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Review
THE ROLE OF PEER REJECTION IN ADOLESCENT

DEPRESSION

Belinda Platt, MSc,∗ Kathrin Cohen Kadosh, PhD, and Jennifer Y. F. Lau, PhD

Adolescence is a period of major risk for depression, which is associated with
negative personal, social, and educational outcomes. Yet, in comparison to adult
models of depression, very little is known about the specific psychosocial stres-
sors that contribute to adolescent depression, and whether these can be targeted
by interventions. In this review, we consider the role of peer rejection. First,
we present a comprehensive review of studies using innovative experimental
paradigms to understand the role of peer rejection in adolescent depression. We
show how reciprocal relationships between peer rejection and depressive symp-
toms across adolescence powerfully shape and maintain maladaptive trajectories.
Second, we consider how cognitive biases and their neurobiological substrates
may explain why some adolescents are more vulnerable to the effects of, and per-
haps exposure to, peer rejection compared to others. Finally, we draw attention
to emerging cognitive and functional magnetic resonance imaging-based neu-
rofeedback training, which by modifying aspects of information processing may
promote more adaptive responses to peer rejection. A better understanding of the
mechanisms underlying adolescent depression may not only alleviate symptoms
during a period of substantial developmental challenges, but may also reduce the
burden of the disorder across the lifespan. Depression and Anxiety 30:809–821,
2013. C© 2013 Wiley Periodicals, Inc.
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THE VULNERABILITY OF
ADOLESCENCE

Adolescence is a time of increased vulnerability for de-
pression. One-year point prevalence rates of major de-
pressive disorder (MDD) rise dramatically from around
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2% in early adolescence (ages 13–15), to 15% in middle
adolescence (ages 15–18).[1] Adolescent depression pre-
dicts poorer educational and psychosocial outcomes,[2, 3]

and long-term psychiatric problems, such as substance
abuse[4] and suicidal behavior.[5] Indeed depression may
account for the fact that suicide is the leading cause of
death in female adolescents.[3, 6] Given these costs to the
individual and to society, identifying effective prevention
and treatment is needed to reduce this disease burden.
To achieve this, more needs to be understood about the
etiology of depression at this developmentally-sensitive
juncture.

Psychosocial stress is a powerful predictor of adoles-
cent depression.[7] As adolescence involves unique up-
heaval, with young people spending more time with
their peers than with their families[8–11] and exerting
a great deal of energy forming peer networks,[12] peer
rejection may be a particularly potent source of psy-
chosocial stress. Furthermore, as social networking sites
proliferate, so too does the potential for peer rejection,
and understanding how peer interactions come to shape
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typical and atypical adolescent emotional development
is critical. Adolescence is also a period of substantial bio-
logical change—which likely contributes to the effects of
peer rejection during adolescence.[13] For example, the
limbic regions associated with the affective processing
of social stimuli are influenced by gonadal hormones,
which surge during middle-to-late adolescence.[14, 15]

Protracted maturation of brain regions involved in the
cognitive control of emotional responding may also ex-
plain heightened emotional reactivity.[14, 16–18] Here, we
provide a comprehensive review of studies (including
those using novel experimental paradigms) to investigate
the role of peer rejection in adolescent depression.

Another critical question is why some adolescents
react more negatively to peer rejection than others.
Diathesis-stress models assume that psychosocial stres-
sors exert their effect on depression by triggering under-
lying vulnerabilities, and have been widely implicated in
adolescent depression.[19, 20] Broad vulnerability factors,
such as gender[21] and genetics,[22–25] have been shown
to influence adolescents’ depressogenic responses to psy-
chosocial stress. A review of 48 prospective studies also
demonstrated the important role of higher-level cog-
nitive factors, such as hopelessness, negative schemas,
and rumination, in modifying the effects of life stress
on adolescent depression.[26] The review did not discuss
how cognitive factors might modify responses to peer
rejection specifically. Neither did it discuss the mod-
erating role of more automatic information-processing
biases on the relationship between peer rejection and
adolescent depression. Therefore, a second goal of this
review is to consider how differences in more automatic
information-processing factors may also bias reactivity
to peer rejection among adolescents with depression. As
these processing biases may be rooted in differences in
neural circuitry functioning, we also sought to review
depression-linked differences in the neural substrates
of adolescent peer rejection. These findings draw on a
growing body of knowledge on the neural correlates of
peer rejection in typically developing adolescents.[15]

Given the potential peer rejection has in precipitating
and maintaining adolescent depression, our final section
considers the effectiveness of new training techniques
which target these maladaptive cognitive and neural re-
sponses to emotional situations and considers how these
may be applied to social situations more specifically. The
framework we propose for understanding how peer re-
jection influences adolescent depression; cognitive and
neural risk factors that enhance its’ negative effects; and
strategies for targeting these is illustrated in Fig. 1.

