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ABSTRACT
Recent scientific and technological advances have brought us closer to being able to apply a true biopsychosocial
approach to the study of resilience in humans. Decades of research have identified a range of psychosocial protective
factors in the face of stress and trauma. Progress in resilience research is now advancing our understanding of the
biology underlying these protective factors at multiple phenotypic levels, including stress response systems, neural
circuitry function, and immune responses, in interaction with genetic factors. It is becoming clear that resilience in-
volves active and unique biological processes that buffer the organism against the impact of stress, not simply involve
a reversal of pathological mechanisms. Here, we provide an overview of recent progress in the field, highlighting key
psychosocial milestones and accompanying biological changes during development, and into adulthood and old age.
Continued advances in our understanding of psychological, social, and biological determinants of resilience will
contribute to the development of novel interventions and help optimize the type and timing of intervention for those
most at risk, resulting in a possible new framework for enhancing resilience across the life span.
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Resilience is a complex and dynamic process, broadly defined
as the ability to adapt successfully to adversity, stressful life
events, significant threat, or trauma. It is best conceptualized
as a continuum, with potential for change across the life span
(1). Studies have repeatedly shown that severity and frequency
of exposure to stress matter. Resilient outcomes are less likely
in the face of severe adversity. This is especially true of trauma
or neglect during childhood, when biological stress response
systems are under development (2,3), and of chronic adversity
(4). Additionally, risk factors commonly co-occur and accu-
mulate over time, and higher cumulative risk generally predicts
worse outcomes (5–8). Yet even at the most severe exposure
levels, it is often possible to identify individuals who recover
from stress, managing to lead meaningful lives, or find “relative
resilience” to severe adversity.

Recent studies have begun to show that resilience is an
“active process,” not simply involving a reversal of patholog-
ical mechanisms (9,10). The present review will focus on the
biology of human resilience during development and across
the life span, introducing advances in the field and providing
illustrative examples of research findings. Scientific and tech-
nological progress in recent decades has enabled a more
integrative biopsychosocial approach to the study of resilience
in humans (see Figure 1). Interdisciplinary collaboration
involving animal, translational, and human studies promises to
yield novel interventions to enhance resilience (11).

GENETICS AND GENOMICS OF RESILIENCE

Studies of the heritability of resilience have only recently begun
to emerge. For example, a longitudinal study in 7500 adult
N: 0006-3223 Biologica
twins modeled resilience as the difference between actual and
predicted internalizing symptom severity, based on number of
experienced life stressors. Resilience was found to have
moderate heritability and was equally influenced by genetic
and environmental factors (12). Other twin studies have
focused on the heritability of trait resilience, or on psycholog-
ical and behavioral traits associated with resilience (13,14).
Candidate gene studies have identified protective variants in
genes modulating the norepinephrine stress response (15) or
influencing amygdala and hippocampal activation to threat
(16). A few studies have examined candidate genes and
resilience in childhood maltreatment (CT) survivors, including
children (17–19) and adults (20). A rare study in older adults
examined multiple candidate genes and optimism and trait
resilience (21).

Increasing evidence suggests that certain gene variants
confer heightened sensitivity to the environment, so that the
same gene variants that increase risk in the face of adversity
might confer advantages in positive environments (22–25). This
appears to carry over to preventive interventions in children
and adolescents exposed to adversity. Some randomized
controlled trials (RCTs) of preventive interventions against
externalizing and against alcohol and drug use problems, have
shown benefits in risk allele carriers but not noncarriers
(26–28).

