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ARTICLE INFO ABSTRACT

Keywords:
Positive coping
Emotion regulation

Positive coping is a key developmental asset that supports active self-regulation in daily emotional challenges
and may influence neurodevelopment through cortisol-related stress physiology relevant to hippocampal
integrity and behavioral adaptation in childhood. However, the neurobiological mechanism underlying how

]CDI:\l}elo ment positive coping may impact hippocampal development during childhood remains unclear. In Study 1, we
Hippoczmpus recruited 129 typically-developing children aged 6-12 years and assessed their positive coping style, cortisol

awakening response (CAR) by cortisol3g min-Ortisolawakening, and brain activity under an emotional processing
task. In Study 2, 59 of them longitudinally underwent the same emotional task fMRI one year later. Behaviorally,
positive coping was associated with better emotional regulation and lower anxiety at Time-1, and less decision
hesitation in emotional decision-making at both Time-1 and Time-2. At the endocrine and neurocognitive level,
positive coping was associated with greater CAR at Time-1, which was further linked with higher hippocampal
activation and hippocampus-ventrolateral prefrontal (vIPFC) connectivity one year later. Besides, the hippo-
campal maturation may support the maturity of hippocampal-vIPFC connectivity one year later. The study
highlights a cognitive-neuroendocrine framework in which positive coping may impact the hippocampal-
neocortical pathway via CAR to enhance emotional wellness.

1. Introduction

Why do some children thrive under stress while others struggle? The
ability to adaptively cope with environmental challenges reflects an
individual’s capacity for effective stress regulation and is thought to
promote emotional wellness by supporting adaptive physiological and
psychological responses to stress (Compas et al., 2001). Positive coping
refers to a relatively stable tendency to employ adaptive, goal-directed
cognitive and behavioral strategies (e.g., problem solving, positive

reappraisal, and support seeking) to manage stressor-related demands
and regulate emotional responses (Heffer and Willoughby, 2017; Perez
et al., 2023; Xie, 1998). These positive coping-related regulatory pro-
cesses likely involve not only the hippocampal role in supporting
emotional memory acquisition, retrieval and emotional processing
(Pronier et al., 2023), but also hippocampal regulation of cortisol, the
end product of hypothalamic-pituitary-adrenal (HPA) axis. In particular,
the hippocampus, as a main target of cortisol, could provide negative
feedback to the HPA axis to regulate optimal cortisol levels (Joels and
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Baram, 2009). It’s well acknowledged that childhood is a sensitive
period not only for the early onset of various mental illnesses, but also
for rapid brain development, cognitive and affective functions. How-
ever, it remains unknown about the neurobiological mechanisms un-
derlying how positive coping may impact the hippocampus function
during childhood and how this process contributes to emotional well-
ness across development.

Although stress-related hippocampal vulnerability is well docu-
mented in previous literature (Kim and Diamond, 2002; Van Rooij et al.,
2015), far less is known about the hippocampal neural mechanisms that
underlie the protective effects of positive coping in enhancing emotional
well-being. The stress bucket model conceptualizes stress as the accu-
mulation of daily and chronic stressors in a finite-capacity “bucket,”
where coping strategies function as a “tap” that releases stress load and
prevents overflow. Within this framework, positive coping is viewed as
an active regulatory process that facilitates stress discharge and main-
tains manageable stress levels, whereas insufficient or ineffective coping
may allow stress to accumulate, increasing physiological stress re-
sponses and vulnerability to anxiety and related disorders (Brabban and
Turkington, 2014). Indeed, a more positive coping style, as a strategy
shaped through repeated stress exposure, has been linked to greater
availability of cognitive and affective resources involved in stress
regulation (Taylor and Stanton, 2007), emotion recognition (Yih et al.,
2020), and emotion regulation (Zimmer-Gembeck and Skinner, 2011).
Mechanistically, the hippocampus may serve as a central neural sub-
strate for stress regulation in the context of positive coping, given its
established roles in emotional memory processing, stress responsivity,
and adaptation to environmental demands (Dedovic et al., 2009; Myers
et al., 2014). For example, recent studies show that the hippocampus
adaptively updates negative memories by finding positive meaning in
negative events (Speer et al., 2021), emphasizing the hippocampal role
in supporting positive coping processes through adaptive updating and
reappraisal of emotional memories. Consistent with this view, evidence
suggests that adaptive coping styles are associated with hippocampal
engagement and plasticity, supporting the possibility that positive
coping may be relevant to hippocampal function (McEwen and Gia-
naros, 2011). Besides, the hippocampus is subject to top-down regula-
tion by the prefrontal cortex to support adaptive coping and optimal
stress regulation (Ulrich-Lai and Herman, 2009). Among prefrontal
regulatory systems, the ventrolateral prefrontal cortex (vIPFC) has been
consistently implicated in cognitive reappraisal and cognitive control,
including selecting goal-relevant interpretations and inhibiting
competing affective representations (Etkin et al., 2015). Meta-analytic
evidence indicates reliable recruitment of lateral prefrontal regions
during reappraisal across neuroimaging studies, supporting vIPFC as a
robust candidate region for coping-related regulatory processes (Buhle
et al., 2014).

