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Case report

The role of avoidance motivation in the relationship between reward
sensitivity and depression symptoms in adolescents: An ERP study
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A B S T R A C T

Blunted neural responses to reward in an EEG paradigm (RewP) are associated with vulnerability to depression,
but the pathways linking this biomarker to depressive symptoms are unclear. We examined whether the re-
lationship between reward response (RewP mean amplitude and latency) and depression was in part explained
by approach-motivated behaviors in adolescents with varying levels of depression. EEG was collected during a
game rigged to provide win/loss trials. Longer RewP latency was associated with depression symptoms only
when scores on a measure of avoidance motivation were included. These results suggest that treatments tar-
geting avoidance may decrease vulnerability to depressive episodes.

1. Introduction

Anhedonia—decreased motivation and reactivity toward pleasur-
able stimuli—is a feature of numerous psychiatric disorders, including
depression (Admon and Pizzagalli, 2015; Der-Avakian and Markou,
2012). Depression onset often occurs in adolescence, the peak period
for the neural development of reward circuitry (Auerbach et al., 2014;
Forbes, 2009; Thapar et al., 2012). Whereas adolescence is typically
marked by heightened reward sensitivity (Spear, 2000), depressed
adolescents have a difficult time experiencing reward and overcoming
avoidance (Forbes, 2009). Disruptions of reward circuitry in the medial
prefrontal cortex and subcortical areas such as the anterior cingulate
cortex (ACC) and ventral striatum (Carlson et al., 2014; Gottfried et al.,
2003; Knutson et al., 2003) may increase risk for depression (Auerbach
et al., 2014; Bress et al., 2013; Holroyd and Umemoto, 2016; Pizzagalli
et al., 2005).

Sensitivity to rewarding versus non-rewarding stimuli can be in-
dexed by the reward positivity (RewP), an event-related potential (ERP)
acquired with EEG. This neural response is positively correlated with
activation of the ventral striatum and dorsal anterior cingulate (Becker
et al., 2014; Foti et al., 2011b). The RewP is typically maximal in
medial frontocentral channels and has a deflection that occurs ap-
proximately 250–550ms post reward or loss feedback and thus is
considered an index of reward response. Reward responsivity, using the
RewP, purportedly reflects individual differences in approach-moti-
vated affect and behaviors (Angus et al., 2015; Proudfit, 2015;
Threadgill and Gable, 2016). Approach-motivation is activated by

signals of reward, whereas avoidance-motivation is activated by signals
of loss/failure (Carver and Harmon-Jones, 2009; Coan and Allen,
2004). Dysregulation of the approach/avoidance-motivation system
may be a mechanism involved in the association between blunted re-
ward responses and depression (Depue and Iacono, 1989; Harmon-
Jones et al., 2010).

While there is clear evidence that the RewP is associated with ap-
proach-motivated states and traits, the relationship between avoidance-
motivation and the RewP is less clear. Lower RewP is associated with
negative emotional states (e.g., anxiety, depression), (Foti and Hajcak,
2009; Gu et al., 2010) increased depression vulnerability and more
severe symptom course, (Bress et al., 2013; Foti et al., 2011a; Kujawa
et al., 2014; Weinberg et al., 2015; Whitton et al., 2016) but no work
exists on the RewP and avoidance-motivation.

Given that depression symptoms have been associated with the
avoidance of prospective rewards (Winer and Salem, 2016), we probed
whether individual differences in approach- and avoidance-motivation
play a role in the relationship between blunted reward processing and
depression in adolescents. We used neurophysiological measures of
reward response (RewP) and self-reported approach- and avoidance-
motivation (Carver and White, 1994) to understand the mechanisms
through which reduced reward responsivity is associated with depres-
sive symptoms. We explored three hypotheses: (1) Reduced RewP mean
amplitude and longer peak latency would be associated with depression
(Proudfit, 2015); (2) blunted reward response would be associated with
avoidance-motivated affect and behavior (Winer and Salem, 2016); (3)
avoidance-motivation would have a role in the relationship between the
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RewP and depression.

