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Abstract

Objective: Early life experiences, including attachment-related experiences, inform internal 

working models that guide adult relationship behaviors. Few studies have examined the 

association between adolescent attachment and adult relationship behavior on a neural level. The 

current study examined attachment in adolescence and its associations with neural correlates of 

relationship behaviors in adulthood.

Method: 85 participants completed the Adult Attachment Interview (AAI) at age 14. Ten years 

later, at age 24, participants underwent functional brain image when participants were under the 

threat of electric shock alone, holding the hand of a stranger, or their partner.

Results: We found that adolescents who were securely attached at age 14 showed increased 

activation in regions commonly associated with cognitive, affective, and reward processing when 

they held the hand of their partner and stranger compared to being alone. Adolescents with higher 

preoccupied attachment scores showed decreased activation in similar regions only during the 

stranger handholding condition compared to being alone.

Conclusions: These findings suggest that adolescent attachment predicts adult social 

relationship behaviors on a neural level, in regions largely consistent with previous literature. 

Broadly, this study has implications for understanding long-term links between attachment and 

adult relationship behaviors and has potential for informing intervention.
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Introduction

Interpersonal theories such as the Social Baseline Theory (SBT; Beckes & Coan, 2011) 

assert that human brains assume proximity to other humans—their primary ecological 

niche or habitat. When this assumption fails, humans perceive increasing physiological 

demand for threat detection and emotion regulation. Metabolic and vascular resources are 

optimized for rapid responses to potential threats, and when maintained for long periods, 

cause detrimental impacts on individual health and longevity (Sterling, 2020). In accordance 

with this account, individuals demonstrated less activation of the threat-responsive neural 

circuits while holding the hand of a relational partner compared to when they were alone 

(Coan et al., 2017). These effects were observed most consistently in the dorsal anterior 

cingulate cortex (dACC) and dorsolateral prefrontal cortex (dlPFC), In other words, the 

presence of a relational partner conserves bioenergetic resources, as reflected by reduced 

activity in regions commonly associated with emotion, cognitive-control, and self-regulation 

(Coan et al., 2006, 2017; Gonzalez et al., 2015; MacDonald et al., 2000).

However, little work has considered developmental sources of individual differences, and 

in particular, attachment in adolescence (Long et al., 2020). Gross and Medina-DeVilliers 

(2020) argued that early life experiences and individual traits, including attachment, can 

alter expectations regarding the availability of social resources and contribute to internal 

working models that in turn influence physiological behaviors, epigenetics, and neural 

responses to threat. Additionally, fewer studies assessed attachment in adolescence—a 

sensitive period for social brain development, peer relationship development, and increasing 

independence from parents (Gee et al., 2014; Loeb et al., 2021). Thus, the current study 

aims to understand links of attachment in adolescence to adult brain reactivity during 

interpersonal processes. Examining the developmental roots of inter-individual differences 

particularly in attachment domains can move us towards a better understanding of affective 

and cognitive processes in social situations and adult relationship development.

Attachment in adolescence

Attachment theory proposes that children evolved to seek proximity to others for protection 

and regulation of physiological resources in times of threat. Those early experiences shape 

adaptive strategies to maintain closeness in individual social environment–that is, patterns 

of attachment (Bowlby, 1969; Main, 1990). Based on caregivers’ availability, sensitivity, 

and responsivity, children form a secure or insecure attachment. Secure attachment is 

characterized by autonomous exploration of the environment and trusting that close others 

will provide a secure base when needed. Such experiences are abstracted and represented 

as a secure internal working model of relationships, including expectations that close others 

will be available and helpful in times of need. On the other hand, inconsistent, rejecting, 

and painful attachment-related experiences shape an insecure model of relationships, 

characterized by a sense of doubt in the availability of a secure base when needed.

Internal working models of attachment tend to show moderate stability across development 

(Ammaniti et al., 2000; Waters et al., 2000), linking early experiences to later development 

by informing predictions about future relationships (Main et al., 1985). In adolescence, 

research has linked internal working models of attachment to both self- and socially-
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mediated emotion regulation (Allen & Miga, 2010; Mikulincer & Shaver, 2008). Secure 

attachment representations in adolescence are associated with healthy emotion regulation 

(balancing autonomy and relatedness), greater support-seeking behaviors, lower risk for 

psychopathology, higher-quality peer relationships, and less hostile conflict in adult 

romantic relationships (e.g., Loeb et al., 2021; Tan et al., 2016).