Moreover, positive coping shapes stress responses and mental health
outcomes through the interplay of behavioral, cognitive and endocrine
systems (McCrory et al., 2010). In particular, “stress hormone” cortisol
of the HPA axis controls individual stress response and regulates neural
activity subtly to maintain homeostasis. The cortisol awakening
response (CAR), a key hallmark of HPA-axis function (Hellhammer et al.,
2007), refers to a pronounced increase in cortisol levels within
30-45 min after awakening. According to the brain preparedness theory
of CAR, this morning surge in cortisol serves an anticipatory function by
mobilizing metabolic and neural resources to prepare the brain and body
for expected cognitive, emotional, and environmental demands of the
upcoming day, rather than merely reflecting a non-specific stress reac-
tion (Xiong et al., 2021). Nevertheless, no research to date has examined
whether positive coping may enhance CAR and regulate hippocampal
function to mobilize sufficient energy for upcoming challenges.

Recent neurobiological models indicate that cortisol, as a stress-
sensitive mediator, influences neural activity crucial for emotional
perception and regulation in response to stress (Burghy et al., 2012;
Farah, 2017). The stress generation model posits that individuals are not
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only passive recipients of stress but may actively contribute to the
occurrence of stressors, particularly dependent interpersonal stressors
that are partly shaped by their own cognitions and behaviors (Liu and
Alloy, 2010). Such stress-generating tendencies, including maladaptive
coping and negative cognitive-behavioral patterns, can increase expo-
sure to recurring stress and thereby elevate allostatic load, which has
been linked to alterations in HPA-axis functioning and cortisol dynamics
(Essex et al., 2011; Sapolsky, 2003). The cortisol levels could be
fine-tuned by hippocampus (Gunnar and Vazquez, 2006; Pruessner
et al., 2008) due to the dense collection of mineralocorticoid receptors
(MRs) and distributed collection of glucocorticoid receptors (GRs) (de
Kloet et al., 2005) in the hippocampus, which could bind with cortisol to
maintain homeostasis balance and meet the environmental demands.
Importantly, sub-optimal CAR may impair hippocampal structure and
connectivity (Li et al., 2022). Recent direct evidence supports that early
life stress could affect children’s limbic-prefrontal connections through
cortisol response (Gee et al., 2013; Tian et al., 2021), suggesting a po-
tential mediating role of cortisol responses in linking psychosocial stress
exposure to hippocampal development and emotion-related func-
tioning. The hippocampus-vIPFC functional connectivity represents a
plausible pathway through which prefrontal control processes (e.g.,
goal-directed selection and implementation of cognitive reappraisal)
may shape hippocampus-dependent emotional memory representations
(Lambert et al., 2017) and has also been linked to cortisol-related stress
regulation (Dedovic et al., 2009); moreover, this connectivity increases
with age (Vink et al., 2014), indicating developmental plasticity in
hippocampus-vIPFC circuitry. Although positive coping, cortisol re-
sponses, and hippocampal systems have been examined largely in
isolation, it remains unclear whether positive coping and CAR interplay
together to shape the development of hippocampus and
hippocampus-prefrontal pathways, especially hippocampus-vIPFC cir-
cuitry involved in emotional processing during childhood.

Together, these lines of evidence converge to suggest that positive
coping may influence children’s emotional wellness through neuroen-
docrine mechanisms that shape both hippocampal engagement and its
functional coupling with prefrontal regulatory systems. Based on pre-
vious literature, we hypothesized that positive coping would be associ-
ated with CAR, which in turn would be linked with both longitudinal
hippocampal activation and hippocampal-vIPFC functional connectivity
during emotional processing. Across two studies, we examined the
behavioral, endocrine, and neurocognitive mechanisms through which
positive coping may promote children’s emotional wellness. At Time-1,
Study 1 examined associations between positive coping, emotional
wellness, emotional decision dynamics, and CAR. In Study 2, we
employed mediation models to examine whether CAR mediated the
associations between positive coping and hippocampal activation, as
well as a priori hippocampus-vIPFC functional connectivity at Time 2.
Before the targeted follow-up analysis of hippocampus-vIPFC connec-
tivity, we also conducted complementary exploratory whole-brain hip-
pocampal connectivity analyses within an unbiased framework to
functionally characterize the hippocampus connectivity patterns.