2. Method

2.1. Sample

Adolescents between 12–17 years (N=20) were recruited from a
mood clinic. A dimensional approach to depression resulted in varied
symptom profiles of participants. The majority had a history of a mood
disorder (n=15), which was not necessary for inclusion (n=5) (no
mood disorder) and had additional comorbidities (see Table 1). Parents
and youth provided consent prior to study procedures approved by the
University of California-Los Angeles Medical Institutional Review
Board. Exclusion criteria were: (1) use of psychoactive drugs; (2) psy-
chosis, autism spectrum disorder, substance abuse; (3) serious neuro-
logical conditions or brain trauma; or (4) sensory impairments. Sample
characteristics are in Table 1.

2.2. Procedure

Following diagnostic interviewing, adolescents completed ques-
tionnaires. They were fitted with EEG electrodes and completed the
computer task while continuous EEG data were collected.

2.3. Diagnostic assessments

The Kiddie-Schedule for Affective Disorders and Schizophrenia (K-
SADS) (Chambers et al., 1985) was administered to participants and
parents by a doctoral level clinician during clinic intake or during study
visit (non-clinic participants). Participants were interviewed using the
Depression Rating Scale (DRS) (Geller et al., 2001) to assess dimensional
levels of depression symptoms over the previous week. Summary scores

were derived from the parent and child responses to the DRS using best
estimate consensus ratings.

2.4. Affective Posner task

This task involved 100 trials beginning with a fixation cross
(500–5000ms), followed by a cue in one of two boxes positioned side-
by-side (200ms), then a target within one of the boxes. Participants
respond as quickly as possible as to which box the target was presented.
Feedback was adjusted where 40% of correct trials were provided true
feedback and monetary reward (“You are Quick! Win 25 cents”); the
remaining 60% of correct responses resulted in loss feedback (“Too
Slow! Lose 25 cents”) presented on the computer screen.

2.5. BIS/BAS scales

Participants use a 4-point Likert scale ranging from very true for me
to very false for me to indicate how much they agree with self-statements
associated with approach and avoidance behaviors (Carver and
White, 1994). The BIS includes items covering the anticipation of or
response to punishment (Cronbach's α = 0.83). The BAS subscales are
Drive (α=0.79), Fun-Seeking (α = 0.72) and Reward Responsiveness
(α = 0.62).

2.6. Electroencephalography (EEG)

EEG utilized 40 Ag/AgCL surface electrodes using an extended in-
ternational 10/20-location system (ElectroCap, Eaton, OH). MANSCAN
(Sam Technology, San Francisco, CA) hardware/software was used to
continuously record EEG at a rate of 256 samples per second and re-
ferenced to linked-ears. Impedance was <10 KΩ. Data were processed
within Matlab (Mathworks) utilizing EEGLAB functions (Delorme and
Makeig, 2004). A high-pass filter at <1Hz and low pass filter at 58 Hz
were used, followed by manual removal of bad channels. Data were
segmented into 0.5 s bins, and any segment outside 5 standard devia-
tions of overall data was removed up to a 10% maximum.

Independent Component Analysis (ICA) separated neural and arti-
fact signals using parameters by binica in EEGLAB. ICs representing
non-brain activity were removed. Data were epoched 2 s before and
after each feedback event. An average of 75% of trials (range 69–94)
were retained after cleaning. We calculated mean ERPs using as base-
line the 200ms interval prior to feedback. To calculate RewP, differ-
ence scores (win-loss) were calculated using the Fz electrode. Mean
amplitude 250–350ms after feedback (win-loss) and latency of this
peak (win-loss) were used for the RewP calculation (see Figs. 1 and 2).

