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Abstract

This longitudinal study examined the prospective association between toddler-mother attachment to adolescents’ (n=52; 34 boys;
Mage = 13.22 years; 90% White) behavioral and neural responses during the evaluation of trustworthiness from unfamiliar, emotionally
neutral faces. At 33 months, toddler-mother attachment status (secure vs insecure classification) was assessed using a modified Strange
Situation procedure. Results revealed that attachment moderated the processing of trustworthiness facial cues. As faces became less
trustworthy, adolescents with a secure (us insecure) attachment history rated the faces as correspondingly less trustworthy and showed
increasing (vs overall blunted) activation in brain regions involved in trustworthiness perception (i.e. bilateral amygdala, bilateral
fusiform, right anterior insula and right posterior superior temporal sulcus). Findings suggest that a secure compared with insecure
child-mother attachment in toddlerhood may be associated with greater capacity for, or openness to, processing potentially negative

social information at both the behavioral and neural levels during adolescence.
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Interpersonal trust, considered as a generalized expectancy that
others can be relied on (Rotter, 1971), is central to healthy social
relationships across the lifespan (Simpson, 2007). Among youth,
holding an accurate level of trust in others has been linked with
better social competence and adjustment, including more proso-
cial behavior, higher peer acceptance, less social exclusion and
fewer internalizing symptoms (Wentzel, 1991; Rotenberg et al.,
2004, 2005; Carlo et al., 2010). Yet, individual differences in adoles-
cents’ ability to evaluate trustworthiness of unfamiliar faces—an
attributional process that occurs rapidly over milliseconds (Willis
and Todorov, 2006; Todorov et al., 2009)—have been observed
at both behavioral (i.e. the extent to which one rates others as
trustworthy) and neural (i.e. variability in brain activity when
evaluating trustworthiness of faces; e.g. Nowakowski et al., 2010)
levels of analysis. Informed by prior work linking the quality
of early attachment relationships and subsequent social infor-
mation processing (SIP) patterns (e.g. Dykas and Cassidy, 2011;
Vrticka and Vuilleumier, 2012; Zimmermann and Iwanski, 2015;
Long et al., 2020), the current study aimed to examine prospec-
tive links between toddler-mother attachment and adolescents’
evaluation of trustworthiness.

Several key brain regions have been proposed to underly eval-
uation of trustworthiness in emotionally neutral faces (see Bzdok

et al., 2011 for a meta-analysis), including (a) the amygdala,
given its role in processing information of motivational relevance
(Adolphs et al., 2003); (b) the anterior insula (Al), given its role in
salience detection through the mapping of autonomic changes
in the body (Menon and Uddin, 2010); (c) the fusiform gyrus,
given its involvement in face processing and social perception
(Kanwisher et al., 1997; Haxby et al., 2002); and (d) the posterior
superior temporal sulcus (pSTS), given its involvement in men-
talizing (Frith and Frith, 2003; Saxe et al., 2004). Indeed, among
adults, when viewing emotionally neutral faces that differed in
the level of trustworthiness, studies consistently revealed more
activation in several key brain regions (i.e. bilateral amygdala,
right Al, and right pSTS) in response to untrustworthy compared
with trustworthy faces (e.g. Winston et al., 2002; Engell et al.,
2007; Mende-Siedlecki et al., 2013), suggesting that brain regions
broadly involved in motivational processing, salience detection
and mentalizing tend to (a) track variations in trustworthiness
from unfamiliar faces and (b) show enhanced responsivity to
increasingly untrustworthy faces, perhaps due to potential sig-
nals of social threat evoked by such faces. Only one study, to date,
has examined neural correlates of trustworthiness perception
among ‘adolescents’. Similar to adults, adolescents demonstrated
increased activation to untrustworthy, emotionally neutral faces
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in the bilateral amygdala, bilateral fusiform gyrus and right Al
(Kragel et al., 2015), revealing that adolescents also associate
untrustworthy faces with heightened motivational relevance and
social salience.

To understand factors related to individual differences in
adolescent trustworthiness evaluation, we were guided by
attachment theory in which a core component of child-caregiver
attachment is trust in the caregiver’s availability (Bowlby, 1973,
1980; Sroufe and Fleeson, 1986). Early attachment relationships
with caregivers have been proposed to shape differential pat-
terns of SIP more broadly, both at behavioral (Dykas and Cassidy,
2011; Zimmermann and Iwanski, 2015) and at neural (Vrticka
and Vuilleumier, 2012; Long et al.,, 2020) levels. Dykas and Cas-
sidy (2011; also see Zimmermann & Iwanski, 2015) proposed that
individuals classified as secure process a broad range of pos-
itive and negative social information in an open manner due
to their greater capacity to explore the environment and toler-
ate aversive situations, whereas individuals classified as insecure
tend to engage in less open and flexible evaluation of nega-
tive social information in particular. Eye-tracking studies found
that youth who reported a secure vs insecure attachment style
had more fixations on, and longer viewing times of, their moth-
ers’ faces characterized by both positive and negative emotional
valence (Vandevivere et al., 2014). Conversely, insecure vs secure
attachment was associated with shorter looking time at neu-
tral and emotionally negative facial expressions among children
(Kammermeier et al., 2019).

