
Neural Markers of Resilience in Adolescent Females
at Familial Risk for Major Depressive Disorder
Adina S. Fischer, MD, PhD; M. Catalina Camacho, BA; Tiffany C. Ho, PhD; Susan Whitfield-Gabrieli, PhD; Ian H. Gotlib, PhD

IMPORTANCE Adolescence is a neurodevelopmental period during which experience-
dependent plasticity in brain circuitry may confer vulnerability to depression as well as
resilience to disorder. Little is known, however, about the neural mechanisms that underlie
resilience during this critical period of brain development.

OBJECTIVE To examine neural functional connectivity correlates of resilience in adolescent
females at high and low familial risk for depression who did and did not develop the disorder.

DESIGN, SETTING, AND PARTICIPANTS A longitudinal study was conducted at Stanford
University from October 1, 2003, to January 31, 2017. Sixty-five female adolescents
participated in the study: 20 at high risk in whom depression did not develop (resilient),
20 at high risk in whom depression developed (converted), and 25 at low risk with no history
of psychopathology (control).

MAIN OUTCOMES AND MEASURES We compared functional connectivity between resilient
and converted, and between resilient and control, adolescent females using voxelwise
2-sided t tests to examine neural markers of resilience to depression as the main outcomes of
interest. Specifically, we assessed differences in connectivity of the limbic (amygdala seed),
salience (anterior insula seed), and executive control (dorsolateral prefrontal cortex seed)
networks, implicated in emotion regulation. We also examined the association between
functional connectivity and life events.

RESULTS Of the 65 participants (mean [SD] age, 18.9 [2.5] years), adolescent females in the
resilient group had greater connectivity between the amygdala and orbitofrontal cortex
(z score = 0.23; P < .001) and between the dorsolateral prefrontal cortex and frontotemporal
regions (z score = 0.24; P < .001) than did converted adolescent females. In adolescent
females in the resilient group only, strength of amygdala-orbitofrontal cortex connectivity
was correlated with positive life events (r18 = 0.48; P = .03). Resilient adolescent females had
greater connectivity within frontal (z score = 0.07; P < .001) and limbic (z score = 0.21;
P < .001) networks than did control individuals. Both high-risk groups had greater salience
network connectivity: the converted group had greater intranetwork connectivity than did
the resilient (z score = 0.13; P < .001) and control (z score = 0.10; P < .001) groups, and the
adolescent females in the resilient group had greater salience network connectivity with the
superior frontal gyrus than did the converted (z score = 0.24; P < .001) adolescent females.

CONCLUSIONS AND RELEVANCE Resilient adolescent females have compensatory functional
connectivity patterns in emotion regulatory networks that correlate with positive life events,
suggesting that experience-dependent plasticity within these networks may confer resilience
to depression. Further studies are warranted concerning connectivity-associated targets for
promoting resilience in high-risk individuals.
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A n estimated 1 in 3 adolescent females in the United
States is diagnosed as having major depressive disor-
der (MDD),1 the leading cause of disability and second

leading cause of death during adolescence,2 with an esti-
mated 17% lifetime prevalence.3 In contrast to the large body
of research examining neural aspects of depression in
adolescents,4,5 little is known about neurobiological factors that
confer resilience to this disorder. The American Psychologi-
cal Association defines resilience as the process of adapting well
in the face of significant sources of stress and bouncing back
from difficult life experiences.6 Debate is ongoing about the
definition and determinants of resilience, which likely in-
clude biological, psychological, social, and cultural factors that
help shape response to stressful experiences.7 Extending the
focus of psychopathology-based models to incorporate
strength- and competency-based approaches may facilitate the
development of strategies designed to prevent and treat ado-
lescent depression as well as promote resilience in high-risk
youth.

Adolescence is marked by stress and increased risk for the
onset of depression3; it is also a neurodevelopmental period
with the potential for heightened learning, flexibility, and de-
velopment of adaptive emotion regulation skills.8,9 Signifi-
cant maturation of neural networks involved in emotion
regulation10,11 and experience-dependent plasticity within
brain networks12 occur over adolescence. Emotion dysregu-
lation in adolescents has been associated with anomalies in the
limbic network,13-15 the executive control network,16 and the
salience network.17 Moreover, researchers have found in-
creased plasticity within emotion regulation circuitry after
treatment with antidepressants and psychotherapy, first-line
interventions for adolescent depression.18-20 Specifically, ab-
normally decreased prefrontal activity, implicated in deficits
in emotion regulation and cognitive control in depression,21,22

normalizes with successful treatment in individuals with
depression.18-20 Researchers have also documented changes
in connectivity between the amygdala (within the limbic net-
work) and the anterior insula (within the salience network),19,23

as well as in executive control network connectivity, after psy-
chotherapy. While these treatment-induced changes in con-
nectivity are not necessarily markers of resilience, they are
promising targets for putative networks implicated in neural
mechanisms underlying resilience to developing adolescent
depression.