Only one genome-wide association study (GWAS) of psy-
chological resilience has been published (29). The rise of
publicly available genetic datasets has made it possible to
conduct large GWASs of psychological, behavioral, and bio-
logical factors linked to resilience, including a GWAS of social
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Figure 1. Biopsychosocial model of resilience. Genes interact with environmental influences to shape the function of neural circuitry and stress response
systems, especially during development. Environmental influences additionally exert a lasting impact on neural and stress response system function through
epigenetic modifications affecting gene expression. At the core of resilience are stress responses that are sufficient but not excessive, as well as rapid and
efficient psychobiological recovery following stress exposure. At the neural level, appropriate activation of brain regions mediating threat appraisal, efficient
emotion regulation circuitry function, and neural adaptability to changing environmental contingencies support accurate appraisal of stressful contexts and
adaptive coping. Additionally, brain circuitry function subserving reward responses and cognitive control underlie key psychological factors associated with
resilience, including optimism and the capacity for cognitive reappraisal. Accumulating evidence suggests that preventive and therapeutic interventions at
different phenotypic levels have the potential to enhance resilience. Examples include interventions targeting psychological factors (e.g., practicing cognitive
reappraisal), family/social factors (e.g., parenting interventions, youth development programs, social engagement), brain circuitry function (e.g., computer-
based cognitive-emotional training, electroencephalographic neurofeedback), and brain/stress response system function (e.g., ketamine administration).
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interaction and isolation utilizing UK Biobank data (30) and a
GWAS meta-analysis of subjective well-being (31). Another
GWAS identified genetic and psychosocial factors associated
with hippocampal volume, known to be protective against
stress-related psychiatric disorders (32).

Beyond the genetic code, epigenetic changes stemming
from environmental influences, most importantly during
development, are associated with differential stress resilience
(6). A series of studies of the FKBP5 gene constitute a
well-known example, identifying genotype 3 epigenetic 3

environment (childhood trauma) interactions conferring differ-
ential susceptibility to trauma into adulthood (33). Candidate
gene methylation studies are beginning to include children: for
example, a recent study of prefrontal cortex (PFC) connectivity
in maltreated children (34). Epigenome-wide studies focused
on resilience have yet to be published.
DEVELOPMENTAL YEARS: EARLY CHILDHOOD TO
ADOLESCENCE

Childhood is a critical period for the development of stress
response systems and brain circuity mediating emotion regu-
lation (2,35). Human studies have documented the lasting
impact of uncontrollable childhood trauma and neglect on
444 Biological Psychiatry September 15, 2019; 86:443–453 www.sobp
stress response systems, brain morphology, and neural cir-
cuitry function (3,36). The impact of stress during development
greatly depends on its timing and duration, reflected in differ-
ential epigenetic changes across the genome (6). Early
adversity might also accelerate maturation of emotion neural
circuits, with potential consequences into adulthood (37–39).
Chronic stress among youths, such as poverty, may also in-
crease allostatic load and epigenetic aging and heighten risk
for mood and anxiety disorders and cardiometabolic and
immune-related conditions (40).

Infancy and adolescence are two key periods of height-
ened brain plasticity and increased sensitivity to the envi-
ronment, including both adverse and nurturing circumstances
(2,41). Beginning in infancy, the establishment of a solid bond
with a caregiver is of primary importance as a powerful stress
buffer. Maternal sensitivity toward 6-month-old infants was
found to be associated with lower hypothalamic-pituitary-
adrenal (HPA) axis and sympathetic responses to stress
(42). In 18-month-old infants, secure attachment with a parent
present during stress exposure (e.g., a loud toy) prevented
increases in salivary cortisol (43). In another study, parenting
quality assessed by observing mothers and their 3-year-old
children predicted differential connectivity in reward and
emotion regulation circuitry by 11 years of age (44). Maternal
.org/journal
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presence has also been found to buffer fear-potentiated
startle in 8- to 10-year-old children but not in early adoles-
cents, suggesting that the period of brain plasticity for
learning threat and safety occurs earlier in childhood (45).
Similarly, in an experimental study, the presence of a parent
while preparing for the Trier Social Stress Test prevented
increases in cortisol in 9- to 10-year-olds but no longer acted
as a stress buffer in 15- to 16-year-olds (43).

