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Abstract 
Early life adversity (ELA) exposure (including trauma, abuse, neglect or institutional 

care) is a precursor to poor physical and mental health outcomes, and is implicated in 30% of 
adult mental illness. In recent decades, ELA research has increasingly focused on characterizing 
factors that confer resilience to ELA, and on identifying opportunities for intervention. In this 
review, we describe recent behavioral and neurobiological resilience work that suggests 
adolescence (a period marked by heightened plasticity, development of key neurobiological 
circuitry, and sensitivity to the social environment) may be a particularly opportune moment for 
ELA intervention. We review intrapersonal factors associated with resilience that become 
increasingly important during adolescence (specifically, reward processing, affective learning, 
and self-regulation), and describe the contextual factors (family, peers, and broader social 
environment) that modulate them. Additionally, we describe how the onset of puberty interacts 
with each of these factors, and explore recent findings that point to possible “pubertal 
recalibration” of ELA exposure as an opportunity for intervention. Lastly, we conclude by 
describing considerations and future directions for resilience research in adolescents, with a 
focus on understanding developmental trajectories using dimensional, holistic models of 
resilience.  
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Early life adversity (ELA) exposure is associated with poor mental and physical health 

outcomes, and is implicated in 30% of adult mental illness (1–3). Exposure to ELA (e.g., trauma, 

abuse, neglect or institutional care) is the normative experience in the United States and 

worldwide, with half of children reporting one or more such events (3,4). However, individuals 

vary greatly in their responses to ELA, and many demonstrate resilience in one or more domains 

following ELA exposure. Current ELA research is increasingly focused on identifying factors 

that promote resilience or may be targets for concurrent and retrospective intervention (5). 

 

Adolescence is a developmental period marked by heightened plasticity, sensitivity to the 

social environment, and the rapid development of critical functions related to self-regulation, 

reward processing, and affective learning (6). Adolescence may present a unique opportunity for 

cultivating resilience by targeting the aforementioned domains, particularly in light of recent 

evidence that puberty provides a “recalibration” window for specific biological systems 

following ELA (7). Intervention during adolescence may be particularly beneficial given that the 

transitions associated with this developmental stage are normatively stressful, and the onset of 

anxiety, mood, and substance use disorders is most common during this period (8). 

 

This review highlights individual and contextual factors1 that promote resilience, which 

we define as positive physical and mental health outcomes following ELA (5,9). According to 

 
1 Given our focus on neurodevelopmental effects of ELA, we use “resilience factors” to describe 
both characteristics that may be stable or trait-like in adulthood (e.g. cognitive emotion 
regulation ability or capacity) and the adaptive behaviors these traits may promote in practice 
(e.g. use of emotion regulation ability to reduce a response to a particular stressor), as these have 
yet to be fully parsed in the developmental literature (see (9) for discussion in adults).  
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recent scientific consensus, resilience is not a personality trait (and not the responsibility of 

individuals to cultivate), but rather various domain-specific adaptations that improve post-ELA 

outcomes in the short or long term (9). Under this definition, resilience in a given domain arises 

from individual and contextual factors that contribute to adaptation to and/or recovery from 

exposures, and may vary over time. As a result, we operationalize resilience as distinct from the 

inverse of an individual’s vulnerability (9).   

 

In neurodevelopment, resilience can manifest in reduced impact of ELA on a circuit, 

through neurobehavioral adaptations that promote better outcomes, or through adaptations that 

confer risk or benefit depending on the current context. These processes are modulated by local, 

community, and societal level contextual factors. Rather than providing a systematic review of 

all factors associated with resilience, here we highlight a subset of domains fundamental to 

adolescent neurodevelopment that are promising candidates for intervention: specifically, 

reward-processing, affective learning, and self-regulation (6). An overview of these resilience 

factors, the neural circuits they rely on, and candidate techniques for intervention during 

adolescence are depicted in Figure 1. While we focus primarily on neurobiological and 

behavioral resilience markers, we also highlight other systems implicated in stress neurobiology, 

including the immune and neuroendocrine systems. Given that this literature is still nascent, we 

review resilience to all ELA, but when possible identify which dimensions of ELA – threat or 

deprivation, for example – may benefit from a particular resilience factor (10,11). Lastly, we 

describe future directions for this area of research.  
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Individual Factors Affecting Resilience 

Reward Processing 

Adolescence is marked by increased behavioral and neural reward sensitivity, defined as 

enhanced arousal in response to and heightened motivation to seek rewards (13). While increased 

reward sensitivity is often described as a risk factor in adolescents (13), it also confers benefits 

(maximizing exploration and reward optimization, for instance; 14), and in adversity-exposed 

adolescents may be a source of resilience. Across species, reward processing is guided by a 

mesocorticolimbic dopaminergic system that includes the basal ganglia (including the ventral 

striatum, commonly associated with reward processing), the orbitofrontal cortex (involved in 

contingency representation and reward learning), ventromedial prefrontal cortex (vmPFC; linked 

to self-referential thinking, reward processing, and emotional learning), and limbic regions 

including the amygdala (implicated in affective valuation, particularly threat and reward) and the 

hippocampus (associated with learning and memory, alongside biological tuning of the 

hypothalamic-pituitary-adrenal, or HPA, axis, which coordinates stress responses) (15,16). 

Functional magnetic resonance imaging (fMRI) studies of adolescents indicate that early 

deprivation (e.g. institutional orphanage care) and trauma dampen behavioral and neural 

sensitivity to rewards and weaken reward-based learning (17–19). These effects are linked to 

anhedonia, which mediates relationships between ELA and psychopathology, social challenges, 

and substance abuse (17,20–24).  

 

Conversely, heightened reward sensitivity (behavioral and neural, particularly in the 

striatum) predicts concurrent and longitudinal resilience for adolescents exposed to ELA, in part 

through reductions in anhedonia (25–28). Reward sensitivity also increases positive affect and 
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the propensity to appraise events positively following ELA, which in turn predict better mental 

and physical health (26,29,30).2 The aforementioned findings suggest that reward processing 

interventions may support adolescent ELA resilience. Candidate interventions include positive 

affect treatment, which enhances reward anticipation, reward learning, and savoring of positive 

experiences (32), and behavioral activation therapy (currently being evaluated in maltreated 

adolescents), which emphasizes positive reinforcement to reduce anhedonia and enhance 

motivation and pleasure (33,34).  

 

Affective Learning 

Preliminary evidence from fear conditioning research in humans and non-human animals 

points to fear learning as a possible ELA intervention target. Converging classical conditioning 

work has implicated the amygdala in producing and storing fear memories, the hippocampus in 

context learning, and various prefrontal cortex (PFC) regions (including vmPFC) in increasingly 

inhibiting fear expression across adolescence (35). Across species, adolescents exposed to ELA 

exhibit accelerated development of fear learning behaviors and medial PFC, hippocampus and 

amygdala circuitry (10,36). In human adolescents, childhood maltreatment has been associated 

with threat discrimination difficulty and reduced amygdala and hippocampal volumes (37). By 

contrast, youth exposed to deprivation (specifically previously institutionalization; PI) show a 

positive relationship between aversive learning behavior and anxiety, though those that show 

stronger (i.e., more “mature”) vmPFC-hippocampus functional coupling are buffered against 

anxiety two years later (38). Similarly, maternally separated rats that exhibit increased amygdala-

 
2 While early threat exposure may alter related systems like the salience network, such evidence 
is limited, particularly in regards to adolescent resilience (31). 
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PFC functional coupling during fear learning display decreased anxiety behaviors (described in 

39). However, current evidence is more mixed about whether non-affective forms of memory 

and learning that rely on hippocampus-PFC circuits also contribute to resilience (31). Overall, 

the extant data suggest that accelerated development of fear learning may confer resilience for 

adolescents exposed to ELA (particularly deprivation), and thus, extinction-enhancing exposures 

might improve outcomes in this population (34).  

