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Abstract 

The adaptive calibration model suggests exposure to highly stressful or highly supportive 

early environments sensitizes the brain to later environmental input. We examined whether 

family and peer experiences predict neural sensitivity to social cues in 85 adolescent girls who 

completed a social feedback task during a functional brain scan and an interview assessing 

adversity. Whole-brain functional connectivity (FC) analyses revealed curvilinear associations 

between social experiences and FC between the ventral striatum and regions involved in emotion 

valuation, social cognition, and salience detection (e.g., insula, MPFC, dACC, dlPFC) during 

social reward processing, such that stronger FC was found at both very high and very low levels 

of adversity. Moreover, exposure to adversity predicted stronger FC between the amygdala and 

regions involved in salience detection, social cognition, and emotional memory (e.g., sgACC, 

precuneus, lingual gyrus, parahippocampal gyrus) during social threat processing. Analyses also 

revealed some evidence for blunted FC (VS-PCC for reward; amygdala-parahippocampal gyrus 

for threat) at very high and low levels of adversity. Overall, results suggest social experiences 

may play a critical role in shaping neural sensitivity to social feedback during adolescence. 

Future work will need to elucidate the implications of these patterns of neural function for the 

development of psychopathology. 
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Social Experience Calibrates Neural Sensitivity to Social Feedback During 

Adolescence: A Functional Connectivity Approach 

1. Introduction 

Exposure to childhood adversity represents one of the most salient and pervasive risk 

factors for future mental and physical health difficulties, ranging from mood disorders and 

anxiety to substance use and disruptive behavior disorders to chronic diseases (Herzberg & 

Gunnar, 2020; McLaughlin, 2016; McLaughlin et al., 2019). Understanding the pathways 

through which adversity undermines development is therefore essential for creating effective 

prevention programs aimed at reducing health disparities among youth. Several related theories 

propose that early adversity sensitizes biological systems to environmental input, setting the 

stage for subsequent maladjustment (e.g., Juster et al., 2010; Shonkoff & Bales, 2011). 

Consistent with these theories, a growing body of research supports the idea that exposure to 

childhood adversity predicts individual differences in brain structure and function (for reviews, 

see Herzberg & Gunnar, 2020; McLaughlin et al., 2019), with implications for future health.  

Building on these univalent perspectives, which focus on adversity, the adaptive 

calibration model (Ellis et al., 2017) posits that exposure to either highly stressful or highly 

supportive early environments can upregulate biological sensitivity, allowing youth to react to 

both environmental threats (within punitive environments) and supports (within rewarding 

environments). However, few investigations consider the possibility that neural sensitivity can 

emerge in the context of both high threat and high support (i.e., curvilinear associations between 

social experience and neural function) or examine differential effects of adversity in different 

domains (e.g., family and peer). Moreover, much of this research focuses on adversity-related 

neural processing of general emotions rather than specific social cues, which represent a 
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particularly salient and impactful form of environmental input during adolescence (Somerville, 

2013). The present study used functional magnetic resonance imaging (fMRI) to address these 

notable gaps through several innovations: (1) examining the impact of cumulative lifetime 

adversity on neural processing of social cues during adolescence; (2) considering neural 

processing of both social reward (belonging) and threat (non-belonging); (3) investigating both 

linear and curvilinear associations between adversity and neural function; and (4) comparing the 

effects of family and peer adversity. Consistent with a recent call to focus on patterns of 

functional connectivity (FC) associated with early life stress (Herzberg & Gunnar, 2020), we 

conducted whole-brain FC analyses, using primary subcortical regions implicated in social 

reward processing (ventral striatum; VS; Galvan, 2010; Telzer, 2016) and social threat 

processing (amygdala; Somerville et al., 2010) as seed regions. 

1.1 Conceptualization of Adversity 

Contemporary conceptualizations (McLaughlin, 2016; McLaughlin & Sheridan 2016; 

McLaughlin et al., 2019; Sheridan & McLaughlin 2014) view childhood adversity as exposure to 

chronic or severe social experiences involving either significant threat of harm (e.g., abuse, 

victimization) or notable absence of expected positive environmental input (e.g., sensitive 

parenting, supportive friendships). In the present study, we incorporated both threat and 

deprivation aspects of adversity as well as the Research Domain Criteria construct of loss 

(Cuthbert & Insel, 2013) into indexes of cumulative lifetime adversity. Specifically, adversity 

was conceptualized as exposure to chronic or severe threats within the family (e.g., violence, 

conflict) and peer group (e.g., bullying, social rejection1) as well as absence of expected supports 

within the family (e.g., parental separation/absence) and peer group (e.g., isolation, 

friendlessness) and experience of significant losses (e.g., end of relationship; death of family 
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member or friend). Conversely, favorable childhood experiences were viewed as involving the 

absence of notable threat or loss and the presence of support (e.g., close relationships with family 

or peers). 

1.2 Social Sensitivity During Adolescence 

During adolescence, a process of “social reorientation” (Nelson et al., 2016) occurs as 

adolescents gradually shift their focus from the family to the peer group (Brown, 2013). This 

reorientation is characterized by intensified emotional salience of peers and sensitivity to peer 

evaluation (Steinberg & Morris, 2001) along with a desire to conform to peer group norms 

(Knoll et al., 2015; Spear, 2009). Compared to other age groups, adolescents report more mood 

variability following social acceptance or rejection (Guyer et al., 2014), are more willing to take 

risks to gain social rewards (Gardner & Steinberg, 2005), and are more cognitively distracted by 

images indicating social reward or threat (Perino et al., 2016; Rogers et al., 2019; Somerville et 

al., 2010; Somerville, 2013). Paralleling this behavioral sensitivity to social cues, adolescents 

show increasing neural sensitivity to social feedback. In the context of reward processing, 

adolescents show greater activation than younger children and adults in the VS (Ernst et al., 

2005; Galvan et al., 2006; Van Leijenhorst et al., 2010). In the context of threat processing, 

adolescents show greater activation than younger children and adults in the amygdala (Hare et 

al., 2008). Both behavioral (Guyer et al., 2014) and neural (Guyer et al., 2009; Kumar et al., 

2019) attunement to social cues may be particularly strong in adolescent girls relative to boys. 

