induced
mesolimbic hypodopaminergic but mesocortical hyperdopaminergic transmission have
been associated with deficits in motivated behavior (Cabib et al 2002). Neuroimaging
techniques probing neurochemical (Koepp et al 1998; Pruessner et al 2004) and
functional (e.g., Knutson et al 2001) aspects of the mesocorticolimbic system will be
needed to test whether the present stress-induced hedonic deficits may be due to
transiently decreased mesolimbic and/or increased mesocortical dopamine function.

In addition to potential modulation within mesocorticolimbic pathways, a second, but not
mutually exclusive, mechanism linking stress and anhedonia might involve prefrontal
cortex (PFC) regions. Specifically, a large body of electroencephalographic (EEG)
literature suggests that the left and right PFC are critically implicated in approach-related
and withdrawal-related affect, respectively (Davidson 2004; Gotlib et al 1998; Henriques
and Davidson 2000; Pizzagalli et al 2002, 2005b). Consistent with an asymmetrical
involvement in approach-related affect, we recently found that resting (task-free) EEG
hypoactivity in left dorsolateral PFC regions (as well as medial orbitofrontal regions)
was associated with decreased reward bias in a monetarily reinforced task (Pizzagalli et
al 2005b). Based on these EEG findings as well as animal data indicating asymmetrical
dopaminergic activation in response to stressors (Carlson et al 1988, 1993), we speculate
that acute stressors may induce hypoactivation in the left prefrontal cortex and thus
induce blunted reward responsiveness. Alternatively, based on reports that acute

administration of the stress hormone cortisol leads to increased right PFC activation
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(Tops et al 2005), a region critically implicated in anxiety and withdrawal-related affect
(Davidson 2004; Pizzagalli et al 2002), reduced appetitive behavior during acute stressors
may arise due to increased inhibitory effects of right PFC regions over homologous left
PFC regions subserving approach-related affect (Daskalakis et al 2002; Allison et al
2000; Sullivan 2004). Measurements of brain electrical activity in similar laboratory
based reward task in conjunction with acute stressors will be needed to test these
alternative hypotheses.
Limitations and Future Directions

The limitations of this study deserve mention. First, although the affective
responses to the stress manipulations were as hypothesized, no physiological
measures (e.g., skin conductance and cortisol) were collected to confirm the effects
of the stress manipulation. Second, although the present findings are in line with
extensive preclinical evidence emphasizing stress-mediated hedonic deficits, due to
their purely behavioral nature, they cannot provide any evidence about putative
neural mechanisms linking stress and blunted hedonic capacity. Third, only female
participants were considered, a choice motivated by the increased prevalence of
depression in women compared with men following stressful life events
(Maciejewski et al 2001). Although the present findings highlight a potential
vulnerability to stress induced hedonic deficits in females, future studies will be
needed to evaluate whether these findings extend to males. Fourth, although both
stressor manipulations led to similar decreases in hedonic capacity during the
stressful condition, this reduction was not statistical significant for the performance

feedback manipulation. The reasons for this null finding are not entirely clear.
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Possibly, the anxiety and negative affect generated by the threat-of-shock
manipulation coupled with the evaluative aspects of the stressor may be required to
induce hedonic deficits. Future studies will be needed to identify the specific aspects
of psychosocial stressors that lead to hedonic deficits. Limitations notwithstanding,
the present findings indicate that acute stress impaired hedonic capacity,
particularly in subjects reporting elevated levels of anhedonic symptoms, raising the
possibility that stress-induced hedonic deficits may be a candidate mechanism

underlying the etiology and pathophysiology of depression.



21

Acknowledgments

This work was supported by NIMH ROIMH68376 grant to DAP. RB was supported by a
Karen Stone Fellowship. We thank Avram Holmes, April Timberlake, James O’Shea,
Timothy Vickery, Kyle Ratner, Allison Jahn, Hollie Gilson, and Erika Cowman for

assistance.



22

References

Allison JD, Meador KJ, Loring DW, Figueroa RE, Wright JC (2000): Functional
MRI cerebral activation and deactivation during finger movement. Neurology
54:135-142.

American Psychiatric Association (2000): Diagnostic and Statistical Manual of
Mental Disorders, 4th ed. TR. Washington DC: American Psychiatric Press.

Anisman H, Matheson K (2005): Stress, depression, and anhedonia: Caveats
concerning animal models. Neurosci Biobehav Rev 29:525-546.

Beck AT, Steer RA, Brown GK (1996): Beck Depression Inventory Manual, 2nd
ed. San Antonio: The Psychological Corporation.