 

Self-Regulation 

Successful self-regulation (including cognitive control and regulation of negative 

emotion) may also buffer against ELA. Emotion regulation is defined as a collection of implicit 

(automatic) and explicit (deliberate) strategies that modify the intensity, valence or timing of an 

emotional response (40), and cognitive control as mechanisms (including response inhibition, 

cognitive flexibility, attentional control and working memory) that facilitate overriding 

automatic mental or behavioral responses in accordance with one’s goals (41). 

Although cognitive control functions emerge during childhood, they undergo protracted 

development during adolescence (42,43). These functions are supported by a broad network that 

includes fronto-parietal regions (including the dorsolateral PFC, dorsomedial PFC, the anterior 

cingulate cortex, and superior parietal cortex), the basal ganglia, and the thalamus (42). 

Neuropsychological testing, electroencephalography, and fMRI evidence suggests that exposure 

to both threat and deprivation diminishes behavioral and neurocognitive markers of cognitive 
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control (44–47),3 but also that ELA-exposed youth with strong cognitive control display fewer 

internalizing symptoms (10,49).  

While less commonly explored, emerging work suggests cognitive control may 

contribute to neurodevelopmental resilience during adolescence. Initial fMRI studies have shown 

decreased PFC recruitment during cognitive control in adolescents exposed to early threat (50–

53) and deprivation (46). Though not an explicit evaluation of neural functioning during 

cognitive control, a large-scale structural analysis (N = 1870) found that adolescents who were 

resilient across social, academic, and risk-taking domains had increased gray matter volumes in 

multiple dorsolateral PFC regions associated with cognitive control (54). Cognitive control may 

also interact with other resilience factors during adolescence: one recent study found that 

adolescents with high amygdala threat responses and decreased striatum reward responses 

reported increased anxiety, unless they displayed robust dlPFC recruitment during executive 

control (55). ELA-exposed youth may therefore benefit from existing well-validated cognitive 

control interventions (e.g., task-switch and working memory training; (42). 

A larger body of work has explored emotional control and regulation as sources of 

resilience to ELA. During adolescence, age-related improvements in implicit and explicit 

emotion regulation behavior are mirrored by the emergence of negative functional coupling 

between the amygdala and vmPFC and ventrolateral prefrontal cortex (vlPFC), respectively (56–

58). Converging evidence from human lesion work, meta-analysis of fMRI emotion regulation 

studies, and neuroanatomical tracing in non-human primates suggests that negative PFC-

amygdala functional coupling during emotional events likely reflects the PFC exerting inhibitory 

 
3 Although some recent findings suggest cognitive control deficits following ELA may be linked 
to systemic barriers (e.g. low-SES) that increase risk of ELA, rather than ELA itself (48)  
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control over amygdala activity (59–62). Negative PFC-amygdala coupling is broadly considered 

the mature emotion regulation phenotype, as it emerges during the transition to adolescence and 

predicts both better regulation of negative affect and reduced risk for internalizing 

psychopathology (56,63–66). Similarly, disruption to (behavioral and neural) emotion regulation 

processes constitutes a transdiagnostic mechanism connecting ELA and psychopathology risk 

(67–70).  

Although early deprivation and trauma reduce self-regulation ability and confer increased 

risk for psychopathology at the population level, in individuals there is marked variability in self-

regulation capacity, and successful regulation appears to buffer against negative outcomes 

(71,72). In young adults who experienced early deprivation (e.g. low socioeconomic status), 

adaptive coping strategies confer benefits for both mental and physical health (e.g. reduced 

inflammatory activity) (73–75). A systematic review of child and adolescent studies found that 

emotion regulation success reduces psychopathology risk post-ELA (76), and use of adaptive 

emotion regulation strategies is associated with resilience to psychopathology in adolescents who 

experienced childhood poverty (77,78) or war (79).  

Similarly, ELA-exposed individuals who display neural phenotypes associated with 

effective emotion regulation show greater resilience to psychopathology. This effect has 

primarily been observed in neuroimaging studies examining cognitive reappraisal, an explicit 

emotion regulation strategy that involves reinterpreting emotional events through lateral PFC 

regulation of amygdala responses (59). Although ELA (abuse and poverty) confers risk for weak 

lateral prefrontal recruitment during reappraisal (68,80), adolescents exposed to ELA who 

exhibit robust lateral prefrontal recruitment and attenuated amygdala reactivity during cognitive 

reappraisal are at decreased risk for depression (81) and anxiety (82).  
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While neuroimaging research on ELA and explicit emotion regulation is relatively 

nascent, far more work has examined interactions between ELA and implicit forms of emotion 

regulation, including discrimination learning, extinction, and automatic regulation of emotional 

threat responses. In contrast to reappraisal, which strongly recruits lateral PFC, implicit 

regulation processes rely heavily upon vmPFC-amygdala interactions (83). Cross-species models 

of caregiving deprivation suggest that ELA accelerates development of vmPFC-amygdala 

networks underlying implicit emotion regulation (84). For example, PI youth display negative 

(mature) vmPFC-amygdala functional coupling patterns during childhood, in contrast with the 

positive coupling observed in comparison children (38,85). Importantly, PI youth who 

demonstrate the mature phenotype display decreased anxiety symptoms relative to those who do 

not (38,85). Thus, accelerated development of vmPFC-amygdala circuitry may be an adaptive 

response to the need for self-regulation in the absence of a caregiver (84), given that parental 

presence tunes such networks in typical development (86,87). 

Together, these findings highlight self-regulation training as a candidate intervention in 

adolescents. In particular, cognitive behavioral therapy (CBT) relies upon ingredients ascribed to 

both explicit (i.e., reframing emotional events) and implicit (i.e., gradual exposure to emotional 

triggers) emotion regulation (88). Trauma-focused CBT, which is well-validated in children, may 

promote resilience through relaxation and emotion regulation (34,89,90). Likewise, 

transdiagnostic treatment approaches that focus more squarely on reappraisal and relaxation 4 

may support self-regulation development (91,34). However, because such treatments target 

 
4 e.g., the FIRST program, which promotes calmness, changing thoughts, and problem solving 
(91) 
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multiple domains, more work is needed to assess the utility of interventions specifically targeting 

emotion regulation (e.g. 92) to confer resilience.  

 

Contextual Factors Affecting Resilience 

Development of the individual resilience factors reviewed above is scaffolded by one’s 

social context. Because adolescence confers increased sensitivity to the social environment (6), 

this developmental period provides a unique opportunity for the cultivation of resilience factors 

supported by the social context.  

 

High-quality caregiving and a supportive family environment promote resilience 

following ELA. Caregivers buffer biological stress responses in childhood (93), and scaffold the 

development of affective (fear) learning, emotion regulation, and cognitive control (94–97), as 

well as the development of vmPFC-amygdala circuitry during childhood (84,87). Similarly, 

high-quality caregiving and attachment promote resilience during childhood and adolescence 

(30,98,99), although individuals vary in their tendency to demonstrate parental buffering effects 

to stress (86). The family environment (e.g., positive parenting, cohesion and involvement) plays 

a critical role in resilience and can buffer ELA-exposed adolescents against psychopathology 

(100). Critically, the family context during adolescence not only protects mental health 

concurrently – perhaps partially by diminishing sensitivity to other adversities (101) – but into 

adulthood as well. Indeed, one study found that a family-based parenting intervention in early 

adolescence was associated with improved self-regulation (and consequently, vmPFC-

hippocampal functional coupling) at age 25 (102). 
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While far more work has examined how social support, particularly caregiving, sculpts 

fear behavior and vmPFC-amygdala circuitry, emerging evidence suggests positive social 

contexts also promote adaptive reward-motivated behavior. For example, caregiver presence 

increases adolescents’ ventral striatal activity when making safe choices but decreases said 

activity during risky choices (103), and adolescents with a greater sense of family obligation 

display decreased striatal activity during risk taking (104). Although the presence of peers 

generally increases reward sensitivity in adolescents (105), in ELA-exposed youth peer effects 

are less well understood. While preliminary evidence suggests that as children become 

adolescents, peers increasingly modulate biological stress processes (106,107) and resilience 

factors (105,108–110), reported effects are mixed (and paradigms disproportionately employ 

social evaluative stressors over other stressors like shared threats). A systematic review found 

that peer relationships do not modulate adolescent resilience to ELA (100), although this may 

partially reflect social challenges experienced by ELA-exposed youth (111). 