By adolescence, attachment representations can be measured via the Adult Attachment 

Interview (AAI; George et al., 1985), a semi-structured interview that assesses recollection 

of childhood attachment related experiences, in terms of participants’ ability to discuss 

emotionally intense experiences coherently, with emphasis on perspective taking, balance, 

clarity of communication, and lack of anger or avoidance of the topics. The AAI examines 

the “current state of mind regarding attachment” rather than childhood attachment to parents 

per se (Main et al., 1985). The AAI is among the most widely used measures of attachment 

in adolescence and shows strong links to early caregiving experiences. Adolescents with 

high scores on the security dimension of the AAI show autonomous emotion regulation, 

narrative coherence, emotional balance, and a sense of valuing relationships. In contrast, 

dismissing adolescents tend to avoid attachment-related topics and downplay the importance 

of close relationships, while preoccupied adolescents may show anger and preoccupation 

with negative attachment experiences.

Teens’ attachment assessed by the AAI is associated with individual differences in social 

functioning with parents, peers, and romantic partners (Allen, 2008; Allen & Manning, 

2007; Allen & Miga, 2010). For example, Loeb and colleagues (2021) found that insecure 

attachment measured via the AAI at age 14 predicted decreasing abilities to seek and 

receive help from friends at ages 14–18 and more negative interactions and hostile attitudes 

with romantic partners from ages 14–27. Thus, state of mind regarding attachment in 

adolescence should form the foundation through which adults approach interpersonal 

relationships (Bowlby, 1969; Mikulincer & Shaver, 2012), and the current study makes a 

further contribution by examining attachment during this critical development period.

Attachment, social relationships, and neural correlates

Empirical neuroimaging studies related to social relationships have identified functionally 

specialized brain regions commonly associated with emotion processing, reward circuits, 

and cognition implicated in both romantic attachment (Bartels & Zeki, 2000; Kircher et al., 

2001) and mother-child caregiving relationships (Lorberbaum et al., 1999; Nitschke et al., 

2004; Strathearn et al., 2008). Both types of maternal and romantic relationships showed 

deactivation in a set of regions associated with negative emotions, social judgment, and 

mentalizing and activation of regions associated with reward circuitry (Bartels & Zeki, 

2004), forming a push-pull mechanism that overcomes social distance via deactivated 

negative emotions and social judgment and enables bonding via activated reward circuits.

To integrate this body of work, Long and colleagues (2020) proposed a comprehensive 

functional neuroanatomical model of human attachment (NAMA; see also Vrtička, 2017; 

Vrtička & Vuilleumier, 2012). According to NAMA, the human attachment system is 

comprised of an affective and a cognitive system. Within the affective system, an approach-

oriented component (e.g., the ventral tegmental area, substantia nigra, Aron et al., 2005; Kim 
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et al., 2017) encodes social interactions as innately rewarding, while an aversion-oriented 

component (e.g., insula, Seeley et al., 2007; Vrtička, 2017) encodes negative affect and pain. 

On the other hand, the cognitive system reflects top-down volitional control of the emotion 

through an emotion-regulation component (e.g., the lateral orbitofrontal cortex, Callaghan 

& Tottenham, 2016; Lieberman, 2007) and perspective taking through a mental state 

representation component (e.g., posterior cingulate cortex and precuneus, Kanske, 2018; 

Spreng & Grady, 2010). The different components act as independent but complementary 

neurobiological systems encoding positive and negative emotional states relevant for the 

attachment pathway, as well as conscious mental regulations of the cognitive processes.

Study design and hypotheses

Expectations of the availability of attachment figures during threat are critical to influencing 

how one allocates their bioenergetic resources. According to Bowlby (1969), seeking 

proximity to a secure base is the primary attachment strategy when an individual faces 

external threat from infancy (Main, 1990) to adulthood (Fraley & Shaver, 1998). This 

strategy encompasses a variety of nonverbal behaviors, among which handholding is a 

common nonverbal mode of proximity-seeking that could be easily implemented in the 

fMRI environment (Coan et al., 2006). Handholding is an important form of interaction 

for humans as well as other species (Gliga et al., 2019), and is critical to intrapersonal 

and interpersonal emotion regulation. From a developmental perspective, handholding and 

other affectionate nonverbal behaviors are encoded in attachment relationships during which 

one’s security depends on another’s supportive and responsive caregiving (Schachner et al., 

2005). For example, decreased exposure to social touch as an infant has been associated with 

subsequent brain, social, and cognitive development (Gliga et al., 2019). Understanding the 

neurobehavioral pathway between attachment and social functioning can facilitate a better 

characterization of human affective and cognitive processes in social contexts.

Thus, in this study, we examined associations between adolescent attachment, measured via 

Adult Attachment Interview at age 14, and adult neural responses to threat while holding the 

hand of a partner, a stranger, or while alone measured via fMRI ten years later, at age 24. 