The present study was designed to examine resilience in
adolescent females at familial risk for depression. Using a seed-
based resting-state functional magnetic resonance imaging
(fMRI) approach, we compared functional connectivity of the
limbic network, executive control network, and salience net-
work in high-risk adolescent females in the resilient group with
both high-risk adolescent females in whom depression devel-
oped (converted) and low-risk adolescent females with no his-
tory of psychopathology (control) group. Based on previous
findings,24,25 we hypothesized that compared with their con-
version and control peers, adolescent females in the resilient
group will show adaptive compensatory changes in their brain
networks, including greater connectivity between the amyg-
dala and prefrontal regions implicated in emotion regulation,

and greater overall executive control network connectivity. We
also hypothesized that the converted group will show re-
duced executive control network and greater salience net-
work connectivity compared with the resilient and control
groups. Finally, given the modulatory roles of significant life
events on brain development,26 we examined whether greater
amygdala-frontal connectivity is associated with these signifi-
cant life events.

Methods
Study Design
This longitudinal study of familial risk for depression re-
cruited 190 female adolescents. Data were collected at Stan-
ford University from October 1, 2003, to January 31, 2017. Par-
ticipants were followed over the course of adolescence from
age 9 through age 18 years, for a mean (SD) of 7.6 (2.4) years,
and completed clinical and behavioral assessments at 18-
month intervals. The neuroimaging data were acquired to-
ward the end of the study, at 1 time (mean [SD] age 18.9 [2.5]
years of participants when neuroimaging data were ac-
quired). The study was approved by the institutional review
board at Stanford University; written assent was obtained from
all study participants and written consent was obtained from
their parents.

Participants
At the time of study entry, participants were between 9 and
14 years of age and had no current or lifetime history of any
Axis I disorder. Half of the participants had a mother who had
recurrent MDD episodes during the daughter’s lifetime (high
risk); the other half had mothers with no history of Axis I dis-
order (low risk). Approximately 6 years after entering the study,
92 of the 190 participants (43 high-risk adolescent females; 49
low-risk adolescent females) completed a resting-state func-
tional magnetic resonance imaging (fMRI) scan. We report here
on 65 of these 92 adolescent females: 20 high-risk females in
whom MDD developed after entry to the study but who no lon-
ger had MDD by the time of the scan (converted); 20 high-risk

Key Points
Question What are neural markers of resilience in adolescent
females at risk for depression?

Findings In this longitudinal study of 65 adolescent females, we
examined functional connectivity in limbic, salience, and executive
control networks. High-risk adolescent females who were resilient
to depression had greater connectivity between regions in limbic
and executive control networks than did high-risk adolescent
females who developed depression and low-risk control
adolescents; further, the strength of this connectivity was
correlated with positive life events in the group of resilient
adolescent females.

Meaning Our findings highlight functional neuroimaging
biomarkers of resilience to adolescent depression that may be
candidate targets for the prevention and treatment of depression.
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females in whom MDD did not develop (resilient); and 25 low-
risk females in whom no Axis I disorder developed (control).
A more detailed description of sample selection is presented
in eAppendix 1 in the Supplement.

Clinical and Behavioral Assessments
At each assessment at 18-month intervals, interviewers
administered the Kiddie Schedule for Affective Disorders
a n d S c h i z o p h r e n i a p r e s e n t a n d l i f e t i m e v e r s i o n
(K-SADS-PL)27 to participants who were younger than 18
years and the Structured Clinical Interview for DSM (SCID)28

to participants who were older than 18 years. Receiving a
diagnosis of MDD required that participants meet DSM-IV
criteria with no history of manic, hypomanic, or mixed
episodes.29

In addition to the K-SADS-PL and SCID administered at
baseline and follow-up visits, participants completed the Chil-
dren’s Depression Inventory (CDI)30 to assess depressive symp-
tomatology and the Life Experiences Survey (LES)31 to assess
positive and negative life events and the perceived meaning
of these events. Participants reported on the presence, va-
lence (positive or negative), and significance (4-point scale; 0
indicating no effect to 3 indicating great effect) of 50 life events
(eg, moving to a new home, new relationship, special recog-
nition at school, parent’s divorce). The summed significance
score of each event created the cumulative negative or posi-
tive impact score.

