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| Eva H. Telzer2
Abstract
This study investigates how adolescents' daily prosocial behaviors to friends are
related to diurnal cortisol using between- and within-subject analyses. Further, we
examine whether role fulfillment (i.e., feeling like a good friend) moderates links
between prosocial behaviors and cortisol. Ethnically diverse adolescents (N = 370;
ages 11–18) reported whether they provided instrumental and emotional support to
friends for 5 days, and provided four saliva samples/day for 4 days. On the daily level,
providing emotional support predicted lower cortisol awakening response the next
day, and providing instrumental assistance to friends was associated with a flatter cortisol slope the same day (a cardiovascular risk factor). Adolescents also provided more
emotional support on days they had lower CAR and steeper cortisol slopes. On the
average level, providing more instrumental support was associated with steeper cortisol slopes among adolescents who felt high levels of role fulfillment, but not among
adolescents who felt low levels of role fulfillment. Providing instrumental support
may be physiologically taxing from day to day but, across the long term, linked to
lower cardiovascular risk for adolescents who experience helping as highly fulfilling.
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study examined how adolescents' daily prosocial behaviors towards

I NTRO D U C TI O N

friends—i.e., the provision of instrumental and emotional support to
friends—are associated with diurnal cortisol within and across days,

Adolescents' capacity to engage positively and contribute to the

and whether these associations vary by adolescents' experiences of

lives of friends is a universal developmental goal, and an import-

role fulfillment (i.e., feeling like a good friend/person).

ant predictor of their physical and emotional well-being (Eisenberg
et al., 2015). A robust literature demonstrates that adolescents'
social functioning with peers is associated with activity of the
hypothalamic–pituitary–adrenal axis (HPAA). The HPAA is an im-

1.1 | Prosocial behavior to friends:
Instrumental and emotional support

portant biological mechanism linking psychosocial stress to physical health that can be indexed via levels of the hormone cortisol

Adolescents' prosocial engagement with peers and friends is an

(McEwen, 1998). However, prior research has largely focused on

important component of their physical, mental and emotional well-

challenging or negative peer experiences directed towards youth

being (Eisenberg et al., 2015). For example, youth who display high

(e.g., bullying, victimization), rather than behaviors that youth en-

levels of prosocial behavior towards their friends—such as shar-

gage in towards others (Murray-Close, 2013a; 2013b). Prior work has

ing and cooperating—exhibit more positive social and emotional

also focused on cortisol reactivity in response to laboratory stress-

outcomes (Caprara et al., 2012; Carlo et al., 2018; Wentzel, 2014).

ors, rather than naturally occurring variation in diurnal cortisol levels

Helping others is also positively associated with physical health

within subjects across days (Murray-Close, 2013a; 2013b). Grounded

benefits, including longevity and cardiovascular health later in adult-

in a positive youth development framework (Lerner et al., 2009), this

hood (Brown et al., 2003).
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anywhere
from 15%
to 23%
of anxious
youth
meet criteria
for at- For instance,
individuals
with a family hi
Prosocial behavior can be separated into instrumental
assistance
their
cortisol
functioning
(Prinstein
et al., 2020).
youth
tention-deficit
disorder
Angold,
Costello,exhibittoblunted
associate
with fear-bas
(i.e., helping with tangible tasks, lending an item) and emotional
sup- hyperactivity
who experience
peer(ADHD;
victimization
on average
diur-

& Erkanli,
1999; Kendall,
Brady,
& Verduin,
2001),
and about
9%awakening
Burkhouse,
Afshar, & Phan
port (i.e., listening or providing advice; Tsai et al., 2016).
Emotional
nal cortisol
levels,
including
flattened
cortisol
response
of
anxious
youth
meet
criteria
for
oppositional
defiant
disorder
Although
support involves adolescents' awareness and response to their
(Jiang et al., 2018; Knack et al., 2011), flattened diurnal slopes (Jiangstudies have

(ODD;
Kendall
It isand
welllower
established
alsomeasbeen documente
friends' challenges or worries (Tsai et al., 2016), and may
impact
ado- et al.,
et 2001).
al., 2018),
levels ofthat
rawchildhood
diurnal cortisolhave
values
comorbidity
worse
and
tomatology
(Pasion & Barb
lescents' own well-being in ways that are not apparent
by their pro-is associated
ured at sixwith
timesignificantly
points throughout
theshortday (Vaillancourt
et al., 2008).

psychosocial
impairments
(Fraire
Ollendick,
2013;
disorders
have been linke
vision of instrumental assistance (Tsai et al., 2016). Forlong-term
example, one
However,
this research
has &
largely
focused
on challenging
or negaFranco,
Saavedra,
&
Silverman,
2007).
Despite
moderate
rates
blunted
ERN,
study found that providing instrumental support to a close friend,
tive peer interactions, such as victimization and bullying (Murray-which means

of anxiety
and externalizing
psychopathology
comorbidity,
their
amplitudes,
the latter bein
but not emotional support, was associated with greater
emotional
Close, 2013a;
2013b). Relatively
less work
has investigated
how
neurobiological
are notpositive
well understood,
which
is sig- relate
Bernat,
& Patrick, 2007; P
well-being during older adolescence (Armstrong-Carter
et al., 2020). origins
adolescents'
(i.e., prosocial)
behaviors
to cortisol
nificant
given
increasing
clinical
research
emphasis
on
under2010).
Blunted
This work suggests that providing instrumental and emotional supfunctioning (Murray-Close, 2013a; 2013b). In two cross-sectional ERNs have

standing
pathophysiology
and disruptive
port to friends should be examined separately, because
they the
mayunderlying
studies,
10- to 12-year-of
oldcommon
children psychiatric
who exhibited more
prosocial behavior dis
disorders
and
syndromes,
and
identifying
the
extent
to
which
Pedersen,
each have unique associations with adolescents' outcomes.
behaviors towards friends—as assessed by a combination of peer 2013;
and Meyer &

disorders and subtypes
associated
or unique
Rostan,
Cunillera, & Rodri
parent are
reports
reflectingwith
bothsimilar
instrumental
and emotional
support—
neurophysiologicalexhibited
characteristics
(Insel
et
al.,
2010;
Shankman
externalizing
higher raw levels of afternoon cortisol measured on onesymptoms an

error responding
day (Oberle, 2018) and across four days (Catherinedeficient
et al., 2012).
Psychophysiological
tools,
such
as
scalp-recorded
electroIt
is
important
to note
In one longitudinal study of maltreated and non-maltreated young
encephalogram
recordings
in response
to environmental
ternalizing
literatures have
children,
higher levels
of prosocial
behavior (as indexed
by observer
The HPAA is an important physiological mechanism
linking daily (EEG)
cues
of
threat
and
error
monitoring,
have
proven
to
be
useful
in
symptom/disorder
and ERN
report of behaviors that were considerate, thoughtful, helpful, and
social experiences and physical health (McEwen, 1998) and can be

1.2 | HPAA activity

& Gorka, 2015).

neural correlates
of were
different
forms
of psychopatholexpected
relatio
cooperative)
related
to higher
morning cortisol levels
one directional
year
indexed in saliva via levels of the hormone cortisol. identifying
Cortisol reguogy
across
the
life
span
(e.g.,
Shankman
&
Gorka,
2015).
Over
bid
psychopathology.
For e
later, although prosocial behavior was unrelated to afternoon cortilates essential bodily functions, including the metabolic, cardiovasstudies
have focused
on(Alink
the error-related
sol levels
et al., 2012). negativity (ERN),
cular, and immune systems (Chida & Steptoe, 2009). 50
Cortisol
levels
an
event-related
potential
(ERP)
component
typically measured
fluctuate naturally throughout the day, typically peaking 30–45 min

at frontocentral
electrodes 50–100 ms following commission
after waking in the morning, and declining from morning
to evenof
an
error
(Olvet
& Hajcak,
2008; Weinberg,
& Hajcak,
ing (Gunnar et al., 2015; Stalder et al., 2016). Despite this normative
1.4
| BetweenversusRiesel,
withinperson