Berenbaum H, Connelly J (1993): The effect of stress on hedonic capacity.
J Abnorm Psychol 102:474-481.

Brown GW, Harris TO (1978): Social Origins of Depression. New York: The Free
Press.

Brown GW, Harris TO (1989): Life Events and Depression. New York: Guilford
Press.

Cabib S, Puglisi-Allegra S (1996): Stress, depression and the mesolimbic
dopamine system. Psychopharmacology 128:331-342.

Cabib S, Ventura R, Puglisi-Allegra S (2002): Opposite imbalances between
mesocortical and mesoaccumbens dopamine responses to stress by the
same genotype depending on living conditions. Behav Brain Res 129:
179-185.

Carlson JN, Fitzgerald LW, Keller Jr. RW, Glick SD (1993): Lateralized changes



23

in prefrontal cortical dopamine activity induced by controllable and
uncontrollable stress in the rat. Brain Res 630:178 —187.

Carlson JN, Glick SD, Hinds PA, Baird JL (1988): Food deprivation alters
dopamine utilization in the rat prefrontal cortex and asymmetrically
alters amphetamine-induced rotational behavior. Brain Res 454:373—

377.

Caspi A, Sugden K, Moffitt TE, Taylor A, Craig IW, Harrington H, et al (2003):
Influence of life stress on depression: Moderation by a polymorphism in
the 5S-HTT gene. Science 301:386 —389.

Chapman LJ, Chapman JP (1987): The measurement of handedness. Brain
Cogn 6:175-183.

Daskalakis ZJ, Christensen BK, Fitzgerald PB, Roshan L, Chen R (2002): The
mechanisms of interhemispheric inhibition in the human motor cortex.

J Physiol 543:317-26.

Davidson RJ, Pizzagalli D, Nitschke JB, Putnam K (2002): Depression:
Perspectives from affective neuroscience. Annu Rev Psychol 53:545-574.

Davidson RJ (2004): What does the prefrontal cortex “do” in affect: Perspectives
in frontal EEG asymmetry research. Biol Psychol 67:219 —234.

Di Chiara G, Loddo P, Tanda G (1999): Reciprocal changes in prefrontal and
limbic dopamine responsiveness to aversive and rewarding stimuli after
chronic mild stress: Implications for the psychobiology of depression.

Biol Psychiatry 46:1624 —1633.

Dryman A, EatonWW(1991): Affective symptoms associated with the onset



24

of major depression in the community: Findings from the U.S. National
Institute of Mental Health Epidemiologic Catchment Area Program. Acta
Psychiatr Scand 84:1-5.

Faraday MM (2002): Rat sex and strain differences in response to stress.
Physiol Behav 75:507-555.

Farmer A, Mahmood A, Redman K, Harris T, Sadler S, McGuffin P (2003). A
sib-pair study of the temperament and character Inventory scales in
major depression. Arch Gen Psychiatry 60:490—496.

Gold PW, Chrousos GP (1999): The endocrinology of melancholic and atypical
depression: relation to neurocircuitry and somatic consequences.

Proc Assoc Am Physicians 111:22-34.

Gotlib [H, Tanganathand J, Rosenfeld JP (1998): Frontal EEG alpha asymmetry,
depression, and cognitive function. Cogn Emotion 12:449-478.

Grillon C, Ameli R, Foot M, DavisM(1993): Fear-potentiated startle: Relationship
to the level of state/trait anxiety in healthy subjects. Biol Psychiatry
33:566 -574.

Hasler G, Drevets WC, Manji HK, Charney DS (2004): Discovering
Endophenotypes for major depression. Neuropsychopharmacology 29:1765—
1781.

Henn FA, Vollmayr B (2005): Stress models of depression: Forming genetically
vulnerable strains. Neurosci Biobehav Rev 29:799-804.

Henriques JB, Davidson RJ (2000): Decreased responsiveness to reward in

depression. Cogn Emotion 14:711-723.



25

Holsboer F (2000): The corticosteroid receptor hypothesis of depression.
Neuropsychopharmacology 23:477-501.

Joiner TE, Brown JS, Metalsky GI (2003): A test of the tripartite model’s
prediction of anhedonia’s specificity to depression: Patients with major
depression versus patients with schizophrenia. Psychiatry Res 119:243—

250.

Kasch KL, Rottenberg J, Arnow BA, Gotlib IH (2002): Behavioral activation
and inhibition systems and the severity and course of depression.
J Abnorm Psychol 111:589 —597.

Kendler KS, Karkowski-Shuman L (1997): Stressful life events and genetic
liability to major depression: Genetic control of exposure to the environment?
Psychol Med 27:539 —547.