Seed-Based Functional Connectivity Analyses
The acquisition of fMRI and parameters for preprocessing are
described in eAppendix 2 in the Supplement. We conducted

resting-state functional connectivity analyses using a seed-
driven approach in Functional Connectivity SPM Toolbox
(CONN).32 We selected a whole-brain seed-to-voxel analysis ap-
proach to test a priori hypotheses involving specific neural net-
works, and to facilitate comparisons with the extant resting-
state fMRI literature on adolescent MDD.14,15,33,34 We generated
whole-brain seed-to-voxel correlation maps by extracting the
residual Blood Oxygenation Level Dependent (BOLD) signal
time course from a priori regions of interest, including the
amygdala (limbic network), anterior insula (salience net-
work), and dorsolateral prefrontal cortex (executive control net-
work) (Figure 1). Seed regions were 5 mm in diameter and cre-
ated based on peak coordinates from the literature.35-38 We used
methods that minimize the influence of motion and artifact
(eAppendix 3 in the Supplement). We computed Pearson cor-
relation coefficients between the time course of each seed and
the time course of all other voxels in the brain. We converted
correlation coefficients to z scores using Fisher transforma-
tion and used them in second-level general linear model analy-
ses to examine group differences. We performed voxelwise
2-sided t tests to directly compare data from participants in the
resilient group with data from participants in the conversion
group and data from participants in the resilient group with
data from participants in the control group as the main out-
comes of interest. For all connectivity analyses, we set voxel-
level thresholds to P < .001 and corrected for multiple com-
parisons using cluster-level false discovery rate (FDR)
thresholding P < .05 based on gaussian field theory.39 We ap-
plied Bonferroni correction to the FDR-corrected cluster-
level P values to correct for 6 a priori seeds (bilateral amyg-
dala, anterior insula, and dorsolateral prefrontal cortex).

Figure 1. Limbic Network Connectivity
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A, Bilateral amygdala seeds (coordinates in Montreal Neurological Institute
space: left: −22, −5, 17; right: 22, −5, 17). B, Region of the left OFC that had
greater connectivity with the limbic network (right amygdala seed) in RES as
compared with CVT group. Color bar represents t values from the
between-group t test (RES>CVT). C, Box-and-whisker plots of amygdala to OFC
functional connectivity (quantified as z score) for each group. The horizontal
line in the middle of each box indicates the median, while the top and bottom
borders mark the 75th and 25th percentiles, respectively. The whiskers above

and below the box mark the 90th and 10th percentile. The points beyond the
whiskers are outliers. D, Right amygdala to left OFC connectivity plotted against
number of LES positive events within the RES group (r18 = 0.48, P = .03).
The shaded area represents the 95% CI. CTL indicates control; CVT, converted;
LES, Life Experiences Survey; OFC, orbitofrontal cortex; and RES, high-risk
resilient.
a P < .001 compared with CVT.
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Statistical Analyses
The analyses were performed in SPSS software, version 23 (SPSS
Corp) and R package, version 3.3.1. Statistical significance was
set at 2-sided P < .05 for behavioral and demographic data. We
compared the 3 groups on demographic, clinical, and behav-
ioral assessments using 1-way analysis of variance with post
hoc Tukey tests, as appropriate, for continuous variables. We
used the Wilcoxon signed rank test to compare the 3 groups
on income and educational level, and χ2 tests to examine group
differences in race/ethnicity and medication.

We first used Pearson correlations to examine the asso-
ciation between amygdala-orbitofrontal cortex (OFC) func-
tional connectivity and LES scores (positive and negative, sepa-
rately) within each high-risk group (resilient, converted). We
then performed linear regression to test whether the high-
risk groups differed in associations between LES scores on
amygdala-OFC functional connectivity. We further tested that
LES scores were not correlated with motion parameters.40