Intriguingly, two studies provide neural evidence in line with
the above behavioral studies. Adolescent-reported attachment
avoidance was associated with decreased activation to emotion-
ally conflicting social feedback (e.g. angry face displayed next
to a message saying ‘winning’) in the left amygdala and right
Al (Vrticka et al., 2014). Similar to Dykas and Cassidy’s (2011)
propositions, the authors concluded that low activation among
more avoidant adolescents may reflect decreased social sensitiv-
ity in general, or alternatively, a protective strategy to attribute
less self-relevance and affective salience to emotionally negative
social information. Similarly, Escobar et al. (2013) reported that
insecure vs secure adolescents showed less accuracy and more
difficulties, as reflected in event-related potentials, differentiating
facial expressions characterized by negative emotional valence.
Nonetheless, despite emerging neural evidence of (i) adolescents’
perception of trustworthiness cues and (ii) attachment-related
differences in SIP, no prior study has linked the two. Moreover,
despite theoretical (e.g. Bowlby, 1973, 1980; Dykas and Cassidy,
2011) and empirical arguments (e.g. Corriveau et al., 2009) for
examining how ‘early’ attachment relationships shape ‘later’ SIP
patterns (in our case, trustworthiness perception) from a neural
perspective, prior studies on this topic are largely cross-sectional
and utilize self-report measures of attachment (e.g. Escobar et al.,
2013; Vrticka et al., 2014).

Using data from a 10year longitudinal study, we aimed
to address these gaps and examined whether toddler-mother
attachment relationships assessed from a modified Strange Situa-
tion procedure was associated with perception of trustworthiness
from unfamiliar faces during early adolescence. Informed by
Dykas and Cassidy’s (2011) propositions, we posit that individ-
ual differences in trustworthiness perception are rooted in ado-
lescents’ experience-based, attachment-related internal working
models. A history of warm and reliable caregiving likely estab-
lishes a basis for mental representation of others as approachable
innovel and ambiguous interpersonal contexts, as well as bolsters
confidence in exploration (in this case, cognitive evaluation) in the
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context of both socially positive/pleasant and negative/aversive
cues (e.g. more and less trustworthy faces, respectively; Schore,
2001; Bretherton and Munholland, 2008). Conversely, a history of
inconsistent or rejecting caregiving may give rise to expectations
that others are not reliable and, in turn, hinder processing of aver-
sive social information, such as less trustworthy faces (Schore,
2001; Bretherton and Munholland, 2008).

Furthermore, we assessed adolescents’ behavioral and neural
trustworthiness perception during a functional magnetic reso-
nance imaging (fMRI) task that involved viewing facial stimuli that
represented a range of standardized, externally validated trust-
worthiness ratings (Lundqvist et al., 1998). Guided by prior neu-
ral investigations of trustworthiness perception (Winston et al.,
2002; Engell et al., 2007; Bzdok et al, 2011; Mende-Siedlecki
et al., 2013; Kragel et al.,, 2015), we adopted an a priori regions
of interest (ROI) approach to assess trustworthiness perception
in response to emotionally neutral faces, in which we expected
attachment-group differences in neural tracking of trustworthi-
ness in the bilateral amygdala, bilateral fusiform gyrus, right
Al and right pSTS. We hypothesized that secure (vs insecure)
attachment would be associated with greater decreases in ado-
lescents’ trustworthiness ratings as the trustworthiness of faces
decreased. Likewise, we expected secure (us insecure) attachment
to be linked with adolescents’ increased neural activation as faces
became less trustworthy.

Method
Participants

Data were drawn from a 10year longitudinal study of socioe-
motional development named ‘Children’s Social Development
Project’ (CSDP). All research protocols pertaining to the CSDP
were reviewed and approved by the Institutional Review Board at
the University of Illinois at Urbana-Champaign (protocols #05181,
#15435). Families were recruited via informational flyers and
birth announcements distributed through local organizations and
child care centers. At the initial time point, 128 toddlers (62 boys;
M age=32.7 months, s.d. =0.76; 52% first born) and their moth-
ers participated in a 90minute laboratory visit (see McElwain
etal., 2012 for further details). When children were approximately
13years of age, families were contacted to participate in a follow-
up study. Adolescents who returned (n = 67) vs declined to partic-
ipate (n=61) were more likely to be boys, x? (1) =11.43, P=0.001.
Fathers of adolescents who returned tended to have fewer years
of education (M = 15.5 years, s.d. = 2.36) compared with those who
did not (M=16.6years, s.d.=2.90), t (109.07)=2.373, P=0.019.
No differences between the two groups were found for toddler—
mother attachment, parental age and ethnicity, maternal educa-
tion or marital status.