2012).
and behavior
investigations
pattern, individuals vary in their daily cortisol rhythms,
andSource
social localization
linking studies
prosocial
andemploying
cortisol
EEG
and
functional
magnetic
resonance
imaging
(fMRI;
Debener
experiences throughout the day impact cortisol release and fluctua-

that ERN and anxiety disor
have comorbid depression
Kotov, & Proudfit, 2015).

that the association betwe
associations

ERN was less apparent am
problems.

et al., examine
2005; Fitzgerald
et al., 2005;
Mathalon,
Whitfield,
Ford,
Despite
the high preval
tions (Adam et al., 2017). As such, researchers commonly
Associations
between
prosocial
behavior&and
cortisol can
be inves2003)
have
identified
the
anterior
cingulate
cortex
(ACC)
as
the
2009;
Copeland
how social experiences are linked to three standard markers of HPA
tigated on two timeframes or “levels”, both of which are meaning- et al., 201

region
of the brainful
that
ERN.
The ACC
is the
pri- indicate
nalizing
problems in childh
axis activity Cortisol Awakening Response (CAR; the rise
in cortisol
andgenerates
important.the
First,
betweenperson
analyses
whether
mary
brain
mechanism
involved
in
online
monitoring
for
conflict
Kendall
et
al., 2010; Verdu
shortly after awakening), Diurnal Cortisol Slope (the decline in coradolescents who engage in more prosocial behavior on average

simultaneously
but incompatible
streams
of incomorbidity pat
tisol across the day), and Area Under the Curve (AUC;between
total cortisol
across active
time also
exhibit particular
cortisol
profilesternalizing
on average.
formation
(Shiels
&
Hawk,
2010).
Greater
ERN
amplitudes
are
tested.
Research
output throughout the day). Relatively lower values of AUC and
This approach has been the focus of research to date (Prinstein & that exam

theorized to
processes
heightened
conflict
monitor- about
tential
resolve some of
diurnal cortisol slope (i.e., more negative slope) are considered
op-reflect
Giletta,
2020)of
and
yields important
information
trait to
characing
(Yeung,
Botvinick,
&
Cohen,
2004),
and
sensitivity
to
threat
pediatric
literature,
increase
timal for physical and mental health (Chida & Steptoe, 2009). For
teristics and long-term associations. Second, it is also important to

(Weinberg
et al., 2016)
and punishment
(Shackman
et al.,
2011; prosocial
correlates
of anxiety como
CAR, moderate to low levels are considered optimal, whereas
levels
understand
within-person
associations
between
behavior
Zambrano-Vazquez,
&
Allen,
2014).
Research
has
indicated
that
sources
of
impairment tha
that are too low are associated with fatigue, burnout, and depresand cortisol, which compare an individuals' behavior and cortisol lev-

ERN represents
trait-like
response
to errors,
it
Accordingly,
the primary aim
sion (Boggero et al., 2017). As such, moderate CAR isthe
necessary
for
elsaon
one dayneural
to another
day (Adam,
2006).asComparing
days within
demonstrates
strong
test-retest
reliability
and
rank-order
stabilof
the
first
to
the body to mobilize energy to meet the anticipated demands of
individual participants provides additional insight by holding con- investigate

Furthermore,
ERN
to be multiply
deteranxious
subtypes as define
the upcoming day (Boggero et al., 2017). Since CAR ity.
occurs
shortly
stantamplitudes
extraneous appear
characteristics
of the adolescent,
and
by revealmined
by
genetic
and
environmental
influences
(Weinberg,
Klein,
externalizing
problems in a
after waking and before the events of the day, it is impacted largely
ing how behaviors and cortisol co-occur and fluctuate within short

& Hajcak
et al., 2012).
as those without lifetime hi
by events the previous day, and thus is commonly and
most effecperiods of time, such as one day or two days.
Research
has
shown
that
the
ERN
is
a
neural
correlate
of
includedainfew
order to exam
tively examined the day following events or experiences of interest
Building on between-person, cross-sectional studies,
psychopathology,
particularly
anxiety
disorders.
Specifically,
tions
dimensionally.
The ov
(Adam, 2006; Armstrong-Carter et al., 2020; Chida & Steptoe, 2009;
daily diary studies have revealed within-person associations be-

enhanced
(i.e., more
negative)
ERN behavior
in anxious
individuals
is fre- functioning
and healthy
controls (ages
Stalder et al., 2016). Thus, CAR reflects both an anticipatory
stress
tween
prosocial
and
diurnal cortisol
during
quently
observed,
and has been(e.g.,
consistently
both
study
of thefotreatment of p
response based on anticipated demands of the upcoming
day
and
adolescence
Chiang etreplicated
al., 2016).inThis
work has
largely
life events that occurred the previous day.

1.3 | Prosocial behavior and the HPAA

adult (Hajcak, Klawohn,
2019;
Weinberg,
Dieterich,
& instance,
work onhelping
ERN in anxiety dis
cused &onMeyer,
prosocial
behavior
in the
home. For
Riesel, 2015) and pediatric
samples
(Ladouceur,
Dahl,
Birmaher,
we
hypothesized
the family with instrumental tasks and emotional support was that youth

Axelson, & Ryan, 2006;
Meyer,
2017).
ERN has been
ext
associated
with
lowerEnhanced
cortisol awakening
responsenot
thehave
nextco-occurring
day
shown to prospectively
predictCarter,
the onset
psychopaenhanced
(ArmstrongIvory,ofetanxiety
al., 2020;
Doane et al.,
2018) ERN
and (i.e., greate

thology in school-age
children
(Meyer,
liminary
flatter
diurnal
slopesProudfit,
the nextTorpey-Newman,
day (Doane et al., 2018).
In astudies
small suggesting
Kujawa,
&
Klein,
2015),
adolescents
(Meyer,
Nelson,
Perlman,
ified
by
psychiatric
comorb
A growing body of cross-sectional and longitudinal research has ilsample of older adolescents, daily positive social connection with
Klein,
&
Kotov,
2018),
and
adults
(Tang
et
al.,
2020),
to
identify
that
youth
with
co-occurr
lustrated that adolescents' social experiences are associated with
peers was associated with a greater cortisol awakening response
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from 15%the
to 23%
of anxious
meet
criteria befor attheanywhere
next day, although
authors
did notyouth
measure
prosocial
tention-deficit
hyperactivity
disorder
Costello,
havior
explicitly (Sladek
& Doane,
2015).(ADHD;
DrawingAngold,
on evidence

with astudy
family history of anxiety (Riesel et al., 2019), and
1.6individuals
| Current

to associate with fear-based anxiety symptoms in adults (Gorka,

& the
Erkanli,
1999;
Kendall,
Brady, &suggests
Verduin,that
2001),
and
about 9% TheBurkhouse,
Afshar,
& Phan,
2017). (1) To understand how adofrom
family
context,
this research
daily
prosocial
current study
had two
objectives:
of
anxious
youth
meet
criteria
for
oppositional
defiant
disorder
Although
studies
have
been
more
limited, support
differences
in ERN
behaviors towards friends may be associated with daily fluctualescents' provision of instrumental and
emotional
to peers
(ODD;
Kendall
et
al.,
2001).
It
is
well
established
that
childhood
have
also
been
documented
in
individuals
with
externalizing
symptions in diurnal cortisol within adolescents. Providing instrumental
is associated with diurnal cortisol on the daily level (i.e., within