Results
Demographic and Clinical Information
In total, 65 female adolescents were followed in this longitu-
dinal study, categorized into 3 groups: 20 at high risk in whom
depression did not develop (resilient), 20 at high risk in whom
depression developed (converted), and 25 at low risk with no
history of psychopathology (control). Other demographic and
clinical data are presented in Table 1. The 3 groups did not dif-
fer in age at the time of the scan or recruitment, length of time
in the study, race/ethnicity, or household income. Although
no participant experienced a psychiatric disorder prior to en-
tering the study, participants in the high-risk groups had higher
CDI scores at baseline than did the control group; however, the
mean CDI scores at study entry were well below the diagnos-
tic cutoff of a score of 13. On the day of the scan, the con-
verted group had higher CDI scores and lower global assess-
ment of functioning scores than did the resilient and control
groups. Few of the participants (n = 4) were taking psychotro-
pic medication at the time of the scan; the 3 groups did not dif-
fer on this variable. Three resilient participants had a lifetime
history of alcohol and cannabis abuse (n = 1), specific phobia
(n = 1), or binge eating disorder (n = 1); all participants were in
full remission at the time of the scan except for the partici-
pant who met criteria for specific phobia whose score on the
Beck Anxiety Inventory scale was 4, well within the normal
range (0-9). Beck Anxiety Inventory scale scores range from
0 to 63. A total score of 0 to 7 is interpreted as a “minimal” level
of anxiety; 8 to 15 as “mild”; 16 to 25 as “moderate,” and; 26
to 63 as “severe.” The resilient and converted groups did not
differ significantly with respect to the total number of mater-
nal episodes of depression (t19 = −1.14; P = .27).

Life Events and Resting-State Functional Connectivity
Scores on the LES are summarized in Table 1. The 3 groups did
not differ in number of negative or positive life events or in posi-
tive or negative impact scores at the time of the scan. Results
of the analyses comparing resilient vs converted and results

of comparisons between resilient and control are summa-
rized in Table 2.

Amygdala Seed Results
Compared with the converted group, adolescent females in the
resilient group had greater connectivity between the left amyg-
dala and right superior frontal gyrus (SFG) (z score = 0.19;
P < .001), right amygdala and left OFC (z score = 0.23; P < .001),
and bilateral inferior temporal gyri (z score = 0.16; P < .001).
Compared with the control group, the resilient group had
greater bilateral amygdala connectivity with the left and right
angular gyri (z score = 0.09, P < .001). See Figure 1B and C for
more details, and Table 2 for a complete list of our results.

Anterior Insula Seed Results
Compared with the control group, both high-risk groups had
greater salience network connectivity: the converted group
had greater intranetwork connectivity than did the resilient
(z score = 0.13; P < .001) and control (z score = 0.10; P < .001)
groups, and the adolescent females in the resilient group had
greater salience network connectivity with the superior fron-
tal gyrus than did the converted (z score = 0.24; P < .001) ado-
lescent females. See Figure 2 for more details and Table 2 for
a complete list of our results.

Dorsolateral Prefrontal Cortex Seed Results
Compared with the converted group, adolescent females in the
resilient group had greater left dorsolateral prefrontal cortex
connectivity with the left inferior frontal gyrus (IFG) includ-
ing the ventrolateral prefrontal cortex and with the left supe-
rior temporal gyrus (STG) (z score = 0.24; P < .001). Com-
pared with the control group, adolescent females in the resilient
group had greater right dorsolateral prefrontal cortex connec-
tivity with the right MFG (z score = 0.07; P < .001). See Figure 3
for more details and Table 2 for a complete list of our results.

Differential Effects of Life Events on Amygdala-OFC
Connectivity
No significant correlations between amygdala-OFC func-
tional connectivity were found with negative events, mean-
ing of negative events, or meaning of positive events within
either high-risk group . We found a significant correlation be-
tween positive life events and connectivity between right
amygdala and left OFC in the resilient (r18 = 0.48; P = .03) but
not in the converted (r18 = −0.18; P = .47) groups. We com-
pared these associations between the high-risk groups di-
rectly using linear regression, which yielded a significant
interaction effect of group and positive life events on amygdala-
OFC FC (t35 = 2.09; P = .04). The LES scores were not signifi-
cantly correlated with any of the 18 motion parameters in the
resilient group.

Supplemental Analyses
Given significant group differences in CDI and maternal Wechs-
ler Adult Intelligence Scale scores, we included these mea-
sures as covariates (separately) to confirm that these group dif-
ferences did not drive our findings (eAppendix 4 in the
Supplement).
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Table 1. Demographic Information and Clinical Data

Variable CTL (n = 25) RES (n = 20) CVT (n = 20) Statistical Value P Value
Demographic Information

Age at scan, mean (SD), y 18.99 (2.61) 18.94 (2.62) 18.75 (2.50) F2,62 = 0.05 .95

Age at study entry, mean (SD) 12.61 (1.81) 13.18 (1.57) 11.99 (1.37) F2,62 = 2.71 .07

Years in study, mean (SD) 6.38 (1.85) 5.77 (1.86) 6.76 (2.22) F2,62 = 1.31 .28

Race/ethnicity, No.