HOW ARE PEER REJECTION AND
ADOLESCENT DEPRESSION

RELATED?
Studies of unselected adolescents[27–30] and ado-

lescents with depression[19, 31–33] demonstrate long-
standing and unambiguous support for a correlation be-

Figure 1. The interdependence of peer rejection, cognitive and
neural sensitivity, and depressive symptoms in adolescence. (A)
Bidirectional relationship between peer rejection and depres-
sive symptoms; (B) cognitive and neural sensitivity maintain the
maladaptive relationship between peer rejection and depressive
symptoms; (C) cognitive bias modification (CBM) and fMRI-
based neurofeedback paradigms may reduce depressive symp-
toms and future peer rejection by “reversing” maladaptive neural
and cognitive factors.

tween peer rejection and depressive symptoms. What
is less clear is the direction of these effects; does peer
rejection precede depression, or does depression elicit
more rejecting experiences? In this section of the re-
view, highlighted by Fig. 1A, we discuss evidence for
a bidirectional relationship between peer rejection and
depressive symptoms.

Many though not all[34] longitudinal studies suggest
that peer rejection temporally predicts adolescent de-
pressive symptoms.[35–41] Longitudinal research enables
the temporal associations of real-life peer rejection and
depressive symptoms to be studied. However, the ex-
perience of naturally occurring peer rejection is likely to
vary as a function of the severity of the rejection (e.g., ex-
clusion vs. bullying) and certain contextual factors (e.g.,
presence vs. absence of other sources of social support).
These potential moderators may result in an under- or
over-estimate of the role of peer rejection in adoles-
cent depression. In contrast, experimental studies enable
standardized delivery of peer rejection. However, in ex-
perimental designs, negative emotional responses rather
than depressive symptoms are measured, since ethical
restrictions prevent the manipulation of peer rejection
to the extent that it produces more persistent depres-
sive symptoms. This raises questions over how gener-
alizable data from experimental paradigms of peer re-
jection are to the understanding of clinical depression.
Nevertheless, longitudinal and experimental studies
offer complementary means for understanding causal re-
lationships between peer rejection and depression. Lon-
gitudinal studies of peer rejection and adolescent depres-
sion were the focus of a special issue of Development
and Psychopathology[42] and more recent findings are
summarized by Nolan et al.[35] The focus of the
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remainder of this review is on experimental studies of
peer rejection.

A number of tasks have been developed to simu-
late peer rejection in order to assess its consequences
on affective outcomes (see Table 1 for a summary
of studies using these paradigms in adolescent sam-
ples). Despite significant variation across tasks, numer-
ous data show that the receipt of peer rejection elic-
its negative emotional responses in typically developing
adolescents,[13, 43, 44, 49, 51, 53–58] sometimes to a greater de-
gree than in adults or children.[13, 43, 44, 58] Williams et al.
developed the earliest experimental manipulation of peer
rejection: “Cyberball”.[59] A virtual ball-throwing game,
participants “play” online with two unknown peers. After
several trials, the peers appear to exclude the participant
from play. In fact, the participant is playing against a pre-
set computer program and fictitious peers. Compared to
the inclusion phase, exclusion increases adolescents’ neg-
ative mood, anxiety, and threatens feelings of belonging
central to self-esteem.[13, 43, 44]

Whereas Cyberball elicits peer rejection in a gam-
ing context, “Chatroom”[48] and the Social Judgment
task[63] have been developed to measure the effects of
peer rejection during online social communication. As
the vast majority of adolescents and young adults have
at least one social networking profile[64] and the In-
ternet is now a common platform for adolescent so-
cial communication,[65] such experimental paradigms go
some way to understanding how peer rejection in social
networking sites influences adolescent emotions. In the
Chatroom task, participants are told that they are taking
part in a study of online social interaction, and based on
a photo, indicate their preference about which unknown
peers they would like to chat to. Then, these peers make
a decision as to whether to reject or accept the partici-
pant’s request, based on a photo taken of the participant.
In the Social Judgment task, participants simply predict,
and get feedback about, which peers like them. In both
the tasks, feedback is generated randomly by the com-
puter and the peers are child actors.

One advantage of the Chatroom and Social Judg-
ment tasks is that they also enable expectations of social
evaluation to be examined, although so far the impact
of these effects on depressive symptoms has not been
identified.[48, 52] For adolescents, rejection in the feed-
back phase of the Chatroom task elicits more negative
mood than acceptance, and the response is amplified for
peers in whom the participant was particularly interested
in.[49, 50] An adaptation of the paradigm, “Chatroom In-
teract,” adds ecological validity to the traditional Cha-
troom paradigm by including age- and gender-specific
peer profiles and manipulating peer feedback in relation
to specific topics of interest to adolescents.[51] Using this
paradigm, Silk et al. observed increased feelings of anger,
sadness, and exclusion as a result of adolescent peer re-
jection versus peer acceptance.[51]

Another computerized manipulation of peer rejection
combines both social communication and gaming, and
has been used to measure young adolescents’ appraisals

of peer rejection and consequential coping strategies
(“Survivor”).[53] Based on the TV show of the same
name, participants are led to believe that they will be
competing in a number of challenges against unknown
peers, to become the “Survivor Champion.” Having had
their photo taken and answered personal questions about
their interests, academic performance, and romantic re-
lationships, all players vote on who should be eliminated
from the next round. In actual fact the peers are con-
federates and the participant is randomized to receive
negative (eliminated at first round) or positive (survived
first round) feedback. For young adolescents who took
part in Survivor, peer rejection lowered mood,[53–56] led
to dwelling on negative feedback[55] and maladaptive
coping strategies.[53] Their computerized format enables
these novel tasks to deliver standardized peer rejection
experiences that are not only relatively easy to recreate
and more ethically appropriate, but also simulate a com-
mon format of adolescent social communication.