Thus, the present study focused on whether childhood social experiences predict neural 

processing of social cues in adolescent girls. 

1.3 Impact of Social Experience on Neural Sensitivity During Adolescence 
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Although adolescence is characterized by a general shift toward increasing social 

sensitivity, developmental programming models (O’Connor, 2003) propose that early social 

experiences foster individual differences in emerging biological systems in ways that optimize 

adaptation to current environmental conditions. According to allostatic load (Juster et al., 2010) 

and toxic stress (Shonkoff & Bales, 2011) models, exposure to chronic or severe adverse 

conditions during childhood may sensitize youth to potential threat, resulting in long-term and 

potentially permanent “wear and tear” on biological systems, as reflected in either heightened or 

blunted stress responsivity. Expanding these univalent theories, the adaptive calibration model 

(Ellis et al., 2017) posits that both especially stressful and especially supportive childhood 

environments calibrate biological sensitivity, allowing youth to respond flexibly to both 

environmental dangers and resources. Thus, extreme environments (adverse or favorable) would 

result in heightened sensitivity whereas moderate environments would result in less sensitivity 

(except in the case of severely stressful environments, which may result in long-term blunted 

responsivity). 

Consistent with these developmental programming models, emerging theory and research 

consider neurodevelopmental pathways through which early adversity influences adjustment (for 

reviews, see Herzberg & Gunnar, 2020; McLaughlin et al., 2019). According to this perspective, 

early experiences can shape emerging brain structure and calibrate brain function in ways that 

alter encoding of environmental cues, either amplifying or dampening the salience of contextual 

information. Most empirical research examining the effects of early adversity on brain function 

examines patterns of brain activation during emotion processing (e.g., passive viewing or 

regulation of emotions), particularly processing of threat cues (e.g., negative emotions or 
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images), with a smaller body of research examining the effects of adversity on reward processing 

(e.g., positive emotions, monetary or social rewards). 

1.3.1 Reward Processing 

Given the central role of the VS in processing reward cues (Galvan, 2010; Telzer, 2016), 

research on reward processing often focuses on VS activation or connectivity between the VS 

and prefrontal, salience detection, or social cognition regions (Herzberg & Gunnar, 2020; 

McLaughlin et al., 2019). Research examining striatal activation following family adversity 

reveals heightened activation in youth exposed to threat (Dennison et al., 2016) but blunted 

activation in youth exposed to deprivation (Goff et al., 2013; Mehta et al., 2010). However, one 

study linked low parental warmth (a form of emotional deprivation) with heightened striatal 

response to anticipated reward (Casement et al., 2014). Some studies examining resting-state 

connectivity and FC during reward processing reveal more positive connectivity between the VS 

and prefrontal regions (e.g., MPFC, Fareri et, 2017; Hanson et al., 2018; lateral PFC, Marshall et 

al., 2018), as well as higher connectivity within the salience network (Marusak et al., 2015) in 

family adversity-exposed relative to non-exposed individuals. However, another study linked 

maternal hostility to more negative VS-prefrontal connectivity (Kopala-Sibley et al., 2020). With 

regard to peer adversity, one study linked past victimization with lower MPFC response to non-

social reward anticipation in adolescence (Casement et al., 2014), and two studies using event-

related potentials linked peer victimization with blunted neural response to monetary (Ethridge et 

al., 2018) and social (but not monetary; Rappaport et al., 2019) rewards in young adults. In 

contrast, studies examining neural activation during risk taking (often associated with reward 

sensitivity) revealed that peer adversity was associated with more activation in the striatum, 

insula, amygdala, and orbitofrontal cortex in adolescents (Telzer et al., 2015; Telzer et al., 2018). 
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1.3.2 Threat Processing 

Given the central role of the amygdala in processing threat cues (Somerville et al., 2010), 

research on threat processing often focuses on amygdala activation or connectivity between the 

amygdala and prefrontal, salience detection, or social cognition regions (for reviews, see 

Herzberg & Gunnar, 2020; McLaughlin et al., 2019). Despite some exceptions, this research 

typically reveals elevated amygdala activation to threat in youth exposed to family adversity 

(e.g., Herringa et al., 2016; McCrory et al., 2011, 2013; McLaughlin et al., 2015), especially 

overt threat (McLaughlin et al., 2019). Some studies examining threat processing link family 

adversity with stronger positive FC between the amygdala and other regions (e.g., MPFC, 

Herringa et al., 2016; hippocampus, parahippocampal gyrus, Jedd et al., 2015), whereas other 

studies link family adversity with alternate patterns of FC (e.g., MPFC, Javanbakht et al., 2015; 

insula, operculum, MPFC, Kopala‐ Sibley et al., 2020). Studies of resting state connectivity also 

reveal differing patterns of stronger positive (e.g., insula, subgenual anterior cingulate cortex 

[sgACC]/ventromedial PFC, Thomason et al., 2015; rostral ACC, Kaiser et al., 2018; 

dorsolateral PFC [dlPFC], Herringa et al. 2013), weaker negative (ACC, Pagliaccio et al., 2015), 

and stronger negative (e.g., dlPFC, Kaiser et al., 2018; sgACC, postcentral gyrus, Herringa et al. 

2013) FC with the amygdala. With regard to peer adversity, studies consistently link past threat 

and deprivation with elevated activation in regions involved in threat and salience processing 

(e.g., amygdala, dACC, sgACC, IFG; Jarcho et al., 2019; Lee et al., 2014; Masten et al., 2010; 

McIver et al., 2019; Rudolph et al., 2016; Schriber et al., 2018; Will et al., 2016), as well as 

memory (e.g., parahippocampal gyrus; McIver et al., 2018) and cognitive control (e.g.,  PFC; 

Lee et al., 2014; Will et al., 2016) in response to social threat. 