is associated
withmay
significantly
worse shorttomatology
(Pasionlevel
& Barbosa,
2019). Externalizing
symptoms
andcomorbidity
emotional support
to friends
influence diurnal
cortisoland subjects)
and average
(i.e., betweensubjects). This
approachand
long-term
psychosocial
impairments
(Fraire
&
Ollendick,
2013;
disorders
have
been
linked
with
error-related
hypoactivity
functioning by impacting social stress levels, increasing feelings of
is particularly advantageous for cortisol data, as it helps to isolateor a
Franco,
Saavedra,
&
Silverman,
2007).
Despite
moderate
rates
bluntedperson
ERN, which
more
positive
rather than
connection with others, or increasing feelings of reward and hapbetweenversusmeans
withinperson
differences
thatnegative
exist be-ERN
of anxiety
externalizing
psychopathology
comorbidity,
their cause
amplitudes,
the latter
beingown
observed
anxietycortisol
disorders
(Hall,
piness
(Brown and
& Brown,
2006), which
in turn impact
physiological
each individual
has their
unique,intypical
levels
neurobiological
origins are not well understood, which is sig- andBernat,
& Patrick,
& Barbosa,
2019;
Shiels
& Hawk,
arousal
and HPAA activity.
patterns.
We used2007;
three Pasion
standardized
cortisol
indices:
Cortisol
nificant
given
increasing
clinical
research
emphasis
on
under2010).
Blunted
ERNs
have
been
documented
in
youth
with
ADHD
Longitudinal data collected via daily diaries offer a unique
Awakening Response (CAR), Area Under the Curve (AUC), and Diurnal

standing they
the underlying
pathophysiology
of common
psychiatric Slope.
andWe
disruptive
behavior
(Geburek,
Rist, and
Gediga,
Stroux, &
advantage:
can differentiate
and highlight
both betweenhypothesized
thatdisorders
providing
instrumental
emotional
disorders
and
syndromes,
and
identifying
the
extent
to
which
Pedersen,
2013;
Meyer
&
Klein,
2018;
Vilà-Balló,
Hdez-Lafuente,
and within-person associations (Hoffman & Stawski, 2009).
support to friends would be associated with lower CAR and flatter
disordersalthough
and subtypes
are associated
similar
unique diurnal
Rostan,
Cunillera,
& Rodriguez-Fornells,
2014). This
suggests
Specifically,
daily diaries
are oftenwith
designed
to or
assess
slopes,
and would
not be directly related
to AUC,
giventhat
neurophysiological
characteristics
et al.,light
2010;
symptoms and
are to
characterized
withinperson associations,
they can (Insel
also shed
onShankman
crossthatexternalizing
providing instrumental
andpsychopathology
emotional support
family has by
&
Gorka,
2015).
deficient
error
responding
and
impaired
error
evaluation.
sectional, between-person associations represented by average
been linked to lower CAR and flatter diurnal slopes on the daily
Psychophysiological
tools,
such
as scalp-recorded
electro- level (ArmstrongIt is important
to note
that
findings
in theetanxiety
and exlevels of
a variable across the
entire
period
in which the diaries
Carter,
Ivory,
etERN
al., 2020;
Doane
al., 2018).
encephalogram
recordings
in response
to environmental
literatures
havedifferences
not been entirely
suchbythat
were
collected (e.g.,(EEG)
two weeks;
Hoffman
& Stawski,
2009). For
(2) ternalizing
To investigate
individual
in theseconsistent,
associations
cues
of
threat
and
error
monitoring,
have
proven
to
be
useful
in
symptom/disorder
and
ERN
patterns
do
not
always
demonstrate
instance, researchers can investigate how prosocial behavior and
adolescents' feelings of role fulfillment (i.e., feeling like a goodthe
identifying
neural
correlates
of
different
forms
of
psychopatholexpected directional
relationships,
particularly
when there
is comorcortisol co-occur within an individual, in addition to how individual
friend/person).
We hypothesized
that
helping friends
would
be
ogy across
the lifelevels
span of
(e.g.,
Shankman
& Gorka,
Over associated
bid psychopathology.
For example,
some
adult studies
haveposfound
differences
in overall
prosocial
behavior
relate2015).
to overwith lower levels
of AUC, and
cortisol
slope (i.e.,
50 studies
have focused
negativity
(ERN), sibly
that
ERN andlower
anxiety
disorder associations
differ
when individuals
all levels
of cortisol.
However,on
to the
our error-related
knowledge, this
has not yet
reflecting
cardiovascular
risk) when
adolescents
felt
an
event-related
potential
(ERP)
component
typically
measured
have
comorbid
depression
(Weinberg,
Klein,
et
al.,
2012;
Weinberg,
been empirically tested.
a strong sense of role fulfillment from helping friends, but asso-

at frontocentral electrodes 50–100 ms following commission ciated
Kotov,
Proudfit,
2015).
In addition,
Stieben
et al.
(2007)
found
with& higher
levels
of AUC
and cortisol
slope
(i.e.,
greater
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, cardiovascular
that the association
between
externalizing
problems
and
a
blunted
risk) when adolescents did not feel a strong sense

Source localization
studies
1.52012).
| Individual
differences
inand
roleinvestigations
fulfillment

employing of role
ERNfulfillment.
was less apparent
among children
with comorbid
internalizing
This hypothesis
was informed
by evidence
that
EEG and functional magnetic resonance imaging (fMRI; Debener roleproblems.
fulfillment buffers the association between helping the family
et al., 2005;
et al., 2005;
Mathalon,
Whitfield,
& Ford, and higher
Despite
theofhigh
prevalence(Fuligni
of anxiety
disorders
(Beesdo
et al.,
levels
inflammation
et al.,
2009). We
did not
According
to theFitzgerald
positive youth
development
framework
(Lerner
2003)
have
the anterior
cortex 1979),
(ACC) enas the have
2009;
Copeland
et al., whether
2014) and
frequent
co-occurrence
of extera strong
hypothesis
role
fulfillment
would moderate
et al.,
2009)
andidentified
social identity
theory cingulate
(Tajfel & Turner,
region
of the brain
that generates
the ERN. instrumental
The ACC is the
problems
in childhood
(Angold,
& Erkanli,
1999;
link between
helping
friends and
CAR,Costello,
given that
moderate
gaging
in prosocial
behavior—
such as providing
andpri- thenalizing
mary
brain
mechanism
involved
in
online
monitoring
for
conflict
Kendall
et
al.,
2010;
Verduin
&
Kendall,
2003),
how
anxiety
and
levels of CAR are ideal and both lower and higher CAR are associ- exemotional support to friends—is most meaningful when adolescents

between
but incompatible
streams(i.e.,
of in- ated
ternalizing
comorbidity
patterns
relate to et
ERN
hasfollow
yet to be
with mental
and physical
risk (Stalder
al.,profiles
2016). To
derive
from itsimultaneously
a strong senseactive
of purpose
and role fulfillment
formation
(Shiels
&
Hawk,
2010).
Greater
ERN
amplitudes
are
tested.
Research
that
examines
these
relations
could
have
up and provide further evidence of directionality of effects,the
wepofeel like a “good person”). This theory suggests that individual diftheorized
to fulfillment
reflect processes
of heightened
conflict
monitor- conducted
tential toadditional
resolve some
of the
observed
in cortithe ERN
models
thatinconsistencies
examined whether
diurnal
ferences
in role
may moderate
how prosocial
behavior

ing to
(Yeung,
Botvinick,
& Cohen, 2004), and sensitivity to threat sol pediatric
literature, increase
in our
understanding
neural
markers predicted
prosocialprecision
behaviors
to friends
the nextofday.
relates
adolescents'
outcomes.
(Weinberg
et
al.,
2016)
and
punishment
(Shackman
et
al.,
2011;
correlates
of
anxiety
comorbidity
subtypes,
and
elucidate
primary
Emperical research supports the hypothesis that role fulfillment
Allen,for
2014).
Research
has indicated
mayZambrano-Vazquez,
serve as a protective&factor
physiological
health.
One studythat
the ERN
represents
a trait-like
response
to errors,
as it
of adult
women
showed that
derivingneural
a sense
of meaning
and purdemonstrates
strong
test-retest attenuated
reliability and
pose
about a difficult
life experience
the rank-order
detrimental stabilefity.
Furthermore,
ERN
amplitudes
appear
to
be
multiply
deterfects on immune system functioning (Bower et al., 2003).
Another

sources of impairment that could have translational implications.

