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Adolescent Psychopathology: The Role of Brain-based 
Diatheses, Sensitivities, and Susceptibilities

Amanda E. Guyer
University of California, Davis

Abstract

The rates of onset for several forms of psychopathology peak during adolescence, which coincides 

with the refinement of brain circuitry attuned to expanding social-contextual interactions, 

stressors, and settings. While some adolescents experience mental health difficulties, most do not 

develop significant problems. Conceptual work suggests that brain-based individual differences in 

adolescents’ neurobiological susceptibility to their social contexts play a role in the development 

of psychopathology and well-being. In this article, I summarize evidence supporting the idea that 

individual differences in brain structure and function moderate the relation between adolescents’ 

social-contextual experiences and psychopathology. I discuss why this approach is important in 

developmental research designed to identify adolescents at greatest risk for psychopathology or 

poised for positive outcomes, as well as those who may benefit most from intervention.
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The word adolescent frequently conjures up images of young people who are moody, sullen, 

taking drugs, fighting, or driving recklessly. Some aspects of this depiction reflect the fact 

that rates of affective disorders, substance use, and conduct problems are markedly higher 

during adolescence than before the onset of puberty. Yet many young people traverse this 

transitional period of development without considerable problems. Why do some 

adolescents sail through without significant behavioral or emotional difficulties or even 

thrive, whereas others experience debilitating impairment?

Developmental scientists have long recognized that development is a complex interplay of 

individuals’ biology and the environments in which they are situated. In this article, I 

describe conceptual frameworks used to understand individual differences in children’s and 

adolescents’ biological vulnerability or susceptibility to their environments. Then I present 

findings from studies designed to identify at-risk adolescents based on variability in brain 

structure and function. By discovering neurophysiological factors sensitive to contextual 

variations and demonstrating how these in concert predict adjustment, we can generate new 

information about brain-based mechanisms of adolescent psychopathology and well-being, 
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clarify the generalizability of these processes across individuals, and improve identification 

of and support for adolescents at risk for psychopathology.

Biology x Environment Models of Development

Foundational research on risk for psychopathology has used the diathesis stress model to 

explain its emergence (Meehl, 1962; Monroe & Simons, 1991). This model assumes that 

interactions between a diathesis (an inherent, biologically based vulnerability) and 

environmental stressors set the stage for psychopathology to develop. Psychopathology is 

more likely to emerge if an individual both possesses the vulnerability (e.g., a genotype, 

negative temperament) and experiences a negative environment (e.g., abusive parents, 

stressful life events); without exposure to the negative environment, the vulnerability would 

likely remain dormant (Rutter & Silberg, 2002). Although some gene (e.g., serotonin 

transporter) x environment effects have not replicated (Culverhouse et al., 2018), diathesis 

stress is evident across a range of psychopathologies, including depression (Gazelle & Ladd, 

2003; Hankin, 2008), antisocial behavior (Cicchetti, Rogosch, & Thibodeau, 2012), 

internalizing problems (Hastings et al., 2015), and externalizing problems (Schermerhorn et 

al., 2013), illustrating one reason why some youth with certain vulnerabilities develop 

psychopathology and others do not.

Another set of theories, differential susceptibility (Belsky, Bakermans-Kranenburg, & Van 

IJzendoorn, 2007; Belsky & Pluess, 2009) and biological sensitivity to context (Boyce & 

Ellis, 2005), integrated as neurobiological susceptibility to the environment (Ellis, Boyce, 

Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011), stipulates that some individuals 

are more or less susceptible or sensitive to their environments through genetic, temperament, 

and physiological reactivity factors instantiated by central nervous system processes. Highly 

susceptible or sensitive individuals do poorly in stressful or difficult environments, but do 

well in supportive or positive environments; less susceptible or sensitive individuals are less 

influenced by the environment, whether positive or negative. Unlike the diathesis stress 

focus on negative outcomes from vulnerability to adversity, these perspectives emphasize 

plasticity to bivalent environments and outcomes. Several factors related to susceptibility 

and sensitivity have been reported, including candidate genes (Bakermans-Kranenburg & 

Van IJzendoorn, 2011), polygenic risk (a measure that predicts a trait based on multiple 

genetic variations and indicates how a person’s risk compares to others with a different 

genetic makeup; Shaw et al., 2019), high stress reactivity (Obradović, Bush, Stamperdahl, 

Adler, & Boyce, 2010), and temperament (Slagt, Dubas, Deković, & van Aken, 2016).