Of the 67 families who participated in the adolescent phase,
which included a behavioral session (see Ravindran et al.,, 2020
for further details) and a neuroimaging session, 52 adoles-
cents (34 boys; M age=13.2years, s.d.=0.57, range=12.4-
14.8years) successfully completed the neuroimaging session.
Reasons for incompletion included MRI contraindications (braces,
n=7; claustrophobia, n=2) and declining to participate (n=6).
Approximately 90% of the adolescent sample (n=52) were iden-
tified by mothers as European American, 8% as African American
and 2% as mixed or more than one ethnicity. Mothers were mostly
biological (96%) and married (94%) at the initial time point. Moth-
ers and fathers averaged 33.1 (s.d.=5.90) and 34.4 (s.d.=5.60)
years of age, respectively, and had 16.3 (s.d.=1.86) and 15.6
(s.d.=2.26) years of education. Mothers and fathers were 81%



830 |

and 89% European American, 2% and 4% African American, 6%
and 0% Asian American, 2% and 0% Hispanic, and 8% and 2%
others such as Native American or biracial, respectively. Ado-
lescents who completed (n=52) vs did not complete (n=15) the
neuroimaging session did not differ on toddler-mother attach-
ment, age at the adolescent phase, biological sex or parental age,
ethnicity, education or marital status.

Measures
Toddler—mother attachment (33 months)

Cassidy et al. (1992) modified 17 min Strange Situation procedure,
which consists of five episodes (3 min warm-up, 3 min separation,
3min reunion, second 5min separation, second 3 min reunion),
was conducted at the beginning of the laboratory visit at the
initial time point. During the separation episodes, no ‘stranger’
was present, and mothers received no instructions about what
to tell their child during the departure from the playroom. Tod-
dler behavior was evaluated using established criteria, including
physical proximity to the mother, affective expression and verbal
exchanges (Cassidy et al., 1992). The Cassidy et al. (1992) system
has established validity and is considered the measure of choice
for assessing attachment security among children between 2.5
and 4.5 years of age (see Solomon and George, 2008).

Two trained coders, certified by Jude Cassidy, coded protocols
from the full sample of 128 toddlers. To assess interobserver relia-
bility, 20% of the protocols were double-coded, and disagreements
were resolved by consensus. Interobserver agreement (before con-
sensus) was 88% (kappa = 0.77) for the four-way classification and
92% (kappa = 0.83) for the two-way secure vs insecure classifica-
tion. For the current subsample of 52, toddlers were classified as
‘secure’ (n= 33), ‘insecure-avoidant’ (n=2), ‘insecure-ambivalent
or dependent’ (n=38), or ‘controlling or insecure other’ (n=9;
see NICHD Early Child Care Research Network, 2001, for simi-
lar proportions of secure and insecure classifications using the
same procedures at 36 months). Given the small cell sizes of
the insecure classifications, we used the binary secure-insecure
classification.

Evaluation of trustworthiness (13 years)

While undergoing an fMRI scan, adolescents’ behavioral and
neural responses to trustworthiness faces were assessed. Facial
stimuli were drawn from the Karolinska Directed Emotional Faces
dataset and represent a range of standardized, externally vali-
dated trustworthiness ratings (Lundqvist et al., 1998), which we
refer to as ‘consensus ratings’ (same term as in Engell et al., 2007).
We selected 28 faces (14 female) to capture a range of trustworthi-
ness consensus ratings from untrustworthy to trustworthy (range:
-1.51 to 1.35; M=0.024; no difference between male and female
faces). Adolescents saw four randomized blocks of the 28 faces,
with each block corresponding to a particular emotion (i.e. neu-
tral, happy, disgusted and sad). Consistent with prior studies
that used comparable paradigms and stimuli to investigate trust-
worthiness perception (Winston et al., 2002; Engell et al., 2007;
Mende-Siedlecki et al., 2013; Kragel et al.,, 2015), we examined
neural and behavioral responses from the block that contained
emotionally neutral faces only. Within blocks, trial order was pre-
randomized such that each participant saw the same sequence
of faces within each block, and adolescents rated each of the 28
faces on trustworthiness using a 5-point scale (1 = ‘very untrust-
worthy’ to 5= ‘very trustworthy’). Adolescents were told to think
of trustworthiness in terms of being alone in an unfamiliar city
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and being willing to approach the person to ask for help or direc-
tions. They used their right hand for all responses with the thumb
indicating ‘1’ and the pinky finger indicating ‘5. Each face was
presented for 2500 ms with a jittered crosshair (centered with a
gamma distribution around 1500 ms).