Studies in children who demonstrate more resilient out-
comes despite exposure to early trauma have identified key
psychosocial factors that promote resilience, most significantly
the establishment of a solid bond with a competent caregiver
and family stability (46–48). Parenting/caregiving that
enhances resilience provides a loving and supportive envi-
ronment that protects the child from overwhelming stress, but
also ensures ample opportunities to explore, master chal-
lenges, and learn from failure. Such “good enough” parenting
fosters the development of skills in the child that are important
for successful negotiation of later stress and adversity.

Adolescence is a period of transition, during which youths
gradually achieve increasing independence and learn about
the social world without the close presence of a caregiver.
Some parents who are highly skilled at parenting their young
child may not have the flexibility to adjust their parenting style
as their child reaches adolescence. This may result in an
overprotected adolescent who fails to develop sufficient skills
to successfully meet challenges and grow from adversity.
Despite increasing independence, family support and stability
remain extremely important during this period (40).

Additionally, because adult levels of cognitive capacity are
achieved significantly earlier than socioemotional maturity, the
resulting imbalance can impact decision making into the sec-
ond decade of life, increasing risk for impulsivity and risky
behavior (49). Established protective factors in this context
include greater executive function, capacity for self-regulation,
and self-efficacy (46,48). During adolescence, positive
relationships with peers are also key promoters of resilience in
youths exposed to adverse childhood family environments
(50). As adolescents learn to navigate their social environment,
social ability, genetic makeup, and daily experiences with
others all interact to influence brain maturation (51). Further,
access to positive role models is thought to be particularly
important during adolescence (52,53).

Few biological studies have focused on children or ado-
lescents who have demonstrated resilience to adversity or
trauma. A study in school-age children from low-income
families examined HPA axis function in children with and
without a history of maltreatment. Maltreated children with high
resilience scores showed an atypical daytime rise in salivary
dehydroepiandrosterone, but additional studies are needed
(54). An ongoing longitudinal study in school-age children from
lower socioeconomic backgrounds, the Families and Child-
hood Transitions Study, includes assessment of family envi-
ronment, measures of HPA axis and immune function, and
neuroimaging (55).

Of note, psychologically resilient African American youths
from lower socioeconomic backgrounds have shown evidence
of higher allostatic load, poorer cardiometabolic health, and
accelerated epigenetic aging as they transitioned into early
adulthood, suggesting that in this context psychological
Biological Psychi
resilience and self-control might come at a cost to general
health (40). Importantly, interventions to enhance supportive
parenting during childhood were found to be protective in this
setting, lessening inflammation and epigenetic aging and
preventing reduced hippocampal and amygdala volumes by
young adulthood (40,56).

Stress Inoculation

The degree of control that animals and humans experience
over stressors, particularly during development, plays an
important role in later vulnerability or resilience to stress. Ani-
mal studies have consistently found that repeated exposure to
uncontrollable stress can have a detrimental effect on devel-
oping brain structure and function (57–59). In contrast, in a
well-known series of experimental studies in young monkeys,
early exposure to manageable stress—referred to as “stress
inoculation”—resulted in enhanced arousal regulation and
resilience via PFC adaptations (60). More indirect evidence
exists in humans. For example, in a study of cumulative
adversity in 9- to 16-year-olds, children with moderate adver-
sity exposure showed more robust cortisol responses than
both unexposed and highly exposed children (61). A few
studies in adults also suggest that having experienced mod-
erate life adversity might be steeling (62–64).