One framework of adolescent development (Schriber & Guyer, 2016) suggests that tests of 

diathesis stress, biological sensitivity to context, or differential susceptibility include 

measures of brain function and structure because research guided by these models has 

included early-life markers of temperament, genetic variation, and stress reactivity, but not 

direct brain indices. Although individual differences in neurobiological susceptibility to 

social context can occur at any age or developmental phase, adolescence may be a 

particularly pivotal time to examine interactive effects of the brain because it is a period of 

significant brain development (second to infancy), heightened sensitivity to social contexts, 

and increased onset of psychopathology (Schriber & Guyer, 2016). Susceptibility is rooted 

Guyer Page 2

Child Dev Perspect. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in neurobiology, and both genetic processes and one’s experiences shape brain development, 

all of which contribute to individual differences in neurobiological susceptibility (Ellis et al., 

2011). This suggests that brain metrics measured in adolescence may be less of a true 

diathesis (i.e., not an inherent predisposition) and more of a susceptibility or sensitivity 

factor given environmental influences on the brain leading to adolescence. Also, certain 

brain characteristics could be diatheses once they reach a more developed state, whether in 

infancy or adolescence. While this hypothesis needs to be tested empirically, it has 

implications for the age at which researchers collect data on the brain, the regions to focus 

on (e.g., earlier- or later-developing ones, such as the amygdala or prefrontal cortex [PFC]), 

and neurodevelopmental processes (e.g., cortical thinning) when testing diatheses, 

susceptibilities, or sensitivities.

Magnetic resonance imaging (MRI), electroencephalogram (EEG), and near-infrared 

spectrometry techniques allow us to measure different brain indices, such as regional 

volumes, cortical thinning, and responses to stimuli. Certain brain regions have been of 

particular interest because of their involvement in negative affect (i.e., the amygdala and the 

anterior cingulate cortex [ACC]), self-regulation (PFC), and sensitivity to stressors 

(hippocampus), but also because research has linked these regions to psychopathologies like 

depression and conduct problems. Thus, considering adolescent brain structure and function 

markers of diatheses, sensitivities, or susceptibilities can provide a mechanistic 

understanding of (mal)adjustment. Next, I discuss research related to the adolescent 

neurobiological susceptibility to social context framework (advanced in Schriber & Guyer, 

2016) by considering brain indices as diathesis, sensitivity, or susceptibility factors. I 

describe neuroimaging studies that tested moderating effects of individual differences in 

adolescents’ brain structure, and then brain function, in concert with stressful or supportive 

social-contextual experiences to identify adolescents at more or less risk for 

psychopathology. I conclude with questions and next steps for research.

Brain Structure

Measuring characteristics of adolescent brain structure (e.g., gray matter volume, cortical 

thinning) has revealed how some environmental influences relate to psychopathology. Three 

studies provide evidence for anatomical markers of adolescents’ brain-based susceptibility to 

context in relation to depression (Schriber et al., 2017; Whittle et al., 2011; Yap et al., 2008). 

In two of the studies, the context was a challenging conflict-resolution discussion between 

adolescents and their mothers. Boys with larger amygdala volumes and a smaller left than 

right ACC volume had the lowest levels of depression when their mothers showed low levels 

of aggression during the discussion (Yap et al., 2008). However, girls with a smaller 

amygdala volume had the lowest levels of depression if their mothers were also low in 

aggressiveness during the interaction, but the highest levels of depression if their mothers 

were high in aggressiveness. In addition, girls with larger hippocampi exhibited greater and 

lesser change in symptoms of depression from early to midadolescence when their mothers 

were high or low in aggressiveness, respectively, during the discussion (Whittle et al., 2011). 

These moderation effects revealed that a smaller amygdala volume but larger hippocampal 

volume might render girls more susceptible than boys to both positive and negative 

parenting climates. Whereas boys showed a general neural sensitivity to parenting quality, 
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girls appeared to reap the benefits of more supportive interactions with their mothers but 

endure the consequences of harsher interactions as a function of amygdala and hippocampus 

volume. These results reveal sex differences in heightened susceptibility to psychosocial 

dynamics in the home, indicate possible contributing factors to the greater incidence of 

depression in girls than boys in adolescence (Breslau et al., 2017), and highlight the need to 

test sex differences in work of this type for other psychopathologies.