 

The broader social environment also affects resilience. Adolescents who belong to 

marginalized groups (particularly racial/ethnic minorities) often face ongoing discrimination and 

systemic barriers that prevent access to therapeutic resources. Such ongoing stress can affect 

physical and mental health in adolescence and beyond (112–114). While addressing oppression 

of minority and low-income groups will require large-scale sociopolitical changes, interventions 

that target systemic inequalities can confer great benefit. For example, regular small 

unconditional cash transfers to low-income families improve maternal mental health and reduce 

depression rates in adolescent boys (115,116). Likewise, animal models suggest that peripubertal 

environmental enrichment may reverse negative effects of ELA on hippocampal development, 
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HPA-axis reactivity, cognitive functioning, and play behaviors (117–119). Additionally, 

interventions that target identity development may contribute to resilience in adolescents. 

Community-based interventions like the Strong African-American Families (SAAF) program, 

which supports positive parenting, body image and adolescent pride in racial identity have been 

shown to reduce risk-taking, depression, and conduct disorders, and improve neural, endocrine, 

immune, and biological aging outcomes more than a decade later (120,121,121–123). Given that 

identity development is a prominent developmental task during adolescence that relies on circuits 

underlying individual resilience factors described above (including vmPFC, dmPFC, ACC, and 

the striatum; 124), it may be a particularly important intervention focus (6). Community-based 

interventions like SAAF have the added benefit of cultivating resilience in families, which may 

support more sustainable resilience in youth. Parents of children exposed to ELA are 

disproportionately likely to have experienced adversity themselves, and community interventions 

may therefore foster resilience in both youth and their caregivers, potentially mitigating cross-

generational adversity transmission (5).  

 

Pubertal Stress Recalibration Hypothesis 

In normative development, puberty is associated with dramatic changes in the brain, 

neuroendocrine system, and HPA axis (125,126). Puberty alters the function of each of these 

systems and their interactions – for example, circulating sex hormones and inflammatory 

markers predict brain function related to emotion regulation and executive control in adolescence 

(127,128). Accumulating cross-species work suggests that ELA not only modulates brain and 

biology concurrently, but also may have ongoing or novel effects during and after puberty. In 

primates (including humans), trauma and psychosocial stress may even accelerate pubertal onset, 
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particularly in girls (129–131). While the aforementioned work has focused on identifying 

mechanisms of risk, emerging evidence indicates puberty may offer a window of resilience for 

adolescents exposed to ELA (129,132,133). Recent research in internationally-adopted PI youth 

suggests that pubertal onset may present a stress recalibration opportunity for HPA axis 

functioning (specifically, cortisol reactivity to a social stressor) (7,134). These adolescents 

experienced extreme social deprivation during early HPA axis development, followed by high-

resource environments post-adoption (135). While in this study PI children displayed blunted 

cortisol responses to stressors, as they progressed through puberty they began to show more 

normative cortisol responses, suggesting that puberty constitutes a second sensitive period for 

HPA development that facilitates recalibration to the current environment (7). 

 

The onset of puberty (and thus the beginning of adolescence) may be an ideal 

intervention opportunity for developing the intrapersonal resilience factors reviewed above. 

Developmental trajectories of self-regulation appear synchronized to pubertal onset, pointing to a 

possible pubertal interaction: cognitive reappraisal ability develops rapidly around age 10 and 

increases across adolescence, and mPFC-amygdala functional coupling patterns associated with 

implicit emotion regulation ability shift from positive coupling during childhood to negative 

coupling (the adult phenotype) at approximately the same age (56–58), with similar patterns in 

cognitive control development (42,43). Similarly, recent developmental theory posits that 

because puberty initiates peak behavioral and neural reward sensitivity (136), adolescents may 

be particularly amenable to interventions utilizing “health promoting” rewards like prosocial 

behavior (132,137). 
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Puberty also marks a shift in environmental modulation of resilience factors. In 

childhood, caregiver presence reduces HPA reactivity to stressors, but this dampening 

diminishes after middle childhood – an effect driven primarily by pubertal onset, rather than 

chronological age (93,96,138). Likewise, while children display similar stress-induced cortisol 

responses in the presence of peers and strangers, peers increasingly modulate HPA stress 

responses in adolescence (although effects vary across populations) (106,107,139,140). 

Similarly, although parental presence scaffolds negative mPFC-amygdala coupling in children, it 

does not in adolescents, implying parents impact emotion regulation circuitry to a lesser degree 

after puberty (141). These findings motivate investigation of interactions between puberty and 

social context effects on resilience, which may facilitate intervention development (132). 

 

Future Directions 

Just as ELA research has embraced dimensional models of risk conferred by different 

features of stress (e.g., type, timing, severity, controllability) (11,142,143), so too has resilience 

work begun to adopt a similar approach, assessing resilience with consideration for the type and 

severity of ELA experienced, and jointly investigating “bottom-up” (e.g. polygenetic and 

epigenetic) and “top-down” resilience factors (e.g., social environment) (144). Evaluating 

functioning across biobehavioral systems may be particularly important for understanding 

resilience, as resilience in one domain may come at the expense of outcomes in another. For 

example, in low-SES youth, higher self-regulation predicts positive psychosocial outcomes, but 

also accelerated epigenetic aging (78). Similarly, a recent network analysis revealed that 10 

commonly studied resilience factors were all positively associated in non-adversity-exposed 

adolescents, but showed more antagonistic associations in adversity-exposed adolescents (100). 
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While recent work has probed interactions between neurobiological resilience and resilience in 

other systems (epigenetics, for example, see 145), there has not been systematic evaluation of 

neurobiological resilience factors within individuals (e.g., between accelerated development of 

emotion regulation circuitry as compared to fear learning circuitry; 146). Future work should 

evaluate the interplay between resilience factors (particularly following differing ELA 

exposures) to examine whether they are synergistic, antagonistic or orthogonal to each other. 

Lastly, these holistic approaches should assess possible pubertal recalibration of stress-related 

biobehavioral processes across domains (147, for example), and subsequent opportunities for 

tailored intervention work (7).  