RESILIENCE IN ADULTHOOD AND OLDER AGE

A rich body of research has identified psychosocial factors
contributing to resilience in adulthood, including greater
emotion regulation, executive function, dispositional optimism,
active coping, cognitive reappraisal, and social support
(52,65,66). Other studies have identified the role of religion,
meaning-making, and a sense of purpose (52,67,68). Many of
these protective factors are interlinked. For example, better
automatic emotion regulation, involving activation of the
anterior cingulate cortex (ACC) and ventromedial PFC
(vmPFC), is associated with greater executive function,
required to mount effective responses to threat (46,69,70).
Higher emotion regulation capacity also supports cognitive
flexibility in challenging situations (71,72). Cognitive reap-
praisal, an emotion regulation strategy involving reinterpreting
the meaning of a situation, activates brain regions mediating
cognitive control (dorsomedial PFC, dorsolateral PFC, and
ventrolateral PFC) and modulates amygdala activation (73).
Positive emotions also support resilience by promoting
broader associative thinking and adaptive coping (74–76). In
one study, dispositional optimism was found to correlate with
rostral ACC activation in individuals instructed to imagine
future positive events (77). Dispositional optimism is associ-
ated with greater social support and is consistently linked to
psychological well-being and better health (52,78). Social
support, a key protective factor, can take many forms—from
family support to mentorship to community networks—and
should be considered a primary component of interventions
to enhance resilience (52,79–81).

At the core of resilience are stress responses that are suf-
ficient but not excessive, as well as rapid and efficient psy-
chobiological recovery following stress (82,83). Trait resilience
has been shown to correlate with positive emotionality and
faster recovery of cardiovascular reactivity after stress (84).
atry September 15, 2019; 86:443–453 www.sobp.org/journal 445
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While HPA axis dysregulation and enhanced locus coeruleus–
norepinephrine system function have been consistently
demonstrated in individuals with stress-related psychiatric
disorders, additional research is needed in resilient individuals
(85,86). Physical exercise can also help buffer the impact of
stress by increasing positive mood and neural plasticity in
dopaminergic brain reward circuits (87).

Stress response systems beyond the HPA axis and locus
coeruleus–norepinephrine system have been primarily studied
in adults. Endocannabinoid signaling is closely coupled with
HPA axis signaling, modulating the stress response and facil-
itating recovery from stress (88). Endocannabinoids might play
a key role in regulating vmPFC circuitry during controllable
stress, with potential implications for resilience (89). Other key
signaling systems include neuropeptide Y (NPY), gluta-
matergic, brain-derived neurotrophic factor, and oxytocin
systems. In an early study of resilient Special Forces soldiers,
higher plasma NPY levels correlated with better performance
during a rigorous military training exercise (90). More recent
evidence suggests that the dopamine system, involved in
reward responses, may act as a “brake” in fear response
termination (91).

The glutamate system is also an active focus of research, as
ketamine—an N-methyl-D aspartate glutamate receptor
antagonist shown to rapidly reverse hippocampal and PFC
synaptic atrophy caused by chronic stress in animals (92)—has
demonstrated efficacy for treatment-resistant depression
(93,94) and initial promise for posttraumatic stress disorder
(PTSD) treatment (95). Recent years have also seen increasing
interest in the immune system, known to have reciprocal
communication with the HPA axis. Initial studies suggest that
resilience is associated with lower systemic inflammation (96),
and that psychosocial factors associated with resilience miti-
gate the impact of stress on systemic inflammation (97–99).

Less is known about the biology of resilience in older age.
How HPA axis function changes with age and relates to
resilience in older adults is insufficiently understood (100).
Older adults have typically been exposed to a greater number
of traumas and losses. For some, the accumulation of traumas
may leave them sensitized to future stressors, while for others,
a long history of learning how to cope successfully with stress
has had a stress-inoculating effect. Successful aging has been
linked to greater social connectedness, greater purpose in life,
fewer cognitive problems, and better health (101). With age,
PFC neurons become less stress resilient owing to a loss of
plasticity (102). Reductions in ventrolateral PFC and dorso-
medial PFC activation in older adults were found to be asso-
ciated with lower cognitive reappraisal success at decreasing
unpleasant emotions but, surprisingly, greater success at
increasing unpleasant emotions (103). These findings might
partially explain older adults’ greater reliance on acceptance
and toleration of negative affect, in contrast to younger adults’
greater use of active problem solving (104).
NEUROIMAGING STUDIES

Key interconnected brain regions involved in emotion regula-
tion include the amygdala, hippocampus, ACC, and vmPFC,
forming integrated parallel circuits. Subcortical brain regions,
including limbic and reward systems, develop earlier than
446 Biological Psychiatry September 15, 2019; 86:443–453 www.sobp
areas of the PFC, which plays a central role in executive
function and resilience (49). While extensive neuroimaging
research has identified neural abnormalities underpinning
PTSD symptomatology (105), studies of particular relevance to
resilience are growing in number. These include studies
examining neural correlates of psychological traits linked to
resilience, studies of high trait resilience, and studies of
trauma-exposed resilient individuals.