χ 2
8 = 4.53 .81

White 15 13 12

Black 1 1 0

Hispanic 1 2 0

Asian 1 0 1

Other/multiracial 7 4 6

Declined to state 0 0 1

Baseline annual household
income, $, mean rank

32.00 26.63 23.71

χ 2
2 = 2.84 .24

<10 000 0 1 0

10 000-25 000 0 1 2

25 001-50 000 0 2 5

50 001-75 000 4 2 1

75 001-100 000 4 5 2

>100 000 10 8 7

Declined to state 7 1 3

Baseline daughter WISC score,
mean (SD)

47.88 (7.53) 49.70 (6.30) 47.61 (6.23) F2,61 = 0.56 .57

Baseline mother WAIS score,
mean (SD)

57.83 (7.00) 63.11 (5.79) 58.84 (7.88) F2,61 = 3.29 .04

Baseline mother educational
level, mean rank

32.14 34.03 31.37

χ 2
2 = 0.23 .89

No high school diploma/GED 0 0 0

High school diploma/GED 1 0 2

Some college 2 3 3

2-y College degree 1 2 1

4-y College degree 12 5 6

Master’s degree 7 8 2

Doctorate 2 2 5

Decline to state 0 0 1

Clinical Data

Baseline CDI score, mean (SD) 0.88 (1.17) 2.10 (1.62) 2.55 (3.10) F2,62 = 3.99 .02

Scan CDI score, mean (SD) 0.16 (0.47) 1.05 (1.54) 2.80 (2.69) F2,62 = 12.99 <.001

Baseline GAF score, mean (SD) 88.52 (5.12) 80.94 (7.80) 79.56 (7.62) F2,57 = 10.53 <.001

Scan GAF score, mean (SD) 88.0 (8.44) 84.95 (6.76) 75.82 (12.54) F2,58 = 9.07 <.001

Age of MDE onset, mean (SD), y NA NA 15.50 (2.61) NA NA

Rate of MDE Recurrence, No. (%) NA NA 8 (40) NA NA

Scan psychotropic medication,
No. (%)

0 (0) 1 (5) 3 (15)

χ 2
2 = 4.58 .10Antidepressant 0 1 3

Antipsychotic 0 0 0

Stimulant 0 0 0

Lifetime Clinical History

Major depressive disorder 0 0 20 NA NA

Alcohol use disorder 0 1 2 NA NA

Cannabis use disorder 0 1 1 NA NA

Social phobia 0 0 4 NA NA

Specific phobia 0 1 1 NA NA

Obsessive compulsive disorder 0 0 0 NA NA

Posttraumatic stress disorder 0 0 0 NA NA

(continued)
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Discussion

Adolescence is a neurodevelopmental period during which ex-
perience-dependent plasticity in emotion regulatory neural cir-
cuitry may provide opportunities to enhance resilience. Pre-
vious research has focused on neural substrates of adolescent
depression4,5; in this study, we sought to investigate neural
markers of resilience to depression in adolescence. Thus, we
compared profiles of functional connectivity between adoles-
cent females in the resilient group and both converted and con-
trol adolescent females within 3 large-scale networks impli-
cated both in adolescent depression and in emotion regulation:
the limbic network, the salience network, and the executive
control network. The resilient group had notable and poten-
tially protective connectivity characteristics: compared with
converted and control adolescent females, adolescent fe-
males in the resilient group exhibited greater connectivity be-
tween the amygdala and prefrontal cortex, with an associa-
tion between amygdala-OFC connectivity and the experience
of positive life events. Adolescent females in the resilient group
also showed greater connectivity between regions of the ex-
ecutive control network than did their converted and control
peers. Finally, both the converted and resilient high-risk ado-
lescent females differed from control adolescent females in sa-
lience network connectivity: converted adolescent females
showed greater intranetwork connectivity than did both re-
silient and control adolescent females, and adolescent fe-
males in the resilient group showed greater connectivity with
frontal cortical regions than did converted adolescent fe-
males. These findings provide insights into brain circuitry that
may be involved in resilience and, therefore, may inform more
effective approaches to the prevention and treatment of ado-
lescent-onset depression.