Kendler KS, Karkowski LM, Prescott CA (1999): Causal relationship between
stressful life events and the onset of major depression. Am J Psychiatry
156:837— 841.

Kessler RC, McGonagle KA, Swartz M, Blazer DG, Nelson CB (1993): Sex and
depression in the National Comorbidity Survey I: Lifetime prevalence,
chronicity and recurrence. J Affect Disord 29:85-96.

Knutson B, Adams CM, Fong GW, Hommer D (2001): Anticipation of increasing
monetary reward selectively recruits nucleus accumbens. J Neurosci
21:159 —163.

Koepp MJ, Gunn RN, Lawrence AD, Cunningham VJ, Dagher A, Jones T, et al

(1998): Evidence for striatal dopamine release during a video game.



26

Nature 393:266 —268.

Loas G (1996): Vulnerability to depression: a model centered on anhedonia.
J Affect Disord 41:39 —-53.

Maciejewski PK, Prigerson HG, Mazure CM (2001): Sex differences in
Eventrelated risk for major depression. Psychol Med 31:593— 604.

Macmillan NA, Creelman CD (2005): Detection Theory: A User’s Guide, 2nd ed.
Mahwah, New Jersey: Lawrence Erlbaum.

Matthews K, Robbins DK (2003): Early experience as a determinant of adult
behavioral responses to reward: The effects of repeated maternal separation
in the rat. Neurosci Biobehav Rev 41:422—427.

Meehl PE (1975): Hedonic capacity:someconjectures. Bull Menninger Clin 39:
295-307.

Millon T, Davis RD (1999): Developmental pathogenesis. In: Millon T, Blaney
PH, Davis RD, editors. Oxford Textbook of Psychopathology. New Y ork:
Oxford University Press, pp 29-48.

Monroe SM, Hadjiyannakis K (2002): The social environment and depression:
Focusing on severe life stress. In Gotlib IH,HammenC, editors. Handbook
of Depression. New York: The Guilford press, pp 314-340.

Oquendo MA, Barrera A, Ellis SP, Li S, Burke AK, Grunebaum M, et al (2004):
Instability of symptoms in recurrent major depression: A prospective
study. Am J Psychiatry 161:255-261.

Overstreet DH, Pucilowski O, Djuric V (1997): Genetic/environment interactions

in chronic mild stress. Psychopharmacology 134:359 —-360.



27

Pani L, Porcella A, Gessa GL (2000): The role of stress in the pathophysiology
of the dopamine system. Mol Psychiatry 5:14 -21.

Pizzagalli DA, Jahn AL, O’Shea JP (2005a): Toward an objective
Characterization of an anhedonic phenotype: A signal detection approach.
Biol Psychiatry 57:319 -327.

Pizzagalli DA, Nitschke JB, Oakes TR, Hendrick AM, Horras KA, Larson CL, et al
(2002): Brain electrical tomography in depression: The importance of
symptom severity, anxiety, and melancholic features. Bio/ Psychiatry 52: 73—
85.

Pizzagalli DA, Sherwood RJ, Henriques JB, Davidson RJ (2005b): Frontal brain
asymmetry and reward responsiveness: A Source localization study. Psychol
Sci 16:805— 813.

Pruessner JC, Champagne F, Meaney MJ, Dagher A (2004): Dopamine release
in response to a psychological stress in humans and its relationshipto early
life maternal care: a positron emission tomography study using
[11C]raclopride. J Neurosci 24:2825-2831.

Rhudy JL, Meagher MW (2003): Negative affect: Effects on an evaluative
measure of human pain. Pain 104:617— 626.

Schultz W (2002): Getting formal with dopamine and reward. Neuron 36:
241-263.

Shumake J, Barrett D, Gonzalez-Lima F (2005): Behavioral characteristics of
rats predisposed to learned helplessness: reduced reward sensitivity,

increased novelty seeking, and persistent fear memories. Behav Brain Res



28

164:222-230.

Simpson Jr. JR, Drevets WC, Snyder AZ, Gusnard DA, Raichle ME (2001):
Emotion-induced changes in human medial prefrontal cortex: II. During
anticipatory anxiety. Proc Natl Acad Sci USA 98:688—693.

Spielberger CD, Gorsuch RL, Lushere RE (1970): Manual of the State-Trait
Anxiety Inventory. Palo Alto, CA: Consulting Psychologists Press.

Stroud LR, Salovey P, Epel ES (2002): Sex differences in stress responses:
Social rejection versus achievement stress. Biol Psychiatry 52:318 —327.