Extending prior research (Whittle et al., 2011), and as specified by adolescent 

neurobiological susceptibility to social context (Schriber & Guyer, 2016), another of the 

studies examined hippocampal volume as a moderator of the effects of advantageous (i.e., 

family connectedness) and adverse (i.e., exposure to crime in the community) adolescent-

relevant social contexts on adolescents’ symptoms of depression (Schriber et al., 2017). The 

study examined relations in Mexican-origin adolescents living in predominantly lower-

income homes. Thus, risk and protective factors varied for these youth, who were likely to 

be exposed to crime but also to be connected to family (also termed familism, a Latino value 

grounded in family loyalty and cohesiveness). Moderation effects indicated that family 

connection and exposure to community crime predicted symptoms of depression 

differentially depending on adolescents’ hippocampal volume (regardless of sex). 

Adolescents with larger hippocampal volumes reported more severe levels of depressive 

symptoms when they felt less connected to their family or experienced more community 

crime, but less severe symptoms when they felt more connected to family or had low 

exposure to crime. Adolescents with smaller hippocampal volumes were not susceptible to 

divergent degrees of family connection or community exposure to crime in relation to 

symptoms. Thus, in adolescents with larger hippocampi, feeling relatively disconnected 

from one’s family or having high exposure to crime may increase the likelihood of risk for 

depression, whereas feeling closely connected to one’s family or having low exposure to 

crime may reduce that risk. Collectively, in these studies, hippocampal volume in 

adolescence was a marker of openness to the effects of both positive and negative social 

contexts on risk for depression (Schriber et al., 2017; Whittle et al., 2011).

These studies measured brain anatomy at just one point, yet significant changes in brain 

development occur across adolescence. One such change is greater cortical thinning of the 

PFC, with less thinning a marker of delayed brain development. A recent study examined 

cortical thinning over time as a moderator of positive and negative social-contextual 

influences on negative (depressive symptoms) and positive (well-being) outcomes (Deane et 

al., 2019). The study accounted for within-person change in brain anatomy because 

measuring a snapshot at one time is insufficient for identifying susceptibilities in all youth at 

a given age since brain development progresses at different paces for different youth. The 

results suggested differential susceptibility effects whereby PFC development interacted 

with aggressive parenting behaviors in predicting adolescents’ subsequent well-being but not 

symptoms of depression. For adolescents with reduced cortical thinning, well-being was 

compromised when their mothers acted more aggressively toward them but enhanced when 

their mothers acted less aggressively. Although genetics and environment influence the 

cortex in different ways across development (Lenroot et al., 2009), experience-dependent 

processes modify cortical thinning in adolescence and may signify susceptibility to social 

context, not diathesis stress, as seen in this study.
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Brain Function

Another individual characteristic that may indicate diathesis stress or susceptibility to social 

context in adolescence is brain function. A common way to measure brain function with 

MRI or EEG is to use experimental tasks with conditions designed to elicit responses from 

specific brain regions to different kinds of stimuli (e.g., words, pictures). Measuring brain 

responses to different stimuli may reveal subtle components of behaviors, cognitions, and 

emotions, particularly for processes with manifestations less evident through self-reports or 

observations (e.g., rapid emotional reactivity). Evidence from neuroimaging work in 

adolescents, coupled with evidence from studies of adults (Gard, Shaw, Forbes, & Hyde, 

2018) and EEG methods (Goldstein et al., 2019), support the idea that individual variability 

in the brain’s responsivity to specific environmental cues creates a dependency for the way 

in which social-contextual factors influence psychopathology.

Adolescent brain function was examined as a moderator of social context in the study of 

Mexican-origin youth described earlier. In a pattern consistent with diathesis stress, the link 

between adolescents’ exposure to crime in their community and conduct problems depended 

on their level of brain activity when thinking about how another person’s emotional cues 

made them feel, referred to as emotion introspection (Weissman et al., 2018). Emotion 

introspection involves representing one’s own or others’ mental states and emotions, and 

continued exposure to community violence might make adolescents less sensitive to others’ 

displays of emotional distress (Mrug, Madan, & Windle, 2016). For adolescents with 

reduced activity in the posterior cingulate cortex, temporoparietal junction, and amygdala 

during emotion introspection, conduct problems were especially elevated in the context of 

high but not low levels of exposure to crime. For adolescents with high activity in these 

regions, conduct problems were similar regardless of the degree of exposure to crime. 