A noncomputerized task, the child and adolescent
version of the Yale Interpersonal Stressor task (YIPS-
C),[66] measures the effects of face-to-face peer rejec-
tion. Participants chat with same-aged peers on a wide
range of salient adolescent topics. In reality the peers
are trained confederates, and given specific topics to
discuss. Toward the end of the conversation, the confed-
erates use verbal and nonverbal means to exclude the par-
ticipant. Compared to previous tasks described, YIPS-
C has increased ecological validity, while standardizing
delivery across all participants. Although peer rejection
in the YIPS-C task has been shown to negatively im-
pact on mood in adolescents, data are yet to show that
this is more so than a nonrejection–based performance
stressor.[57, 58] As for the computerized tasks described
previously, the effects of the YIPS-C task are perhaps
also limited by interactions with unknown peers, and
a reliance on participants not only believing that these
peers are real, but also being sensitive to their feedback.
Together, the experimental paradigms described suggest
that peer rejection plays a causal role in eliciting negative
emotional responses. These complement findings from
longitudinal studies of the temporally predictive role of
peer rejection in adolescent depression.[35–41] Although
somewhat limited in their generalizability, nevertheless
these peer rejection paradigms lend themselves well to
comparing patterns of responding between adolescents
with and without depression (Table 1).

In the Social Judgment task, Davey et al. found
that depressed youths (aged 15–24) showed less en-
joyment from peer acceptance than healthy controls,
although a peer rejection condition was not included
in this study.[46] Although no other studies have in-
vestigated responses to peer rejection in clinically de-
pressed adolescents, studies of variation in symptoms
of depression in unselected adolescents offer valuable
insights into differential peer rejection responses rel-
evant to adolescent depression. For example, adoles-
cents with more depressive symptoms were more likely
to use ruminative coping strategies[53] and negative
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TABLE 1. Experimental studies of the behavioral effects of peer rejection in adolescents

Paradigm Study Sample Outcome measure(s) Summary of results

Cyberball Abrams et al.
(2011)[43]

79 adolescents aged 13–14, ∼50%
female

(1) Distress (NTQ)
(2) Mood (enjoyment;
single item)

Rejection worsened mood and increased
distress. Rejection affected adolescents’
feelings of belonging more than
childrens’ or adults’

41 children aged 8–9, ∼50% female
46 students (mean age = 20), 74%

female
Sebastian et al.

(2010)[44]
26 female adolescents aged

11.9–13.9 (mean = 12.8, SD =
0.59),

(1) Distress (NTQ)
(2) Mood (NTQ)
(3) Anxiety (STAI)

Participants felt more excluded following
rejection (compared to inclusion).
Rejection worsened mood, anxiety, and
distress for both groups of adolescents
compared to adults

25 female adolescents aged
14.0–15.8 (mean = 15.0, SD =
0.53),

26 female adults aged 22.2–47.1
(mean = 27.4, SD = 6.2),

Sebastian et al.
(2011)[13]

19 female adolescents aged 14–16
(mean = 15.44, SD = 0.81),

(1) Distress (NTQ) (2)
Mood (NTQ)

Peer rejection increased feelings of
exclusion, reduced mood, and increased
distress. The effect of rejection on
exclusion was stronger for adolescents
than adults

16 female adults (mean age =
28.70, SD = 3.91)

White et al.
(2012)[45]

10 insecurely attached adolescents
aged 11–15, 10% female

Distress (NTQ) No difference between groups in the
amount of distress reported during
rejection13 securely attached adolescents

aged 11–15, 54% female
Chatroom Davey et al.

(2011)[46]
17 youths with depression aged

15–24 (mean = 18.7, SD = 2.2),
65% female

Retrospective rating of
response to positive
feedback (single item)

Patients reported less reward from positive
feedback than controls

19 healthy youths aged 15–24
(mean = 19.3, SD = 2.9), 63%
female

Guyer et al.
(2008)[47]

14 children and adolescents with
anxiety disorder (mean age =
12.30, SD = 2.76), 71% female

Predicted interest of
peers (single item for
each of 40 peers)

Patients anticipated more negative
feedback from peers than controls. The
effects were restricted to salient (vs.
nonsalient) peers14 healthy children and adolescents

(mean age = 12.58, SD = 2.54),
71% female

Guyer et al.
(2009)[48]

34 healthy children and adolescents
aged 8.9–17.5 (mean = 13.6, SD
= 2.4), 47% female

Predicted interest of
peers (single item for
each of 40 peers)

Participants expected salient peers to
provide more positive feedback than
nonsalient peers. There was no effect of
gender or age on anticipated peer
feedback

Guyer et al.
(2012)[49]

36 healthy children and adolescents
aged 8.6–17.5 (mean = 13.54,
SD = 2.5), 44% female

Affective response
(single item for each
of 40 peers)

Peer rejection reduced affect, compared to
peer acceptance. There were more
negative response to rejection from
salient (vs. nonsalient) peers