fMRI data acquisition. Imaging data were collected using a
3 Tesla Siemens Magnetom Trio MRI scanner. The trust task
was presented on a computer screen and projected through
a mirror. A high-resolution structural T2*-weighted echopla-
nar imaging (EPI) volume (TR =2000ms; TE = 25ms; matrix =92
x 92; FOV=230mm; 38 slices; slice thickness=3mm; voxel
size 2.5 x 2.5 x 3 mm?) was acquired coplanar with a T2*-
weighted structural matched-bandwidth (MBW), high-resolution,
anatomical scan (TR=4000ms; TE =64 ms; matrix=192 x 192,
FOV =230mm; voxel size 1.2 x 1.2 x 3 mm?; 38 slices; slice thick-
ness=3mm). In addition, a T1* magnetization-prepared rapid-
acquisition gradient echo (MPRAGE; TR=1900ms; TE =2.32ms;
matrix = 256 x 256; FOV =230 mm; voxel size 0.9 x 0.9 x 0.9 mm?;
sagittal plane; slice thickness =0.9 mm; 192 slices) was acquired.
The orientation for the EPI and MBW scans was oblique axial to
maximize brain coverage and to reduce noise.

fMRI data analyses. Preprocessing used FSL (FMRIB'’s Software
Library, version 6.0; www.fmrib.ox.ac.uk/fsl) and included the
following steps: skull stripping using BET (Smith, 2002); motion
correction with MCFLIRT (Jenkinson et al., 2002); spatial smooth-
ing with Gaussian kernel of full width at half maximum 6mm;
high-pass temporal filtering with a filter width of 128 s (Gaussian-
weighted least-squares straight line fitting, with sigma =64.0 s);
grand-mean intensity normalization of the entire 4D dataset by
a single multiplicative factor; and individual level ICA denoizing
for motion and physiological noise using MELODIC (version 3.15;
Beckmann and Smith, 2004), combined with an automated signal
classifier (Tohka et al., 2008; Neyman-Pearson threshold =0.3).
Functional images were resampled to a 2x2x2mm space and
coregistered in a two-step sequence to the MBW and the MPRAGE
images using FLIRT to warp them into the standard stereotac-
tic space defined by the Montreal Neurological Institute and the
International Consortium for Brain Mapping.

Individual-level, fixed-effects analyses were estimated using
the general linear model convolved with a canonical hemody-
namic response function in SPM8. The task was modeled as
event-related within the emotionally neutral block, with each
trial lasting for the duration of the image. The consensus rat-
ing for each image was used as a parametric modulator (PM) for
each trial, allowing us to examine neural regions that show linear
increases or decreases in sensitivity to the trustworthiness rat-
ings. The jittered inter-trial periods were not modeled and served
as the implicit baseline for the task. Six motion parameters were
modeled as regressors of no interest.

Our primary, confirmatory analyses employed an ROI
approach with four masks (see Figure 1): bilateral amyg-
dala (Harvard-Oxford atlas thresholded at 50%), bilateral
fusiform gyrus (combined OFA and FFA; Julian et al, 2012),
right Al (Harvard-Oxford atlas) and right pSTS (Julian et al.,
2012). Masks are available on Neurovault (Gorgolewski et al.,
2015; https://neurovault.org/collections/IRRTADID/). Using these
masks, we extracted parameter estimates of signal intensity
from the neutral facial stimuli for each brain region. To rep-
resent our primary construct of interest—neural tracking of
trustworthiness—parameter estimates were extracted from neu-
tral faces including the PM, which indicates neural activation
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Right Al

Right pSTS

Fusiform

Fig. 1. Regions of Interest (ROI) images for the amygdala, right anterior
insula (Al), right posterior superior temporal sulcus (pSTS) and fusiform

gyrus.
Note: Although presented together in this image, each ROI was extracted
separately in analyses.

associated with changes in the consensus trustworthiness ratings
(termed ‘modulated activation’ in this report). To control for ado-
lescents’ average brain activation across faces, parameter esti-
mates were extracted from the neutral faces controlling for the
PM, which represents neural activation for the average consensus
rating of trustworthiness (i.e. M =0; termed ‘baseline activation’
in this report).