3. Data analyses

Analyses used IBM SPSS v24 software. The four steps outlined by
Baron and Kenny (1986) tested direct effects and hypotheses regarding
the role of approach/avoidance motivation. In step one, linear regres-
sion examined whether neural response to reward (RewP amplitude/
latency) predicted depression symptoms (DRS total). In step two, linear
regression models examined whether the RewP was associated with
motivation-related emotions/behaviors (i.e., subscales of the BIS/BAS).
Third, linear regression examined whether the approach/avoidance
motivation was associated with depression symptoms, controlling for
RewP. Finally, we examined whether the effect of the predictor (RewP)
on the outcome variable (DRS total) remained significant, controlling
for the mediator (BIS/BAS). Totals were calculated for the outcome
variables. In addition to the change score used to quantify RewP
(Reward – Loss), RewP-reward and RewP-loss scores were examined as
independent predictors of depression. Age was excluded as a covariate;
it was not associated with the RewP, our predictor variable.

Table 1
Demographic information and sample characteristics.

Demographics (SD)
M/F (%) 45/55
Age (years) 14.53 (2.09)
Racial categories (%)
American Indian/ Alaska native 4
Asian 0
Native Hawaiian or other Pacific Islander 5
Black or African American 9
White 59
Other 14
Unknown or not reported 9
Mood disorders (n=15 with formal mood disorder diagnosis)
Past episode of major depression 5
Current major depression 4
Bipolar I 2
Bipolar II 2
Bipolar- NOS 2
Psychiatric comorbidities (of those with mood disorder diagnosis)
No comorbidities 2
Anxiety 5
Obsessive–compulsive disorder 2
ADHD 4
Oppositional defiant disorder 3
Group mean (SD) measures
DRS (depression symptoms) 27.30 (11.38)
BAS-drive 10.65 (3.03)
BAS-fun 12.00 (2.51)
BAS-reward 17.45 (2.26)
BIS 20.16 (3.99)
RewP latency (ms)* −21.29 (33.71)
RewP mean amplitude (µV)* 3.18 (3.40)

DRS, depression rating scale; BAS, behavior activation system; BIS, behavior
inhibition system.

⁎ The difference score derived from the RewP calculation (e.g., latency in-
dicates a difference of 21.29 ms between the win-loss conditions).
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4. Results

4.1. Preliminary analyses

BIS total scores were positively correlated with DRS total scores (r
(18) = 0.70, p < .01). RewP mean amplitude was not associated with
depression symptoms or BIS/BAS scores, so steps 1 and 2 outlined
above were not supported to do the additional analyses using mean
amplitude as a predictor. BAS subscales were unrelated to RewP la-
tency; the BIS/RewP latency relationship is described below. Table 1
displays means and standard deviations for outcome variables.

4.2. The role of avoidance motivation

Direct effects of the RewP latency on depression symptoms
(R2= 0.30, β=0.55, t=2.60 p = .02) and withdrawal behaviors (BIS
subscore) (R2= 0.26, β=0.51, t=2.34, p= .03) were revealed, sa-
tisfying the first two steps in the model. To demonstrate step 3, we

examined whether BIS score was associated with DRS, when controlling
for RewP latency. Results confirmed that BIS score remained sig-
nificantly associated with depression (R2= 0.60, β=0.63, t=3.23,
p < .01). This model also confirmed the final step—when the BIS score
was included, the relationship between RewP latency and depression
was no longer significant (p= .25) (see Fig. 3).

4.3. Follow-up analysis

The difference between win/loss trials cannot identify whether this
difference is due to quicker response to loss, longer response to reward,
or both. To clarify whether response to loss or reward was more
strongly associated with depression, we examined individual associa-
tions between RewP-loss latency and depression and RewP-reward la-
tency and depression. Loss-latency was not associated with depression.
However, longer latency of reward was associated with greater de-
pression (r(19) = 0.52, p = .02), but not to BIS score (r(19) = 0.37,
p= .13).

Fig. 1. ERP image from the FZ electrode during win (You're quick, orange line) and loss (Too slow, blue line) trials. Mean amplitude and latency were extracted
between 250–350ms. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 2. Scalp distribution of the difference between win (You're quick) and loss
(Too slow) trials during the 250–350ms segment used to calculate the RewP
amplitude and latency.