We hypothesized that secure attachment assessed in adolescence would be associated with 

(a) reduced activation in regions commonly implicated with cognitive control and (b) greater 

activation in regions associated with positive affect and reward, when holding the hand of 

a relational partner (and to a lesser extent, holding the hand of a stranger), compared to 

alone. Conversely, we predicted that insecure attachment assessed in adolescence would be 

associated with greater activation in regions implicated with cognitive control and reduced 

activation in regions associated with positive affect and reward when accompanied by a 

close partner or stranger, compared to being alone. Comparing the partner (and stranger) to 

the alone condition zones in on capturing effects that are unique to the partner handholding 

and stranger handholding condition.
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Methods

Participants

Participants were recruited via email and phone call from a larger longitudinal investigation 

of adolescent social development in familial and peer context (Hare et al., 2011) and 

adolescents were initially recruited from the seventh and eighth grades of a public middle 

school drawing from suburban and urban populations in the Southeastern United States. 

At around age 14 (Meanage = 14.18, Medianage = 14.14, SDage = 0.77, Rangeage = 

12.69 – 15.85), participants completed the Adult Attachment Interview (AAI). Then, at 

around age 24 (Meanage = 23.66, Medianage = 23.68, SDage = 0.97, Rangeage = 21.87 

−25.64), participants brought a partner to the scanner and completed a series of fMRI 

tasks. Following safety standards for fMRI practice, possible participants were excluded if 

pregnant, claustrophobic, or if they had ferromagnetic items in their body. Participants were 

also excluded if they could not bring a well-known partner, either a friend, dating partner, 

dating cohabitating partner, or married partner to the scanning session. All participants 

provided written consent and were compensated for their participation at both time points.

A total of 85 participants (22 Black/African American, 2 Hispanic/Latinx, 51 White/

European, 7 Mixed Race, 3 Other identities) completed both the AAI and the fMRI 

task. When the study began in 1998, participants were provided with binary options to 

indicate their gender identity; in the present sample, 39 participants identified as male, 

and 46 participants identified as female. Adolescents reported an annual baseline median 

family income in the $40,000–59,999 range. At around age 24, 71 participants identified 

as heterosexual, 4 participants identified as bisexual, 2 participants reported unsure, and 8 

participants did not report information regarding their sexual orientation. Of scanned dyads, 

25 identified as friends, 29 were dating, 27 were cohabiting, and 4 were married. Thus, for 

the current study, “partner” refers to any of these types of relationships, as contrasted with 

“stranger”. Both partner and stranger are members of different gender. Previous lab work 

demonstrated that relationship status did not moderate the neuroimaging findings (Coan et 

al., 2017).

All experiments in the study were approved by the Institutional Review Board. Participants’ 

data are protected by a Confidentiality Certificate issued by the U.S. Department of Health 

and Human Services, which protected information from subpoena by federal, state, and 

local courts. The current dataset was derived from a larger study, and the whole-brain 

exploratory analysis plan was pre-registered. We made no deviation from the pre-registered 

analysis plan. Pre-registration is available online: https://osf.io/38ck2/. Adult participants 

and participating dyads provided informed consent and were paid for participation.

Measures

Adult Attachment Interview (AAI; George et al., 1985): Age 14.—The Adult 

Attachment Interview (AAI; George et al., 1985) and Q-set (Kobak et al., 1993) were 

designed to assess adults’ current states of mind with regard to attachment. The AAI is a 

semi-structured, hour-long interview, consisting of 18 questions regarding the interviewees’ 

childhood experiences with their attachment figures. Participants begin by providing a 
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general description of their experience with caregivers during childhood. Then, participants 

answered to what extent they were rejected by their caregivers when they were upset, 

hurt, or sick as a child; threatened or abused by their caregivers; and experiences of 

separation, loss, or other trauma. Lastly, participants explain how their current state of mind 

is informed by the attachment experiences described, recent changes in their relationship 

with caregivers, and their hopes and expectations for their own childrearing. The current 

study employed slight modifications to the adult version, so it was easier to understand by 

adolescent populations. Interviews were audiotaped and transcribed verbatim for coding.