2

Accordingly,
aim of this preliminary study was to be one
| M E THthe
O primary
DS
of the first to investigate how ERN responses could differentiate

subtypesand
as defined
by those
2.1anxious
| Sample
procedure

with and without comorbid

mined bystudy
genetic
and environmental
influences
Klein,
externalizing problems in a pediatric sample. Healthy youth, defined
longitudinal
of adolescents
found that
feeling a(Weinberg,
greater sense
& Hajcak
et al.,from
2012).
as those without
lifetime370
histories
of psychiatric(57.3%
disorders,female;
were also
Participants
included
adolescents
of role
fulfillment
providing instrumental support to the family
Research
has
shown
that
the
ERN
is
a
neural
correlate
of
included
in
order
to
examine
psychiatric
symptom
and
ERN
relaM
= 14.63 years, SD = 1.39 years; Range 11–18; ). The sample
buffered increases in inflammation (Fuligni et al., 2009). This work
age

psychopathology,
particularly
anxiety moderate
disorders.theSpecifically,
dimensionally.
The overall
consisted
of anxious
youth
wastions
racially
diverse: 39.46%
weresample
Non-Latinx
White
(N = 146),
suggests
that helping others
might similarly
link beenhanced
(i.e.,
more
negative)
ERN
in
anxious
individuals
is
freand
healthy
controls
(ages
7–19
years
old)
who
were
recruited
for a
25.4% Asian (N = 94), 17.8% Latinx (N = 66), 10.8% African
tween prosocial behavior to friends and diurnal cortisol functionobserved,
has been
replicated
in both American
study of(Nthe
of pediatric
anxiety
Based on prior
= treatment
40), and 6.5%
other race
(N =disorders.
24). Approximately
ing.quently
Specifically,
helpingand
friends
mightconsistently
protect adolescents
against

adult (Hajcak,
Klawohn,
& Meyer,
Dieterich,
work
on ERN had
in anxiety
disorders
(Meyer,
2017;
Meyer et
al., did
2013),
of mothers
less than
an eighthgrade
education,
13%
dysregulated
cortisol
functioning
when 2019;
helpingWeinberg,
feels rewarding
and & 10%
Riesel,
2015)
and
pediatric
samples
(Ladouceur,
Dahl,
Birmaher,
we
hypothesized
that
youth
with
greater
anxiety
symptoms
who
not complete high school, 24% completed high school, 27% com- did
fulfilling, but not when helping is stressful or physiologically taxing.
Axelson,
&
Ryan,
2006;
Meyer,
2017).
Enhanced
ERN
has
been
not have
co-occurring
externalizing
would demonstrate
pleted
postsecondary
education,
and problems
23% completed
graduate
Moreover, helping friends might be associated with physiological
shown
to steeper
prospectively
onset
ofhelping
anxietyfeels
psychopaenhanced
ERN (i.e.,
to errors).
Drawing from
on preschool
(3% declined
to greater
answer).sensitivity
Participants
were recruited
benefits
(e.g.,
diurnal predict
cortisol the
slope)
when
fulthology
in
school-age
children
(Meyer,
Proudfit,
Torpey-Newman,
liminary
studies
suggesting
anxiety
and
ERN
relations
could
be
qualthe community using convenience sampling (e.g., posting flyers
filling. Investigating this possibility may shed further light on the soKujawa,
&
Klein,
2015),
adolescents
(Meyer,
Nelson,
Perlman,
ified
by
psychiatric
comorbidity
(Stieben
et
al.,
2007),
we
predicted
at schools and on listservs). Participants were compensated $10
cial contexts and physiological processes for which role fulfillment

Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify in total
that for
youth
with co-occurring
anxiety
symptoms
and externalizing
completing
daily diaries
and $10
for completing
saliva
is protective.
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from 15%
to 23%
of anxious
meet criteria
for at- support
individuals
with a family hi
samples, and received a $20 bonus if inspection of anywhere
the data indipersonmean
level ofyouth
instrumental
and emotional
was caltention-deficit
disorder
(ADHD;
to associate with fear-bas
cated that they had completed all the diaries and saliva
samples hyperactivity
culated as the
average
acrossAngold,
all days.Costello,
correctly and on time.

& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9%

of anxious
youth meet criteria for oppositional defiant disorder
Participants were provided with diary checklists.
In the full
(ODD;
Kendall
2001).| It Diurnal
is well established
project, most participants (80%) were provided 14 days of diaries, et al.,
2.2.2
cortisol that childhood

Burkhouse, Afshar, & Phan
Although studies have

have also been documente

comorbidity
tomatology (Pasion & Barb
whereas 22% of participants (N = 83) were only provided
with 7 daysis associated with significantly worse short- and
long-term
psychosocial
impairments
(Fraire
&
Ollendick,
2013;
disorders
have
of diaries. Participants also provided a saliva collection kit to comParticipants provided saliva at four time points each of
4 days, for
a been linke

Franco,
Saavedra, total
& Silverman,
2007).
moderate
rates up, (b)
blunted
plete on Days 2 through 5. In the study, our analyses
only include
of 16 samples:
(a) Despite
immediately
upon waking
30 minERN,
afterwhich means
of
anxiety
and
externalizing
psychopathology
comorbidity,
their
amplitudes,
the latter bein
days 1–6, for which all participants had data, which include the days
waking up, (c) 5 p.m. (or before dinner), and (d) 8 p.m. (or before bed).

are not
well
understood,
which
is sig- before
Bernat,
& Patrick,
2007; P
during which cortisol was collected (days 2–5), as wellneurobiological
as the day be- origins
Participants
were
instructed
to take
their samples
or >30
min
nificant
given
increasing
clinical
research
emphasis
on
under2010).
Blunted
ERNs
have
fore and after (in models that include previous day or next day variafter brushing teeth, drinking, eating, or using tobacco. In addition,

standing
theinunderlying
pathophysiology
of common
psychiatric
and as
disruptive
ables). The maximum number of days used in any statistical
model
raw cortisol
values exceeding
60 nmol/L
were flagged
outliers behavior dis
disorders
and
syndromes,
and
identifying
the
extent
to
which
Pedersen,
2013; Meyer &
this study is 5.
and excluded from analyses.

disorders
and subtypes
are associated
with
unique
Rostan,
Cunillera,
& Rodri
Most participants (90.43%) completed all days of
their dairies
Participants
recorded
the similar
timing oforeach
sample using
a logcard
neurophysiological
characteristics
(Insel
et
al.,
2010;
Shankman
externalizing
symptoms
an
across the 6 days used for analysis (M = 97.65% of days, SD = 35.19%
and stamped with the electronic time stamper, which printed the

& Gorka,
deficient
of days, Range = 25%–100%). There were 1,710 total
person-2015).
day
current, unalterable, date and time. Participants stamped
theerror
card responding
Psychophysiological
tools,
such
as
scalp-recorded
electroIt
is
important
to note
(i.e., Level 1) observations. Diaries included both weekdays and
beside the heading for each sample and immediately placed the

encephalogram
recordings
in response
ternalizing
have
weekends. The order of days differed between participants
depend- (EEG)
sample
in their fridge.
At the to
endenvironmental
of the saliva collection
days, literatures
the
cues
of
threat
and
error
monitoring,
have
proven
to
be
useful
in
symptom/disorder
and
ERN
ing on the day of the week that they started, but all participants
samples were transferred to the research laboratory and stored in
identifying
neural
correlates
of
different
forms
of
psychopatholexpected
directional
relatio
had the same proportion of weekday to weekend data if they coma −80°C freezer. At the end of the data collection period, the sam-

ogy
the lifeples
spanwere
(e.g.,shipped
Shankman
& Gorka,
2015).
Over
bid
psychopathology.
For e
pleted all of the diaries. Participants were instructed
to across
complete
to the
Laboratory
of Biological
Psychology
at
studies
have focused
on the University
error-related
negativityGermany
(ERN), where
that they
ERN were
and anxiety disor
their diary in the evening before bedtime. Participants50
chose
to comthe Technical
of Dresden,

an event-related
potential
typically
measured
have
comorbid depression
plete the diaries either on paper (63.20%) or via a secure
website
assayed (ERP)
using component
high-sensitivity
chemiluminescenceimmunoassays
at
frontocentral
electrodes
50–100
ms
following
commission
Kotov,
& Proudfit, 2015).
(36.80%). Participants who responded with paper and pencil were
(IBL International, Hamburg, Germany). The inter-assay coefficient
of
an
error
(Olvet
&
Hajcak,
2008;
Weinberg,
Riesel,
&
Hajcak,
that
the
association betwe
given 14 manila envelopes and an electronic time stamper (Dymo
of variation was <8%.