Among studies of trauma survivors, the definition of resil-
ience and type and timing of adverse life events vary widely.
Cross-sectional neuroimaging studies usually define resilience
as absence of psychopathology in trauma survivors, and
include both symptomatic trauma-exposed and unexposed
control groups, essential to disentangling trauma exposure
effects. In this review, examples of relevant structural and
functional neuroimaging studies are organized by develop-
mental phase.

Studies in Children and Adolescents

Published neuroimaging studies of resilience in children are
rare. In a functional magnetic resonance imaging (fMRI) study
of urban children and adolescents ranging in adversity expo-
sure, differential dynamic resting-state functional connectivity
among key cognitive networks was associated with higher trait
resilience, thought to reflect higher top-down control (106). The
ongoing longitudinal Families and Childhood Transitions Study
of community children, mentioned above, includes structural
MRI and fMRI, and will examine how family environment im-
pacts brain development and risk for mental illness in children
ranging in adversity exposure (55).

Larger studies of resilience to stressful life events in
adolescence, conducted by the IMAGEN Consortium, have
been recently published. In these structural MRI studies,
resilience, modeled as high adversity with high competence
and no mental health problems, was associated with larger
gray matter volumes in right prefrontal structures (107) and
higher fractional anisotropy in the anterior corpus callosum
(108). Of note, while not focused on psychological resilience, a
recent fMRI study of over 200 urban youths 12 to 14 years of
age is an excellent model for future resilience studies. In this
study, higher central executive network resting-state functional
connectivity was found to be protective against the impact on
cardiometabolic health of living in high-crime neighborhoods
(109).

Studies in Adults

We begin with studies examining the neural underpinnings of
psychological traits known to be associated with resilience,
including cognitive reappraisal and positive emotionality.
Widely studied, cognitive reappraisal has been found to
engage PFC regions involved in cognitive control (73). Findings
suggest that habitual use of cognitive reappraisal as a coping
strategy reduces emotional reactivity to negative stimuli. In an
fMRI study of healthy women, higher habitual reappraisal was
found to correlate with lower amygdala reactivity to fearful and
angry faces, as well as higher activation of emotion regulation
regions including dorsomedial PFC (110). In another study of
university students, habitual reappraisal was associated with
higher dorsolateral PFC activation during performance of a
.org/journal
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“cold” executive control task, which in turn appeared to buffer
the impact of stressful life events on mood and anxiety
symptoms (111). Another common characteristic of resilient
individuals is positive emotionality, thought to be mediated by
reward responsiveness (112,113). Among student volunteers in
an fMRI study, for participants with higher (but not lower)
reactivity to positive feedback in the ventral striatum, greater
recent life stress was not associated with lower positive affect.
This illustrates the potential stress-buffering role of hearty
reward circuitry responsiveness (114).

Other neuroimaging studies have centered on individuals
with high trait resilience, assessed with self-report scales,
examining neural responses to negative stimuli. In one study,
young adult healthy volunteers with high trait resilience
showed faster insula activation recovery when anticipating a
possible negative picture that turned out to be neutral, sug-
gesting higher adaptability of emotional circuitry to changing
contingencies (115). In another study of trainee firefighters
prior to any trauma exposure, higher trait resilience correlated
with greater right amygdala and left orbitofrontal cortex acti-
vation to a trauma script (116). In this study, higher activation
of brain structures important for assessing threat and guiding
purposeful behavior in resilient firefighters might reflect greater
ability to mobilize “appropriate emotional resources” neces-
sary for adaptive coping (116).