The AAI Q-set (Kobak et al., 1993) was designed to parallel the AAI classification system 

(Main & Goldwyn, 1998) and yield continuous measures of attachment organization, 

consistent with current recommendations (Roisman et al., 2007a). Continuous data reduced 

via an algorithm to classifications were largely consistent with the three-category ratings 

from the AAI Classification system in the broad research and a sub-sample of this 

population, using the coding system developed by this laboratory (Allen et al., 1998). To 

code the transcripts, at least two coders with extensive training in the Q-sort and AAI 

classification systems independently rated the interviews. Each coder read the transcript 

and provided a Q-set description by sorting 100 items into 9 categories ranging from the 

most characteristic of the interview to the least characteristic of the interview. Validity 

was established by comparing the Q-sets with dimensional prototypes for secure strategies, 

preoccupied strategies, and dismissing strategies (see Kobak et al., 1993). Scale score was 

then calculated as the correlation of the 100 items of the individual’s Q-sort with each 

dimension (ranging on an absolute scale from −1.00 to 1.00). The current sample showed 

good Spearman-Brown reliability of the security scale score (r = 0.82) and good inter-rater 

reliability (ICC = 0.82), which is considered in the excellent range for this statistic (Cicchetti 

& Sparrow, 1981).

Handholding paradigm: Age 24.—The following paradigm is based on a well-validated 

and replicable handholding design (Coan et al., 2017). Two Ag–AgCl shock electrodes 

were applied to the participant’s ankle (left or right, counterbalanced across participants). 

The participant was then taken into the scanning chamber where he or she first received a 

high-resolution anatomical scan.

Participants brought a romantic partner or friend who were willing to visit the lab and 

provided handholding while participants were in the scanner. Participants viewed stimuli 

projected onto a screen behind the magnet’s bore through a mirror and responded to stimuli 

by button box. Each participant underwent three blocks of “threat of shock paradigm” in 

counterbalanced order, where they held the hand of their partner, an unseen confederate 

(stranger), or were alone. Each block was composed of 24 trials, including an equal number 

of threat and safety trials. A threat trial is consisted of 1-s threat cue (a red “X” on a 

black background), followed by 4–10 seconds of anticipation period (a fixation cross), and 

17% chance of receiving electric shock, prior to the end cue (a small dot). A safety trial is 

consisted of 1-s safety cue (a blue “O” on a black background), followed by 4–10 seconds 

of anticipation period, with no chance of shock, prior to the end cue. Participants’ right 

hands were used for handholding, whereas their left hands held the button box. Shocks were 
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generated by an isolated physiological stimulator (Coulbourn Instruments, Allentown, PA, 

USA) and lasted for 20 ms at 4 mA.

Image acquisition

Functional images were acquired using a Siemens 3.0 Tesla MAGNETOM Trio high-speed 

magnetic imaging device, with a circularly polarized transmit/receive head coil with 

integrated mirror. A total of 216 functional T2*-weighted echo planar images (EPIs) 

sensitive to blood-oxygen-level-dependent contrasts were collected per block, in volumes of 

28 3.5-mm transversal echo-planar slices (1-mm slice gap) covering the whole brain (1-mm 

slice gap, repetition time (TR) 2000 ms, echo time (TE) 40 ms, flip angle90, field of view 

(FOV) 192 mm, matrix 64 × 64, voxel size 3 × 3 × 3.5 mm). Before collection of functional 

images, 176 high-resolution T1-magnetization-prepared rapid-acquisition gradient echo 

images were acquired to determine the localization of function (1-mm slices, TR 1900 ms, 

TE 2.53 ms, flip angle 90, FOV 50 mm, voxel size 1 × 1 × 1 mm).

Data were preprocessed and analyzed using FMRIB’s Software Library (FSL) software 

(Version 5.98; https://www.fmrib.ox.ac.uk/fsl, Worsley, 2001). Motion correction involved 

FMRIB’s Linear Image Registration Tool, an intra-modal correction algorithm tool 

(MCFLIRT; Jenkinson et al., 2002), with slice scan time correction and a high-pass filtering 

cutoff point of 100 s, removing irrelevant signals. We used BET (Smith, 2002) brain 

extraction, eliminating non-brain material voxels in the fMRI data, and a 5-mm full width 

at half minimum Gaussian kernel for smoothing. Images were registered to the Montreal 

Neurological Institute (MNI) space by FLIRT (Jenkinson et al., 2002). Trials in which 

participants received shocks were excluded due to movement artifacts and our primary 

interest in anticipatory threat.

Analytical plan

First and second-level analyses were conducted using FMRI Expert Analysis Tool (FEAT; 

Version 6.00). The threat response was first defined as a contrast of brain activation during 

the threat cue and brain activation during the safe cue. First level analyses began with a 

threat minus safety trial contrast applied separately to each handholding condition (alone, 

partner, stranger) for each subject. Within this model, the main effects of threat yielded 

robust neural activity when experiencing distress alone compared to with a partner or 

stranger. During second-level analyses, the alone condition was then contrasted with the 

partner and stranger conditions using fixed effect model.