Adolescents living in high-crime communities with these patterns of neural activity may be 

more vulnerable to mirroring aggressive or harmful activities around them because they 

might have reduced capacity for representing others’ feelings or processing others’ distress 

cues as salient. Earlier exposure to crime or concomitant factors may have influenced 

adolescents’ brain activity, limiting its classification as a true diathesis and highlighting the 

need to consider developmental history. Nonetheless, demonstrating moderation by brain 

activity in these regions, known for their role in the perception, interpretation, and reflection 

of others’ emotions, advances explanations for why some youth develop conduct problems 

in the context of exposure to crime. Interventions to reduce conduct problems for youth 

living in high-crime areas could target components of emotion introspection about others’ 

distress.

Brain reactivity to social exclusion has also been tested in the link between Mexican-origin 

adolescents’ experiences of hostile environments and deviant behavior (Schriber et al., 

2018). Here, the focus was on subgenual ACC because this region is highly reactive to being 

socially excluded (Masten et al., 2011). A moderation effect indicated that adolescents with 

the highest levels of subgenual ACC reactivity to social exclusion who felt relatively 

disconnected from their families had the highest levels of deviant behavior, but those with 

the lowest levels of subgenual ACC who felt disconnected had the lowest levels of deviant 

behavior. Similarly, in another study, adolescents with high caudate activation in response to 
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parental praise who also reported feeling unaccepted by their mothers showed the strongest 

positive association between peer victimization and symptoms of depression (Sequeira, 

Butterfield, Silk, Forbes, & Ladouceur, 2019). Caudate activity relates to reward prediction 

errors and in this case, adolescents with high activity may not have expected to hear positive 

praise, possibly because they had a history of infrequent positive social feedback from their 

mothers or peers.

These studies demonstrate that the brain’s reactivity to social threats or reward cues renders 

adolescents more sensitive or susceptible to characteristics of their family relationships, 

which in turn results in less optimal outcomes given negative social contexts of feeling 

disconnected to or unaccepted by family. For youth in difficult family contexts, interventions 

may help by shifting their attention to and perception of social cues. In these studies, 

neurobiological susceptibility to social context effects were seen for both deviant behavior 

and depression, although they involved different brain regions and social contexts, raising 

questions about domain-general or domain-specific influences. Overall, these findings 

illuminate who is at heightened risk for psychopathology given both the social contexts they 

have experienced and the functioning of different brain regions through which the risk 

operates.

Conclusions

What is the added value of testing brain indices as markers of diathesis stress and 

neurobiological susceptibility to social context? I return to this article’s guiding question: 

Why, despite challenging experiences, do some children do well while others flounder? As 

illustrated by the studies I have reviewed, accounting for indices of brain structure and 

function facilitated consideration of if, when, how, and the degree to which adolescents’ 

social experiences depend on individual brain characteristics in influencing their adjustment. 

Specifically, although suboptimal behavior could change through intervention without 

knowledge of the brain’s role, determining brain-based diathesis or susceptibility factors is 

helpful in identifying youth at high risk for psychopathology. This can be done based on the 

behaviors and psychological processes supported by the brain region or function examined, 

including subtle aspects of cognition and emotion difficult to measure through self-reports or 

observations. Including direct measures of the brain’s structure and processing of social cues 

also reveals specific social contexts as more or less influential on adolescent 

psychopathology, contexts that may otherwise go undetected. This complex perspective 

warrants further consideration in broader outlets, and I encourage researchers and others to 

conceptually and methodologically advance the propositions raised because the evidence 

base is just beginning to build.