2. Methods
2.1. Participants

A total of 129 school-aged children (6-12 years old, 70 males/59
females) were recruited for Study 1 via advertisements distributed in
elementary schools in Chongqing, China (Time-1). A subsample of 59
participants from Study 1 (ages 7-12 years, 33 males/26 females)
returned for a follow-up MRI assessment approximately one year later
(Time-2).

In Study 1, participants were asked to complete questionnaires
assessing positive coping, emotion regulation, and anxiety, and to pro-
vide cortisol samples; they also underwent fMRI scanning during an
emotion-matching task. Complete cortisol profiles were obtained for 91
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participants (Fig. S1 in Supplement); the remaining 38 participants had
unusable cortisol data due to non-collection or collection failures (e.g.,
recent illness, use of hormonal medications, failure to follow sampling
instructions, missed sampling times, insufficient saliva volume, or
sample contamination). After excluding 2 outliers whose R30 values
exceeded +3 standard deviations (SD), valid cortisol samples were
available for 89 participants. Of these, 69 were retained for Time-1
imaging analyses after excluding participants with excessive head mo-
tion (i.e., mean frame-to-frame displacement < 0.5mm).

In Study 2 (Time-2), 59 participants completed the same emotion-
matching fMRI task for longitudinal comparison; cortisol samples and
emotion-related questionnaires were not collected at Time-2. Of these
participants, 41 had valid Time-1 cortisol samples (Fig. S1 in Supple-
ment), and 34 met imaging quality criteria for head motion and were
included in the longitudinal imaging analyses. A full description of the
inclusion criteria, data screening procedures, outlier detection, and
quality control criteria is provided in Supplement. In addition, 27
healthy young adults (18-23 years old, 14 males/13 females) were
recruited to perform the same emotion-matching fMRI task as the child
participants, providing an adult benchmark for evaluating brain matu-
ration from Time-1 to Time-2.

None of the participants reported a history of neurological or psy-
chiatric disorders, nor had they received medical treatment within the
past six months. Written informed consent was obtained from the chil-
dren’s parents or legal guardians, with assent provided by the children.
Adult participants provided their own informed consent. The experi-
mental protocol was approved by the local Ethics Committee at the
Faculty of Psychology, Southwest University under the standards of the
Declaration of Helsinki.

2.2. Positive coping style

Positive coping style was measured by one dimension of the
Simplified Coping Style Questionnaire (SCSQ) (Xie, 1998). The SCSQ,
based on the “Ways of Coping” questionnaire, assesses two dimensions
of coping strategies including positive and passive coping strategies with
self-reported 20 items. The positive coping dimension mainly reflects
positive coping strategies individuals use when encountering stress,
such as “trying to see things in as good a way as possible” and “identi-
fying several different ways to solve problems.” Responses are given on a
four-point Likert scale (0 =never; 3 =very often). The SCSQ scores
reflect participants’ coping style preferences, with a higher score indi-
cating a higher possibility that one would adopt the relevant coping style
(Yu et al., 2020). The instrument of SCSQ has been widely used and
shows high reliability and validity in adults (Cronbach’s a > 0.90) (Xie,
1998) and children (Cronbach’s a = 0.904, Table S1 in Supplement)
(Wang et al., 2024). 74 participants completed the questionnaires, and
no outliers beyond £3SD were detected in this sample (Fig. S2 in
Supplement).

2.3. Emotion regulation and anxiety assessment

Emotion regulation was assessed by a 10-item self-reported Emotion
Regulation Questionnaire (ERQ), which is widely used in measuring
emotion regulation ability (Gross and John, 2003). ERQ involves two
dimensions of emotion regulation ability, corresponding to two different
emotion regulation strategies, i.e., cognitive reappraisal (6 items) and
expressive suppression (4 items). Children were asked to rate their
feelings and expressions of emotion on a 7-point Likert scale from
strongly disagree to strongly agree. The ERQ showed good reliability in
our children sample (Cronbach’s a = 0.79). 73 participants completed
the questionnaires, and no outliers beyond +3 SD were detected in this
sample (Table S1, Fig. S2 in Supplement).