Data analytic plan

To test our hypotheses, we fit a series of models in Mplus 8.1
(Muthén and Muthén, 2017) using robust maximum likelihood
estimation. Prior to the main model tests, we conducted prelim-
inary analyses to examine whether key study variables differ as
a function of adolescent age and biological sex given their impli-
cation in adolescent processing of social information (e.g. Vrticka
etal.,, 2014), as well as maternal years of education as a proxy mea-
sure of family socioeconomic status. Demographic variables that
shared a significant association with key outcomes (adolescents’
ratings and modulated activation) were included as covariates in
the main model tests.

To assess attachment-group differences in adolescents’ rat-
ings of trustworthiness, we fitted a series of multilevel models,
with trials nested within persons. We first tested an intercept-
only model, which indicated sufficient variability in adolescents’
trustworthiness ratings at both the within-person (0.917) and
between-person (0.292) levels; the intraclass correlation coef-
ficient (ICC) was 24.15%, indicating that 24% and 76% of the
variation in trustworthiness ratings was between and within per-
sons, respectively. Thus, we proceeded with the test of the
conditional model. At level 1, we modeled the consensus rat-
ings as a predictor of adolescents’ trustworthiness ratings across
trials. This within-person association indicated the degree to
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which adolescents’ ratings of trustworthiness tracked the con-
sensus ratings. At level 2, we tested attachment group (inse-
cure=0, secure=1) as a predictor of the intercept of adoles-
cents’ ratings (i.e. average rating of trustworthiness across tri-
als) and the level-1 random slope. The cross-level interaction
between attachment at level 2 and the slope at level 1 assessed
whether trustworthiness evaluations (as indexed by the associa-
tion between the consensus and adolescents’ ratings) differed as
a function of toddler-mother attachment. The consensus ratings
were mean-centered prior to model tests. The covariance between
the intercept and level-1 random slope was also estimated at
level 2.

To assess attachment-group differences in adolescents’ mod-
ulated neural activation (i.e. neural activation associated with
changes in consensus ratings), we fitted a series of multilevel
models, with ROIs nested within persons. We integrated tests
of four ROIs simultaneously in one multilevel model given prior
work indicating similar patterns of modulated activation (i.e.
increased activation to trustworthy vs untrustworthy faces) and
to minimize multiple comparison biases caused by fitting a sep-
arate model for each ROI. The intercept-only model indicated
significant variability in adolescents’ overall neural tracking of
trustworthiness at both the within-person (0.043) and between-
person (0.043) levels; ICC=50%. For the conditional model, at
level 1, we modeled baseline activation and a set of ROI binary
variables as predictors of the modulated activation. The four ROIs
were recoded into three binary variables using effect coding, in
which the fusiform, amygdala and Al were each contrasted with
the pSTS. For each ROI binary variable, the selected region was
coded as 1, the contrast region (i.e. pSTS) as -1, and the remain-
ing two regions as 0. When the three ROI binary variables are
entered together in the model, coefficients for other predictors
represent the parameter estimates across all ROIs. At level 2, we
tested baseline activation and attachment group (insecure=0,
secure = 1) as predictors of the intercept of the modulated activa-
tion. The level-2 association between attachment and modulated
activation indicated whether the attachment groups differ on
neural tracking of trustworthiness. In a preliminary multilevel
model, we also tested attachment group as a level-2 predictor of
a random slope between the ROI binary variables and the mod-
ulated activation at level 1. This cross-level interaction, which
tested whether the association between attachment and modu-
lated activation differed as a function of ROI, was non-significant
(B=-0.01, SE=0.02, P=0.610) and thus was excluded in the main
multilevel model reported below.

Results
Preliminary analyses

Data were checked for distribution, outliers, and missingness in
SPSS 25.0. Four percent (n=59 out of 1456 data points) of ado-
lescents’ ratings of trustworthiness were missing because the
adolescent did not respond within the trial time window. Little’s
(1988) MCAR test suggested that data were likely missing com-
pletely at random, x? (3) =0.76, P=0.860, and thus were handled
using full information maximum likelihood in the main model
tests. Descriptive statistics and bivariate correlations among the
continuous study variables are summarized in Table 1.

To assess whether demographic variables should be included
in main model tests as potential covariates, we examined whether
adolescents’ trustworthiness ratings and modulated activation
differed as a function of adolescent age and biological sex and
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Table 1. Descriptive statistics and bivariate correlations among continuous study variables