1.3.3 Summary 
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Overall, research suggests that exposure to family and peer adversity calibrates neural 

systems involved in processing of both reward (e.g., VS and its connections) and threat (e.g., 

amygdala and its connections). Whereas some research suggests amplified adversity-linked 

sensitivity, other research suggests blunted adversity-linked sensitivity. Discrepant findings 

across studies may be due, in part, to a focus on examining only linear associations or comparing 

two extreme groups, without taking into account the full spectrum of social experiences or 

investigating whether exposure to both stressful and favorable environments shapes neural 

sensitivity to the environment, consistent with the adaptive calibration model. 

1.4 Study Overview 

This study investigated the association between cumulative lifetime family and peer 

adversity and neural processing of social reward and threat. Given evidence for increasing neural 

sensitivity to reward and threat during adolescence (Galvan et al., 2006; Hare et al., 2008), 

particularly in girls (Guyer et al., 2009; Kumar et al., 2019), we focused on adolescent girls. 

Specifically, we examined whether exposure to particularly high stress, unfavorable social 

environments and, potentially, particularly low stress, favorable social environments heightens 

adolescent girls’ sensitivity to positive and negative social cues, leading to stronger co-activation 

between brain regions involved in processing reward and threat cues and those involved in 

salience detection and social cognition. To test these ideas, we examined linear and curvilinear 

associations between adversity and patterns of neural connectivity. Consistent with prior research 

(e.g., Kopala‐ Sibley et al., 2020), we conducted whole-brain FC analyses, focusing on two seed 

regions implicated in processing of reward (VS) and threat (amygdala). We assessed social 

experiences using an interview that yielded ratings of cumulative lifetime adversity, allowing us 

to assess favorable and unfavorable family and peer environments along a continuum. 
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Neural processing of social feedback was assessed using a novel task tapping activation 

to social reward (belonging) and threat (non-belonging). This task was inspired by previous tasks 

assessing neural activation to social acceptance and rejection feedback (e.g., Guyer et al., 2009; 

Gunther Moor et al., 2010; Jarcho et al., 2019; Silk et al., 2014; Somerville et al., 2016) but 

differs from these tasks in several ways. First, relative to some tasks in which peer judgments are 

based on superficial characteristics (e.g., a picture of the participant), in this task peer judgments 

are based on more detailed information about preferences in peer-relevant domains. Second, 

relative to some tasks that require more complicated set-up and deception, this task requires only 

a single session with a modest deception. Third, our task includes a conservative neutral 

condition, allowing us to separately compare positive and negative feedback to neutral feedback. 

2. Methods 

2.1 Participants and Procedures 

 Participants in the present study included 85 adolescent girls (Mage = 16.30, SD = .84, 

range = 14.85 – 17.73) who completed sessions during the summer following 9th, 10th, or 11th 

grade. Participants were from diverse ethnic (67.1% White, 21.2% African American, 3.5% 

Latina/Hispanic, 1.2% Asian, 7.1% multiracial) and socioeconomic (family income: $0-14,999 

[10.6%], $15-29,999 [15.3%], $30-44,999 [20%], $45-59,999 [5.9%], $60-74,999 [8.2%], $75-

89,999 [7.1%], more than $90,000 [31.8%]) backgrounds. Of the 207 girls contacted for the 

study, 43 were excluded (due to having braces, being claustrophobic, or having a learning 

disorder that would compromise their ability to complete tasks), 44 declined to participate, and 

30 were contacted but not scheduled before the target sample size of 90 was reached. Four of the 

90 girls were excluded from present analyses due to excessive movement during the scan or 
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issues with fMRI data collection, and one was excluded because she did not complete the 

lifetime adversity interview. 

Girls completed a novel social feedback task while undergoing fMRI. Within three 

weeks, they completed the lifetime adversity section of the Youth Life Stress Interview (Rudolph 

& Flynn, 2007). Trained graduate and senior undergraduate students and post-baccalaureate 

research staff completed and coded the lifetime adversity interviews. Participants were 

compensated $50 for completing the fMRI session and $25 for completing the interview. Parents 

provided written consent and youth provided written assent prior to participating. All study 

procedures were conducted in accordance with ethical guidelines of the American Psychological 

Association and approved by the University Institutional Review Board.  

2.2 Measures 

2.2.1 Social Feedback Task 

Prior to the scan, girls were told that they would be selecting their preferences in different 

domains from two options and would then receive feedback about whether other teens agreed or 

disagreed with them based on hundreds of teens who had previously completed the task. During 

the scan, girls completed the task, which included a single run of 60 trials with three phases. 

First, girls were presented with two choices (e.g., rap vs. rock) within a variety of domains 

relevant to adolescents (e.g., music), and indicated their preference via a button press (decision); 

this phase lasted five seconds or until participants made a selection. Second, a fixation cross 

appeared on the screen during a 1365-2730 millisecond (ms) jitter, followed by a screen 

indicating the task was retrieving peer feedback (anticipation), which remained on the screen for 

2 seconds. Third, after a 1365-2730 ms jitter, girls received feedback indicating whether other 

teens who had ostensibly completed the task mostly agreed (thumbs up; positive feedback, 
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indicative of belonging) mostly disagreed (thumbs down; negative feedback, indicative of non-

belonging), or roughly half agreed/half disagreed (thumb to the side; neutral feedback) with their 

selection (feedback). In reality, the feedback was randomly generated such that girls received 20 

trials of each type (see Figure 1). Feedback remained on the screen for two seconds, followed by 

a 1365-3640 millisecond inter-trial interval. The present analyses focused on the feedback stage. 