Fig. 3. The role of self-reported avoidance motivation (Behavioral Inhibition
Scale [BIS]) score on the relationship between the Reward Positivity (RewP)
latency and depression symptoms. *denotes the direct effect of the RewP on
depressive symptoms, not including BIS in the model.
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5. Discussion

Reduced reward response and anhedonia are negative prognostic
indicators for the remission of adolescent depression (McMakin et al.,
2012). The RewP is considered to be a neural correlate of reward re-
sponsiveness and is a predictor of depression vulnerability and course.
Less is known, however, about the specific pathways that link dys-
functions in the brain's reward circuitry, indexed by the RewP, to de-
pressive symptoms like anhedonia. This study suggests that avoidance-
motivation can help to explain the relationship between reduced re-
ward responsivity and depression symptoms.

A longer RewP latency of onset was associated with depression and
avoidance-motivation. This latency reflected a delayed onset of the
RewP to rewards, rather than a quicker processing of loss (Mulligan and
Hajcak, 2018) suggesting that adolescents who were less efficient at
processing rewards had greater depression. These preliminary findings
extend the current literature to consider including both intensity (am-
plitude) and processing rate (latency) as features of blunted reward
(Proudfit, 2015). Results were inconsistent with work focusing on the
association between the RewP amplitude and depression
(Proudfit, 2015). Whether previous studies have failed to find an effect
of RewP latency in mood disorders or if latency was not examined is not
clear. Both should be reported to clarify whether these mechanisms
play different roles in the course of depression.

While the RewP has been associated with approach-motivation
(Bress and Hajcak, 2013; Lange et al., 2012), results are the first to
highlight the potential import of behavioral avoidance of reward, in
understanding the relationship between the RewP and depression.
These findings suggest initial support for the theory of reward deva-
luation which posits that depressed individuals actively avoid positive
information, not just experience blunted reward responses (Winer and
Salem, 2016). Behavioral avoidance is thus a mechanistic target for
intervention. These avoidance tendencies may have consequences for
the adolescent that affect the clinical course depression symptoms
(Auerbach et al., 2014; Lewinsohn et al., 1992).

Strengths included the use of multiple levels of assessment (elec-
trophysiology, self-report, clinician rated indices) and the Affective
Posner task. The latter allowed for the potential tapping of underlying
fears that approaching prospective rewards may result in punishment,
as suggested by the Reward Devaluation theory. This cross-sectional
pilot study is limited by the small sample size which may be under-
powered, resulting in false negatives. The small, heterogeneous sample
also precludes examination of the role of concurrent psychopathology,
such as anxiety, on these relationships (Dickson and MacLeod, 2004),
does not consider developmental factors like pubertal status, and may
not be representative of the broader population. Future research should
also aim to use alternatives to the BIS that specifically distinguish be-
tween avoidance of negative/punishing situations versus avoidance of
rewarding situations that might ultimately lead to punishment in order
to more robustly support Reward Devaluation Theory. While in need of
replication, they provide preliminary evidence that avoidance of re-
ward is a potentially crucial and understudied mechanism in adolescent
depression.

In summary, results highlight avoidance tendencies as a behavioral
mechanism contributing to how neural response to rewards may affect
depression symptoms and provide support for the use of behavioral
activation (BA) (Dimidjian et al., 2011; Ekers et al., 2014) in depression
treatment. BA focuses on avoidance and activates the BAS by engaging
patients in rewarding activities, despite high BIS, and may thus be a key
to improving symptoms (Ekers et al., 2008).

Acknowledgments

Alissa Ellis, Giulia Salgari, David Miklowitz and Sandra Loo, Semel
Institute of Neuroscience and Human Behavior, Department of
Psychiatry, University of California-Los Angeles. The authors have no

disclosures to report. Correspondence concerning this article should be
addressed to Alissa Ellis, Semel Institute of Neuroscience and Human
Behavior, University of California-Los Angeles, 760 Westwood Plaza,
Los Angeles, CA 90025, 58-225. This work was supported by a grant
from the National Institutes of Health: K23 MH106785 (PI: Ellis).