Using a different definition of resilience, other studies have
examined neural function in trauma survivors who did not
develop psychopathology. To date, few cross-sectional
studies have included all three groups—trauma-exposed
resilient and symptomatic groups, and an unexposed control
group. Studies also differ by trauma timing and type and by
neuroimaging method. Intriguing novel findings have come
from recent studies in CT survivors. A recent study including
both late adolescent and young adult CT survivors examined
brain networks with diffusion tensor imaging and tractography.
While resilient and symptomatic CT survivors did not differ in
global network architecture, resilient survivors demonstrated
lower nodal efficiency in the right amygdala and 8 other nodes,
suggesting that lower ability of these nodes to communicate
with the network might represent a compensatory mechanism
underlying resilience (117). Another study of CT survivors in
their late 20s to early 30s used fMRI to examine task-based
amygdala connectivity while participants viewed emotional
faces. Adult adaptive functioning assessed over a range of
domains was associated with amygdala connectivity to frontal
and parietal regions, irrespective of CT history status (118).

A handful of studies of resilient trauma survivors have
focused on trauma types sustained during adulthood. Findings
from a well-known structural MRI study of male monozygotic
twin pairs in their early 50s, differing by combat exposure and
by outcome among those exposed (PTSD vs. resilience),
suggest that larger hippocampi might confer resilience to
trauma (119). A different MRI study in male veterans found
higher resting-state functional connectivity between the rostral
ACC and precentral/middle frontal gyrus in the resilient group,
compared with both PTSD and unexposed control groups
(120). In a small but intriguing fMRI study of reward responses
in highly resilient middle-aged Special Forces soldiers, civilian
control subjects showed higher activation of reward circuitry
regions during anticipation of high versus no reward, but
Biological Psychi
soldiers showed no such difference, suggesting a “sturdy”
reward system (121).

To our knowledge, only one neuroimaging study in resilient
female sexual assault survivors compared with symptomatic
and unexposed control subjects has been published. Unlike
paradigms examining passive responses to negative stimuli,
study participants were asked to deliberately enhance
emotional responses to negative pictures. Resilient assault
survivors unexpectedly demonstrated higher ability to delib-
erately enhance their emotional responses, associated with
higher PFC activation (122). The ability to appraise negative
contexts accurately is thought to be important for resilience
and might involve the capacity to tolerate triggered emotions.
In contrast to excessively positive or negative appraisals, ac-
curate appraisal of negative situations is necessary to mount
an appropriate response to danger (123).

Finally, emerging longitudinal studies hold special promise
for the study of resilience. For example, in a sample of young
college students, lower baseline amygdala reactivity to threat
was identified as a biomarker of resilience to stressful life
events prospectively assessed for at least 1 year (124). In a
study of Israeli soldiers using a different, combat-relevant
threat-related paradigm, lower amygdala reactivity predeploy-
ment predicted lower PTSD symptom levels postdeployment,
as did greater increase in hippocampal-vmPFC functional
coupling from pre- to postdeployment (125). Of note, greater
hippocampal-vmPFC functional coupling had previously been
linked to greater extinction recall in healthy volunteers, a ca-
pacity thought to promote resilience (126). Findings from a
different study of soldiers scanned before and after military
service suggest that maintaining a balance between threat and
reward responses postexposure supports resilience (127).

In summary, neuroimaging studies of resilience are still
limited in number and differ widely in design and focus. Initial
findings suggest that lower activation of threat appraisal re-
gions and higher activation of prefrontal regions involved in
implicit emotion regulation during automatic threat-processing
might support resilience. Resilience also appears to involve
higher neural adaptability to changing contingencies and more
effective mobilization of neural-emotional resources for adap-
tive coping. Additionally, effective activation of dorsolateral
PFC regions involved in cognitive control and executive
function supports emotion regulation. Finally, novel findings
suggest that resilience to early trauma might involve
compensatory reduced communication between certain nodes
(e.g., amygdala) and the network. A growing number of studies
in large cohorts, combining multimodal neuroimaging, clinical
measures, and genetics (128), should serve as a model for
future studies of resilience.