2.2.2 Cumulative Lifetime Adversity 

Lifetime adversity was assessed using a section of the Youth Life Stress Interview 

(YLSI; Rudolph & Flynn, 2007) that assesses exposure to severe adverse events and 

circumstances across the lifetime using the contextual threat method (Brown & Harris, 1978). 

Interviewers first used a general probe to identify exposure to particularly impactful stresssors 

and then assessed exposure to specific adversities in the family (e.g., extended separation from a 

parent; parental separation or divorce; death of a close family member; family conflict; severe 

mental illness; financial insecurity) and peer group (e.g., social rejection, exclusion, or 

victimization; friendlessness; death of a friend; severe peer or romantic partner conflict). Follow-

up questions ascertained the context, duration, and consequences of adverse events and 

circumstances. An independent coding team provided a consensual rating on a 10-point scale to 

reflect the overall level of adversity experienced, considering the likely impact of the events and 

circumstances for a typical child in the same circumstances. Separate ratings were given for 

cumulative lifetime family adversity (M = 3.85, SD = 2.05, range = 1 – 9) and peer adversity (M 

= 2.95, SD = 1.99, range = 1 – 9). To assess reliability, two coding teams independently rated 

25% of interviews. Strong reliability (was found for ratings of family (intraclass correlation 

coefficient; ICC = .98) and peer (ICC = .99) adversity. 

2.3 Data Acquisition and Analysis 
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2.3.1 fMRI Data Acquisition 

fMRI data were collected using a 3 Tesla Siemens Trio MRI scanner. Structural scans 

consisted of a T1* magnetization-prepared rapid-acquisition gradient echo (MPRAGE; 

TR=1.9sec; TE=2.3msec; matrix=256x256; FOV=230; sagittal plane; slice thickness=1mm; 192 

slices) and a T2*weighted, matched-bandwidth (MBW), high-resolution, anatomical scan 

(TR=4sec; TE=64msec; matrix=192x192; FOV=230; slice thickness=3mm; 38 slices). The task 

included T2*-weighted echoplanar images (EPI) [slice thickness=3 mm; 38 slices; TR=2sec; 

TE=25msec; matrix=92x92; FOV=230 mm; voxel size 2.5x2.5x3mm3].  

2.3.2 Data Analysis 

Neural data were preprocessed using statistical parametric mapping (SPM8; Wellcome 

Department of Cognitive Neurology, Institute of Neurology, London, UK). Images were 

spatially realigned to correct for head movement. Functional data were coregistered to the 

structural MPRAGE, which was then segmented into cerebrospinal fluid, gray matter, and white 

matter. Structural and functional images were transformed into standardized stereotactic space as 

defined by the Montreal Neurological Institute. Normalized functional data were smoothed using 

an 8mm Guassian kernel, full-width-at-half-maximum, to increase signal-to-noise ratio. High-

pass temporal filtering with a cutoff of 128 seconds was applied to remove low-frequency drift in 

the data. For each participant’s data, a general linear model (GLM) was created using regressors 

that corresponded to the onset and duration of each trial for each of the conditions (decision, 

anticipation, and positive/negative/neutral feedback) as well as an unweighted regressor for trials 

with excessive motion (over 2.5 mm overall movement). Trials with no response and inter-trial 

intervals were not explicitly modeled and were therefore included in the implicit baseline. 

Separate regressors were modeled for each feedback type (i.e., positive, negative, and neutral) to 
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allow us to compare feedback based on valence. We considered two primary contrasts of 

interest: positive > neutral feedback and negative > neutral feedback. 

 Because we were interested in the extent to which social experience predicts variability in 

co-activation across regions involved in sensitivity to reward and threat, we conducted 

psychophysiological interactions (PPI) using the VS and amygdala, respectively, as seed regions. 

The VS and amygdala ROIs were created by combining the left and right anatomical regions. 

The gPPI toolbox in SPM 8 (McLaren et al., 2012) was used to (1) extract the time series from 

each ROI; (2) convolve each trial type with the HRF; and (3) multiply the physiological and 

psychological variables to create the PPI term. Random effects group-level analyses were 

performed on all individual subject contrasts generated from gPPI. We conducted separate 

whole-brain regressions using family and peer adversity, adjusting for the alternate domain, as 

predictors of (1) VS FC during positive > neutral feedback, and (2) amygdala FC during negative 

> neutral feedback. In the first set of models, we entered the linear term for family and peer 

adversity. In the second set of models, to explore curvilinear associations, we computed the 

square of family and peer adversity and entered these quadratic terms, adjusting for the linear 

effects. Monte Carlo simulations using the 3dClustSim tool in AFNI (Ward, 2000) were used to 

determine the minimum cluster size necessary in each contrast for a voxel-wise threshold of 

p<.005 and a family-wise error rate of p = .05. For descriptive purposes, we extracted neural 

connectivity from each surviving cluster using MarsBaR (Brett et al., 2002) to examine the 

pattern of association with adversity. 

3. Results 

3.1 Positive > Neutral Feedback: Ventral Striatum Seed 
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For positive feedback (Table 1), we focused on FC with the VS as the seed region given 

its role in reward detection, including social reward (Galvan, 2010; Telzer, 2016).2 

3.1.1 Family Adversity 

There was no significant linear association between family adversity and FC when 

receiving positive > neutral feedback. However, results indicated significant quadratic 

associations between family adversity and FC between VS-left insula, VS-right dlPFC, and VS-

MPFC when receiving positive > neutral feedback. For descriptive purposes, we extracted 

parameter estimates of FC and plotted them against family adversity. As shown in Figure 2, the 

pattern of associations reflected a U-shaped curve, such that girls experiencing relatively low or 

relatively high levels of family adversity (compared to those experiencing moderate levels) 

showed strengthened FC between the VS and these brain regions when receiving positive > 

neutral feedback. 