Several studies have found aberrant corticoamygdalar con-
nectivity in adolescent females with depression compared with
healthy controls.14,15 To our knowledge, the present study is
the first to examine the connectivity of this circuit in high-

risk adolescent females in the resilient group. The amygdala
plays a central role in emotion processing, motivation, and
learning.41 We found corticoamygdalar connectivity differ-
ences in adolescent females in the resilient group compared
with their converted and control peers. The OFC (encom-
passed within the prefrontal cortex) undergoes extensive matu-
ration during adolescence and is implicated in motivation, in-
terpretation of affect, and emotion regulation.42 The OFC is also
implicated in modulating amygdala function,43 with greater
positive coupling associated with reduced depressive symp-
tomatology over the course of adolescence.44,45 In this con-
text, greater amygdala-OFC connectivity in the resilient group
may serve a protective role in behavioral and emotion regu-
lation that confers resilience to adolescent females at risk for
depression.

We found a significant association between amygdala-
OFC connectivity and positive life events in the adolescent fe-
males in the resilient group only. Although this finding must
be replicated in future studies and we cannot establish direc-
tionality of this association, positive life experiences may
strengthen amygdala-OFC connectivity or, conversely, greater
amygdala-OFC connectivity may lead individuals to inter-
pret life events in a more positive light. Although speculative,
differences in the meaning and interpretation of stressful life
events, particularly those that are interpreted as positive, may
distinguish high-risk adolescent females who remain resil-
ient from those who develop MDD. Experience-dependent plas-
ticity may have a particularly strong association with brain net-
work connectivity in adolescence.12 Consequently, the
inevitable transitions and life experiences that occur during
adolescence may provide an ideal opportunity to administer
targeted preventions designed to strengthen adaptive coping
and cognitive appraisal and interpretation.

Resilient adolescent females also showed strong connec-
tivity between regions of the executive control network in-
cluding the ventrolateral prefrontal cortex, dorsolateral pre-
frontal cortex, and temporal regions. This network is implicated
in voluntary (ie, explicit) emotion regulation, including cog-

Table 1. Demographic Information and Clinical Data (continued)

Variable CTL (n = 25) RES (n = 20) CVT (n = 20) Statistical Value P Value
Generalized anxiety disorder 0 0 2 NA NA

Anorexia nervosa 0 0 1 NA NA

Bulimia/binge eating disorder 0 1 1 NA NA

Life Events Survey Scores

Positive life events, mean (SD),
No.

5.88 (2.51) 5.35 (2.83) 5.42 (2.85) F2,61 = 0.26 .77

Negative life events, mean (SD) 2.88 (2.64) 3.40 (2.58) 4.68 (4.14) F2,61 = 1.83 .17

Cumulative positive impact, mean
(SD)

9.44 (4.25) 7.65 (4.23) 8.63 (8.63) F2,61 = 0.67 .51

Cumulative negative impact,
mean (SD)

4.88 (5.46) 6.20 (5.35) 8.55 (8.73) F2,61 = 1.73 .19

fMRI Motion Parameters

Censored No. of volumes,
mean (SD)

6.12 (5.46) 4.75 (5.79) 4.25 (3.35) F2,62 = 0.85 .43

Frame-wise displacement,
mean (SD), mm

0.07 (0.04) 0.09 (0.07) 0.09 (0.09) F2,62 = 0.95 .39

Frame-wise rotation,
mean (SD), degrees

0.002 (0.001) 0.003 (0.003) 0.002 (0.002) F2,62 = 1.42 .25

Abbreviations: CDI, Child Depression
Inventory; CTL, control;
CVT, converted; fMRI, functional
magnetic resonance imaging; GAF,
global assessment of functioning
score; GED, General Educational
Development; MDE, major
depressive episode; NA, not
applicable; RES, high-risk resilient;
WAIS, Wechsler Adult Intelligence
Scale; WISC, Wechsler Intelligence
Scale for Children.
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nitive reappraisal and impulse control. Our findings suggest
that high-risk adolescent females in the resilient group have
greater “top-down” control over emotions and behavior than
do high-risk adolescent females who develop depression. Re-
searchers have posited that adaptive selection of goal-
directed behavior to obtain a desired outcome is mediated by
prefrontal cortex regions within this network46; this pro-
vides a possible mechanism and target through which thera-
peutic interventions aimed at strengthening these connec-
tions could increase resilience in high-risk populations. Greater

plasticity within the executive control network following treat-
ment with psychotherapy and selective serotonin reuptake
inhibitors18-20 may be the basis of more adaptive interpreta-
tion of experiences and emotion regulation.21,22 Our findings
suggest that this network serves a neuroprotective role in ado-
lescence, or alternatively, that positive life experiences result
in enriched executive control network development. There-
fore, strengthening executive control network connectivity or
providing opportunities for positive life experiences to
strengthen connectivity within this network prior to the mani-