 

Future research should also probe how the biological manifestation and relative impact of 

specific resilience factors may change and interact across development to predict varying 

outcomes across the lifespan. Although evidence for sensitive periods of ELA exposure is mixed 

(despite indication that there may sensitive periods for the effects of caregiver deprivation), 

future investigations should consider that ELA may shift the timing of neural and biological 

sensitive periods, including puberty (148,129,38,149,150). These shifts may be adaptive in the 

short-term (e.g. the absence of a caregiver), but long-term effects are not well characterized. This 

is particularly relevant to adolescence, given the biological and social transitions that occur 

during this period. Lastly, parsing the contributions of ongoing and resolved sources of adversity 

may inform adolescent resilience research, given adolescence’s temporal proximity to childhood 

and the frequent co-occurrence of ELA and complex or chronic stress exposures (as with 

persistent systemic inequalities). Further evaluation of developmental timing effects may 

therefore inform resilience models and later intervention design.  
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Taken together, these findings point to the continued need to employ long-term, large-

scale longitudinal studies that evaluate a) resilience given severity and type of ELA exposure  b) 

resilience factors across multiple levels (genetic, immune, neurological, behavioral, and social), 

with an eye to pubertal effects, c) developmental trajectories for each resilience factor and d) the 

interplay between resilience sources across developmental stages. Information gleaned from this 

work may inform targeted interventions and improved understanding of resilience during 

development.  
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Figure 1. Schematic of resilience factors and associated neural systems and interventions



Adolescent Resilience to Early Life Adversity 

 
 

18 

Acknowledgements 

This work was supported by NSF Grant 1848004 awarded to JAS and NSF Graduate 
Research Fellowship Program Grant DGE-1650604 awarded to ASML. 



Adolescent Resilience to Early Life Adversity 

 
 

19 

Disclosures 

AML and JAS have no disclosures to report. 

 
  



Adolescent Resilience to Early Life Adversity 

 
 

20 

References 

1. Brown DW, Anda RF, Tiemeier H, Felitti VJ, Edwards VJ, Croft JB, Giles WH (2009): Adverse 
Childhood Experiences and the Risk of Premature Mortality. Am J Prev Med 37: 389–
396. 

2. Friedman EM, Karlamangla AS, Gruenewald T, Koretz B, Seeman TE (2015): Early Life 
Adversity and Adult Biological Risk Profiles. Psychosom Med 77: 176–185. 

3. Kessler RC, McLaughlin KA, Green JG, Gruber MJ, Sampson NA, Zaslavsky AM, et al. (2010): 
Childhood adversities and adult psychopathology in the WHO World Mental  Health 
Surveys. Br J Psychiatry 197: 378–385. 

4. McLaughlin KA, Green JG, Gruber MJ, Sampson NA, Zaslavsky AM, Kessler RC (2012): 
Childhood Adversities and First Onset of Psychiatric Disorders in a National Sample of US 
Adolescents. Arch Gen Psychiatry 69: 1151–1160. 

5. Traub F, Boynton-Jarrett R (2017): Modifiable Resilience Factors to Childhood Adversity for 
Clinical Pediatric Practice. Pediatrics 139. https://doi.org/10.1542/peds.2016-2569 

6. National Academies of Sciences, Engineering, and Medicine (2019): The Promise of 
Adolescence: Realizing Opportunity for All Youth. National Academies Press. 

7. Gunnar MR, DePasquale CE, Reid BM, Donzella B (2019): Pubertal stress recalibration 
reverses the effects of early life stress in postinstitutionalized children. Proc Natl Acad 
Sci 116: 23984–23988. 

8. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE (2005): Lifetime 
Prevalence and Age-of-Onset Distributions of DSM-IV Disorders in the National 
Comorbidity Survey Replication. Arch Gen Psychiatry 62: 593–602. 

9. Kalisch R, Baker DG, Basten U, Boks MP, Bonanno GA, Brummelman E, et al. (2017): The 
resilience framework as a strategy to combat stress-related disorders [no. 11]. Nat Hum 
Behav 1: 784–790. 

10. Machlin L, Miller AB, Snyder J, McLaughlin KA, Sheridan MA (2019): Differential Associations 
of Deprivation and Threat With Cognitive Control and Fear Conditioning in Early 
Childhood. Front Behav Neurosci 13. https://doi.org/10.3389/fnbeh.2019.00080 

11. McLaughlin KA, Sheridan MA (2016): Beyond Cumulative Risk: A Dimensional Approach to 
Childhood Adversity. Curr Dir Psychol Sci 25: 239–245. 

12. Galván A (2013): The Teenage Brain: Sensitivity to Rewards. Curr Dir Psychol Sci 22: 88–93. 
13. Steinberg L, Icenogle G, Shulman EP, Breiner K, Chein J, Bacchini D, et al. (2018): Around the 

world, adolescence is a time of heightened sensation seeking and immature self-
regulation. Dev Sci 21: e12532. 

14. Lloyd A, McKay R, Sebastian C, Balsters J (2020): Are Adolescents More Optimal Decision-
Makers in Novel Environments? Examining Exploration and Learning in a Patch Foraging 
Paradigm. https://doi.org/10.31234/osf.io/ypknq 

15. Haber SN, Knutson B (2010): The Reward Circuit: Linking Primate Anatomy and Human 
Imaging. Neuropsychopharmacology 35: 4–26. 

16. Tottenham N, Sheridan MA (2010): A review of adversity, the amygdala and the 
hippocampus: a consideration of developmental timing. Front Hum Neurosci 3. 
https://doi.org/10.3389/neuro.09.068.2009 



Adolescent Resilience to Early Life Adversity 

 
 

21 

17. Fareri DS, Tottenham N (2016): Effects of early life stress on amygdala and striatal 
development. Dev Cogn Neurosci 19: 233–247. 

18. Gerin MI, Puetz VB, Blair RJR, White S, Sethi A, Hoffmann F, et al. (2017): A 
neurocomputational investigation of reinforcement-based decision making as a 
candidate latent vulnerability mechanism in maltreated children. Dev Psychopathol 29: 
1689–1705. 

19. Sheridan MA, McLaughlin KA, Winter W, Fox N, Zeanah C, Nelson CA (2018): Early 
deprivation disruption of associative learning is a developmental pathway to depression 
and social problems [no. 1]. Nat Commun 9: 1–8. 

20. Fries ABW, Pollak SD (2017): The role of learning in social development: Illustrations from 
neglected children. Dev Sci 20: e12431. 

21. Goff B, Gee DG, Telzer EH, Humphreys KL, Gabard-Durnam L, Flannery J, Tottenham N 
(2013): Reduced nucleus accumbens reactivity and adolescent depression following 
early-life stress. Neuroscience 249: 129–138. 

22. Guyer AE, Kaufman J, Hodgdon HB, Masten CL, Jazbec S, Pine DS, Ernst M (2006): Behavioral 
Alterations in Reward System Function: The Role of Childhood Maltreatment and 
Psychopathology. J Am Acad Child Adolesc Psychiatry 45: 1059–1067. 

23. Hanson JL, Hariri AR, Williamson DE (2015): Blunted Ventral Striatum Development in 
Adolescence Reflects Emotional Neglect and Predicts Depressive Symptoms. Biol 
Psychiatry 78: 598–605. 

24. Hanson JL, Albert D, Iselin A-MR, Carré JM, Dodge KA, Hariri AR (2016): Cumulative stress in 
childhood is associated with blunted reward-related brain activity in adulthood. Soc 
Cogn Affect Neurosci 11: 405–412. 

25. Corral-Frías NS, Nikolova YS, Michalski LJ, Baranger D a. A, Hariri AR, Bogdan R (2015): 
Stress-related anhedonia is associated with ventral striatum reactivity to reward and 
transdiagnostic psychiatric symptomatology. Psychol Med 45: 2605–2617. 

26. Corral-Frías NS, Nadel L, Fellous J-M, Jacobs WJ (2016): Behavioral and self-reported 
sensitivity to reward are linked to stress-related differences in positive affect. 
Psychoneuroendocrinology 66: 205–213. 

27. Dennison MJ, Sheridan MA, Busso DS, Jenness JL, Peverill M, Rosen ML, McLaughlin KA 
(2016): Neurobehavioral markers of resilience to depression amongst adolescents 
exposed to child abuse. J Abnorm Psychol 125: 1201–1212. 