3.1.2 Peer Adversity 

Results indicated significant positive linear associations between peer adversity and FC 

between the VS-left intraparietal lobule and VS-right posterior cingulate cortex (PCC) when 

receiving positive > neutral feedback. Results also indicated significant quadratic associations 

between peer adversity and FC between VS-right dlPFC, VS-left dACC/thalamus, VS-left 

inferior occipital gyrus, and VS-bilateral PCC when receiving positive > neutral feedback. For 

descriptive purposes, we extracted parameter estimates of FC and plotted them against peer 

adversity. As shown in Figure 3, the pattern of associations for FC between VS-right dlPFC, VS-

left dACC/thalamus, and VS-left inferior occipital gyrus reflected a U-shaped curve, such that 

girls experiencing relatively low or relatively high levels of peer adversity (compared to those 

experiencing moderate levels) showed strengthened FC between VS and these brain regions 
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when receiving positive > neutral feedback. However, the pattern of association for FC between 

VS-bilateral PCC reflected an inverted U-shaped curve (Figure 3), such that girls experiencing 

relatively low or relatively high levels of peer adversity (compared to those experiencing 

moderate levels) showed blunted FC between VS and PCC when receiving positive > neutral 

feedback. 

3.2 Negative > Neutral Feedback: Amygdala Seed 

For negative feedback (Table 2), we focused on FC with the amygdala given its role in 

threat detection, including social threat (Somerville et al., 2010).  

3.2.1 Family Adversity 

Results indicated significant positive linear associations between family adversity and FC 

between amygdala-right sgACC, amygdala-left lingual gyrus, amygdala-bilateral cerebellum, 

and amygdala-left precuneus when receiving negative > neutral feedback (Figure 4). Results also 

indicated a significant quadratic association between family adversity and FC between 

amygdala-left parahippocampal gyrus when receiving negative > neutral feedback. For 

descriptive purposes, we extracted parameter estimates of FC and plotted them against family 

adversity. As shown in Figure 4, the pattern of association for FC between amygdala-left 

parahippocampal gyrus reflected an inverted U-shaped curve, such that girls experiencing 

relatively low or relatively high levels of family adversity (compared to those experiencing 

moderate levels)  showed blunted FC between the amygdala and the left parahippocampal gyrus 

when receiving negative > neutral feedback. 

3.2.2 Peer Adversity 

Results indicated positive linear associations between peer adversity and FC amygdala-

right parahippocampal gyrus and amygdala-right postcentral gyrus when receiving negative > 
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neutral feedback (Figure 5). There were no significant quadratic effects of peer adversity on FC 

for negative > neutral feedback. 

4. Discussion 

Given the pervasive effects of childhood adversity on short- and long-term adaptation, 

substantial research efforts focus on elucidating the mechanisms through which adversity shapes 

development. Recently, this research has begun to map neurodevelopmental pathways 

underlying adversity-related outcomes (for reviews, see Herzberg & Gunnar, 2020; McLaughlin 

et al., 2019). Building on this research, this study drew from developmental programming 

models to investigate whether exposure to highly stressful as well as highly favorable 

environments predicts neural attunement to social cues. Overall, results support the idea that 

social experiences calibrate neural processing of both social reward and social threat in 

adolescent girls. Whereas some results revealed a linear association between adversity and neural 

sensitivity to social cues, the emergence of some curvilinear associations supports the idea that 

environments characterized by both highly favorable and highly unfavorable conditions can 

shape neural function. Elucidating the origins of individual differences in neural organization 

may have significant implications for understanding its potential developmental consequences. 

4.1 Social Experiences and Intensified Neural Processing of Social Cues  

We examined the association between social experiences throughout childhood and 

neural sensitivity to social reward and threat as reflected in whole-brain FC between the VS and 

amygdala, respectively, and other brain regions while adolescent girls received feedback 

suggesting that their social preferences were consistent or inconsistent with peer group norms. 

During adolescence, “fitting in” with peers becomes of the utmost importance (Do et al., 2020; 

Steinberg & Monahan, 2007), satisfying the need to belong to a salient social group (Baumeister 
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& Leary, 1995). According to the Belonging Regulation Model (Gardner et al., 2005), this need 

to belong operates through an innate social monitoring system (SMS) that regulates belonging 

needs. When these needs are challenged, the SMS triggers intensified monitoring of social cues 

signaling both social inclusion and exclusion. However, highly supportive environments also 

may increase sensitivity to environmental input (Ellis et al., 2017), perhaps resulting in 

heightened salience of social cues in both particularly unfavorable and particularly favorable 

environments.  

4.1.1 Social Reward Processing 

Prior studies suggest that social reward activates not only the VS (Achterberg et al., 2016; 

Casey et al., 2008; Galvan, 2010; Guyer et al., 2011; Liu et al., 2011), but also regions involved 

in salience detection, social cognition, and self-referential processing (e.g., insula, dACC, 

MPFC; Achterberg et al., 2016, 2018; Guyer et al., 2011). Moreover, research links adversity to 

activation and co-activation in these regions (Casement et al., 2014; Dennison et al., 2016; Fareri 

et, 2017; Hanson et al., 2018; Marshall et al., 2018; Marusak et al., 2015). Our analyses revealed 

that exposure to very high, but also very low, levels of adversity predicted stronger FC between 

the VS and the insula (family), MPFC (family), dACC (peer), and dlPFC (family and peer). 

Thus, our findings suggest that exposure to both stressful and favorable environments may tune 

the brain towards heightened processing of positive social feedback via stronger FC between 

regions involved in reward processing, emotion valuation, social cognition, and salience 

detection. 