Main effects for the handholding contrast (alone (threat – safe) > partner (threat – safe)) 

have been reported elsewhere (Coan et al., 2017). Briefly, main effects of handholding 

showed greater activation in dlPFC and posterior cingulate cortex when participants were 

alone compared to when they were holding the hands of their partner. Using centered 

attachment secure, dismissing, and preoccupation scores as explanatory variables (EV), we 

conducted a whole-brain corrected (z = 3.1, p = .05) covariate analysis of attachment scores 

and neural threat reaction, using contrast codes [1 –1] representing positive and negative 

associations between individual EV (e.g., centered secure, dismissing, and preoccupation 
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scores) and main effects of handholding in alone > partner and alone > stranger conditions 

from second-level analyses.

Preliminary analyses

The mean and standard deviations of attachment scores were as shown (Msecure = 

0.26, SDsecure = 0.44; Mdismissing = 0.02, SDdismissing = −0.44; Mpreoccupation = 0.04, 

SDpreoccupation = 0.23). Descriptive statistics of the attachment scores showed significant 

correlations (secure and dismissing scores: r = −0.95, p < .001; secure and preoccupation 

scores: r = −0.55, p < .001; dismissing and preoccupation scores: r = 0.48, p < .001). In 

line with previous reports (Nivison et al., 2021), we regard zero-order correlations lower 

than .30 as relatively distinct, zero-order correlations between .30 and .70 as partially 

distinct, and zero-order correlations higher than .70 as indicating something commonly 

latent. Drawing on these guidelines, our security and preoccupation scores are partially 

distinct, our dismissing and preoccupation scores are also partially distinct, but our secure 

and dismissing scores likely represent a common underlying latent factor associated with 

secure attachment. Given the high correlation between dismissing and secure attachment 

scores, and the greater primacy of security as a focus in the research literature, dismissing 

scores were dropped from further analyses.

Results

Attachment and alone condition relative to partner handholding condition

We conducted a whole-brain corrected (z = 3.1, p = .05) covariate analysis looking at the 

association between attachment scores and the main effects of experiencing threat in the 

alone condition compared to the partner condition. Clusters were defined both by structural 

probability maps in FSL and by the continuity of functional activation. Locations were 

specified using three-dimensional coordinates where each image has an origin, usually the 

anterior commissure, which specifies the coordinates of x = 0, y = 0, and z = 0. The x-axis 

goes towards the right side of the brain, the y-axis goes towards the front of the brain, and 

the z-axis goes towards the top of the brain. The orientation indicates whether direction 

relative to the origin is positive or negative. Results suggested reduced posterior cingulate 

cortex (x = −4, y = 62, z = 26; p < .001; Figure 1) activity during the alone condition 

compared to the partner condition as security scores increased. There was no association 

between preoccupation scores and the main effects of neural threats in alone relative to 

partner condition.

Attachment and alone condition relative to stranger handholding condition

We used the same whole-brain corrected (z = 3.1, p = .05) covariate analysis, this time 

looking at the association of attachment scores and the main effects of experiencing threat in 

the alone condition compared to the stranger condition (Figure 2). Brain areas of activation 

at this contrast as a function of security scores are summarized in Table 1. Clusters were 

defined both by structural probability maps in FSL and by the continuity of functional 

activation. Results suggested reduced activity in the posterior cingulate cortex (x = −2, y = 

−28, z = 26; p < .001), lateral occipital cortex clusters (x = 34, y = −70, z = 50; x = −32, 

y = −68, z = 50; p < .001), right pallidum/putamen (x = 18, y = 4, z = 6; p < .001), middle 
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frontal gyrus (x = 40, y = 20, z = 44; p = .008), inferior frontal gyrus (x = 52, y = 20, z = 12; 

p = .020), and insular cortex (x = −42, y = 4, z = −12; p = .041) as secure attachment scores 

increased.

Using the same whole-brain corrected (z = 3.1, p = .05) covariate analysis above, we also 

observed greater activity in the lateral occipital cortex (x = 38, y = −64, z = 46; p < .001) 

and frontal pole (x = −32, y = 56, z = 10; p = .004) cluster activity as preoccupation scores 

increased.