28. Geschwind N, Peeters F, Jacobs N, Delespaul P, Derom C, Thiery E, et al. (2010): Meeting risk 
with resilience: high daily life reward experience preserves mental health. Acta Psychiatr 
Scand 122: 129–138. 

29. Steptoe A, Wardle J, Marmot M (2005): Positive affect and health-related neuroendocrine, 
cardiovascular, and inflammatory processes. Proc Natl Acad Sci 102: 6508–6512. 

30. Vantieghem MR, Gabard-Durnam L, Goff B, Flannery J, Humphreys KL, Telzer EH, et al. 
(2017): Positive valence bias and parent–child relationship security moderate the 
association between early institutional caregiving and internalizing symptoms. Dev 
Psychopathol 29: 519–533. 

31. McLaughlin KA, Weissman D, Bitrán D (2019): Childhood Adversity and Neural 
Development: A Systematic Review. Annu Rev Dev Psychol 1: 277–312. 



Adolescent Resilience to Early Life Adversity 

 
 

22 

32. Craske MG, Meuret AE, Ritz T, Treanor M, Dour HJ (2016): Treatment for Anhedonia: A 
Neuroscience Driven Approach. Depress Anxiety 33: 927–938. 

33. Dimidjian S, Hollon SD, Dobson KS, Schmaling KB, Kohlenberg RJ, Addis ME, et al. (2006): 
Randomized trial of behavioral activation, cognitive therapy, and antidepressant 
medication in the acute treatment of adults with major depression. J Consult Clin 
Psychol 74: 658–670. 

34. McLaughlin KA, DeCross SN, Jovanovic T, Tottenham N (2019): Mechanisms linking 
childhood adversity with psychopathology: Learning as an intervention target. Behav 
Res Ther 118: 101–109. 

35. Callaghan BL, Meyer H, Opendak M, Van Tieghem M, Harmon C, Li A, et al. (2019): Using A 
Developmental Ecology Framework to Align Fear Neurobiology Across Species. Annu Rev 
Clin Psychol 15: null. 

36. Muhammad A, Carroll C, Kolb B (2012): Stress during development alters dendritic 
morphology in the nucleus accumbens and prefrontal cortex. Neuroscience 216: 103–
109. 

37. McLaughlin KA, Sheridan MA, Gold AL, Duys A, Lambert HK, Peverill M, et al. (2016): 
Maltreatment Exposure, Brain Structure, and Fear Conditioning in Children and 
Adolescents [no. 8]. Neuropsychopharmacology 41: 1956–1964. 

38. Silvers JA, Lumian DS, Gabard-Durnam L, Gee DG, Goff B, Fareri DS, et al. (2016): Previous 
Institutionalization Is Followed by Broader Amygdala–Hippocampal–PFC Network 
Connectivity during Aversive Learning in Human Development. J Neurosci 36: 6420–
6430. 

39. Brenhouse HC, Bath KG (2019): Bundling the haystack to find the needle: Challenges and 
opportunities in modeling risk and resilience following early life stress. Front 
Neuroendocrinol 54: 100768. 

40. Thompson RA (1994): Emotion Regulation: A Theme in Search of Definition. Monogr Soc Res 
Child Dev 59: 25–52. 

41. Miller EK (2000): The prefontral cortex and cognitive control [no. 1]. Nat Rev Neurosci 1: 59–
65. 

42. Karbach J, Unger K (2014): Executive control training from middle childhood to adolescence. 
Front Psychol 5. https://doi.org/10.3389/fpsyg.2014.00390 

43. Luna B (2009): Developmental Changes in Cognitive Control through Adolescence. In: Bauer 
P, editor. Advances in Child Development and Behavior, vol. 37. JAI, pp 233–278. 

44. Bos KJ, Fox N, Zeanah CH, Nelson CA (2009): Effects of early psychosocial deprivation on the 
development of memory and executive function. Front Behav Neurosci 3. 
https://doi.org/10.3389/neuro.08.016.2009 

45. McDermott JM, Westerlund A, Zeanah CH, Nelson CA, Fox NA (2012): Early adversity and 
neural correlates of executive function: Implications for academic adjustment. Dev Cogn 
Neurosci 2: S59–S66. 

46. Mueller SC, Maheu FS, Dozier M, Peloso E, Mandell D, Leibenluft E, et al. (2010): Early-life 
stress is associated with impairment in cognitive control in adolescence: An fMRI study. 
Neuropsychologia 48: 3037–3044. 



Adolescent Resilience to Early Life Adversity 

 
 

23 

47. Spratt EG, Friedenberg SL, Swenson CC, LaRosa A, De Bellis MD, Macias MM, et al. (2012): 
The Effects of Early Neglect on Cognitive, Language, and Behavioral Functioning in 
Childhood. Psychol Irvine Calif 3: 175–182. 

48. Danese A, Moffitt TE, Arseneault L, Bleiberg BA, Dinardo PB, Gandelman SB, et al. (2016): 
The Origins of Cognitive Deficits in Victimized Children: Implications for Neuroscientists 
and Clinicians. Am J Psychiatry 174: 349–361. 

49. Lambert HK, King KM, Monahan KC, McLaughlin KA (2017): Differential associations of 
threat and deprivation with emotion regulation and cognitive control in adolescence. 
Dev Psychopathol 29: 929–940. 

50. Blair KS, Aloi J, Crum K, Meffert H, White SF, Taylor BK, et al. (2019): Association of Different 
Types of Childhood Maltreatment With Emotional Responding and Response Control 
Among Youths. JAMA Netw Open 2: e194604–e194604. 

51. Hart H, Lim L, Mehta MA, Curtis C, Xu X, Breen G, et al. (2018): Altered Functional 
Connectivity of Fronto-Cingulo-Striatal Circuits during Error Monitoring in Adolescents 
with a History of Childhood Abuse. Front Hum Neurosci 12. 
https://doi.org/10.3389/fnhum.2018.00007 

52. Lim L, Hart H, Mehta MA, Simmons A, Mirza K, Rubia K (2015): Neural Correlates of Error 
Processing in Young People With a History of Severe Childhood Abuse: An fMRI Study. 
Am J Psychiatry 172: 892–900. 

53. Lim L, Hart H, Mehta MA, Simmons A, Mirza K, Rubia K (2016): Neurofunctional 
Abnormalities during Sustained Attention in Severe Childhood Abuse. PLOS ONE 11: 
e0165547. 

54. Burt KB, Whelan R, Conrod PJ, Banaschewski T, Barker GJ, Bokde ALW, et al. (2016): 
Structural brain correlates of adolescent resilience. J Child Psychol Psychiatry 57: 1287–
1296. 

55. Scult MA, Knodt AR, Radtke SR, Brigidi BD, Hariri AR (2019): Prefrontal Executive Control 
Rescues Risk for Anxiety Associated with High Threat and Low Reward Brain Function. 
Cereb Cortex 29: 70–76. 

56. Gee DG, Humphreys KL, Flannery J, Goff B, Telzer EH, Shapiro M, et al. (2013): A 
Developmental Shift from Positive to Negative Connectivity in Human Amygdala–
Prefrontal Circuitry. J Neurosci 33: 4584–4593. 

57. Silvers JA, McRae K, Gabrieli JDE, Gross JJ, Remy KA, Ochsner KN (2012): Age-Related 
Differences in Emotional Reactivity, Regulation, and Rejection Sensitivity in 
Adolescence. Emot Wash DC 12: 1235–1247. 

58. Silvers JA, Insel C, Powers A, Franz P, Helion C, Martin RE, et al. (2017): vlPFC–vmPFC–
Amygdala Interactions Underlie Age-Related Differences in Cognitive Regulation of 
Emotion. Cereb Cortex 27: 3502–3514. 