References

Admon, R., Pizzagalli, D.A., 2015. Dysfunctional reward processing in depression. Curr.
Opin. Psychol. 4, 114–118. https://doi.org/10.1016/j.copsyc.2014.12.011.

Angus, D.J., Kemkes, K., Schutter, D.J.L.G., Harmon-Jones, E., 2015. Anger is associated
with reward-related electrocortical activity: evidence from the reward positivity.
Psychophysiology 52, 1271–1280. https://doi.org/10.1111/psyp.12460.

Auerbach, R.P., Admon, R., Pizzagalli, D.A., 2014. Adolescent depression: stress and re-
ward dysfunction. Harv. Rev. Psychiatry 22, 139–148. https://doi.org/10.1097/HRP.
0000000000000034.

Becker, M.P.I., Nitsch, A.M., Miltner, W.H.R., Straube, T., 2014. A single-trial estimation
of the feedback-related negativity and its relation to bold responses in a time-esti-
mation task. J. Neurosci. 34, 3005. https://doi.org/10.1523/JNEUROSCI.3684-13.
2014.

Bress, J.N., Foti, D., Kotov, R., Klein, D.N., Hajcak, G., 2013. Blunted neural response to
rewards prospectively predicts depression in adolescent girls. Psychophysiology 50,
74–81. https://doi.org/10.1111/j.1469-8986.2012.01485.x.

Bress, J.N., Hajcak, G., 2013. Self‐report and behavioral measures of reward sensitivity
predict the feedback negativity. Psychophysiology 50, 610–616. https://doi.org/10.
1111/psyp.12053.

Carlson, J., Foti, D., Harmon-Jones, E., Proudfit, G., 2014. Midbrain volume predicts fMRI
and ERP measures of reward reactivity. Brain Struct. Funct. 1–6. https://doi.org/10.
1007/s00429-014-0725-9.

Carver, C.S., Harmon-Jones, E., 2009. Anger is an approach-related affect: evidence and
implications. Psychol. Bull. 135, 183–204. https://doi.org/10.1037/a0013965.

Carver, C.S., White, T.L., 1994. Behavioral inhibition, behavioral activation, and affective
responses to impending reward and punishment: the BIS/BAS scales. J. Pers. Soc.
Psychol. 67, 319–333. https://doi.org/10.1037/0022-3514.67.2.319.

Chambers, W.J., et al., 1985. The assessment of affective disorders in children and ado-
lescents by semistructured interview: test-retest reliability of the schedule for affec-
tive disorders and schizophrenia for school-age children, present episode version.
Arch. Gen. Psychiatry 42, 696–702. https://doi.org/10.1001/archpsyc.1985.
01790300064008.

Coan, J.A., Allen, J.J., 2004. Frontal EEG asymmetry as a moderator and mediator of
emotion. Front. EEG Asymmetry Emot. Psychopathol 67, 7–50. https://doi.org/10.
1016/j.biopsycho.2004.03.002.

Delorme, A., Makeig, S., 2004. EEGLAB: an open source toolbox for analysis of single-trial
EEG dynamics including independent component analysis. J. Neurosci. Methods 134,
9–21. https://doi.org/10.1016/j.jneumeth.2003.10.009.

Depue, R.A., Iacono, W.G., 1989. Neurobehavioral aspects of affective disorders. Annu.
Rev. Psychol. 40. pp. 457–492 Annual Review of Psychology. Annual Reviews, Palo
Alto, CA.

Der-Avakian, A., Markou, A., 2012. The neurobiology of anhedonia and other reward-
related deficits. Spec. Issue Neuropsychiatr. Disord. 35, 68–77. https://doi.org/10.
1016/j.tins.2011.11.005.

Dickson, J.M., MacLeod, A.K., 2004. Approach and avoidance goals and plans: their re-
lationship to anxiety and depression. Cogn. Ther. Res. 28, 415–432. https://doi.org/
10.1023/B:COTR.0000031809.20488.ee.