It is possible, however, that the underlying meaning of this elevated sensitivity to social 

reward, and thus its developmental implications, differ depending on youths’ childhood social 

experiences. Adolescent girls from supportive families and peer groups may learn to tune into 
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positive cues in their environment in order to benefit from the resources provided by strong 

relationships. In these girls, belongingness cues likely signal anticipated support and nurturance 

from others. According to the adaptive calibration model (Ellis et al., 2017), this “sensitive” 

profile develops in safe, predictable, and supportive environments, allowing for flexible attention 

and responses to social feedback. In contrast, heightened attunement to social reward in 

adolescent girls exposed to high levels of adversity may stem from “social hunger” (Gardner et 

al., 2005), driving them to attend to cues that satisfy their need to belong to a social group. That 

is, adolescent girls whose relationships have been compromised through threat, loss, or 

deprivation may show elevated social monitoring (Gardner et al., 2005), as reflected in 

intensified neural processing of social cues indicative of peer affiliation and inclusion (Telzer et 

al., 2019; Telzer et al., 2018). Heightened sensitivity to social belonging cues may cause these 

girls to show excessive encoding and monitoring of social situations and, potentially, set the 

stage for maladaptive developmental outcomes associated with overreliance on peer evaluation 

and approval. Given these potential differences in the developmental origins and function of 

heightened attunement to social reward in adolescents exposed to favorable versus unfavorable 

childhood environments, future research will need to determine whether the consequences of this 

pattern of neural sensitivity differ depending on girls’ social history.  

4.1.2 Social Threat Processing 

Prior studies suggest that social threat activates not only the amygdala (e.g., Achterberg 

et al., 2017) but also regions involved in salience detection (e.g., sgACC; Achterberg et al., 2017; 

Bolling et al., 2011; Masten et al., 2009), mentalizing and self-referential processing (e.g., 

precuneus; Vijayakumar et al., 2017), and memory (e.g., parahippocampal gyrus; Bolling et al., 

2011). Moreover, research links adversity to activation and co-activation in these regions 
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(Herringa et al., 2016; Jarcho et al., 2019; Jedd et al., 2015; Lee et al., 2014; McIver et al., 2018 

McLaughlin et al., 2015; Rudolph et al., 2016; Schriber et al., 2018; Thomason et al., 2015). 

Consistent with some prior research, analyses revealed that exposure to higher family adversity 

predicted stronger FC between the amygdala and the sgACC, precuneus, lingual gyrus, and 

cerebellum, whereas exposure to higher peer adversity predicted stronger FC between the 

amygdala and the parahippocampal gyrus and postcentral gyrus. Thus, our findings suggest that 

exposure to stressful environments may tune the brain towards heightened processing of negative 

social feedback via stronger FC between regions involved in threat and salience detection as well 

as social cognition (e.g., understanding peers’ perspectives) and emotional memory. 

The amygdala, precuneus, and lingual gyrus have been implicated as part of a neural 

social valuation network, which integrates peer feedback in real-time to inform decision making 

(Kumar et al., 2019), Thus, stronger amygdala-precuneus and amygdala-lingual gyrus FC may 

suggest that social signals of non-belonging in the peer group carry more weight for adolescent 

girls exposed to family adversity and, potentially, may influence future choices such as whether 

to act in ways that would facilitate re-entry into the peer group. Likewise, stronger amygdala-

sgACC FC in girls exposed to family adversity may reflect heightened emotion (perhaps 

especially sadness; Arias et al., 2020) processing in response to negative feedback. Research 

suggests that emotional memory consolidation may be contingent on coactivation of the 

amygdala and parahippocampal gyrus (Dolcos, LeBar, & Cabeza, 2004). Stronger amygdala-

parahippocampal gyrus FC in adolescent girls exposed to high levels of peer adversity may 

therefore suggest that feedback indicating a lack of belonging in the peer group triggers prior 

emotionally salient memories about similar experiences. Of note, one previous study 

documented heightened activation in the cerebellum in response to social threat (Bolling et al., 
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2011), and there is some evidence for differences in the structure and function of this region in 

children exposed to adversity (McLaughlin et al., 2019). Thus, future studies examining the role 

of the cerebellum in processing of social threat following adversity may be fruitful.  

Overall, our findings support the presence of a “vigilant” profile, which develops in 

stressful environments and promotes attention to threatening social cues (Ellis et al., 2017), 

presumably as an adaptation to growing up in dangerous or unpredictable contexts. Negative 

social feedback may assume more motivational significance and prompt deeper processing or 

even spark memories of prior punitive experiences in adolescent girls exposed to high levels of 

childhood adversity. Contrary to patterns of FC in the context of social reward, we did not find 

evidence for heightened threat sensitivity in adolescent girls exposed to favorable family and 

peer environments, suggesting that these girls may be more likely to disregard such feedback or 

that this feedback carries less relevance to their sense of self or emotional well-being.  

4.2 Social Experience and Blunted Neural Processing of Social Cues  

Although most of our findings supported intensified neural sensitivity following exposure 

to both supportive (for social reward processing) and stressful (for social reward and threat 

processing) environments, two findings revealed blunted sensitivity in more extreme 

environments. Specifically, very low and very high levels of peer adversity were associated with 

blunted VS-PCC FC in the context of social reward, and very low and very high levels of family 

adversity were associated with blunted amygdala-parahippocampal gyrus FC in the context of 

social threat. According to developmental programming theories, persistent exposure to adversity 

can overtax biological systems, eventually leading to blunted sensitivity to the environment 

(Juster et al., 2010; Shonkoff & Bales, 2011). Likewise, the adaptive calibration model (Ellis et 

al., 2017) proposes an “unemotional” profile, characterized by unresponsivity to the environment 
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that inhibits social learning and sensitivity to social feedback; this profile is presumed to emerge 

in the context of traumatic stress. 