Study variables 1 2 3 4 5 6 7 8 9
1 Adolescents’ ratings® —
Baseline activation

2 Bilateral amygdala -0.08 —

3 Bilateral fusiform -0.11 065" —

4 Right Al 0.07 0.23 0.23! —

5 Right pSTS -0.12 050" 0.36" 067" —
Modulated activation

6 Bilateral amygdala 0.04 -0.01 -0.11 0.05 0.09 —

7 Bilateral fusiform -0.03 0.03 -0.11 0.11 0.08 077" —

8 Right Al 0.01 -0.11 0.01 0.06 -0.07 061" 0.62" —

9 Right pSTS -0.13 0.05 0.09 -0.21 -0.13 0.25! 0.33 052" —
M 2.67 0.42 0.52 0.01 -0.06 -0.04 -0.02 0.04 0.05
s.d. 0.58 0.72 0.60 0.65 0.56 0.32 0.28 0.29 0.28
Min. 1.46 -1.14 -0.88 -1.57 -1.39 -0.86 -0.66 -0.53 -0.53
Max. 417 2.58 2.02 171 1.22 0.98 0.76 0.97 0.82

Notes: Al = anterior insula; pSTS = posterior superior temporal sulcus. Baseline activation represents the average neural activation in each brain region across all

faces. Modulated activation represents neural activation associated with increases in the consensus trustworthiness rating for each brain region.
@Adolescents’ rating represented the person ‘mean’ of trustworthiness ratings across trials for each adolescent.

1tP<0.10. *P<0.05. *P<0.01. **P<0.001, two-tailed.

maternal education. No significant difference was found. There-
fore, no demographic variable was included in the main model
tests.

We also examined attachment-group differences in base-
line activation. Independent samples t-tests indicated one
attachment-group difference: Baseline activation of the bilateral
fusiform was higher among adolescents with a secure (M =0.66,
s.d.=0.52) vs insecure (M =0.27, s.d. =0.67) attachment history,
t (30.81)=-2.17, P=0.038.

Main model tests
Behavioral ratings of trustworthiness

Results from the multilevel model predicting adolescents’ trust-
worthiness ratings are shown in Table 2. At level 1, the ran-
dom linear slope was significant such that higher consensus
ratings were associated with higher adolescents’ ratings, indi-
cating that adolescents were perceiving more trustworthy faces
as more trustworthy accordingly. The cross-level interaction
between attachment at level 2 and consensus ratings at level 1
was significant, indicating that the strength of the level-1 associ-
ation between the consensus and adolescent ratings differed as a
function of attachment.

To probe this significant cross-level interaction, we examined
the simple slope for each attachment group (i.e. the level-1 asso-
ciation when attachment=0). Because the insecure group was
coded as 0 in the main model, the level-1 slope reported in
Table 2 represents the simple slope for the insecure group. To
obtain the simple slope for the secure group, we fit an identi-
cal multilevel model with attachment reverse-coded (secure =0,
insecure =1). As shown in Figure 2, these simple slopes revealed
that although adolescents in both attachment groups showed
a positive association between the consensus and adolescents’
ratings of trustworthiness, the association was weaker for adoles-
cents in the insecure (B=0.32, SE=0.07, P<0.001) compared with
secure group (B=0.50, SE=0.05, P<0.001). To further probe the
interaction pattern, we examined attachment-group differences
in adolescents’ ratings at lower (1 s.d. below mean; less trustwor-
thy) and higher (1 s.d. above mean; more trustworthy) levels of the
consensus ratings. Adolescents in the insecure (vs secure) group
rated less trustworthy faces as significantly higher on trustwor-
thiness (B=-0.37, SE=0.19, P=0.047), but the two groups did not

Table 2. Adolescents’ ratings of trustworthiness as a function of
the consensus ratings and toddler-mother attachment groups

B SE P
Intercept (adolescent ratings) 2.81 0.14 <0.001
Level 1
Consensus ratings — adolescent 0.32 0.07 <0.001
ratings (slope)
Level 2 predictors of intercept
Attachment (insecure =0, -0.23 0.17 0.162
secure = 1)
Level 2 predictors x level 1 slope
cross-level interactions
Attachment x consensus ratings 0.18 0.09 0.037
Covariance (level 1 slope with -0.02 0.02 0.259
intercept)
Random effects
Residual variance (level 1): 0.77 0.10 <0.001
adolescent ratings
Residual variance (level 2): 0.28 0.06 <0.001
intercept
Residual variance (level 2): 0.05 0.02 0.004

Level-1 slope

differ in ratings of more trustworthy faces (B=-0.09, SE=0.17,
P=0.586).

Neural processing of trustworthiness

Results from the multilevel model predicting adolescents’ neural
tracking of trustworthiness are shown in Table 3. The cross-level
interaction between attachment (level 2) and the intercept of
modulated activation (level 1) was significant, indicating that ado-
lescents’ neural tracking of trustworthiness differed as a function
of attachment group. Baseline activation (levels 1 and 2) and the
ROI variables (level 1) were not associated with modulated acti-
vation, indicating that neural tracking of trustworthiness was not
related to the average activation across faces and did not differ as
a function of region.