Dimidjian, S., Barrera Jr., M., Martell, C., Muñoz, R.F., Lewinsohn, P.M., 2011. The ori-
gins and current status of behavioral activation treatments for depression. Annu. Rev.
Clin. Psychol. 7, 1–38. https://doi.org/10.1146/annurev-clinpsy-032210-104535.

Ekers, D., Richards, D., Gilbody, S., 2008. A meta-analysis of randomized trials of be-
havioural treatment of depression. Psychol. Med. 38, 611–623. https://doi.org/10.
1017/S0033291707001614.

Ekers, D., Webster, L., Van Straten, A., Cuijpers, P., Richards, D., Gilbody, S., 2014.
Behavioural activation for depression; an update of meta-analysis of effectiveness and
sub group analysis. Plos One 9, e100100. https://doi.org/10.1371/journal.pone.
0100100.

Forbes, E.E., 2009. Where's the fun in that? Broadening the focus on reward function in
depression. Biol. Psychiatry 66, 199–200. https://doi.org/10.1016/j.biopsych.2009.
05.001.

Foti, D., Hajcak, G., 2009. Depression and reduced sensitivity to non-rewards versus re-
wards: evidence from event-related potentials. Biol. Psychol. 81, 1–8. https://doi.
org/10.1016/j.biopsycho.2008.12.004.

Foti, D., Kotov, R., Klein, D., Hajcak, G., 2011a. Abnormal neural sensitivity to monetary
gains versus losses among adolescents at risk for depression. J. Abnorm. Child
Psychol. 39, 913–924. https://doi.org/10.1007/s10802-011-9503-9.

Foti, D., Weinberg, A., Dien, J., Hajcak, G., 2011b. Event-related potential activity in the
basal ganglia differentiates rewards from nonrewards: temporospatial principal
components analysis and source localization of the feedback negativity. Hum. Brain
Mapp. 32, 2207–2216. https://doi.org/10.1002/hbm.21182.

Geller, B., Zimerman, B., Williams, M., Bolhofner, K., Craney, J.L., Delbello, M.P.,
Soutullo, C., 2001. Reliability of the Washington University in St. Louis Kiddie
schedule for affective disorders and schizophrenia (WASH-U-KSADS) mania and
rapid cycling sections. J. Am. Acad. Child Adolesc. Psychiatry 40, 450–455. https://
doi.org/10.1097/00004583-200104000-00014.

Gottfried, J.A., O'Doherty, J., Dolan, R.J., 2003. Encoding predictive reward value in

A.J. Ellis, et al. Psychiatry Research 279 (2019) 345–349

348

https://doi.org/10.1016/j.copsyc.2014.12.011
https://doi.org/10.1111/psyp.12460
https://doi.org/10.1097/HRP.0000000000000034
https://doi.org/10.1097/HRP.0000000000000034
https://doi.org/10.1523/JNEUROSCI.3684-13.2014
https://doi.org/10.1523/JNEUROSCI.3684-13.2014
https://doi.org/10.1111/j.1469-8986.2012.01485.x
https://doi.org/10.1111/psyp.12053
https://doi.org/10.1111/psyp.12053
https://doi.org/10.1007/s00429-014-0725-9
https://doi.org/10.1007/s00429-014-0725-9
https://doi.org/10.1037/a0013965
https://doi.org/10.1037/0022-3514.67.2.319
https://doi.org/10.1001/archpsyc.1985.01790300064008
https://doi.org/10.1001/archpsyc.1985.01790300064008
https://doi.org/10.1016/j.biopsycho.2004.03.002
https://doi.org/10.1016/j.biopsycho.2004.03.002
https://doi.org/10.1016/j.jneumeth.2003.10.009
http://refhub.elsevier.com/S0165-1781(19)30145-3/sbref0013
http://refhub.elsevier.com/S0165-1781(19)30145-3/sbref0013
http://refhub.elsevier.com/S0165-1781(19)30145-3/sbref0013
https://doi.org/10.1016/j.tins.2011.11.005
https://doi.org/10.1016/j.tins.2011.11.005
https://doi.org/10.1023/B:COTR.0000031809.20488.ee
https://doi.org/10.1023/B:COTR.0000031809.20488.ee
https://doi.org/10.1146/annurev-clinpsy-032210-104535
https://doi.org/10.1017/S0033291707001614
https://doi.org/10.1017/S0033291707001614
https://doi.org/10.1371/journal.pone.0100100
https://doi.org/10.1371/journal.pone.0100100
https://doi.org/10.1016/j.biopsych.2009.05.001
https://doi.org/10.1016/j.biopsych.2009.05.001
https://doi.org/10.1016/j.biopsycho.2008.12.004
https://doi.org/10.1016/j.biopsycho.2008.12.004
https://doi.org/10.1007/s10802-011-9503-9
https://doi.org/10.1002/hbm.21182
https://doi.org/10.1097/00004583-200104000-00014
https://doi.org/10.1097/00004583-200104000-00014
http://refhub.elsevier.com/S0165-1781(19)30145-3/sbref0024