Table 2. Between-Group Connectivity Differences

Group Characteristic

Cluster
Size,
mm3

MNI Coordinates

t Value

z Scores, Mean (SD)

x y z RES CVT CTL

RES vs CVT

Seed (comparison): left amygdala (RES>CVT)a

Right superior frontal gyrus 164 18 54 30 t38 = 4.29 0.04 (0.14) −0.15 (0.11) 0.01 (0.13)

Left fusiform gyrus 60 −42 −34 −24 t38 = 4.27 0.14 (0.14) −0.06 (0.10) −0.01 (0.11)

Seed (comparison): right amygdala (RES>CVT)a

Left orbitofrontal cortex 120 −10 52 −24 t38 = 5.43 0.18 (0.08) −0.05 (0.09) 0.11 (0.08)

Left inferior temporal gyrus 66 −34 −32 −22 t38 = 3.86 0.11 (0.12) −0.05 (0.08) 0.03 (0.13)

Right inferior temporal gyrus 64 36 −10 −46 t38 = 3.31 0.12 (0.06) −0.04 (0.11) 0.06 (0.12)

Seed (comparison): left anterior insula (CVT>RES)b

Right inferior temporal gyrus 173 54 −32 −18 t38 = 4.87 −0.18 (0.13) 0.02 (0.11) −0.08 (0.11)

Left inferior temporal gyrus 100 −62 −20 −24 t38 = 5.17 −0.24 (0.14) −0.06 (0.12) −0.08 (0.14)

Right MD thalamus 73 18 −30 0 t38 = 2.92 −0.20 (0.17) 0.11 (0.07) −0.06 (0.10)

Right anterior insula 66 30 24 10 t38 = 3.35 0.35 (0.13) 0.54 (0.20) 0.21 (0.16)

Seed (comparison): right anterior insula (RES>CVT)a

Right superior frontal gyrus 129 18 62 28 t38 = 4.51 0.20 (0.17) −0.04 (0.17) 0.08 (0.18)

Seed (comparison): left dorsolateral prefrontal cortex (RES>CVT)a

Left ventrolateral PFC (IFG) 59 −50 20 24 t38 = 4.04 0.31 (0.16) 0.07 (0.14) 0.17 (0.11)

Seed (comparison): right dorsolateral prefrontal cortex (RES>CVT)a

Left superior temporal gyrus 185 −48 −22 −2 t38 = 5.48 0.08 (0.09) −0.16 (0.12) 0.05 (0.18)

RES vs CTL

Seed (comparison): left amygdala (RES>CTL)c

Right angular gyrus 307 52 −50 28 t43 = 3.29 0.01 (0.13) −0.08 (0.18) −0.20 (0.13)

Seed (comparison): right amygdala (RES>CTL)c

Left angular gyrus 235 −36 −76 46 t43 = 4.60 0.09 (0.16) 0.00 (0.16) −0.12 (0.15)

Seed (comparison): left anterior insula

RES>CTL

Right middle frontal gyrus 146 44 36 46 t43 = 4.06 0.11 (0.13) 0.03 (0.12) −0.04 (0.12)

Right anterior insula 127 44 6 0 t43 = 3.71 0.14 (0.08) 0.18 (0.08) 0.03 (0.05)

Left precentral gyrus 95 −34 −12 38 t43 = 4.75 0.17 (0.12) 0.02 (0.15) −0.04 (0.09)

CTL>RES

Left superior frontal gyrus 158 −4 54 38 t43 = 4.92 −0.27 (0.16) −0.17 (0.13) 0.05 (0.09)

Seed (comparison): right anterior insula (CTL>RES)d

Left middle temporal gyrus 138 −60 −18 −22 t43 = 5.45 −0.26 (0.17) −0.18 (0.12) −0.05 (0.14)

Right middle temporal gyrus 115 56 −12 −22 t43 = 4.33 −0.27 (0.18) −0.13 (0.12) −0.07 (0.13)

Seed (comparison): right dorsolateral prefrontal cortex (RES>CTL)c

Right middle frontal gyrus 224 42 16 46 t43 = 3.69 0.08 (0.17) −0.03 (0.18) 0.01 (0.17)

Abbreviations: CTL, control; CVT, converted; IFG, inferior frontal gyrus;
MD, medial dorsal; MNI, Montreal Neurological Institute; PFC, prefrontal cortex;
RES, high-risk resilient.
a No between-group connectivity differences were noted for CVT>RES.