RESILIENCE-ENHANCING INTERVENTIONS

As the brain continues to reorganize throughout the life span,
resilience-enhancing interventions can be informed by our
evolving knowledge of psychobiological changes at each
stage of development (see Table 1).

Psychosocial and Cognitive Interventions

During early childhood, interventions focused on enhancing
parenting skills and family stability are critical for high-risk
atry September 15, 2019; 86:443–453 www.sobp.org/journal 447
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Table 1. Resilience Throughout the Life Span

Developmental
Stage Emotional Brain Key Risk Factors Key Protective Factors

Examples of Resilience-Enhancing
Interventions

Childhood Subcortical development
(3,41)

Childhood trauma and
neglect

Poverty

Solid bond with caregiver (42–48)
Family stability (48)
Ample resources (132)

Early parenting and family
interventions (40,56,129–131)

Provision of resources (132)

Adolescence Subcortical-cortical
development (49)

Weaker executive function/
self-control

Poor self-efficacy
Poor social skills
Low parental support

Strong executive function
(46,48,109)

Self-efficacy (46,48)
Positive relationships with peers

(50,51)
Mastering challenges (52)
Family support and stability (40,48)
Role models (53)

Family and community interventions
(40,56)

School-based interventions (133)
Positive development programs

(133,134)
Resiliency programs (135,136)

Adulthood Cortical development
reaches maturity by
young adulthood (49)

Poor self-efficacy
Weaker executive function
Low social support

Emotion regulation capacity,
executive function (71,72)

Optimism/positive emotions (74–77)
Habitual cognitive reappraisal

(110,111)
Active coping (52)
Meaning and purpose (52)
Social support (79–81)
Role models (52)

Hardiness training (137)
Preparedness training (138,139)
Cognitive behavioral therapies (52)
Attention and cognitive emotional

training (140–142)

Older Age Reduced prefrontal cortex
stress resilience (102)

Poor health
Impaired cognition
Low social support

Intact cognition (101)
Acceptance (104)
Social support (143,146)

Cognitive remediation (143)
Social engagement (143,146)
Physical exercise (144,145)

Resilience at each stage is influenced by genetics and gene 3 environment interactions (see text, Genetics and Genomics of Resilience).
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children. Described earlier, RCTs of interventions to enhance
parenting quality in poor rural families have demonstrated
positive outcomes at multiple phenotypic levels (40,56). In
studies of foster children, interventions focused on helping
parents recognize children’s needs, respond consistently to
children’s behaviors, and reduce their own frightening re-
sponses were found to be associated with improved attach-
ment security and normalization of cortisol patterns in the
children (129,130). A family-oriented brief intervention for
families experiencing trauma or loss that incorporates three
resilience domains—problem-solving, meaning-making, and
social support—was found to increase children’s prosocial
behaviors and decrease distress in both parents and children
from military and civilian families (131). Additionally, provision
of resources to poor families to promote child development
might be most beneficial during early childhood (132).

In adolescence, school- and community-based in-
terventions designed to master challenges unique to this
period, including promoting peer relationships, child-adult
bonds, self-efficacy. and prosocial behaviors, have shown
promising results (133,134). Successful outcomes have
included increased resilience and reduced depressive symp-
toms, substance abuse, and risk-taking behaviors in high-risk
youths. The Penn Resiliency Program has been effective in
preventing depression and anxiety in adolescents by teaching
cognitive reappraisal and enhancing coping strategies and
social skills (135,136).