human amygdala and orbitofrontal cortex. Science 301, 1104–1107.
Gu, R., Huang, Y.-X., Luo, Y.-J., 2010. Anxiety and feedback negativity. Psychophysiology

47, 961–967. https://doi.org/10.1111/j.1469-8986.2010.00997.x.
Harmon-Jones, E., Gable, P.A., Peterson, C.K., 2010. The role of asymmetric frontal

cortical activity in emotion-related phenomena: a review and update. Biopsychol.
Emot. Curr. Theor. Empir. Perspect. 84, 451–462. https://doi.org/10.1016/j.
biopsycho.2009.08.010.

Holroyd, C.B., Umemoto, A., 2016. The research domain criteria framework: the case for
anterior cingulate cortex. Neurosci. Biobehav. Rev. 71, 418–443. https://doi.org/10.
1016/j.neubiorev.2016.09.021.

Knutson, B., Fong, G.W., Bennett, S.M., Adams, C.M., Hommer, D., 2003. A region of
mesial prefrontal cortex tracks monetarily rewarding outcomes: characterization with
rapid event-related fMRI. NeuroImage 18, 263–272. https://doi.org/10.1016/S1053-
8119(02)00057-5.

Kujawa, A., Proudfit, G.H., Klein, D.N., 2014. Neural reactivity to rewards and losses in
offspring of mothers and fathers with histories of depressive and anxiety disorders. J.
Abnorm. Psychol. 123, 287–297. https://doi.org/10.1037/a0036285.

Lange, S., Leue, A., Beauducel, A., 2012. Behavioral approach and reward processing:
results on feedback-related negativity and P3 component. Biol. Psychol. 89, 416–425.
https://doi.org/10.1016/j.biopsycho.2011.12.004.

Lewinsohn, P.M., Munoz, R.F., Youngren, M.A., Zeiss, A.M., 1992. Control Your
Depression. Fireside/Simon and Schuster, New York, New York.

McMakin, D.L., Olino, T.M., Porta, G., Dietz, L.J., Emslie, G., Clarke, G., Wagner, K.D.,
Asarnow, J.R., Ryan, N.D., Birmaher, B., Shamseddeen, W., Mayes, T., Kennard, B.,
Spirito, A., Keller, M., Lynch, F.L., Dickerson, J.F., Brent, D.A., 2012. Anhedonia
predicts poorer recovery among youth with selective serotonin reuptake inhibitor
treatment–resistant depression. J. Am. Acad. Child Adolesc. Psychiatry 51, 404–411.
https://doi.org/10.1016/j.jaac.2012.01.011.

Mulligan, E.M., Hajcak, G., 2018. The electrocortical response to rewarding and aversive
feedback: the reward positivity does not reflect salience in simple gambling tasks. Int.
J. Psychophysiol. https://doi.org/10.1016/j.ijpsycho.2017.11.015.