b No between-group connectivity differences were noted for RES>CVT.
c No between-group connectivity differences were noted for CTL>RES.
d No between-group connectivity differences were noted for RES>CTL.
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Figure 3. Executive Control Network Connectivity
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in Montreal Neurological Institute
space: left: -43, 22, 34; right: 43, 22,
34). B, Regions of executive control
network (DLPFC seeds) that
exhibited greater connectivity within
the RES compared with CVT and CTL
groups. Color bar represents t values
from the between-group paired t
tests. B, Box-and-whisker plot of
functional connectivity quantified as
z scores for CTL, CVT, and RES
groups. The horizontal line in the
middle of each box indicates the
median, while the top and bottom
borders mark the 75th and 25th
percentiles, respectively. The
whiskers above and below the box
mark the 90th and 10th percentile.
The points beyond the whiskers are
outliers. CTL indicates control; CVT,
converted; DLPFC, dorsolateral
prefrontal cortex; RES, high-risk
resilient; and VLPFC, ventrolateral
prefrontal cortex.
a P < .001 compared with CVT.

Figure 2. Salience Network Connectivity
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represents t values from the between-group paired t tests. B, Box-and-whisker
plots of functional connectivity quantified as z scores for CTL, CVT, and RES
groups. The horizontal line in the middle of each box indicates the median,

while the top and bottom borders mark the 75th and 25th percentiles,
respectively. The whiskers above and below the box mark the 90th and 10th
percentile. The points beyond the whiskers are outliers. CTL indicates control;
CVT, converted; and RES, high-risk resilient.
a P < .001 compared with CVT.
b P < .01 compared with CVT.
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festation of symptoms may increase resilience to adolescent-
onset depression in high-risk youth.

Both high-risk groups (resilient and converted) differed
from controls in salience network connectivity, with the
strongest salience network connectivity in the converted
group. The salience network is implicated in self-awareness
and in integrating internally and externally salient stimuli.47

Insula dysfunction is associated with a negative interpreta-
tion bias of emotions and life events16,48 and is posited to be
responsible for misinterpreting salient information as
negative.49 Altered insula responses have also been found
when adolescent females with depression view negative
stimuli.50 Our finding of greater salience network connectiv-
ity with frontal regions but less intranetwork connectivity in
resilient than in converted adolescent females suggests that
adolescent females in the resilient group experience nega-
tive processing biases of emotionally salient information but
have compensatory connectivity in executive control net-
work and frontolimbic regions to counter adverse effects of
this processing.

Limitations
We note several limitations of this study. First, although we
monitored this cohort of adolescent females longitudinally, we
conducted a resting-state scan only at a single time. Thus, it
is unclear whether the resting-state functional connectivity dif-
ferences between resilient and converted that we found in this
study were present prior to onset of depression or, alterna-
tively, were a consequence of having developed depression.
Examining baseline or serial resting-state scans to assess the
trajectory of functional connectivity over the course of ado-
lescence would also be informative to develop age-specific con-
nectivity profiles reflecting resilience.51 Second, some of the
participants we categorized as resilient may experience de-
pression after age 18 years; because our study focused on re-
silience in high-risk adolescent females, we limited our analy-
sis to adolescent-onset MDD. Third, only 3 participants with

resilience had a past psychiatric diagnosis; thus, we could not
reliably examine differences between resilient participants with
and without a lifetime history of psychopathology. We were
also unable to examine group differences in specific life events
experienced. Future studies with larger sample sizes are needed
to replicate our findings and to examine mechanisms through
which intervening life events and their attributed meaning and
significance may confer resilience to psychopathology in high-
risk individuals. Finally, while all of the high-risk adolescent
females had mothers who had experienced at least 2 epi-
sodes of MDD during their lifetime, we did not assess ex-
tended family history beyond maternal depression. We present
additional study limitations and alternative interpretations in
the Supplement (eAppendix 5 in the Supplement).

Conclusions
In this study, we investigated neural underpinnings of resil-
ience in adolescent females at familial risk for depression and
the influence of positive and negatively perceived life events.
The characteristics of brain circuitry implicated in emotion
regulation that we documented appear to be neural biomark-
ers of resilience. Our findings suggest an association of expe-
rience-dependent plasticity with brain networks, with a di-
rect association between positive life events and amygdala-
frontal connectivity in adolescent females in the resilient group.
While further research is needed to examine the neural basis
of resilience and whether stronger familial risk for depres-
sion is associated with higher risk of depression in adoles-
cence, the present findings illuminate key functional connec-
tivity patterns that may be targets for novel prevention and
treatment approaches. By shifting the focus of future re-
search to a resilience-based model of mental health, and by in-
vestigating characteristics of high-risk individuals who re-
main resilient, we may increase our understanding of how to
optimize resilience to psychopathology.
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