59. Buhle JT, Silvers JA, Wager TD, Lopez R, Onyemekwu C, Kober H, et al. (2014): Cognitive 
Reappraisal of Emotion: A Meta-Analysis of Human Neuroimaging Studies. Cereb Cortex 
24: 2981–2990. 

60. Ghashghaei HT, Hilgetag CC, Barbas H (2007): Sequence of information processing for 
emotions based on the anatomic dialogue between prefrontal cortex and amygdala. 
NeuroImage 34: 905–923. 



Adolescent Resilience to Early Life Adversity 

 
 

24 

61. Salas CE, Gross JJ, Rafal RD, Viñas-Guasch N, Turnbull OH (2013): Concrete behaviour and 
reappraisal deficits after a left frontal stroke: A case study. Neuropsychol Rehabil 23: 
467–500. 

62. Salas CE, Radovic D, Yuen KSL, Yeates GN, Castro O, Turnbull OH (2014): “Opening an 
emotional dimension in me”: Changes in emotional reactivity and emotion regulation in 
a case of executive impairment after left fronto-parietal damage. Bull Menninger Clin 
78: 301–334. 

63. Fitzgerald JM, Klumpp H, Langenecker S, Phan KL (2019): Transdiagnostic neural correlates 
of volitional emotion regulation in anxiety and depression. Depress Anxiety 36: 453–464. 

64. Lee H, Heller AS, van Reekum CM, Nelson B, Davidson RJ (2012): Amygdala–prefrontal 
coupling underlies individual differences in emotion regulation. NeuroImage 62: 1575–
1581. 

65. Perlman G, Simmons AN, Wu J, Hahn KS, Tapert SF, Max JE, et al. (2012): Amygdala 
response and functional connectivity during emotion regulation: A study of 14 
depressed adolescents. J Affect Disord 139: 75–84. 

66. Tottenham N, Gabard-Durnam LJ (2017): The developing amygdala: a student of the world 
and a teacher of the cortex. Curr Opin Psychol 17: 55–60. 

67. Jenness JL, Peverill M, Miller AB, Heleniak C, Robertson MM, Sambrook KA, et al. (2020): 
Alterations in neural circuits underlying emotion regulation following child 
maltreatment: a mechanism underlying trauma-related psychopathology. Psychol Med 
1–10. 

68. Kim P, Evans GW, Angstadt M, Ho SS, Sripada CS, Swain JE, et al. (2013): Effects of childhood 
poverty and chronic stress on emotion regulatory brain function in adulthood. Proc Natl 
Acad Sci 110: 18442–18447. 

69. Peverill M, Sheridan MA, Busso DS, McLaughlin KA (2019): Atypical Prefrontal–Amygdala 
Circuitry Following Childhood Exposure to Abuse: Links With Adolescent 
Psychopathology. Child Maltreat 24: 411–423. 

70. Weissman DG, Bitran D, Miller AB, Schaefer JD, Sheridan MA, McLaughlin KA (2019): 
Difficulties with emotion regulation as a transdiagnostic mechanism linking child 
maltreatment with the emergence of psychopathology. Dev Psychopathol 31: 899–915. 

71. Blair C, Raver CC (2012): Individual development and evolution: Experiential canalization of 
self-regulation. Dev Psychol 48: 647–657. 

72. Tottenham N (2012): Risk and Developmental Heterogeneity in Previously Institutionalized 
Children. J Adolesc Health 51: S29–S33. 

73. Chen E, Miller GE, Lachman ME, Gruenewald TL, Seeman TE (2012): Protective Factors for 
Adults from Low Childhood Socioeconomic Circumstances: The Benefits of Shift-and-
Persist for Allostatic Load. Psychosom Med 74: 178–186. 

74. Chen E, McLean KC, Miller GE (2015): Shift-and-Persist Strategies: Associations With 
Socioeconomic Status and the Regulation of Inflammation Among Adolescents and Their 
Parents. Psychosom Med 77: 371–382. 

75. Chen E, Miller GE (2012): “Shift-and-Persist” Strategies: Why Low Socioeconomic Status Isn’t 
Always Bad for Health. Perspect Psychol Sci 7: 135–158. 



Adolescent Resilience to Early Life Adversity 

 
 

25 

76. Compas BE, Jaser SS, Bettis AH, Watson KH, Gruhn MA, Dunbar JP, et al. (2017): Coping, 
emotion regulation, and psychopathology in childhood and adolescence: A meta-
analysis and narrative review. Psychol Bull 143: 939–991. 

77. Buckner JC, Mezzacappa E, Beardslee WR (2003): Characteristics of resilient youths living in 
poverty: The role of self-regulatory processes. Dev Psychopathol 15: 139–162. 

78. Miller GE, Yu T, Chen E, Brody GH (2015): Self-control forecasts better psychosocial 
outcomes but faster epigenetic aging in low-SES youth. Proc Natl Acad Sci 112: 10325–
10330. 

79. Amone-P’Olak K, Garnefski N, Kraaij V (2007): Adolescents caught between fires: Cognitive 
emotion regulation in response to war experiences in Northern Uganda. J Adolesc 30: 
655–669. 

80. McLaughlin KA, Peverill M, Gold AL, Alves S, Sheridan MA (2015): Child Maltreatment and 
Neural Systems Underlying Emotion Regulation. J Am Acad Child Adolesc Psychiatry 54: 
753–762. 

81. Rodman AM, Jenness JL, Weissman DG, Pine DS, McLaughlin KA (2019): Neurobiological 
Markers of Resilience to Depression Following Childhood Maltreatment: The Role of 
Neural Circuits Supporting the Cognitive Control of Emotion. Biol Psychiatry 86: 464–
473. 

82. Herringa RJ, Burghy CA, Stodola DE, Fox ME, Davidson RJ, Essex MJ (2016): Enhanced 
Prefrontal-Amygdala Connectivity Following Childhood Adversity as a Protective 
Mechanism Against Internalizing in Adolescence. Biol Psychiatry Cogn Neurosci 
Neuroimaging 1: 326–334. 

83. Fullana MA, Albajes-Eizagirre A, Soriano-Mas C, Vervliet B, Cardoner N, Benet O, et al. 
(2018): Fear extinction in the human brain: A meta-analysis of fMRI studies in healthy 
participants. Neurosci Biobehav Rev 88: 16–25. 

84. Callaghan BL, Tottenham N (2016): The Stress Acceleration Hypothesis: effects of early-life 
adversity on emotion circuits and behavior. Curr Opin Behav Sci 7: 76–81. 

85. Gee DG, Gabard-Durnam LJ, Flannery J, Goff B, Humphreys KL, Telzer EH, et al. (2013): Early 
developmental emergence of human amygdala–prefrontal connectivity after maternal 
deprivation. Proc Natl Acad Sci 110: 15638–15643. 

86. Callaghan BL, Gee DG, Gabard-Durnam L, Telzer EH, Humphreys KL, Goff B, et al. (2019): 
Decreased amygdala reactivity to parent cues protects against anxiety following early 
adversity: an examination across 3-years. Biol Psychiatry Cogn Neurosci Neuroimaging. 
https://doi.org/10.1016/j.bpsc.2019.02.001 

87. Gee DG (2016): Sensitive Periods of Emotion Regulation: Influences of Parental Care on 
Frontoamygdala Circuitry and Plasticity. New Dir Child Adolesc Dev 2016: 87–110. 

88. Westen D (2000): Commentary: Implicit and Emotional Processes in Cognitive-Behavioral 
Therapy. Clin Psychol Sci Pract 7: 386–390. 

89. Cohen JA, Mannarino AP, Deblinger E (2017): Treating Trauma and Traumatic Grief in 
Children and Adolescents, 2nd Ed. New York, NY, US: Guilford Press, pp xix, 356. 