2012).
Source localization
studies and
investigations
was less
Corporation, Stamford, CT), which verified the time that
checklists
We computed
diurnal
slope, CAR,employing
and AUC usingERN
standard
for-apparent am
EEG
and
functional
magnetic
resonance
imaging
(fMRI;
Debener
problems.
were completed. The time stamper is a small device that imprints
mulas (see Armstrong-Carter, Ivory, et al., 2020 for more details).

et al., 2005;
Fitzgerald
et al.,
2005;
Mathalon,
Despite
the high preval
the current date and time and is programmed with a security
code so
Diurnal
slope
represents
theWhitfield,
decrease &inFord,
secreted cortisol
from
2003)
have
identified
the
anterior
cingulate
cortex
(ACC)
as
the
2009;
Copeland
that the correct date and time cannot be changed. Participants were
morning to evening (M = −1.27, SD = 1.04, Range −14.84–4.74, miss- et al., 201

the braining
that
generates
The ACC
is theslopes
pri- as nalizing
problems in childh
instructed to place their completed checklists into aregion
sealedofenve13.19%
days).the
WeERN.
computed
diurnal
the difference
mary
brain
mechanism
involved
in
online
monitoring
for
conflict
Kendall
et
al., 2010; Verdu
lope each night and to stamp the seal of the envelope with the time
between the fourth (bedtime) cortisol sample and the first morn-

simultaneously
active
but incompatible
streams
of in- these
ternalizing
comorbidity pat
stamper. Participants who completed surveys onlinebetween
were sent
an
ing sample,
divided
by the time elapsed
between
two samples
formation
(Shiels
&
Hawk,
2010).
Greater
ERN
amplitudes
are
tested.
Research
email with the link to each daily diary survey, and the time and date
(Pruessner, Hellhammer, et al., 2003). A relatively healthy diurnal that exam

theorized
to reflect
processes
of aheightened
conflict
monitortential(i.e.,
to resolve
of completion were recorded via the website. The daily
diary checkslope
is typically
steep, negative
decline,
whereas a flatter
less some of
ing
(Yeung,
Botvinick,
&
Cohen,
2004),
and
sensitivity
to
threat
pediatric
literature,
increase
lists were three pages long and each took approximately 5–10 min
negative) slope is associated with greater stress and cardiovascular
to complete.

2.2 | Measures
2.2.1 | Prosocial behavior to friends

(Weinberg et al., 2016)
and punishment
correlates of anxiety como
risk (Adam
et al., 2017).(Shackman et al., 2011;
Zambrano-Vazquez, &Area
Allen,
2014).
Research
has
indicated
that
sources
impairment tha
under the curve (AUC) reflects the total daily
cortisolofoutthe ERN represents
trait-like neural
response
it is positively
Accordingly,
the primary aim
puta (Pruessner,
Kirschbaum,
et to
al.,errors,
2003) as
and
asso-

demonstrates strong
test-retest
reliability
and(Pruessner,
rank-orderKirschbaum,
stabilofetthe
to investigate
ciated
with chronic
stress
al., first
2003),
ity. Furthermore, ERN
amplitudes
appear
to
be
multiply
deteranxious
subtypes
as define
M = 160.18, SD = 88.14, Range −420.08–563.97, missing 16.78%
mined by genetic and
environmental
influences
Klein,
problems in a
days.
We computed
AUC using(Weinberg,
the trapezoid
methodexternalizing
from the first,

& Hajcak et al., 2012).
assecond
those without
third, and fourth cortisol measures (i.e., excluding the
sam- lifetime hi
Research
has
shown
that
the
ERN
is
a
neural
correlate
of
included
in
order to exam
Participants indicated via diary checklists whether they had enple, Pruessner, Kirschbaum, et al., 2003).
psychopathology,
particularly
anxiety
disorders.
Specifically,
tions
dimensionally.
The ov
gaged in different prosocial behaviors towards friends each day.
Cortisol Awakening Response (CAR) is the steep increase in

enhanced
(i.e., more
negative)
in anxious
individuals
is fre-awakening
and healthy
controls (ages
Instrumental Assistance to Friends was the mean of
three items
(Stalder
cortisol
fromERN
wakeup to 30–
45 min after
andal.,has
beenwhich
consistently
replicated
in bothfor the
study
of the treatment
of p
each day: lent a friend an item or money (e.g., quently
clothes,observed,
car),
et
2016),
mobilizes
bodily energy
demands
of

(Hajcak, Klawohn,
& Meyer,
2019;
Dieterich,
& SD =work
on Range
ERN in anxiety dis
helped a friend with schoolwork, helped a friend adult
do chores/erthe upcoming
day
(FriesWeinberg,
et al., 2009),
M = 4.52,
13.60,
Riesel,
2015)
and
pediatric
samples
(Ladouceur,
Dahl,
Birmaher,
we
hypothesized
rands (e.g., laundry, shopping), M = 0.17, SD = 0.23, Range 0–1.
−56.42 – 62.95, missing 7.28% days. We computed CAR as the that youth

& Ryan, 2006;
Meyer,
2017).from
Enhanced
ERN
not(Fries
haveetco-occurring
ext
Emotional Support to Friends was indexed via a singleAxelson,
dichotomous
increase
in cortisol
wake to
30 has
minbeen
post-wake
al.,
to prospectively
the
onset of anxiety
psychopaERN (i.e., greate
item: provided emotional support to a friend (i.e.,shown
listened,
ad2009).predict
This was
a subtraction
method.
For samples 1enhanced
and 2, which

thology
in school-age
children
(Meyer,
Proudfit,
Torpey-Newman,
studies suggesting
vised, comforted) M = 0.35, SD = 0.48, Range 0–1. Both
variables
were
used to
compute
CAR, 15–
45 min between theliminary
two samples
Kujawa,
&
Klein,
2015),
adolescents
(Meyer,
Nelson,
Perlman,
ified
by
psychiatric
comorb
were missing 16.02% of days. At the daily level, we took the averwas considered to be on time (Adam & Kumari, 2009). According

& Kotov,
andmetric,
adults (Tang
et samples
al., 2020),
to identify
youth
with co-occurr
age of the item(s) for each type of assistance eachKlein,
day, and
the 2018),
to this
98% of
were
collected onthat
time.
Seven

|
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anywhere
15% to
23%than
of anxious
for at- intoindividuals
withAfrican
a family American,
history of anxiety
al., 2019),
five groups:
Asian, (Riesel
Latinx,etWhite,
andand
samples
were from
collected
more
45 minyouth
apart.meet
Fourcriteria
additional
tention-deficit
disorder
(ADHD;
Angold,
Costello,
to associate
with fear-based anxiety symptoms in adults (Gorka,
Other
Race.
samples
were not hyperactivity
collected in the
morning,
but upon
waking
in
&
Erkanli,
1999;
Kendall,
Brady,
&
Verduin,
2001),
and
about
9%
Burkhouse,
Afshar,
& Phan, 2017).
the afternoon.
of anxious youth meet criteria for oppositional defiant disorder