Adolescent brain reactivity to stimuli changes through intervention (Forbes et al., 2010; 

Maslowsky et al., 2010). Thus, identifying relevant, modifiable brain markers may provide 

new clues about what social-contextual input can help adolescents manage their thoughts 

and emotions more effectively. If we can determine which brain circuits are more or less 

indicative of openness to the influence of which contexts, we may be able to develop new 

interventions or therapies. PFC reactivity may be more susceptible to peer contexts than 

parent contexts, and amygdala reactivity may be more susceptible to parent contexts than 
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peer contexts. Interventions could be designed to pair PFC-based functions within peer 

contexts to address conduct problems and amygdala-based functions within parent contexts 

to address depression. Moreover, because some social-contextual risk factors can be 

modified, identifying specific social processes and their role in brain x environment effects 

can inform the design of interventions for at-risk adolescents to alter their outcomes through 

the social processes and contexts (e.g., parenting, peer affiliations, community crime) most 

relevant to their age and ethnicity. How adolescents process the information around them 

(e.g., risks, rewards, consequences, others’ emotions), and use it to regulate their emotions 

and behaviors, is based partially on the values instilled through their culture and family, as 

well as on their social interactions leading to adolescence and through the transition to 

adulthood.

Research on brain-based diathesis and susceptibility factors should incorporate different 

tasks and social contexts, both beneficial and detrimental, that are relevant to adolescents 

(e.g., school); additional brain-based characteristics (e.g., functional connectivity); 

developmental history; and positive outcomes as well as other forms of psychopathology 

(e.g., anxiety). For example, the studies I have reviewed primarily linked brain structure with 

depression and brain function with conduct problems; each index should be examined for 

other types of psychopathology. Some psychopathologies may be more or less influenced by 

neurobiological susceptibility than others. Furthermore, research needs to characterize 

within-person changes in brain structure and function to determine the degree to which brain 

reactivity or anatomy markers are a function of maturation or learning effects, and which are 

trait or state in nature (Guyer, Pérez-Edgar, & Crone, 2018). Important questions also remain 

about whether adolescent neurobiological susceptibility to context is synonymous with 

biologically based vulnerability (as in diathesis stress) or an acquired susceptibility that 

emerges from adverse experiences. Some brain susceptibilities may operate in tandem with 

other biological metrics of sensitivity to context. These distinctions may further depend on 

the brain region for a given psychopathological outcome or environmental influence.

Finally, reliability, validity, and standardization of neuroimaging tasks and analytic 

approaches is needed to maintain consistency across findings and aid in their interpretation 

and replication. In the seven studies I reviewed in this article, the magnitude of effects 

differed by brain region and type of social-contextual variable (e.g., family connectedness 

versus crime exposure), but three studies found effects considered medium in magnitude by 

standard effect size conventions, three found small effects, and one found an effect 

considered large. Tests of the theoretical predictions should also be applied to understand the 

valence and range of environmental influence and variance of individual differences. Upon 

identifying a significant moderation effect, researchers typically differentiate diathesis stress 

and differential susceptibility models by visual inspection of interaction plots created from 

simple slopes analyses. If both models show the same slopes, then the location of where the 

regression lines cross (or not), the crossover point, becomes an important distinction 

between models. Some researchers recommend interpreting results from the competing 

models using the magnitude of the F-ratio for the interaction (rather than significance 

testing) and calculating the crossover point (Belsky & Widaman, 2018; Widaman et al., 

2012). Indices have been developed (Roisman et al., 2012) to distinguish between diathesis 

stress and differential susceptibility evidence: the regions of significance on the independent 

Guyer Page 7

Child Dev Perspect. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



variable (X), meaning the values at which the moderator and outcome are correlated, 

bounded by a conventional range of +/−2SD from X’s mean; proportion of the interaction 

showing a more or less optimal outcome; and proportion of individuals affected 

differentially by the moderator. Applying these guidelines will help discern diathesis stress 

from differential susceptibility effects on adolescent outcomes, as a function of brain-based 

moderators.

Research on adolescent neurobiological susceptibility to social context can inform theory 

about how aspects of the brain and environment create risk for psychopathology or 

opportunity for well-being. We need to disseminate findings about how neurobiology 

operates in concert with social contexts to educators, policymakers, and practitioners 

working in public health, education, criminal justice, and mental health. A challenge for 

families, clinicians, and communities is to find ways to support youth with brain-based 

context diatheses, sensitivities, or susceptibilities, for better or worse, such as helping them 

reign in aggressiveness in interpersonal exchanges, interpret others’ emotional cues, or 

cultivate feelings of family connection.
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