Pizzagalli, D.A., Jahn, A.L., O'Shea, J.P., 2005. Toward an objective characterization of an
anhedonic phenotype: a signal-detection approach. Biol. Psychiatry 57, 319–327.
https://doi.org/10.1016/j.biopsych.2004.11.026.

Proudfit, G.H., 2015. The reward positivity: from basic research on reward to a biomarker
for depression. Psychophysiology 52, 449–459. https://doi.org/10.1111/psyp.
12370.

Spear, L.P., 2000. The adolescent brain and age-related behavioral manifestations.
Neurosci. Biobehav. Rev. 24, 417–463. https://doi.org/10.1016/S0149-7634(00)
00014-2.

Thapar, A., Collishaw, S., Pine, D.S., Thapar, A.K., 2012. Depression in adolescence.
Lancet 379, 1056–1067. https://doi.org/10.1016/S0140-6736(11)60871-4.

Threadgill, A.H., Gable, P.A., 2016. Approach-motivated pregoal states enhance the re-
ward positivity. Psychophysiology 53, 733–738. https://doi.org/10.1111/psyp.
12611.

Weinberg, A., Liu, H., Hajcak, G., Shankman, S.A., 2015. Blunted neural response to re-
wards as a vulnerability factor for depression: results from a family study. J. Abnorm.
Psychol. 124, 878–889. https://doi.org/10.1037/abn0000081.

Whitton, A.E., Kakani, P., Foti, D., Van't Veer, A., Haile, A., Crowley, D.J., Pizzagalli, D.A.,
2016. Blunted neural responses to reward in remitted major depression: a high-
density event-related potential study. Biol. Psychiatry Cogn. Neurosci. Neuroimaging
1, 87–95. https://doi.org/10.1016/j.bpsc.2015.09.007.

Winer, E.S., Salem, T., 2016. Reward devaluation: dot-probe meta-analytic evidence of
avoidance of positive information in depressed persons. Psychol. Bull. 142, 18–78.
https://doi.org/10.1037/bul0000022.

A.J. Ellis, et al. Psychiatry Research 279 (2019) 345–349

349

http://refhub.elsevier.com/S0165-1781(19)30145-3/sbref0024
https://doi.org/10.1111/j.1469-8986.2010.00997.x
https://doi.org/10.1016/j.biopsycho.2009.08.010
https://doi.org/10.1016/j.biopsycho.2009.08.010
https://doi.org/10.1016/j.neubiorev.2016.09.021
https://doi.org/10.1016/j.neubiorev.2016.09.021
https://doi.org/10.1016/S1053-8119(02)00057-5
https://doi.org/10.1016/S1053-8119(02)00057-5
https://doi.org/10.1037/a0036285
https://doi.org/10.1016/j.biopsycho.2011.12.004
http://refhub.elsevier.com/S0165-1781(19)30145-3/sbref0031
http://refhub.elsevier.com/S0165-1781(19)30145-3/sbref0031
https://doi.org/10.1016/j.jaac.2012.01.011
https://doi.org/10.1016/j.ijpsycho.2017.11.015
https://doi.org/10.1016/j.biopsych.2004.11.026
https://doi.org/10.1111/psyp.12370
https://doi.org/10.1111/psyp.12370
https://doi.org/10.1016/S0149-7634(00)00014-2
https://doi.org/10.1016/S0149-7634(00)00014-2
https://doi.org/10.1016/S0140-6736(11)60871-4
https://doi.org/10.1111/psyp.12611
https://doi.org/10.1111/psyp.12611
https://doi.org/10.1037/abn0000081
https://doi.org/10.1016/j.bpsc.2015.09.007
https://doi.org/10.1037/bul0000022

	The role of avoidance motivation in the relationship between reward sensitivity and depression symptoms in adolescents: An ERP study
	Introduction
	Method
	Sample
	Procedure
	Diagnostic assessments
	Affective Posner task
	BIS/BAS scales
	Electroencephalography (EEG)

	Data analyses
	Results
	Preliminary analyses
	The role of avoidance motivation
	Follow-up analysis

	Discussion
	Acknowledgments
	References