The PCC has been implicated as part of a reward valuation network (Pan et al., 2017) and 

plays a role in attentional focus and initiating a signal for strategic changes in behavior based on 

environmental cues (Leech & Sharp, 2014). Moreover, prior research links early adversity with 

lower activation in the PCC during reward anticipation (Birn et al., 2017). Blunted VS-PCC 

connectivity may therefore reflect weaker cognitive modulation of behavior following reward in 

adolescent girls exposed to high levels of peer adversity, but additional research is needed to 

better elucidate the implications of this pattern. Lower amygdala-parahippocampal gyrus FC may 

reflect weaker stimulation of emotional memory for threat in adolescent girls exposed to high 

levels of family adversity. Of note, however, lower VS-PCC and amygdala-parahippocampal 

gyrus co-activation also was observed in girls exposed to very low levels of peer and family 

adversity, respectively. Consistent with the adaptive calibration model, both the developmental 

origins and behavioral outcomes of this dampened neural sensitivity may diverge (Ellis et al., 

2017). Thus, future research will need to clarify when particularly favorable and unfavorable 

childhood environments promote heightened versus blunted sensitivity as well as to distinguish 

how the consequences of these patterns vary depending on childhood experiences. 

4.3 Health Implications of Neural Processing of Social Cues Following Adversity 

Given that exposure to childhood adversity is linked to widespread differences in neural 

processing of social cues, the next critical step will be to examine the implications of these 

differences for future health. Sensitivity in several regions implicated in this study may serve as 

biomarkers of psychopathology in adolescence. For example, adolescents who show high 

activation in regions involved in threat and salience processing (e.g., amygdala and amygdala-
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hippocampal complex, insula, dACC, sgACC) as well as self-referential processing (e.g., MPFC) 

in response to social cues are at risk for anxiety and depression (Lau et al., 2012; Masten et al., 

2011; McLaughlin et al., 2019; Rudolph et al., 2016; Silk et al., 2014). Disrupted FC within the 

reward valuation network (including connectivity between the VS and the MPFC, insula, ACC, 

thalamus, and PCC) also predicts future depression in adolescence (Pan et al., 2017) as well as 

social anhedonia in emerging adults (Wang et al., 2016). Moreover, stronger VS-MPFC FC in 

adversity-exposed individuals is associated with social problems in adolescence (Fareri et al., 

2017) and internalizing symptoms in emerging adults (Hanson et al., 2018). In adolescent girls, 

higher activation in the MPFC during potentially rewarding risk taking (Telzer et al., 2018), as 

well as higher activation in the VS and amygdala during a group belonging task (Telzer et al., in 

press), are associated with concurrent and subsequent antisocial behavior and internalizing 

symptoms. Thus, it will be important to determine the developmental consequences associated 

with the patterns of neural processing identified in this study. 

4.4 Contributions and Limitations of the Present Research 

This study makes several innovative contributions to theory and research aimed at 

elucidating how childhood adversity influences brain development. First, we extended prior 

research focusing mainly on adversity-linked neural processing of emotions and monetary 

rewards to incorporate a focus on neural processing of social reward and threat. Given the 

salience and emotional impact of social cues during adolescence (Guyer et al., 2014; Somerville, 

2013) and their potent contribution to developmental outcomes, understanding the neural legacy 

of childhood adversity when adolescents are processing social cues is critical to mapping 

pathways through which adversity undermines long-term adjustment. 



Lifetime Adversity and Neural Sensitivity  -24- 
 

Second, we examined not only linear but also curvilinear associations between exposure 

to adversity and patterns of neural processing, allowing us to test critical predictions of the 

adaptive calibration model and to better understand the role of childhood social experiences in 

brain development. This approach yielded new insights into how childhood environments 

calibrate neural function, revealing that exposure to stressful environments intensifies processing 

of both social reward and threat, but exposure to supportive environments only intensifies 

processing of social reward. Identifying these curvilinear associations was facilitated through 

cumulative lifetime adversity indexes reflecting a continuum of experiences, ranging from 

favorable (i.e., stable, supportive family and peer relationships; normative losses) to stressful 

(i.e., unstable, conflictual family and peer relationships; significant losses). However, because 

these indexes reflect cumulative severity of adversity across a range of stressful events and 

circumstances, we were unable to disentangle the neural signatures of threat, deprivation, and 

loss. In light of a growing body of research suggesting distinct neural and behavioral sequelae of 

different dimensions of adversity (for a review, see McLaughlin & Sheridan, 2016; McLaughlin 

et al., 2019; McLaughlin et al., 2014; Sheridan et al., 2017), future research will need to examine 

curvilinear associations using continuous indexes within each dimension. Moreover, the YLSI 

provided a more comprehensive assessment of adversity than favorable conditions; thus, a low 

rating more heavily reflected low levels of adversity, although some information was available 

regarding positive aspects of family and peer relationships. It will be important for future 

research to use assessments that cover the full spectrum of lifetime social experiences. 

Third, we examined the neural correlates of exposure to both family and peer adversity 

within the same study, while adjusting for the alternate domain. Because prior research typically 

investigates adversity within one or the other of these domains, it is hard to determine their 
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unique effects. Our findings reveal that exposure to childhood adversity in both domains 

uniquely predicts neural processing of social feedback during adolescence. Some similarities 

were found across types of adversity. When processing social reward, family and peer adversity 

both showed curvilinear associations with FC between the VS and regulatory (dlPFC for both) as 

well as emotion valuation/salience processing (insula for family; dACC for peer) regions. 

However, other patterns of co-activation with the amygdala and VS differed in relation to family 

and peer adversity. When processing social threat, family adversity was associated with 

heightened FC between the amygdala and regions implicated in a neural social valuation network 

(e.g., precuneus, lingual gyrus), whereas peer adversity was associated with heightened FC 

between the amygdala and a region implicated in emotional memory (parahippocampal gyrus). 

Because our task focused on neural activation in response to peer feedback, it is possible that 

negative feedback triggered specific emotional memories in girls exposed to prior peer but not 

family adversity. Overall, our results suggest that early experiences in the family as well as the 

peer group contribute to subsequent neural activation to social cues in the peer context, but an 

interesting question remains regarding whether similar or different patterns of activation would 

emerge when processing social cues in the family context during adolescence. 