Sullivan RM (2004): Hemispheric asymmetry in stress processing in rat
prefrontal cortex and the role of mesocortical dopamine. Stress
7:131-143.

Tinnikov AA (1999): Responses of serum corticosteroid-binding globulin to
acute and prolonged stress in the rat. Endocrine 11:145-150.

Tops M, Wijers AA, van Stveren ASJ, Bruin KJ, Den Boer JA, Meijman TF, Korf
J(2005): Acute cortisol administration modulates EEG alpha asymmetry
in volunteers: Relevance to depression. Biol Psychol 69:181-13.

Tripp G, Alsop B (1999): Sensitivity to reward frequency in boys and with
attention deficit hyperactivity disorder. J Clin Child Psychol 28:366 —375.
Van Praag HM, de Kloet R, van Os J (2004): Stress, the Brain and Depression.

Cambridge, UK: Cambridge University Press.

Vollmayr B, Bachteler D, Vengeliene V, Gass P, Spanagel R, Henn (2004): Rats

with congenital learned helplessness respond less to sucrose but show

no deficits in activity or learning. Behav Brain Res 150:217-221.



29

Watson D, Clark LA, Tellegen A (1988): Development and validation of brief
measures of positive and negative affect: The PANAS scales. J Pers Soc
Psychol 54:1063-1070.

Watson D, Weber K, Assenheimer JS, Clark LA, Strauss ME, McCormick RA
(1995): Testing a tripartite model: I. Evaluating the convergent and
discriminant validity of anxiety and depression symptom scales. J Abnorm
Psychol 104:3-14.

Weiss EL, Longhurst JG, Mazure CM (1999): Childhood sexual abuse as a risk
factor for depression in women: Psychosocial and neurobiological correlates.
Am J Psychiatry 156:816-828.

Willner P (2005): Chronic mild stress (CMS) revisited: Consistency and
behavioral-neurobiological concordance in the effects of CMS.
Neuropsychobiology 52:90 —110.

Willner P, Wilkes M, Orwin A (1990): Attributional style and perceived stress
in endogenous and reactive depression. J Affect Disord 18:281-287.

Wise RA (2004): Dopamine, learning and motivation. Nat Neurosci 5:1-12.

Yadid G, Overstreet DH, Zangen A (2001): Limbic dopaminergic adaptation
to a stressful stimulus in a rat model of depression. Brain Res 896:

43— 47.

Zacharko RM, Bowers WJ, Kokkinidis L, Anisman H (1983): Region-specific

reductions of intracranial self-stimulation after uncontrollable stress:

possible effects on reward processes. Behav Brain Res 9:129 —141.



30

Table 1. Pearson Correlations between Measures of Mood and Response

Bias During the Stress and No-Stress Conditions for the Threat-of-Shock

(n = 38) Manipulation

Stress RB Control RB
MASQ AD -0.30%* -0.24
MASQ GDD -0.31 0.01
MASQ AA -0.14 0.15
MASQ GDA -0.12 -0.11
BDI -0.16 -0.17
BDI Anhedonic Score -0.33* 0.02

BDI, Beck Depression Inventory-II (Beck et al 1996). BDI Anhedonic Score = sum
of items 4 (loss of pleasure), 12 (loss of interest), 15 (loss of energy), and 21

(loss of interest in sex). MASQ, Mood and Anxiety Symptom Questionnaire

(Watson et al 1995). AD, Anhedonic Depression; GDD, General Distress Depression;

AA, Anxious Arousal; GDA, General Distress Anxiety. *p <.10, **p <.05.
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Figure Legends

Figure 1. (A) Schematic representation of the task design and trial presentation; in this
example, the mouth version of the task is shown. (B) Example of the no-stress condition
for the performance feedback manipulation (with mouth version). (C) Example of the
stress condition for the threat-of-shock manipulation (with nose version). During the
experiment, facial features were presented in white

against a black background, and the bar used to signal the presence of the stressor was
multicolor.

Figure 2. Overall effect of task manipulation on behavioral measures. (A)

Response bias (entire sample; n_80); (B) accuracy (threat-of-shock manipulation; n
38); (C) discriminability (entire sample; n _ 80). Error bars

represent standard errors. The black bars represent the stress condition

while the light gray bars represent the no-stress condition.

Figure 3. Overall effect of task manipulation on self-reported measures of

affect and anxiety for the entire sample (n_80). (A) Negative affect (NA) and

(B) STAI anxiety. Error bars represent standard errors. The black bars represent

the stress condition while the light gray bars represent the no-stress

condition.
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