To probe the significant cross-level interaction, we fitted addi-
tional multilevel models with the ROI binary variables and attach-
ment group at level 1 and level 2, respectively, predicting (i)
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Fig. 2. Adolescents’ ratings of trustworthiness as a function of the
consensus ratings and toddler-mother attachment groups.

Notes: Brackets represent tests of attachment-group differences in
adolescents’ ratings at lower (1 s.d. below mean; less trustworthy) and higher
(1 s.d. above mean; more trustworthy) levels of the consensus ratings.
*P<0.05. *P<0.001, two-tailed.

Table 3. Adolescents’ neural tracking of trustworthiness from
unfamiliar faces as a function of the consensus ratings and
toddler-mother attachment groups

B SE P
Intercept (modulated activation) 0.12 0.07 0.058
Level 1
Baseline activation (level 1) — -0.03 0.04 0.496
modulated activation
Bilateral fusiform—right pSTS — -0.02 0.02 0.445
modulated activation
Bilateral amygdala—right pSTS -0.05 0.02 0.062
— modulated activation
Right Al—right pSTS — 0.03 0.03 0.287
modulated activation
Level 2 predictors of intercept
Baseline activation (level 2) 0.06 0.09 0.521
Attachment (insecure =0, -0.20 0.08 0.009
secure =1)
Random effects
Residual variance (level 1): 0.04 0.01 <0.001
modulated activation
Residual variance (level 2): 0.03 0.01 0.007
intercept

Notes: Al = anterior insula; pSTS = posterior superior temporal sulcus.
Baseline activation represents the average neural activation in each brain
region across all faces. Modulated activation represents neural activation
associated with increases in the consensus trustworthiness rating for each
brain region.

baseline activation to obtain the value of neural activation when
trustworthiness =0 (i.e. mean) and (ii) modulated activation to
obtain the value for the association between consensus ratings
and neural activation for each attachment group (i.e. the sim-
ple slope). When attachment group was coded as insecure =0
and secure=1, the intercepts in these two models were used
to plot the simple slope for the insecure group. We fitted an
identical set of models with attachment group reverse-coded
(secure=0, insecure=1) to obtain the plotting parameters for

X.Lietal. | 833

§ 11

-

[

2 0.8 4

g

o 0.6 1 B = -.06(.03)*

® 04 |

3 -

o 0.2 4 =« ____]—n.s
E ———————————

E 0 ‘_':_ == ' 1 1 J
g ., | B =.13(.07)

6 0.2

[ren

5 .04 |

&

E -0.6 + - = Insecure
E -0.8 1 —Secure
& 41

(]

£ -1SD Mean +1SD

S (Less Trustworthy) (More Trustworthy)

Consensus Ratings of Facial Stimuli

Fig. 3. Adolescent neural activation to trustworthiness as a function of
the consensus ratings and toddler-mother attachment groups.

Notes: Associations were obtained from overall multilevel models fitted
across all four regions of interest (ROI). Attachment-related differences in
adolescents’ neural tracking of trustworthiness did not differ across ROIs.
Brackets represent tests of attachment-group differences in adolescents’
overall modulated activation at lower (1 s.d. below mean; less trustworthy)
and higher (1 s.d. above mean; more trustworthy) levels of the consensus
ratings. *P<0.05, two-tailed.

the secure group. As shown in Figure 3, adolescents with a
secure attachment history showed a decrease in neural activa-
tion in response to faces as consensus ratings of trustworthiness
increased (B=-0.06, SE=0.03, P=0.026), whereas this associa-
tion was non-significant for adolescents with an insecure attach-
ment history (B=0.13, SE=0.07, P=0.050). To further probe the
interaction pattern, we examined attachment-group differences
in modulated activation at lower (1 s.d. below mean; less trust-
worthy) and higher (1 s.d. above mean; more trustworthy) levels
of the consensus ratings. Adolescents in the insecure (vs secure)
group showed greater neural activation to less trustworthy faces
(B=0.37, SE=0.14, P=0.010), but the two groups did not differ in
neural responses to more trustworthy faces (B=0.08, SE=0.15,
P=0.625).

Discussion

Adolescents vary in their tendency to perceive others as trust-
worthy (Nowakowski et al., 2010), and attachment theory may
contribute to our understanding of such individual differences.
Advancing the literature on the contribution of early attachment
to later SIP (Dykas and Cassidy, 2011), we compared trustwor-
thiness evaluations of emotionally neutral faces between ado-
lescents classified as secure and insecure in toddlerhood and
assessed attachment-group differences in such evaluations at the
behavioral and neural levels. Overall, our findings suggest that
secure Us insecure attachment is associated with more open pro-
cessing of facial trustworthiness, as evident in both adolescents’
trustworthiness ratings and their neural activation across several
ROIs.