90. Dorsey S, McLaughlin KA, Kerns SEU, Harrison JP, Lambert HK, Briggs EC, et al. (2017): 
Evidence Base Update for Psychosocial Treatments for Children and Adolescents 
Exposed to Traumatic Events. J Clin Child Adolesc Psychol 46: 303–330. 



Adolescent Resilience to Early Life Adversity 

 
 

26 

91. Weisz J, Bearman SK, Santucci LC, Jensen-Doss A (2017): Initial Test of a Principle-Guided 
Approach to Transdiagnostic Psychotherapy With Children and Adolescents. J Clin Child 
Adolesc Psychol 46: 44–58. 

92. Weytens F, Luminet O, Verhofstadt LL, Mikolajczak M (2014): An Integrative Theory-Driven 
Positive Emotion Regulation Intervention. PLoS ONE 9. 
https://doi.org/10.1371/journal.pone.0095677 

93. Hostinar CE, Johnson AE, Gunnar MR (2015): Parent support is less effective in buffering 
cortisol stress reactivity for adolescents compared to children. Dev Sci 18: 281–297. 

94. Brody GH, Murry VM, McNair L, Chen Y-F, Gibbons FX, Gerrard M, Wills TA (2005): Linking 
Changes in Parenting to Parent–Child Relationship Quality and Youth Self-Control: The 
Strong African American Families Program. J Res Adolesc 15: 47–69. 

95. Feldman R (2007): Parent–Infant Synchrony: Biological Foundations and Developmental 
Outcomes. Curr Dir Psychol Sci 16: 340–345. 

96. Moriceau S, Sullivan RM (2006): Maternal presence serves as a switch between learning fear 
and attraction in infancy. Nat Neurosci 9: 1004. 

97. Morris AS, Silk JS, Steinberg L, Myers SS, Robinson LR (2007): The Role of the Family Context 
in the Development of Emotion Regulation. Soc Dev 16: 361–388. 

98. Humphreys KL, Miron D, McLaughlin KA, Sheridan MA, Nelson CA, Fox NA, Zeanah CH 
(2018): Foster care promotes adaptive functioning in early adolescence among children 
who experienced severe, early deprivation. J Child Psychol Psychiatry 59: 811–821. 

99. McLaughlin KA, Zeanah CH, Fox NA, Nelson CA (2012): Attachment security as a mechanism 
linking foster care placement to improved mental health outcomes in previously 
institutionalized children. J Child Psychol Psychiatry 53: 46–55. 

100. Fritz J, Fried EI, Goodyer IM, Wilkinson PO, van Harmelen A-L (2018): A Network Model of 
Resilience Factors for Adolescents with and without Exposure to Childhood Adversity 
[no. 1]. Sci Rep 8: 1–13. 

101. Schriber RA, Rogers CR, Ferrer E, Conger RD, Robins RW, Hastings PD, Guyer AE (2018): Do 
Hostile School Environments Promote Social Deviance by Shaping Neural Responses to 
Social Exclusion? J Res Adolesc 28: 103–120. 

102. Hanson JL, Gillmore AD, Yu T, Holmes CJ, Hallowell ES, Barton AW, et al. (2019): A Family 
Focused Intervention Influences Hippocampal-Prefrontal Connectivity Through Gains in 
Self-Regulation. Child Dev 90: 1389–1401. 

103. Guassi Moreira JF, Telzer EH (2018): Mother still knows best: Maternal influence uniquely 
modulates adolescent reward sensitivity during risk taking. Dev Sci 21: e12484. 

104. Telzer EH, Fuligni AJ, Lieberman MD, Galván A (2012): Meaningful Family Relationships: 
Neurocognitive Buffers of Adolescent Risk Taking. J Cogn Neurosci 25: 374–387. 

105. Smith AR, Rosenbaum GM, Botdorf MA, Steinberg L, Chein JM (2018): Peers influence 
adolescent reward processing, but not response inhibition. Cogn Affect Behav Neurosci 
18: 284–295. 

106. Adams RE, Santo JB, Bukowski WM (2011): The presence of a best friend buffers the 
effects of negative experiences. Dev Psychol 47: 1786–1791. 

107. Calhoun CD, Helms SW, Heilbron N, Rudolph KD, Hastings PD, Prinstein MJ (2014): 
Relational victimization, friendship, and adolescents’ hypothalamic–pituitary–adrenal 
axis responses to an in vivo social stressor. Dev Psychopathol 26: 605–618. 



Adolescent Resilience to Early Life Adversity 

 
 

27 

108. Breiner K, Li A, Cohen AO, Steinberg L, Bonnie RJ, Scott ES, et al. (2018): Combined effects 
of peer presence, social cues, and rewards on cognitive control in adolescents. Dev 
Psychobiol 60: 292–302. 

109. Kim J, Cicchetti D (2010): Longitudinal pathways linking child maltreatment, emotion 
regulation, peer relations, and psychopathology. J Child Psychol Psychiatry 51: 706–716. 

110. Weigard A, Chein J, Albert D, Smith A, Steinberg L (2014): Effects of anonymous peer 
observation on adolescents’ preference for immediate rewards. Dev Sci 17: 71–78. 

111. McCrory E, Ogle JR, Gerin MI, Viding E (2019): Neurocognitive Adaptation and Mental 
Health Vulnerability Following Maltreatment: The Role of Social Functioning. Child 
Maltreat 24: 435–451. 

112. Brody GH, Chen Y-F, Murry VM, Ge X, Simons RL, Gibbons FX, et al. (2006): Perceived 
Discrimination and the Adjustment of African American Youths: A Five-Year Longitudinal 
Analysis With Contextual Moderation Effects. Child Dev 77: 1170–1189. 

113. Brody GH, Lei M-K, Chae DH, Yu T, Kogan SM, Beach SRH (2014): Perceived Discrimination 
Among African American Adolescents and Allostatic Load: A Longitudinal Analysis With 
Buffering Effects. Child Dev 85: 989–1002. 

114. Chae DH, Nuru-Jeter AM, Adler NE, Brody GH, Lin J, Blackburn EH, Epel ES (2014): 
Discrimination, Racial Bias, and Telomere Length in African-American Men. Am J Prev 
Med 46: 103–111. 

115. Kilburn K, Thirumurthy H, Halpern CT, Pettifor A, Handa S (2016): Effects of a Large-Scale 
Unconditional Cash Transfer Program on Mental Health Outcomes of Young People in 
Kenya. J Adolesc Health 58: 223–229. 

116. Rojas NM, Yoshikawa H, Gennetian L, Rangel ML, Melvin S, Noble K, et al. (2020): Exploring 
the experiences and dynamics of an unconditional cash transfer for low-income 
mothers: A mixed-methods study. J Child Poverty 26: 64–84. 

117. Francis DD, Diorio J, Plotsky PM, Meaney MJ (2002): Environmental Enrichment Reverses 
the Effects of Maternal Separation on Stress Reactivity. J Neurosci 22: 7840–7843. 

118. Laviola G, Rea M, Morley-Fletcher S, Carlo SD, Bacosi A, Simone RD, et al. (2004): Beneficial 
effects of enriched environment on adolescent rats from stressed pregnancies. Eur J 
Neurosci 20: 1655–1664. 

119. Morley-Fletcher S, Rea M, Maccari S, Laviola G (2003): Environmental enrichment during 
adolescence reverses the effects of prenatal stress on play behaviour and HPA axis 
reactivity in rats. Eur J Neurosci 18: 3367–3374. 

120. Brody GH, Chen Y, Kogan SM, Yu T, Molgaard VK, DiClemente RJ, Wingood GM (2012): 
Family-centered Program Deters Substance Use, Conduct Problems, and Depressive 
Symptoms in Black Adolescents. Pediatrics 129: 108–115. 