Discussion

This study provides evidence of a brain-behavior link that can advance understanding of 

adolescent attachment as a predictor of downstream social consequences in adulthood, 

such as seeking support when facing external threats. Specifically, individuals higher in 

secure attachment in adolescence showed, 10 years later as adults, higher activations in 

the posterior cingulate cortex—a region linked to empathy and perspective taking—as they 

anticipated an external threat when holding the hand of their partner compared to when 

alone. Additionally, securely attached adolescents also showed, as adults, higher activations 

in regions involved in perspective taking (e.g., posterior cingulate cortex), volitional control 

(e.g., lateral occipital cortex, middle and inferior frontal gyrus), reward-related circuitry 

(e.g., right pallidum/putamen), and affective systems (e.g., insular cortex) as they anticipated 

a threat while holding the hand of a stranger compared to when alone.

By contrast, higher preoccupied attachment in adolescence predicted reduced adult 

activations in the lateral occipital cortex and frontal pole—regions involved in cognitive 

control and perception when participants were holding the hand of a stranger compared 

to alone. No significant differences were found for preoccupation in the alone relative 

to partner condition. This study was among the first to examine the relation between 

attachment in adolescence and social-regulatory responses to threat in adulthood using 

fMRI. The findings advance our understanding of attachment and social relationships from a 

neurodevelopmental perspective.

In the current study, brain activation in regions such as posterior cingulate cortex, 

precuneus, striatum (right pallidum and putamen), and insula, map largely to the functional 

neuroanatomical model of human attachment (NAMA; Long et al., 2020) and broad existing 

neuroimaging literature on attachment and social relationships (Bartels & Zeki, 2004). 

Particularly, existing activations found in the current study point to a reward circuitry that 

receives integrated inputs from core regions, including the insula (associated with affective 

processes and pleasant feelings of touch; Olausson et al., 2002) and the striatum (putamen 

and pallidum), which plays a key role in rewarding responses (Elliott et al., 2003; Knutson et 

al., 2001). On the other hand, the posterior cingulate cortex is implicated in empathy (Völlm 

et al., 2006) and plays a prominent role in both positive and negative emotions (Beauregard 

et al., 1998; Cabeza & Nyberg, 2000). Other regions including the inferior and middle 

frontal gyrus and frontal pole are involved in cognitive control (e.g., inferior frontal gyrus, 

Tops & Boksem, 2011; middle frontal gyrus, Banich et al., 2009; frontal pole, Bramson 

et al., 2020), by modulating affective responses. Bartels and Zeki (2004) argued that the 
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involvement of these regions in both positive and negative emotions suggests that activity in 

these regions may be modulated through limbic/paralimbic regions, which either facilitate or 

inhibit the effects of mood on cognitive processing (Liotti et al., 2000; Mayberg et al., 1999).

Together, the current findings suggest that secure attachment in adolescence, assessed by 

the AAI, was associated with increased activation in affective processes and reward-related 

circuitry; in other words, securely attached adolescents experienced handholding as innately 

rewarding, drawing closeness and connection with a partner and even a stranger. On the 

other hand, insecure attachment assessed in adolescence was associated with reduced 

activation in positive affective system and reward circuitry, leading to less cognitive 

processes involved in mental inference and empathy, and suggesting that insecurely 

atptached adolescents found handholding with strangers and partners to be less rewarding.

Based on attachment theory, experiences of social connection in times of threat are innately 

rewarding, because of the reduction of the fear response and the rewarding qualities of the 

provision of comfort and social connection (Atzil et al., 2018). Several studies have shown 

that social interactions with parents, partners, or peers are associated with the experience 

of positive emotions and increased activity in the reward circuitry (Vrtička & Vuilleumier, 

2012). The current neuroimaging findings corroborate the existing literature and suggests 

the critical involvement of reward circuitry in attachment-based interactions. In other words, 

individuals with a history of a secure state of mind regarding attachment in adolescence may 

find handholding with partners and strangers more rewarding compared to individuals with 

insecure attachment. In turn, effects related to the reward facilitate and promote the positive 

effects of mood on how one thinks about others and regulates cognitive processes—a key 

role of the posterior cingulate cortex found in the current study.

Results regarding preoccupied attachment, on the other hand, was slightly discrepant from 

this pattern, such that increased preoccupation was associated with reduced activity in 

the lateral occipital cortex and frontal pole–regions involved in cognition and perception, 

only during the stranger (vs. alone) handholding condition, not during the partner (vs. 

alone) handholding condition. Theoretically, individuals with preoccupied attachment desire 

closeness and intimacy, fear the consequences of abandonment and rejection (Bartholomew, 

1990), and may use negative relationship maintenance behaviors to seek information in 

order to reduce relational anxiety (Goodboy & Bolkan, 2011). Although research examining 

preoccupied individuals interacting with confederates is limited, previous research suggested 

that preoccupied attachment did not predict negative reaction to close peers’ provision 

of support; instead, preoccupied attachment was associated with minimal increases in 

support provisional behaviors in response to their peers’ needs. Another study found 

that preoccupied individuals only reciprocated disclosure to a high-disclosing confederate 