Lau et al.
(2012)[50]

12 children and adolescents with
anxiety disorder (mean age =
11.88, SD = 2.48), 67% female

Affective response
(single item for each
of 40 peers)

No main effect of peer rejection was
reported. There were more negative
response to rejection from salient (vs.
nonsalient) peers12 healthy children and adolescents

(mean age = 12.23, SD = 2.44),
67% female

Silk et al.
(2012)[51]

60 children and adolescents aged
9–17 (mean = 13.2, SD = 2.5),
53% female

Retrospective rating of
mood and
exclusion/inclusion
(six items)

Participants felt angrier, sadder, more
excluded, less happy, and less included
following rejection (vs. acceptance)
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TABLE 1. Continued

Paradigm Study Sample Outcome measure(s) Summary of results

Social Judgment Gunther-Moor
et al. (2010)[52]

12 children aged 8–10 (mean age =
9.7, SD = 0.9), 58% female

Predicted interest of
peers (Yes/No
response for each of
120 peers)

Young adults predicted peers would be
more interested in them than did
children and 12–14-year-old
adolescents. There was no difference in
reaction time to predict rejection versus
acceptance and no effect of age on
reaction time to predict rejection (vs.
acceptance)

14 adolescents aged 12–14 (mean
age = 13.3, SD = 0.8), 57%
female

15 adolescents aged 16–17 (mean
age = 17.1, SD = 0.6), 47%
female

16 young adults aged 19–25 (mean
age = 21.7, SD = 1.9), 50%
female

Survivor Reijntjes et al.
(2006)[53]a

186 children and adolescents aged
10–13 (mean = 11.5, SD =
0.73), 51% female

(1) Mood (SAM)
(2) Observed passivity,
distraction, and
approach behavior

Peer rejection worsened mood compared
to peer acceptance. Rejected
participants spent less time on
distraction activities and more time
looking at folders of previous
participants than those accepted. The
latter effects were stronger for those
with more symptoms of depression

Reijntjes et al.
(2006)[54]a

186 children and adolescents aged
10–13 (mean = 11.5, SD =
0.73), 51% female

(1) Mood (PANAS)
(2) Observed emotion
regulation behavioral
strategies
(3) Self-reported
cognitive reactions
(five items)

Peer rejection worsened mood compared
to peer acceptance. Participants who
showed a reliable change in mood
showed improvements when they
engaged in distraction activities and
deterioration when they showed passive
behaviors. Participants showed
worsening mood if they engaged in
“cognitive analysis”

Reijntjes et al.
(2007)[55]b

142 children and adolescents aged
10–13 (mean = 11.2, SD =
0.66), 49% female

(1) Mood (single item)
(2) Feedback
preference (single
item)

Peer rejection worsened mood compared
to peer acceptance and was associated
with a preference for negative feedback.
More symptoms of depression predicted
a preference for negative feedback
following peer rejection but not
acceptance

Reijntjes et al.
(2009)[56]b

142 children and adolescents aged
10–13 (mean = 11.2, SD =
0.66), 49% female

(1) Mood (PANAS)
(2) Cognitive
appraisal of feedback
(seven items)

Peer rejection worsened mood compared
to peer acceptance. Participants who
showed a reliable change in mood
following rejection (vs. those who
showed no change) did not differ in the
number of depressive symptoms but
took longer to return to baseline mood.
Children with more depressive
symptoms had more negative appraisals
of rejection than those with fewer
symptoms

Yale
interpersonal
stressor task
(YIPS-C)

Allwood et al.
(2011)[57]

56 healthy children and adolescents
aged 7–16 (mean = 12.0, SD =
2.4), 52% female

(1) Positive affect (four
items)
(2) Negative affect
(two items)

Reduced positive affect and increased
negative affect after stressor tasks. No
comparison of the two stressor tasks

Stroud et al.
(2009)[58]

43 healthy adolescents aged 13–17,
47% female

(1) Positive affect (four
items)
(2) Negative affect
(two items)

Peer rejection reduced positive affect and
increased negative effect. Stressors had a
greater effect on physiological response
in adolescents than children

39 healthy children aged 7–12,
56% female

SD, standard deviation; NTQ, need threat questionnaire[59]; STAI, state trait anxiety inventory[60]; SAM, self-assessment manikin[61]; PANAS,
positive and negative affect schedule[62].
aSame sample.
bSame sample.
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appraisals[56] in response to rejection, although there was
no evidence of worsened mood following rejection com-
pared to adolescents with less depressive symptoms.[53]

Because symptoms of depression are themselves rel-
atively rare in the general population, low self-esteem
(a cognitive symptom of depression) may better cap-
ture normally-occurring variation in mood symptoms
in unselected samples. Young adults (aged 18–24) with
low self-esteem estimated the amount of negative feed-
back to be greater than did those with high self-esteem
in the Social Judgment task.[16] A final study found no
evidence that insecurely attached adolescents reported
greater distress in response to rejection than securely
attached adolescents.[45] Findings from studies of peer
rejection in adolescents with anxiety disorders are also
worth noting. For example, adolescents with social anxi-
ety disorder predicted peers to be less interested in chat-
ting to them than did healthy controls,[47] although no
differences emerged in the immediate response to peer
rejection between anxious and healthy adolescents,[50]

consistent with adult studies.[67] To date no study has
directly tested the specificity of rejection sensitivity to
depression, as opposed to comorbid social anxiety, fears,
and worries.