Among resilience intervention studies conducted in adults,
interventions aimed at enhancing a person’s sense of control,
coping skills, and resources can reduce appraisal of stressful
situations as threatening, as in hardiness training (137). Pre-
paredness training interventions for first responders and mili-
tary personnel focus on enhancing coping skills, cognitive
448 Biological Psychiatry September 15, 2019; 86:443–453 www.sobp
reappraisal, and support-seeking (138,139). Well-established
cognitive behavioral therapies for anxiety and depression
center on practicing cognitive reappraisal. New potential in-
terventions are emerging from our growing understanding of
brain circuitry function. Novel computer-based approaches
under investigation include attentional bias modification for
PTSD prevention (140,141) and cognitive emotional training for
the treatment of major depressive disorder (142).

Fewer studies have investigated interventions aimed at
promoting successful aging and resilience in older adults.
Strategies including physical exercise, cognitive remediation,
and social engagement have shown benefits (143). In a recent
RCT, sedentary older adults randomized to 8 weeks of yoga
showed improved working memory compared with a stretch-
ing control condition, mediated by reductions in perceived
stress and cortisol responses (144). In another RCT, aerobic
exercise training increased hippocampal volume and memory
(145). The potential resilience-enhancing effects of age-friendly
communities, in which older adults are valued as active par-
ticipants and provided with necessary support services, de-
serves to be formally studied (146). Additionally, key questions
for translational stress researchers include whether plasticity of
prefrontal neurons can be maintained as we age, and whether
a “window of plasticity” can be reopened in adulthood and
older age (102).
Neurobiological Interventions

Collaborations among translational researchers promise to
yield new resilience-enhancing interventions. Investigational
pharmacotherapies based on resilience research include
intranasal NPY administration for the treatment of PTSD. In a
rodent model of PTSD, prophylactic intranasal NPY
.org/journal
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administration mitigated the development of PTSD-like
symptoms and prevented stressor-induced changes in the
locus coeruleus (147,148). In another example of translational
research, the identification of a unique molecular adaptation in
resilient mice led to a proof-of-concept clinical trial of a KCNQ-
type potassium channel opener for depression in humans, with
promising effects on depressive symptoms and functional
connectivity in brain reward regions (11). Mentioned earlier, the
glutamate N-methyl-D aspartate receptor antagonist ketamine,
shown to increase prefrontal global connectivity in depressed
patients (149), has demonstrated efficacy for treatment-
resistant depression (93,94) and initial promise for PTSD
treatment (95). New research aims to capitalize on ketamine-
induced plasticity to enhance the efficacy of psychothera-
peutic interventions (150). Further, in animal studies, ketamine
was found to reduce learned fear after foot-shock adminis-
tration and prevent the development of depressive-like
symptoms following chronic social defeat stress when
administered prophylactically 1 week prior (151).

Other RCTs have administered pharmacologic agents
shortly after trauma exposure in attempts at secondary pre-
vention of PTSD in adult samples, including the b-blocker
propranolol, with insufficient results to date (152); hydrocorti-
sone (153,154); and intranasal oxytocin (155). Further study of
these and other potential secondary prevention and treatment
interventions is necessary. Based on knowledge of brain cir-
cuitry function, a recent study tested a different type of pre-
ventive intervention in healthy soldiers participating in stressful
military training. In this study, soldiers learned to reduce
amygdala activation with real-time electroencephalography
neurofeedback, resulting in improved emotion regulation and
increased amygdala-vmPFC connectivity (156). Additional
research will determine whether this intervention can enhance
resilience after deployment.

CONCLUSIONS

While knowledge of the biology of human resilience is accu-
mulating, the field is still new. Wide differences across
studies—in definition and assessment of resilience, study
population (including age), design and methods, and trauma
type and timing—preclude any firm conclusions. More
research is needed, especially studies in children and ado-
lescents including preventive interventions, longitudinal
studies, and collaborative studies with large sample sizes.
Despite these limitations, a body of knowledge is gradually
accumulating on the psychobiology of resilience across
developmental cohorts. In particular, a number of innovative
intervention studies in high-risk populations have begun to
demonstrate the beneficial impact of optimizing timing and
type of intervention. These exciting and novel findings, stem-
ming from research collaborations across disciplines, are
generating a possible new framework of opportunities for
enhancing resilience across the life span.
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