(Feeney et al., 2008; Mikulincer & Nachshon, 1991). As such, uncertainty and perceived 

availability of others might be key deciding factors for support provision of individuals with 

preoccupied attachment. Our existing findings, together with previous literature, suggested 

that when information about the availability of others is uncertain (i.e., in the stranger 

condition), individuals with preoccupied attachment may be overwhelmed by negative 

affect; in contrast, when such information is available (i.e., in the partner condition), they 

behave similarly to the securely attached individuals. Briefly, we note that in the current 
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study, our preoccupation and security scores were only partially distinct (r = −0.55, p < .001) 

so interpretations should be made with caution.

The current findings also diverged in some ways from findings from prior research. For 

example, a previous study that followed the same neuroimaging handholding design found 

that higher maternal support in adolescence corresponded with less threat-related activation 

in adulthood—particularly in the bilateral orbitofrontal cortex, inferior frontal gyrus, and left 

insula— when participants were holding the hands of their friends, compared to when alone 

(Coan et al., 2013). The effects (compared to the current study) were in similar regions but 

opposite directions. However, key differences exist between the two studies. For instance, 

the prior study comprised a much smaller sample (N = 22), where inter-individual variability 

was limited. Second, maternal support was measured via an observationally coded dyadic 

interaction (the Supportive Behavior Task), where participants and their mothers engaged in 

a conversation focusing on a problem where they were having and mothers’ emotional 

engagement during the task was coded as maternal support (vs. assessing attachment 

representations broadly). Third, maternal support was assessed when participants were 

16–17, 2 to 3 years later than when the adolescents’ attachment were assessed in the 

current investigation. Lastly and perhaps most importantly, attachment during adolescence 

is a much more ambivalent process (Allen, 2021). During infancy and childhood, primary 

caregivers provide sensitive responsiveness to the needs of their children, providing the basis 

for secure attachment in early development. As childhood transitions to adolescence, the 

primary responsibility of caregivers also changes from providing 24/7 nurture to fostering 

emotional independence and autonomy. Additionally, as adolescents grow, changes in family 

relationships, peer friendships, and larger societal contextual factors such as aggression, 

bullying, poverty, and racism, further overwhelm the attachment system (Allen, 2021). Thus, 

more research focusing on attachment during adolescence is needed to understand this 

complex developmental period interplayed by a multitude of familial and societal influences.

The current study employed the Adult Attachment Interview, which measures one’s “state of 

mind regarding attachment” and defines security as a state of “autonomous, yet valuing 

of attachment” (Main et al., 2002). The interview itself assesses participants in terms 

of their ability to discuss emotionally intense experiences coherently, with emphasis on 

perspective taking, balance, clarity of communication, and lack of anger or avoidance of the 

topics—all abilities closely tied to emotion regulation. Accordingly, Hesse (2008) described 

the goal of AAI as, “to bring into relief individual differences in what are presumed to 

be deeply internalized strategies for regulating emotion and attention when speakers are 

discussing attachment-related experiences.” Allen and Miga (2010) further argued that 

adolescents’ AAI status is indeed a reflection of emotion regulation, measured in the context 

of discussing attachment-related experiences. In particular, they found a strong relation 

between peer functioning and AAI status. Peer factors (e.g., teen popularity, teen calls for 

emotional support from peers, and fewer experiences of peer pressure) were more strongly 

linked overall to adolescent AAI status than were parental factors, accounting for a full 

24% of the variance. If the AAI in adolescence measures teens’ autonomy and emotion 

regulation, it makes sense for adolescents who were more autonomous and self-regulated to 

show reduced neural reactivity in regions implicated in the cognitive control system (e.g., 
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inferior frontal gyrus) when they were alone compared to when they were with a relational 

partner or stranger.

Additionally, different attachment instruments likely correspond to different neurological 

processes, especially when comparing the AAI to self-report measures (Roisman et al., 

2007b). Yaseen and colleagues (2016) argued that the AAI emphasizes an overall implicit 

representation of the positive valence of primary self-other relation through an adequately 

attuned and responsive caregiving bond. The authors compared neural activity to maternal 

presence and their correlations with two different attachment measures – the AAI and a self-

report measure, the Relationship Scales Questionnaire (RSQ). Comparing the differential 

brain regions associated with AAI and RSQ-assessed attachment, the authors conclude that 

AAI-assessed security was associated with enhanced activity in midline regions involved 

in empathy (e.g., the posterior cingulate cortex), suggesting more implicit processing of 

self-other relation. These regions are similarly implicated in the current study within 

the expected direction, further corroborating that the interpretation of the current finding 

relies heavily on the attachment measure utilized. The AAI approach might have assessed 

non-conscious processes as a product of the “core self,” while other self-report scales of 

attachment such as the RSQ relate to the higher-order cognitive systems at the level of 

conscious awareness.