Interpersonal theories propose that in addition to
peer rejection eliciting symptoms of depression, depres-
sive symptoms may also predict later peer rejection.[68]

One possibility is that depressed individuals experience
more rejection because of increased reassurance seek-
ing (i.e., the need to have their self-worth confirmed by
others).[69] Another possibility is that depressed adoles-
cents are more attracted to people who confirm their
negative self-beliefs.[70] Observations of interpersonal
interaction have found that depressed adolescents are
more often rejected than healthy controls.[71, 72] Com-
pared to healthy adolescents, depressed adolescents’ be-
haviors decreased positive behavior from a partner.[73]

Similarly, adolescents rated depressed peers less pos-
itively than non-depressed peers in videos of their
interactions.[74] Longitudinal studies suggest that ado-
lescent depressive symptoms predict peer rejection 6
months later.[68] Correlational studies suggest that in-
terest in negative feedback correlates with depressive
symptoms and predicts peer rejection.[32, 33]

In summary, peer rejection and adolescent depressive
symptoms are closely associated. Longitudinal and ex-
perimental studies suggest that peer rejection predicts
depressive symptoms and negative affect, respectively.
In particular, a few experimental studies have shown
that when faced with the same peer rejection experi-
ence, symptomatic or at-risk adolescents show more neg-
ative expectations and appraisals of rejection compared
to others. Other experimental studies have found no ev-
idence that rejection elicits more negative mood in ado-
lescents at-risk of depression compared to those not at
risk. Symptomatic adolescents may also be more likely
to attract rejection experiences. The interdependence of
peer rejection and negative emotional responses which
may maintain the depressive state is illustrated in Fig. 1A.

These findings raise the question of what underlying
cognitive and neurobiological factors may explain these
destructive cycles.

ARE COGNITIVE BIASES
IMPLICATED IN MALADAPTIVE

RESPONSES TO PEER
REJECTION?

Latent cognitive biases may explain why psychoso-
cial stressors affect some adolescents more negatively
than others.[20, 26] A review of 48 prospective studies
demonstrated the important role of cognitive factors,
such as hopelessness, negative schemas, and rumina-
tion, in modifying the effects of life stress on adolescent
depression.[26] As illustrated in Fig. 1B, we argue that
these cognitive vulnerabilities may also explain height-
ened emotional responses to peer rejection specifically.
For example, adolescents with depression exhibit neg-
ative attributional styles—meaning that they attribute
negative events, such as peer rejection to internal (“I
am not a likeable person”), stable (“I have never been
well-liked”), and global (“I am no good at anything”)
causes, and positive events, such as being invited to a
party to external (“they are just being nice”), unstable
(“this is just a one-off invitation”), and specific (“at least
one person likes me”) causes.[75] Negative attributional
style has been shown to moderate the relationship be-
tween peer rejection and depressive symptoms in unse-
lected adolescents.[36] Negative cognitive schemas about
the self also moderate the effect of peer rejection on de-
pressive symptoms in adolescent psychiatric patients.[19]

As far as we are aware, no studies have measured attri-
butions to experimentally manipulated peer rejection in
clinically depressed adolescents.

In contrast to these “higher-level” cognitive biases,
relatively little research has considered the role of inter-
pretive or attention biases in modifying depressogenic
responses to psychosocial stress in adolescence in gen-
eral or to peer rejection in particular. Analogous to adult
findings of depression, the tendency to select negative
interpretations of ambiguous social situations may also
characterize adolescent depression. Following a negative
mood induction, female adolescents at risk of developing
depression interpreted ambiguous words and sentences
more negatively, than low-risk female adolescents.[76]

However, these between-group effects were restricted to
nonsocial words and sentences. Furthermore, no studies
have investigated whether this bias influences responses
to peer rejection specifically. Therefore, future research
might investigate the extent to which depressed and non-
depressed adolescents draw rejection-related interpreta-
tions of ambiguous social scenarios.

There is also mixed evidence as to whether atten-
tion biases to socially threatening information under-
lie adolescent depression. There is no evidence of a
bias toward socially threatening faces in adolescents
with a clinical diagnosis of depression,[77] although the
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small sample in this study (19 depressed patients and 26
healthy controls) may account for these findings. Both
young adults with low self-esteem[78] and adolescents
at risk of depression[79] demonstrate an attention bias
toward socially threatening (vs. neutral) facial stimuli.
This suggests that negative attention biases are not the
by-product of depression. Further studies of adolescents
with a clinical diagnosis of depression may provide more
conclusive evidence about the role of attention biases
in adolescent depression, and the extent to which these
biases relate to peer rejection specifically.