Finally, although our index of cumulative lifetime adversity was comprehensive, it relied 

on retrospective reporting. Moreover, neural processing of social cues was only examined in 

adolescence, making it difficult to draw strong conclusions regarding the impact of adversity on 

the emerging brain throughout childhood. Developmental programming models presume that 

neural sensitivity develops as an adaptation aimed at optimizing adjustment to current 

environmental demands. Thus, prospective longitudinal research needs to examine changes in 
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neural sensitivity and its consequences across development as a function of changing 

environmental contexts. 

4.5 Conclusion 

 Overall, this research suggests that cumulative lifetime exposure to family and peer 

adversity calibrates neural processing of both social reward and threat during adolescence. 

However, exposure to favorable environments also predicts neural sensitivity to reward. Because 

attunement to social cues may confer both costs and benefits, it will be important for future 

research to determine whether the adaptive value of neural sensitivity differs contingent on girls’ 

early social history and subsequent social environments. 
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Footnote 
1Whereas the traditional conceptualization of threat in the context of adversity focuses on threats 

to one’s physical integrity (McLaughlin & Sheridan, 2016), the present study also incorporated 

threats to the integrity of one’s social relationships. This conceptualization is in line with theory 

and research suggesting that threats to one’s need to belong may have significant negative 

implications for physical and psychological well-being (Baumeister & Leary, 1995). Thus, in the 

context of lifetime adversity, social threat included physical and non-physical (e.g., rumor 

spreading, exclusion, relational manipulation) forms of victimization as well as conflict and 

explicit social rejection. In the context of the Social Feedback Task, social threat reflected 

negative feedback suggesting non-belonging in one’s peer group. 

2Because research suggests that social reward processing may differ across age and level of 

pubertal development (e.g., Forbes et al., 2010), we also conducted these analyses adjusting for 

age and pubertal status. When adjusting for age, all of the reported effects remained significant. 

There was also a significant quadratic association between peer adversity and FC between VS-

left caudate when receiving positive > neutral feedback. When adjusting for pubertal status, all of 

the reported effects remained significant with the exception of the linear effect for the left 

intraparietal lobule and the quadratic effect for the left inferior occipital gyrus. 
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Table 1 

Regions Showing Significant Functional Connectivity with the Ventral Striatum in the Positive 

Feedback > Neutral Feedback Condition 

Region label k t x y z 

Family Adversity-Quadratic      

Left insula 83 3.57 -39 -4 -11 

Right dlPFC 59 3.48 45 -1 28 

Right MPFC 84 3.31 6 56 1 

Peer Adversity-Linear      

Left intraparietal lobule 73 3.97 -27 -67 34 

Right PCC 62 3.57 3 -37 40 

Peer Adversity-Quadratic       

Right dlPFC 57 4.64 42 -1 31 

Left dACC/thalamus 124 4.49 -18 -1 28 

Left inferior occipital gyrus 65 3.41 -33 -88 1 

Left PCC 255 -4.22 -18 -46 43 

Note. k refers to the number of voxels in each cluster; t refers to the peak activation in each 
cluster; x, y, and z refer to MNI coordinates. dlPFC = dorsolateral prefrontal cortex. MPFC = 
medial prefrontal cortex. PCC = posterior cingulate cortex. dACC = dorsal anterior cingulate 
cortex. 
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Table 2 

Regions Showing Significant Functional Connectivity with the Amygdala in the Negative 

Feedback > Neutral Feedback Condition 

Region Label  k t x y z 

Family Adversity-Linear      

Right subgenual ACC 179 4.34 9 17 -11 

Left lingual gyrus 122 4.26 -21 -73 1 

Left cerebellum 204 3.86 -18 -64 -32 

Right cerebellum  91 3.85 15 -61 -38 

Left precuneus 194 3.74 -21 -85 40 

Family Adversity-Quadratic      

Left parahippocampal gyrus 103 -3.61 -27 -34 -26 

Peer Adversity-Linear      

Right parahippocampal gyrus 90 4.04 30 -43 -2 

Right postcentral gyrus 122 3.50 48 -10 28 

Note. k refers to the number of voxels in each cluster; t refers to the peak activation in each 
cluster; x, y, and z refer to MNI coordinates. ACC = anterior cingulate cortex. 
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   Figure 1. In the Social Feedback Task, participants selected their preference from
 tw

o options in several dom
ains and w

aited for 
feedback from

 peers. O
ne third of trials provided positive feedback (thum

bs up), one third provided negative feedback (thum
bs dow

n), 
and one third provided neutral feedback (thum

b to the side). 
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Figure 2. Family adversity showed curvilinear associations with functional connectivity between 
the striatum and the medial prefrontal cortex (MPFC), insula, and right dorsolateral prefrontal 
cortex (dlPFC) in the Positive Feedback > Neutral Feedback condition. For descriptive purposes, 
parameter estimates of signal intensity were extracted and plotted against family adversity. The 
MPFC and right dlPFC are plotted as examples.  
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Figure 3. Peer adversity showed curvilinear associations with functional connectivity between 
the striatum and the dorsolateral anterior cingulate cortex (dACC), right dorsolateral prefrontal 
cortex (dlPFC), and posterior cingulate cortex (PCC) in the Positive Feedback > Neutral 
Feedback condition. For descriptive purposes, parameter estimates of signal intensity were 
extracted and plotted against peer adversity. 
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Figure 4. Family adversity showed linear associations with functional connectivity between the 
amygdala and the subgenual anterior cingulate cortex (sgACC), precuneus, cerebellum, lingual 
gyrus, and parahippocampal gyrus in the Negative Feedback > Neutral Feedback condition. For 
descriptive purposes, parameter estimates of signal intensity were extracted and plotted against 
family adversity. The sgACC, lingual gyrus, and parahippocampal gyrus are plotted as examples.  
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Figure 5. Peer adversity showed linear associations with functional connectivity between the 
amygdala and the parahippocampal gyrus and postcentral gyrus in the Negative Feedback > 
Neutral Feedback condition. For descriptive purposes, parameter estimates of signal intensity 
were extracted and plotted against peer adversity. 
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