Strengths, limitations, and future directions

The current study contributes to a line of research establishing longitudinal links between 

early life experiences such as attachment and brain activation in the same individual at a 

later point when they seek support in the presence of social others. Furthermore, it sheds 

light on attachment during adolescence–a unique period for maternal independence and peer 

relationship development.

This study also has several limitations. First, most participants who completed the Adult 

Attachment Interview had a high inverse correlation between secure and dismissing 

attachment scores (r = −0.95 p < .001). On the other hand, there was also a moderate 

correlation between secure and preoccupied attachment scores. There was also limited 

variability in the preoccupation scores (common in U.S. community samples); thus, future 

studies should examine potential unique effects of preoccupied attachment, drawing on 

samples with greater variability. Future studies could also benefit from understanding the 

developmental changes of the social brain in association with attachment through repeated 

neuroimaging measure. Moreover, although the neuroimaging design of the study restricted 

sample size, we note relatively modest power as a limitation of the current study. Previous 

literature suggested that a sample size of 80 can reliably recover regions with medium effect 

sizes (0.5 < Cohen’s d < 0.8; Geuter et al., 2018). It is also worth noting that the “intensity” 

of handholding was not specified as part of the script during the experiment, which may 

convey different relational messages. Lastly, the explanations provided here are post-hoc, 

and as such results from the current study warrant replication.
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Conclusions

The current results suggest that attachment assessed via the AAI at age 14 predicts the 

degree to which one’s brain responds to threat in the presence of social resources 10 

years later. Specifically, secure adolescent attachment score prospectively predicts adults’ 

increased activation in regions commonly associated with empathy, affective and reward 

processing during partner and stranger handholding compared to being alone. On the 

other hand, preoccupation attachment score is associated with decreased activation in 

similar regions, but only during stranger handholding in comparison to being alone. These 

findings add to a broader understanding of attachment and social relationships from a 

neurodevelopmental perspective.
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Figure 1. 
The posterior cingulate cortex (x = −4, y = 62, z = 26). We observed that while alone, 

participants with higher secure attachment scores showed reduced posterior cingulate 

activity compared to when they are holding the hand of their partner.
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Figure 2. 
Depicts lightbox images showing significant activations in A: alone > stranger condition as 

the AAI continuous security scores decreased; B: alone > stranger condition as the AAI 

continuous preoccupation scores increased.
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Table 1.

Significant clusters of activity for the alone < stranger condition with decreasing security and increasing 

preoccupation scores.

MNI coordinates

Structural location Cluster size in voxels Z-max X Y Z

Alone-stranger with security scores

 Posterior cingulate gyrus 576 4.37 −2 −28 26

 Lateral occipital cortex 382 4.47 34 −70 50

 Lateral occipital cortex 324 4.05 −32 −68 50

 Right pallidum/Putamen 264 4.03 18 4 6

 Middle frontal gyrus 163 4.2 40 20 44

 Inferior frontal gyrus 134 4.07 52 20 12

 Insular cortex 113 3.88 −42 4 −12

Alone-stranger with preoccupation scores

 Lateral occipital cortex 251 4.15 38 −64 46

 Frontal pole 192 3.98 −32 56 10

Note. X, Y, and Z represent coordinates in relation to an origin, usually the anterior commissure, which specifies the coordinates of x = 0, y = 0, 
and z = 0. The x-axis goes towards the right side of the brain, the y-axis goes towards the front of the brain, and the z-axis goes towards the top of 
the brain. The orientation indicates whether direction relative to the origin is positive or negative.

J Soc Pers Relat. Author manuscript; available in PMC 2024 August 20.


	Abstract
	Introduction
	Attachment in adolescence
	Attachment, social relationships, and neural correlates
	Study design and hypotheses

	Methods
	Participants
	Measures
	Adult Attachment Interview (AAI; George et al., 1985): Age 14.
	Handholding paradigm: Age 24.

	Image acquisition
	Analytical plan
	Preliminary analyses

	Results
	Attachment and alone condition relative to partner handholding condition
	Attachment and alone condition relative to stranger handholding condition

	Discussion
	Strengths, limitations, and future directions
	Conclusions

	References
	Figure 1.
	Figure 2.
	Table 1.