In summary, higher-level cognitive biases, such as at-
tributional style and negative expectations, may increase
adolescents’ depressive responses to psychosocial stress,
with preliminary data suggesting this may relate to re-
sponses to peer rejection specifically. Data on interpre-
tive and attentional biases are fewer and more mixed.
Some studies suggest adolescents at risk of depression
may be more likely to interpret ambiguous situations
negatively (compared to healthy controls), although the
extent to which these data represent biases for negative
interpretations of social scenarios specifically (e.g., peer
rejection) is unclear. Emerging data also suggest atten-
tion biases toward socially threatening faces may charac-
terize adolescents at risk of depression, although repli-
cation of these findings in clinical samples is needed.
Speculatively then, interpretive and attentional cogni-
tive biases may serve to generate more negative social
experiences among depressed adolescents, as illustrated
in Fig. 1B.

WHAT ARE THE NEURAL
SUBSTRATES UNDERLYING
MALADAPTIVE RESPONSES

TO PEER REJECTION?
Neuroscientific methods such as functional magnetic

resonance imaging (fMRI) play an important role in
improving our understanding of how the brain medi-
ates the differential impact of peer rejection on typ-
ical and atypical emotion regulation and behavior.[48]

Moreover, because differences in brain activity may oc-
cur in the absence of behavioral differences, these data
could implicate more subtle differences in how ado-
lescents respond to rejecting stimuli. Adolescent mod-
els commonly posit three overlapping neural systems
involved in stages of social-emotional processing: (1)
detection of social threat via the fusiform gyrus, su-
perior temporal sulcus, anterior temporal cortex, (2)
an initial affective response via the amygdala, ventral
striatum, hypothalamus, orbitofrontal cortex, and (3)
cognitive regulation of the emotional response via the
ventro-lateral prefrontal cortex (VLPFC) and dorsome-
dial PFC (DMPFC).[14, 16, 44, 80] These models posit that
imbalances between heightened affectivity and imma-
ture regulatory regions underlie adolescent depression.
Although these models provide a compelling platform
upon which individual differences may be explained and

interpreted, they may also be too simplistic in captur-
ing the complex networks of coactivation between these
regions—and their roles in other cognitive domains.[81]

Regions within these overlapping systems continue
to develop structurally and functionally throughout
adolescence[80, 82] and this ongoing neural development
has been implicated in the susceptibility of adolescents
to peer rejection via heightened affectivity and impaired
ability to regulate emotional reactivity.[44] Studies across
varying paradigms suggest that peer rejection in typically
developing adolescents appears to elicit neural activation
in affective regions such as the insula, anterior cingulate
cortex (ACC), and precuneus, as well as regulatory re-
gions, such as the VLPFC and DMPFC (see Pfeifer and
Blakemore, 2012 for a review on typically developing
adolescents[15]). Importantly, these studies suggest that
neural activation during peer rejection modulates be-
havioral responses of distress. For example, Masten et
al. demonstrated that adolescents’ self-reported ratings
of distress to peer rejection correlated with increased
activation in the insula and sub-ACC; regions known to
be involved in the processing of social and emotional
“pain.”[83] Masten et al. also found that activation of the
VLPFC and DMPFC was negatively correlated with
distress during peer rejection and to activation in the
insula—tentatively implicating these regions in the reg-
ulation of behavioral and neural reactivity to peer rejec-
tion. Subsequent studies suggest that neural responses
to peer rejection correlate with self-esteem,[52] prosocial
behavior,[84] resistance to peer influence,[13] time spent
with friends,[85] and symptoms of depression.[86]

Although these studies of typically developing ado-
lescents are informative on the neural substrates of so-
cial processing, fMRI studies of peer rejection in clinical
(or analogue) samples are necessary to infer the cogni-
tive and neural mechanisms likely to explain why de-
pressed adolescents respond more negatively than their
non-depressed peers. Based on emerging fMRI data,
we suggest that neural sensitivity to peer rejection may
play an important role in the development of adoles-
cent depression (see Fig. 1B). Davey et al. conducted
the only study to date on depressed youths’ (aged 15–
24) neural responses to positive (but not negative) social
feedback.[46] Both depressed and healthy youths showed
heightened amygdala activity to positive versus neutral
faces, however, this difference was greater for depressed
participants compared to healthy controls. Both groups
showed similar patterns of greater PFC and dorsal ACC
activity in the same positive versus neutral contrast.

While fMRI has enabled further exploration of the
effect of peer rejection on emotion regulation and be-
havior, interpretations of fMRI data should be treated
with caution. Since fMRI measures blood oxygen level
dependent (BOLD) changes (rather than direct neu-
ral activity), its accuracy and temporal precision in de-
tecting brain mechanisms is somewhat limited. Fur-
thermore, the direction of group differences is not
always consistent between studies, raising questions
over whether greater or weaker activity is problematic.
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Complementary neurobiological methods, such as Mag-
netoencephalography, eye-tracking and pupil dilation,
and neuroendocrine measures, offer some advantages
over fMRI and have begun to be used to study peer
rejection in adolescence.[51, 57, 58] Neuroendocrine and
cardiovascular measures provide information about how
pathways in the autonomic nervous system may medi-
ate the effects of peer rejection on neural responses and
self-reported distress,[58] enabling more elaborate, mul-
tilevel models of peer rejection to be developed. Since
pupillary dilation has temporal resolution of around 16
ms (compared to around 3,000 ms in fMRI), it allows
for differential investigation of initial versus sustained
responses to peer rejection.[51] For example, Silk et al.
found increased pupil dilation during adolescent peer
rejection (vs. acceptance) within the first 2 s following
feedback.[51] Pupil dilation during rejection also corre-
lated with shift in attentional focus within the first 0.5–
0.75 s following rejection. Finally, increased pupil reac-
tivity to peer rejection correlated with lower feelings of
social connectedness in real life.