121. Brody GH, Yu T, Chen E, Beach SRH, Miller GE (2016): Family-centered prevention 
ameliorates the longitudinal association between risky family processes and epigenetic 
aging. J Child Psychol Psychiatry 57: 566–574. 

122. Brody GH, Gray JC, Yu T, Barton AW, Beach SRH, Galván A, et al. (2017): Protective 
Prevention Effects on the Association of Poverty With Brain Development. JAMA Pediatr 
171: 46–52. 

123. Murry VM, Berkel C, Chen Y, Brody GH, Gibbons FX, Gerrard M (2011): Intervention 
Induced Changes on Parenting Practices, Youth Self-Pride and Sexual Norms to Reduce 



Adolescent Resilience to Early Life Adversity 

 
 

28 

HIV-Related Behaviors Among Rural African American Youths. J Youth Adolesc 40: 1147–
1163. 

124. Pfeifer JH, Berkman ET (2018): The Development of Self and Identity in Adolescence: 
Neural Evidence and Implications for a Value-Based Choice Perspective on Motivated 
Behavior. Child Dev Perspect 12: 158–164. 

125. Romeo RD (2018): The metamorphosis of adolescent hormonal stress reactivity: A focus on 
animal models. Front Neuroendocrinol 49: 43–51. 

126. Sisk CL, Romeo RD (2019): Coming of Age: The Neurobiology and Psychobiology of Puberty 
and Adolescence. Oxford University Press. 

127. Chung YS, Poppe A, Novotny S, Epperson CN, Kober H, Granger DA, et al. (2019): A 
preliminary study of association between adolescent estradiol level and dorsolateral 
prefrontal cortex activity during emotion regulation. Psychoneuroendocrinology 109: 
104398. 

128. Nusslock R, Brody GH, Armstrong CC, Carroll AL, Sweet LH, Yu T, et al. (2019): Higher 
Peripheral Inflammatory Signaling Associated With Lower Resting-State Functional Brain 
Connectivity in Emotion Regulation and Central Executive Networks. Biol Psychiatry 86: 
153–162. 

129. Mendle J, Leve LD, Ryzin MV, Natsuaki MN, Ge X (2011): Associations Between Early Life 
Stress, Child Maltreatment, and Pubertal Development Among Girls in Foster Care. J Res 
Adolesc 21: 871–880. 

130. Noll JG, Trickett PK, Long JD, Negriff S, Susman EJ, Shalev I, et al. (2017): Childhood Sexual 
Abuse and Early Timing of Puberty. J Adolesc Health 60: 65–71. 

131. Wilson ME, Bounar S, Godfrey J, Michopoulos V, Higgins M, Sanchez M (2013): Social and 
emotional predictors of the tempo of puberty in female rhesus monkeys. 
Psychoneuroendocrinology 38: 67–83. 

132. Dorn LD, Hostinar CE, Susman EJ, Pervanidou P (2019): Conceptualizing Puberty as a 
Window of Opportunity for Impacting Health and Well-Being Across the Life Span. J Res 
Adolesc 29: 155–176. 

133. Rudolph KD, Flynn M (2007): Childhood adversity and youth depression: Influence of 
gender and pubertal status. Dev Psychopathol 19: 497–521. 

134. Quevedo K, Johnson AE, Loman ML, LaFavor TL, Gunnar M (2012): The confluence of 
adverse early experience and puberty on the cortisol awakening response. Int J Behav 
Dev 36: 19–28. 

135. Koss KJ, Hostinar CE, Donzella B, Gunnar MR (2014): Social deprivation and the HPA axis in 
early development. Psychoneuroendocrinology 50: 1–13. 

136. Doremus-Fitzwater TL, Spear LP (2016): Reward-centricity and attenuated aversions: An 
adolescent phenotype emerging from studies in laboratory animals. Neurosci Biobehav 
Rev 70: 121–134. 

137. Steinberg L (2015): How to Improve the Health of American Adolescents. Perspect Psychol 
Sci 10: 711–715. 

138. Doom JR, Hostinar CE, VanZomeren-Dohm AA, Gunnar MR (2015): The roles of puberty 
and age in explaining the diminished effectiveness of parental buffering of HPA 
reactivity and recovery in adolescence. Psychoneuroendocrinology 59: 102–111. 



Adolescent Resilience to Early Life Adversity 

 
 

29 

139. Doom JR, Doyle CM, Gunnar MR (2017): Social stress buffering by friends in childhood and 
adolescence: Effects on HPA and oxytocin activity. Soc Neurosci 12: 8–21. 

140. Pauling SN, Doom JR, Gunnar MR (2017): Gender Differences in Buffering Stress Responses 
in Same-Sex Friend Dyads. Retrieved March 18, 2019, from 
http://unicatalog.mediu.edu.my:8080/xmlui/handle/123456789/66205 

141. Gee DG, Gabard-Durnam L, Telzer EH, Humphreys KL, Goff B, Shapiro M, et al. (2014): 
Maternal Buffering of Human Amygdala-Prefrontal Circuitry During Childhood but Not 
During Adolescence. Psychol Sci 25: 2067–2078. 

142. Miller AB, Sheridan MA, Hanson JL, McLaughlin KA, Bates JE, Lansford JE, et al. (2018): 
Dimensions of deprivation and threat, psychopathology, and potential mediators: A 
multi-year longitudinal analysis. J Abnorm Psychol 127: 160–170. 

143. Cohodes EM, Kitt ER, Baskin-Sommers A, Gee DG (2020): Influences of early-life stress on 
frontolimbic circuitry: Harnessing a dimensional approach to elucidate the effects of 
heterogeneity in stress exposure. Dev Psychobiol n/a. 
https://doi.org/10.1002/dev.21969 

144. Ioannidis K, Askelund AD, Kievit RA, van Harmelen A-L (2020): The complex neurobiology 
of resilient functioning after childhood maltreatment. BMC Med 18: 32. 

145. Frodl T, Szyf M, Carballedo A, Ly V, Dymov S, Vaisheva F, et al. (2015): DNA methylation of 
the serotonin transporter gene (SLC6A4) is associated with brain function involved in 
processing emotional stimuli. J Psychiatry Neurosci JPN 40: 296–305. 

146. Silvers JA (2020): Extinction Learning and Cognitive Reappraisal: Windows Into the 
Neurodevelopment of Emotion Regulation. Child Dev Perspect n/a. 
https://doi.org/10.1111/cdep.12372 

147. King LS, Graber MG, Colich NL, Gotlib IH (2020): Associations of waking cortisol with DHEA 
and testosterone across the pubertal transition: Effects of threat-related early life stress. 
Psychoneuroendocrinology 115: 104651. 

148. Callaghan BL, Tottenham N (2016): The Neuro-Environmental Loop of Plasticity: A Cross-
Species Analysis of Parental Effects on Emotion Circuitry Development Following Typical 
and Adverse Caregiving. Neuropsychopharmacology 41: 163–176. 

149. Dunn EC, Soare TW, Zhu Y, Simpkin AJ, Suderman MJ, Klengel T, et al. (2019): Sensitive 
Periods for the Effect of Childhood Adversity on DNA Methylation: Results From a 
Prospective, Longitudinal Study. Biol Psychiatry 85: 838–849. 

150. Gabard-Durnam LJ, McLaughlin KA (2019): Do Sensitive Periods Exist for Exposure to 
Adversity? Biol Psychiatry 85: 789–791. 

 
  



Adolescent Resilience to Early Life Adversity 

 
 

30 

Figure Legends 

Figure 1. Schematic of resilience factors and associated neural systems and interventions. 
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