Although studies have been more limited, differences in ERN

(ODD; Kendall et al., 2001). It is well established that childhood

been documented
in individuals with externalizing symp2.3have| also
Statistical
analyses

comorbidity
associated
2.2.3
| Roleisfulfillment

with significantly worse short- and

tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and

long-term psychosocial impairments (Fraire & Ollendick, 2013; Linear
disorders
linked
withdays
error-related
mixed have
effectbeen
models
nested
(Level 1) hypoactivity
within partici-or a
Franco,
Saavedra,
&
Silverman,
2007).
Despite
moderate
rates
blunted
ERN,
which
means
more
positive
rather
than
negative
Role Fulfillment was calculated from two items in the daily diary in
pants (Level 2). We person-centered all Level 1 predictors,
andERN
of anxiety
and externalizing
psychopathology
comorbidity,
their we amplitudes,
being
observed
anxiety
(Hall,
which
participants
responded on
a 7-point Likertscale ranging
included on the
the latter
intercept
personmeaninvalues
for disorders
each of our
neurobiological
are nottowell
understood,
is sig- daily
Bernat,
& Patrick,
2007;
Pasion
& Barbosa,
2019;inShiels
& Hawk,
from
1 (not at all) toorigins
7 (extremely)
report
the extentwhich
to which
predictors
(Curran
& Bauer,
2011).
Accordingly,
the tables,
nificant
given
increasing
clinical
research
emphasis
on
under2010).
Blunted
ERNs
have
been
documented
in
youth
with
ADHD
they felt like “a good friend” and “a good person” that day, M = 5.21,
“Mean- Centered Daily Level Variables” reflect daily level behav-

standing
the underlying
of common
psychiatric iors/cortisol,
and disruptive
behavior
disorders
Rist, Gediga,
Stroux,
SD =
1.42, Range
0–7, missingpathophysiology
6.48% days. The items
were averaged
whereas
“PersonMean(Geburek,
Average Level
Variables”
re- &
disorders
and
syndromes,
and
identifying
the
extent
to
which
Pedersen,
2013;
Meyer
&
Klein,
2018;
Vilà-Balló,
Hdez-Lafuente,
for each day, and the person-mean level of role fulfillment was calflect levels of behaviors/cortisol averaged across days within each
disorders
subtypes
are associated
with overall
similarα or
unique individual.
Rostan, To
Cunillera,
Rodriguez-Fornells,
This
culated
as the and
average
of the items
across all days,
= 0.86,
increase&the
robustness of our2014).
findings,
wesuggests
addition-that
neurophysiological
characteristics (Insel et al., 2010; Shankman allyexternalizing
symptoms
are characterized
daily
α = 0.36–0.99.
controlled for
(1) prior and
day psychopathology
levels of cortisol indices,
to test if by
& Gorka, 2015).
deficient
error
responding
and
impaired
error
evaluation.
helping behaviors were associated with cortisol over and above
Psychophysiological tools, such as scalp-recorded electro- the previous
It is important
that ERN
findings in attended
the anxiety
and exday, and to
(2)note
whether
the adolescent
school
encephalogram
(EEG)
2.2.4
| Covariate

recordings in response to environmental thatternalizing
literatures have not been entirely consistent, such that
day.
symptom/disorder
and ERN patterns
do not always
demonstrate
Model 1 tested instrumental
and emotional
support
as simul-the

cues of threat and error monitoring, have proven to be useful in

neural
correlates
different
psychopatholexpected
directional
relationships,
particularly
when
there
is day,
comorWeidentifying
controlled for
whether
it was of
a school
day forms
or not,of
because
adotaneous
Level
1 predictors
of AUC and
diurnal slope
the
same
ogy
across
the
life
span
(e.g.,
Shankman
&
Gorka,
2015).
Over
bid
psychopathology.
For
example,
some
adult
studies
have
found
lescents' cortisol levels have been shown to differ on school days
and CAR the next day. Model 2 additionally included daily level and
50 studies
have
focused
on theeterror-related
(ERN), average
that ERN
anxiety disorder
associations
whenbehavior
individuals
compared
to nonschool
days (Adam
al., 2007). Onnegativity
the daily dialeveland
interaction
terms between
eachdiffer
prosocial

event-related
potential
(ERP)
component
typically
comorbid depression
(Weinberg,
Klein,
et al.,
Weinberg,
ries,an
adolescents
indicated
whether
they
attended school
thatmeasured
day or
(i.e.,have
instrumental
and emotional
support)
and
role2012;
fulfillment.
at
frontocentral
electrodes
50–100
ms
following
commission
Kotov,
&
Proudfit,
2015).
In
addition,
Stieben
et
al.
(2007)
found
not (1 = school day, 0 = not a school day).
Specifically, we created two daily level interaction terms (i.e., daily
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, levels
thatofthe
association
between
externalizing
problems
and
a
blunted
instrumental and emotional support multiplied by daily
2012). Source localization studies and investigations employing levels
ERN
apparentand
among
internalizing
ofwas
roleless
fulfillment)
twochildren
averagewith
levelcomorbid
interaction
terms
EEG
and
functional
magnetic
resonance
imaging
(fMRI;
Debener
problems.
2.2.5 | Demographic characteristics
(i.e., average levels of instrumental and emotional support mulet al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, tiplied Despite
the high
of anxietyand
disorders
(Beesdo
et al.,
by average
levelsprevalence
of role fulfillment)
included
all four
2003)
have
identified
the
anterior
cingulate
cortex
(ACC)
as
the
2009;
Copeland
et
al.,
2014)
and
frequent
co-occurrence
of
exterMothers reported their education level as an index of family SES,
of these interaction terms as predictors in the model. To probe

region
of the
brain
the ERN. to
The6 ACC
is the pri- significant
nalizing interactions,
problems in childhood
(Angold,
Costello,
Erkanli, 1999;
which
ranged
from
0 that
(<8thgenerates
grade completed)
(completed
we used the
simple
slopes &
technique
at
mary
brain
mechanism
involved
in
online
monitoring
for
conflict
Kendall
et
al.,
2010;
Verduin
&
Kendall,
2003),
how
anxiety
and
graduate school). Adolescents self-reported their age, gender, and
1SD above and below the mean value of the moderator (Aiken exbetween
simultaneously
active
but
incompatible
streams
of
internalizing
comorbidity
patterns
to ERN
yet to be
race/ethnicity. For descriptive purposes, race was dummy coded
et al.,
1991). We
conducted
follow-relate
up models
to profiles
test for has
potential
formation
(Shiels
Hawk,
2010).
Greater
tested. Research
relations
could behavior),
have the powithin
each race
(i.e., &
Latinx
= 1,
not Latinx
= 0)ERN
and amplitudes
categorized are bi-directional
effectsthat
(i.e.,examines
cortisol these
predicting
prosocial
theorized to reflect processes of heightened conflict monitortential to resolve some of the inconsistencies observed in the ERN
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat
TA B L E 1 Correlations between study constructs
(Weinberg et al., 2016) and punishment (Shackman et al., 2011;

pediatric literature, increase precision in our understanding of neural
correlates of anxiety comorbidity subtypes, and elucidate primary

1
2
3
Zambrano-Vazquez, & Allen,
2014). Research
has indicated
that 4

6 could have 7translational implications.
8
sources of 5impairment that

represents
a trait-like
neural response to errors, as it
1.the
Inst.ERN
Support
to
1
demonstrates
strong test-retest reliability and rank-order stabilFriends

Accordingly, the primary aim of this preliminary study was to be one

Furthermore,
appear
to be multiply deter1
2.ity.
Emo.
Support to ERN amplitudes
0.53c
Friends
mined
by genetic and environmental influences (Weinberg, Klein,

anxious subtypes as defined by those with and without comorbid

3.&CAR
Hajcak et al., 2012).