In summary, emerging fMRI studies in adolescents
with various emotional difficulties are vital for under-
standing how potential neural sensitivity to peer rejec-
tion might influence maladaptive responses to rejection
in adolescent depression. Initial studies suggest that neu-
ral activity during peer rejection correlates with vari-
ous markers for depression (e.g., depressive symptoms in
typically developing adolescents). Furthermore, a study
of depressed adolescents and young adults demonstrated
heightened amygdala activity during peer acceptance
in patients compared to controls. However, to date no
study has investigated the neural correlates of peer re-
jection in depressed and non-depressed adolescents. The
extent to which amygdala hyperactivity during peer re-
jection is regulated by prefrontal activity is yet to be
tested. Figure 1B illustrates how neural sensitivity may
potentially influence the relationship between peer re-
jection and adolescent depression.

CAN WE PROMOTE ADAPTIVE
RESPONSES TO PEER REJECTION

BY TARGETING COGNITIVE
BIASES AND UNDERLYING

NEURAL CIRCUITS?
Given mounting evidence that peer rejection is

involved in the etiology and maintenance of adolescent
depression, perhaps via activation of underlying cogni-
tive and neural vulnerabilities, there is growing interest
in the extent to which responses to peer rejection can
be specifically targeted to more effectively prevent and
treat adolescent depression. Many current treatment
options already target maladaptive rejection responses.
For example, cognitive behavioral therapy (CBT)
targets negative cognitive patterns, including those
relating to peer rejection, through behavioral training.
Despite being the frontline treatment for adolescent de-

pression in the United Kingdom,[87] many adolescents
fail to respond or experience relapses.[88, 89] Another
psychotherapy that shows promise is interpersonal
psychotherapy (IPT). Similar to CBT but targeting
interpersonal difficulties specifically, IPT seems to be
particularly effective for adolescents with high levels
of interpersonal conflict.[90, 91] Randomized controlled
trials suggest it is better than treatment as usual, but
comparison with CBT has produced mixed findings.[90]

Nevertheless, CBT and IPT require self-reflection,
mentalizing, self-monitoring, and numerous other
higher-level cognitive skills.[92] Since metacognition
and executive function continue to develop throughout
adolescence,[93] and executive dysfunction is thought to
be a core feature of depression,[94–96] the effectiveness
of CBT for adolescents with depression may in part
be limited due to this ongoing cognitive and neural
development.[97] Treatment tools which rely less heav-
ily on these processes may therefore offer additional
benefits.

There has been great excitement about the possi-
bility of using computerized cognitive training tasks
to target maladaptive cognitive biases toward peer re-
jection in adolescent depression.[98] Figure 1C shows
how reversing cognitive biases might lead to down-
stream effects on the experience of both peer rejec-
tion and depressive symptoms. Through repeated train-
ing, cognitive bias modification (CBM) tasks aim to
make more benign cognitive patterns automatic such
that they override negative cognitive biases (causally
linked to symptoms) and lead to a reduction in symp-
toms. CBM paradigms for anxiety disorders have shown
great promise in adolescents,[99, 100] but are only recently
emerging for use in depressed populations.[101] Given
that they can be relatively easily and cheaply delivered,
CBM paradigms may be particularly effective for the
treatment, and eventual prevention of adolescent de-
pression. CBM currently encompasses training tasks for
both attentional biases (CBM-A) and interpretive biases
(CBM-I), which may be implicated in the effect of peer
rejection on depressive symptoms.

Several CBM-I tasks have been developed[102–104]

which target the negative interpretive bias that may
underlie depressed adolescents’ responses to peer
rejection.[76, 105] In the most common paradigm, Am-
biguous Situations (AS),[104] participants read or hear
a variety of social scenarios that are ambiguous (e.g.,
“Having finished painting the lounge, you invite friends
around to dinner. As they walk into the room, you can
see that they are surprised. Their reaction is one of . . . ”).
Participants are then asked to complete a word fragment
that resolves each scenario. The researcher systemati-
cally targets the word fragment such that the solution is
positive (e.g., “pleasure”) or benign (e.g., “confusion”)
rather than negative (e.g., “horror”). As a result, correct
completion of the scenario encourages a benign reso-
lution of ambiguity, which over multiple training tri-
als, becomes reinforced, and presumably, increasingly
habitual.
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A meta-analysis of CBM-I studies found that be-
nign training increased positive interpretive biases
and mood, particularly for participants with an emo-
tional disorder.[106] Studies of depressed adults con-
firmed that even in a sample who have difficulties with
motivation and concentration, CBM-I appears to be
effective.[107, 108] CBM-I also reduces negative biases in
healthy children[109, 110] and adolescents,[99, 111–113] al-
though just one study reports a mood improvement.[99]

Disparity could be due to the fact that these adolescents
are not symptomatic to begin with, or because multiple
training sessions are required for effects on mood to be
found. Future CBM-I studies that are tested in clinically
depressed adolescents are important.