At the behavioral level, adolescents from both attachment
groups provided lower trustworthiness ratings as the consen-
sus ratings decreased, suggesting that adolescents were able
to discriminate varying levels of trustworthiness from unfamil-
iar, emotionally neutral faces. Consistent with our hypothesis,
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the association between consensus and adolescents’ ratings was
weaker for adolescents with an insecure (vs secure) attach-
ment history. Although both groups provided similar ratings of
the more trustworthy faces, adolescents who had an insecure
attachment history rated the less trustworthy faces as more
trustworthy compared with their secure counterparts. These
findings suggest that secure (us insecure) attachment is asso-
ciated with a greater capacity to openly identify aversive prop-
erties of untrustworthy faces. These findings also align with
the proposition that secure (us insecure) attachment is associ-
ated with an openness to process negative social information
(Dykas and Cassidy, 2011), as well as past behavioral evidence
that secure vs insecure youth are able to recall more correctly
negative attachment-related information (e.g. details about sep-
aration events; Alexander et al., 2010) and to attend more closely
to mothers’ faces characterized by positive and negative emo-
tional valence (Vandevivere et al., 2014). Similar to recalling
memories of rejection and viewing negative emotions, untrust-
worthy faces may elicit experiences of social threat (e.g. Rubin
et al., 1998). Hence, the ability to openly process and tolerate
such aversive social information may differ across attachment
groups.

To understand neural processes underlying attachment-
related differences in trustworthiness perception, we were guided
by past investigations that have highlighted greater involvement
of bilateral amygdala, bilateral fusiform, right Al and right pSTS
in response to untrustworthy vs trustworthy faces (Winston et al.,
2002; Engell et al., 2007; Bzdok et al., 2011; Mende-Siedlecki
et al., 2013; Kragel et al., 2015). Paralleling findings at the behav-
ioral level, adolescents with a secure attachment history showed
enhanced activation to decreases in trustworthiness, whereas
those with an insecure attachment history showed attenuated
activation to less trustworthy faces. Moreover, our preliminary
analysis indicated that this differential neural tracking of trust-
worthiness by attachment group did not differ as a function of
ROIL According to neural evidence on trustworthiness percep-
tion (e.g. Bzdok et al., 2011; Kragel et al., 2015), adolescents’
increased activation in the bilateral amygdala, bilateral fusiform,
right Al and right pSTS to less trustworthy faces (which may serve
as threatening or unpleasant social cues) may indicate flexible
engagement of brain regions involved in motivational relevance,
social salience and mentalizing. Thus, our findings indicate that
the secure group may be more capable of processing increasingly
threatening or unpleasant facial stimuli, whereas the insecure
group may fail to flexibly recruit relevant regions to support inter-
pretation and representation of such faces (also see Vrticka et al.,
2014).

Together, our behavioral and neural findings consistently indi-
cate attachment-related differences in trustworthiness evalua-
tion, with secure (us insecure) attachment associated with greater
capacity to openly process less trustworthy faces. One potential
explanation is that insecure individuals may engage in defensive
exclusion (e.g. downplay the salience and refrain from thorough
processing) of aversive social information to protect themselves
from potential social pain (Dykas and Cassidy, 2011). Alterna-
tively, individuals with a history of insecure attachment may
simply be less able to distinguish among levels of trustworthiness
cues in emotional neutral faces, leading to insufficient response
to untrustworthy cues and poor performance on trustworthiness
evaluation. Future research aimed at testing these competing
mechanisms is needed.

Several limitations should be considered. Firstly, our partici-
pants were predominantly White, and replication studies among

more racially diverse samples are needed. Secondly, our sam-
ple size was modest, and there was non-negligible attrition from
toddlerhood to adolescence. Nonetheless, missing data analyses
indicated few differences between those who returned at the
adolescent time point and those who did not, suggesting that
our results are not likely to be biased by this attrition. More-
over, the neural findings paralleled the behavioral results, which
increase confidence in the findings. Given the small sample, we
were unable to examine whether associations differed as a func-
tion of the subcategories of insecure attachment (i.e. avoidant,
ambivalent, controlling or insecure-other). Because distinct SIP
patterns have been theorized to characterize the insecure sub-
groups at neural (e.g. Vrticka and Vuilleumier, 2012; Long et al,,
2020) and behavioral (e.g. Corriveau et al.,, 2009) levels, future
studies designed to oversample insecure subgroups are needed to
obtain sufficient power to test potential differential SIP patterns
as a function of insecure subgroups.

In conclusion, employing a multimethod longitudinal design
that spanned 10years, we provide unique evidence on the
prospective association between early attachment and later SIP.
Across observed behavioral and neural responses, the findings
offer a valuable lens toward understanding the implications of
early attachment relationships in trustworthiness evaluation dur-
ing adolescence.
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