0.03

0.11c

1

c
Research has shown 0.15
thatc the ERN
is c a neural−0.09
correlate
of
0.06
4. AUC

of the first to investigate how ERN responses could differentiate
externalizing problems in a pediatric sample. Healthy youth, defined
as those without lifetime histories of psychiatric disorders, were also
1 included in order to examine psychiatric symptom and ERN rela-

c
c
particularly
Specifically,
tions
dimensionally.
The overall sample consisted of anxious youth
0.00disorders. 0.29
−0.59
1
5.psychopathology,
Diurnal Slope
−0.13c anxiety
c
(i.e., more negative)
anxious
individuals
−0.04b is fre6.enhanced
Role Fulfillment
0.20 c ERN in0.28

and healthy 0.00
controls (ages 7–19
years old) who were recruited for a
0.00
1

7. Gender

0.09c

quently observed, and has
been consistently
replicated
in both
0.25c
0.09c
0.14c
adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg,
Dieterich,
&
c
a

study of the−0.04
treatment
of pediatric
anxiety1disorders. Based on prior
a
0.07c

work on ERN in anxiety
disorders
c
b (Meyer, 2017;
b Meyer et al., 2013),

8. Age

0.01

0.08

−0.04

−0.20 c

9. SES

0.00

0.04

−0.02

0.01

Riesel, 2015) and pediatric samples (Ladouceur,
Dahl, Birmaher,
b
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced ERN has been

0.23

−0.05

0.04

−0.02

−0.05

−0.04

1

we hypothesized that youth with
did
b greater anxiety
a symptoms who
c
−0.11

not have co-occurring externalizing problems would demonstrate

Abbreviations:
Inst., Instrumental;
Emo, the
Emotional;
CortisolpsychopaAwakening Response
the next
AUC, sensitivity
Area Underto
theerrors).
Curve (representing
shown to prospectively
predict
onset CAR,
of anxiety
enhanced
ERNmorning;
(i.e., greater
Drawing on pretotal cortisol output).
a

thology in school-age children (Meyer, Proudfit, Torpey-Newman,

liminary studies suggesting anxiety and ERN relations could be qual-

Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman,

ified by psychiatric comorbidity (Stieben et al., 2007), we predicted

Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify
p < .001.

that youth with co-occurring anxiety symptoms and externalizing

p < .05.

b
c

p < .01.
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TA
L E 2of anxious
Direct daily
associations
between
instrumental
and with a family hi
anywhere
from 15%
toB23%
youth
meet criteria
for atindividuals
as described further below. All analyses were conducted
using
emotional support to friends and cortisol
tention-deficit hyperactivity disorder (ADHD; Angold, Costello,
to associate with fear-bas
Stata Software (StataSE, Version 15.1.632).
& Erkanli, 1999; Kendall, Brady, & Verduin, 2001),
9%
CARand about AUC

3

|

R E S U LT S

3.1 | Bivariate correlations

Burkhouse,
Slope Afshar, & Phan

of anxious youth meet criteria for oppositional defiant disorder

Although studies have

(ODD; Kendall et al., 2001). It is well established that childhood

have also been documente

(SE)
(SE)
comorbidity is associated with significantly worse
short- and

(SE) (Pasion & Barb
tomatology

long-term psychosocial
impairments
(Fraire
& Ollendick, 2013;
Meancentered daily
level variables

disorders have been linke

β

β

β

Franco, Saavedra, & Silverman,
2007).
Despite
moderate rates
Instrumental
support
−0.27
−0.37d
of
anxiety
and
externalizing
psychopathology
comorbidity,
their
(0.21)
to
friends
(0.22)
Table 1 displays bivariate correlations using variables averaged
a
neurobiological
are not support
well understood,
sigto
−0.24which is −0.08
across all days. On average, instrumental support to
friends was originsEmotional
(0.11)
(0.10)
friends
nificant
positively correlated with emotional support to friends,
rolegiven
ful- increasing clinical research emphasis on understanding
the
underlying
pathophysiology
of
common
Role
fulfillment
−0.06 psychiatric
−0.01
fillment, and AUC, and negatively correlated with diurnal slope.

(0.04)
(0.04)
disorders
Emotional support to friends was positively correlated
with role and
ful- syndromes, and identifying the extent to which
c
c
−0.00
Prior
day
cortisol
0.18
disorders
and subtypes are associated with similar or unique
fillment, CAR and AUC. Role fulfillment was negatively
correlated

with CAR.

(0.00)
outcome
neurophysiological characteristics
(Insel et al., (0.04)
2010; Shankman
Person-mean average level variables

& Gorka,
2015).
On average, girls provided instrumental and emotional
support
to
0.59
Instrumental
support
−0.67d
Psychophysiological
tools, such
as scalp-recorded
electropeers more frequently compared to boys, and had higher role fulfillto friends

(0.35)
(0.16)

School
0.08
0.52c
50 studies
have focused
on day
the error-related negativity
(ERN),
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from
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(0.09)

3.2 | Daily level associations
3.2.1 | Direct associations
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−0.01
(0.04)

d
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at frontocentral electrodes 50–100 ms following commission

2010). (0.09)
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and disruptive
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−0.01
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Pedersen,
2013; Meyer &
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Rostan,
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ternalizing literatures have
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an event-related potential (ERP) component typically measured
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& Patrick, 2007; P

b
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neural correlates of different forms of psychopatholto younger adolescents, and had lower role fulfillment, CAR,
AUC, and
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the life span (e.g., Shankman & Gorka, 2015). Over
higher (i.e., flatter) slopes. Adolescents from higher SES provided emolower SES and had lower levels of role fulfillment.

amplitudes,
(0.19) the latter bein

deficient error responding

ment, CAR and AUC, and lower (i.e., steeper) slopes.encephalogram
Older adoles- (EEG) recordings in response to environmental
a
Emotional
support
to proven
0.33
cues
of threat and error
monitoring,
have
to be useful−0.00
in
cents provided emotional support to peers more frequently compared
friends

a which means
blunted0.40
ERN,

0.40
symptom/disorder
and ERN
(0.16)

expected directional relatio

bid psychopathology. For e

−0.09
that ERN
and anxiety disor
(0.08)

have comorbid depression
−0.00
(0.04)

Kotov, & Proudfit, 2015).

of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak,

that the association betwe

EEG and functional magnetic resonance imaging (fMRI; Debener

problems.

Note.: β represents the standardized coefficient. SE represents the
2012). Source localization studies and investigations employing
ERN was less apparent am
standard error.
Higher values of slope indicate flatter, more positive slopes, whereas

et al., 2005; Fitzgerald
al., 2005;
Mathalon,
Whitfield,
Ford, slopes.Despite the high preval
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indicate steeper,
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2003) have identified
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cingulate
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Copeland et al., 201
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Under the
cortisol output).
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ERN. (representing
The ACC is total
the prinalizing problems in childh
Table 2 displays direct associations linking instrumental
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p
<
.05.
mary
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involved
in
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monitoring
for
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Kendall et al., 2010; Verdu
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c
p
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Average Level Variables), controlling for same day levels
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p < .10 .
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to reflect processes of heightened conflict monitortisol outcome and whether it was a school day. On the
daily level,
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(Yeung,
Botvinick, & Cohen, 2004), and sensitivity to threat
providing instrumental support to friends was associated with a flat(Weinberg
ter diurnal slope the same day. Specifically, as displayed
in Figureet1, al., 2016) and punishment (Shackman et al., 2011;
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& Allen, 2014). Research has indicated that
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represents a trait-like neural response to errors, as it
day on days they provided more than their average amount
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demonstrates
mental support, compared to a 74.21% decrease in cortisol through- strong test-retest reliability and rank-order stabil19
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ity. Furthermore,
ERN amplitudes appear to be multiply deterout the day on days they provided less than their average
amount of
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by
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and
environmental influences (Weinberg, Klein,
instrumental support.
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& Hajcak
et al., 2012).
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particularly anxiety disorders. Specifically,
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9
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observed,
and has been consistently replicated in both
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5
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3
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tention-deficit hyperactivity disorder (ADHD; Angold, Costello,
&25Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9%
of anxious youth meet criteria for oppositional defiant disorder