The original CBM-A paradigm used a modified ver-
sion of the dot-probe task to train attention focus away
from, or toward, threat cues.[114] In the dot-probe task,
an angry and a neutral face are presented simultaneously
for a brief period, before a probe appears in the loca-
tion of one of the images (e.g., two dots). Trials where
the probe appears in the location of the angry face are
congruent trials, whereas in incongruent trials the probe
appears in the location of the neutral face. Participants
are required to perform a recognition task related to the
probe (e.g., “Did you see ‘:’ or ‘..’ ?”). In contrast to the
original dot-probe task, where congruent and incongru-
ent trials are presented with equal frequency, CBM-A
training involves systematically increasing the frequency
of incongruent trials. By this means, participants learn
to attend to the neutral face and ignore the angry face.

This CBM-A task appears to effectively modify symp-
toms of anxiety when delivered to children[100, 115, 116]

and adolescents.[100, 117] The task also appears to reduce
depressive symptoms in dysphoric students,[118, 119] al-
though not in highly symptomatic students or clini-
cally depressed adults (Baert et al., 2010 study 2[118]).
Although the task may reduce depressive symptoms in
adolescents with anxiety disorder,[117] to date no studies
have tested its efficacy in clinically depressed adolescent
populations.

Recently, a CBM-A paradigm based on the faces-in-
the-crowd task[120] has been developed to more directly
target rejection biases in young adults with low self-
esteem.[78] In this task, participants are presented with
a grid of 15 frowning (rejecting) faces and a single smil-
ing (accepting) face. Participants learn to disengage from
rejection and selectively attend to acceptance by identi-
fying the smiling face as fast as they can. Across a series of
studies, Baldwin and colleagues showed that compared
to a control training task, the paradigm is effective in re-
ducing characteristic vigilance toward rejection in adults
with low self-esteem,[78, 121, 122] and in increasing levels
of self-esteem.[121, 122] It has also been shown to reduce
self-reported exam stress, physiological markers of stress
(e.g., salivary cortisol reactivity),[121] and the impact of a
rejection manipulation.[122] To date no studies have in-
vestigated the efficacy of the visual search CBM-A task at
reducing vigilance to rejection and depressive symptoms
in adolescent populations.

In summary, the application of CBM paradigms for
the treatment and prevention of adolescent depression
shows initial promise, although further investigation of
the precise parameters and quantity of training needed
to yield significant symptom reduction is required. If
adolescents with depression indeed show attention and
interpretative biases for rejection-specific information
(over and beyond more general social threats), CBM-A
and CBM-I tasks that adapt target stimuli to modify these
biases (e.g., frowning rather than angry faces) and inter-
pretive biases (e.g., being ignored in the classroom) could
be particularly fruitful (Fig. 1C).

In addition to modifying maladaptive cognitive biases
that underlie adolescent depression, there is growing
interest in the extent to which the neural networks in-
volved in the processing of peer rejection can be mod-
ified for therapeutic purposes. FMRI-based neurofeed-
back (NF) is a newly emerging technique that utilizes
the latest developments of real-time data processing and
pattern analysis in order to train participants in the self-
modulation of neural networks. In a similar manner to
CBM techniques, addressing sensitivity to negative emo-
tional responses at the brain level could serve to re-
duce the negative impacts of peer rejection on affect
(Fig. 1C). In fMRI-based NF studies, participants are
presented with real-time brain activation in specific re-
gions of interest, such as those brain regions involved in
the processing of emotional information, and they can
be trained to reliably regulate their online brain response
with high spatial precision.[123–127] FMRI-based NF has
proven particularly useful for up- or down-regulating the
brain regions supporting emotion processing in healthy
adults.[125, 128, 129] A recent study of adult patients with
depression found that NF was associated with significant
improvements in symptoms, whereas cognitive train-
ing alone was not[130] (see also Esmail and Linden, in
press[131] for a review). No studies have extended fMRI-
based NF to pediatric populations, despite this being
a period of critical brain development and plasticity.
Future studies could focus on directly targeting emo-
tional circuitry involved in peer rejection responses. This
approach could not only directly influence neural re-
sponses in emotion regulation, but also support inter-
ventive strategies at the behavioral level (e.g., CBM).[132]

CONCLUSIONS
Adolescent depression is a major public health prob-

lem for which models are relatively underdeveloped.
Peer rejection is a salient source of stress during adoles-
cence, and the studies reviewed here suggest a bidirec-
tional relationship between peer rejection and depres-
sive symptoms, which may contribute to the etiology
and maintenance of adolescent depression. A number of
cognitive vulnerabilities, such as negative interpretive bi-
ases and heightened detection of threat, may explain in-
dividual differences in responses to peer rejection. FMRI
studies have helped identify the neural systems involved
in typical processing of peer rejection in adolescence,
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and are likely to be useful for further understanding
mechanisms in atypical emotional development. CBM
paradigms that specifically target rejection-based biases
may be valuable tools for the prevention and treatment
of adolescent depression. Finally, fMRI-based NF tech-
niques may also offer novel ways for investigating the
plasticity of neural networks implicated in adolescent de-
pression.
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