with alevel
familyassociations
history of anxiety (Riesel et al., 2019), and
3.3individuals
| Average

to associate with fear-based anxiety symptoms in adults (Gorka,

Burkhouse,
Afshar,
& Phan, 2017).
3.3.1
| Direct
associations

Although studies have been more limited, differences in ERN
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Kendall et al., 2001). It is well established that childhood On have
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symp24
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2014).
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differences by role
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& Gorka, 2015).
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and recordings
cortisol outcomes
did not
by role
in Figure
3, providing
instrumental
support
to friends
was associcues
of
threat
and
error
monitoring,
have
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identifying neural correlates of different forms of psychopatholexpected directional relationships, particularly when there is comorogy across the life span (e.g., Shankman & Gorka, 2015). Over

bid psychopathology. For example, some adult studies have found

have focused
on the error-related negativity (ERN),
that ERN and anxiety disorder associations differ when individuals
TA 50
B L Estudies
3 Interactive
associations:
CAR
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Slope
Instrumental
and emotional
support
an event-related
potential
(ERP) component typically measured
have comorbid depression (Weinberg, Klein, et al., 2012; Weinberg,
to friends
x role fulfillment
predicting
SE found
at frontocentral
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50–100 ms following commission
Kotov, &β Proudfit,SE2015). Inβ addition,SEStieben βet al. (2007)
cortisol
of an error (Olvet & Hajcak, 2008; Weinberg,
Riesel,
&
Hajcak,
that
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between
externalizing
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and
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Mean-centered daily level variables
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(0.19)
Instrumental
support to friends
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−0.39

EEG and functional magnetic resonance imaging
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Emotional support to friends
−0.21a

(0.11)

−0.07

(0.10)
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(0.09)

−0.05
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−0.01

(0.04)

−0.01

(0.04)

−0.02

(0.00)

−0.00

(0.00)
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et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford,

Despite the high prevalence of anxiety disorders (Beesdo et al.,

2003) have identified the anterior cingulate cortex (ACC) as the

2009; Copeland
et al., 2014) and cfrequent co-occurrence
of exterc
c

Role fulfillment

Previous day cortisol outcome

region of the brain that generates the ERN. The ACC is the priDaily-level interactions

nalizing problems in childhood (Angold, Costello, & Erkanli, 1999;

mary brain mechanism involved in online monitoring for conflict

Kendall et al., 2010; Verduin & Kendall, 2003), how anxiety and ex-

Emo amplitudes
X role fulfillment
formation (Shiels & Hawk, 2010). Greater ERN
are

−0.04
(0.12)
−0.06these(0.11)
0.10 have
(0.10)
tested. Research
that
examines
relations could
the po-

Inst Xstreams
role fulfillment
between simultaneously active but incompatible
of in-

(0.23)patterns
0.25relate(0.22)
−0.05 has(0.20)
ternalizing0.24
comorbidity
to ERN profiles
yet to be

theorized to reflect processes of heightened
conflict
monitortential to resolve some of the inconsistencies observed in the ERN
Personmean averagelevel variables
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity
tosupport
threat to friends
pediatric literature,
increase precision
in our understanding
of neural
Instrumental
1.66
(2.01)
0.09
(2.15)
3.96a
(1.97)
(Weinberg et al., 2016) and punishment (Shackman
et support
al., 2011;
correlates
of anxiety
comorbidity
elucidate
primary
Emotional
to friends
−0.76
(1.01)
0.87 subtypes,
(1.03) and
−0.76
(0.96)
Zambrano-Vazquez, & Allen, 2014). Research has indicated that

sources of impairment that could have translational implications.

the ERN represents a trait-like neural response to errors, as it

Accordingly, the primary aim of this preliminary study was to be one

demonstrates strong test-retest reliability and rank-order stabil-

of the first to investigate how ERN responses could differentiate

ity. Furthermore, ERN amplitudes appear to be multiply deter-

anxious subtypes as defined by those with and without comorbid

Role fulfillment

Average-level interactions
Inst X role fulfillment

Emo
X role Fulfillment
mined by genetic and environmental influences
(Weinberg,
Klein,
Covariate

& Hajcak et al., 2012).

0.00

−0.44

(0.07)

(0.35)

−0.05

(0.07)

0.08

(0.38)

0.08

−0.90 b
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(0.35)
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−0.16
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externalizing
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Research has shown that the ERN is a School
neural day
correlate of

0.21
(0.09)symptom
−0.09and (0.08)
included in
order (0.09)
to examine0.53
psychiatric
ERN rela-

psychopathology, particularly anxiety disorders.
ConstantSpecifically,

tions dimensionally.
The overall
consisted
of anxious
−0.03
(0.35)
−0.02sample
(0.38)
−0.44
(0.35)youth

enhanced (i.e., more negative) ERN in anxious individuals is fre-

and healthy controls (ages 7–19 years old) who were recruited for a

Note.: β represents the standardized coefficient. SE represents the standard error.

quently observed, and has been consistently
replicated in both
study of the treatment of pediatric anxiety disorders. Based on prior
Higher values of diurnal slope indicate flatter, more positive slopes, whereas lower values of slope

adult (Hajcak, Klawohn, & Meyer, 2019; Weinberg,
Dieterich,
&
work
on ERN in anxiety disorders (Meyer, 2017; Meyer et al., 2013),
indicate steeper,
more negative
slopes.
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Dahl, Birmaher,
wesupport
hypothesized
that
youth with
anxiety
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who did
Abbreviations:
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provided
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Emo,greater
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provided
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Cortisol
Response
the next morning;
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Area Under
the Curve
Axelson, & Ryan, 2006; Meyer, 2017). Enhanced
beenAwakening
not have
co-occurring
externalizing
would
demonstrate
(representing total cortisol output).

shown to prospectively predict the onset of anxiety psychopa-

enhanced ERN (i.e., greater sensitivity to errors). Drawing on pre-

thology in school-age children (Meyer, Proudfit,
Torpey-Newman,
b

liminary studies suggesting anxiety and ERN relations could be qual-

a

p < .05.

p < .01.

Kujawa, & Klein, 2015), adolescents (Meyer,
Nelson, Perlman,
c

ified by psychiatric comorbidity (Stieben et al., 2007), we predicted

Klein, & Kotov, 2018), and adults (Tang etd al., 2020), to identify

that youth with co-occurring anxiety symptoms and externalizing

p < .001.
p < .10 .
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Erkanli,
Brady,
& Verduin,
and about
9%adolescents'
Burkhouse,
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& Silverman,
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Despite
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the
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to
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Pedersen,
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responding
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emotional support the next day, controlling for levelsEEG
of instrumenet
al.,
Fitzgerald
2005; Mathalon,
Whitfield,
& Ford,
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next
morning,of
controlling
for conflict
prior daymonitorlevels of CAR,tential
and whether

ing (Yeung, Botvinick,
& Cohen,
sensitivity
threat
pediatric
literature,
increase
it was
a school2004),
day or and
weekend.
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of the
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ficial for adolescents, it can also be physiologically taxing from day
cents who on average felt higher levels of role fulfillment, but did
notin anxiety dis
Riesel,of2015)
to day. Consistent with this interpretation is the theory
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co-occurr
Providing instrumental support may be psychologically rewarding
individuals experienced role fulfillment to days on which they did

|

ARMSTRONGCARTER ANd TELZER
2
1276

|

11
et al .
ARMSTRONG- CARTER and SUOR
TELZER

to 23%One
of anxious
youth
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