Anxiety was measured by using a self-reported State-Trait Anxiety
Inventory (STAI) (Spielberger, 1983), with a well-trained assessor’s
assistance. The STAI consists of 40 items, of which the first 20 items are
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tested for the state anxiety subscale and the last 20 items are tested for
the trait anxiety subscale. Children were instructed to rate how
frequently each item occurred in their lives on a 4-point Likert scale,
with 1 - “not atall” and 4 - “very much”. Notably, children were asked to
rate the most appropriate feelings for state anxiety at the moment, while
the trait anxiety subscale was required to rate the most frequent feelings.
The total score of state anxiety and trait anxiety ranged from 20 to 80,
and this anxiety measurement is widely used to assess children’s anxiety
(Zhu et al., 2019). STAI showed good internal consistency in our sample
(Cronbach’s a = 0.83). 74 participants completed the questionnaires,
and no outliers were detected in this anxiety measure (Table S1, Fig. S2
in Supplement).

2.4. Salivary cortisol sampling and analysis

Before cortisol sampling, children and their parents received verbal
and written instructions, and were provided with a materials pack
containing a printed instruction sheet, Salivette collection devices
(Sarstedt, Niimbrecht, Germany), and a health-status questionnaire. To
reinforce adherence, the evening before sampling we called and sent a
reminder message to each parent to ensure they could correctly guide
their child in saliva collection. Salivary cortisol collection was finished
within two days before the scan with parental assistance using Salivette
devices at Time-1. Participants were asked not to brush teeth, rinse the
mouth, smoke, drink, or eat for at least 60 min before each sampling,
and to avoid smoking, drinking, or strenuous exercise the night before.

Each child provided five saliva samples at the following time points:
pre-bedtime basal cortisol before sleep (approximately 22:00-23:00;
NO), then immediately upon awakening the next morning (N1),
+ 15min (N2), + 30 min (N3), and + 60 min (N4) (see Table 1). Chil-
dren (with parents) were required to record sleep and wake times and
the exact sampling time for each tube on the label, and to take time-
stamped photographs. Each cortisol sample was refrigerated at home
immediately after collection. We also implemented comprehensive in-
structions, time recording, and screening procedures to obtain reliable
salivary data, consistent with recommended practice (Stalder et al.,
2016). Cortisol samples were excluded if participants reported any
recent illness (e.g., endocrine disorders), use of relevant hormonal
medications within the preceding two weeks, or noncompliance with the
prescribed sampling schedule. After collection, all samples were placed
in an insulated container with ice packs and handed to a study-arranged
courier for delivery to the experimenter within 30 min. Samples were
then stored frozen at —80 °C until assay.

Samples were thawed and centrifuged at 3200 revolutions per min-
ute (RPM) for 10 min. Cortisol concentration was quantified via elec-
trochemiluminescence immunoassay on a Cobas e 601 analyzer (Roche
Diagnostics, Niimbrecht, Germany), with a lower sensitivity of 0.500
nmol/L and an assay range of 0.5-1750 nmol/L (Zhu et al., 2019). Intra-
and inter-assay coefficients of variation were < 10%. Each cortisol
sample was log-transformed first to ensure a normal distribution. The
rising cortisol level within 30 min after awakening (R30) was computed
by the cortisol level at 30 min after awakening (N3) minus the cortisol
level at the awakening point (N1) (Pruessner et al, 1999), i.e.,
cortisol3g min-cortisolawakenings and two outliers beyond +3SD were
excluded from further analyses (Fig. S3 in Supplement). R30, as one of
the indicators of CAR, is thought to reflect an accelerating activity of the
HPA-axis system during the transition from sleep to wakefulness (Gao
et al., 2024).

2.5. Task-dependent emotion matching paradigm

During a six-minute emotion-matching (EM) task, children at Time-1
and Time-2, as well as 27 adult participants, completed a canonical
emotional processing task while undergoing fMRI scanning (Fig. 1C).
The run comprised ten blocks, each beginning with a 5-s on-screen cue
indicating the emotion or control condition, followed by six trios of
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Table 1
The cortisol levels of four saliva cortisol samples in the morning at Time-1.
NO + SEM N1 + SEM N2+ SEM N3+ SEM N4 + SEM
Cortisol level 4.92+0.39 15.27 £0.55 17.13+£0.57 17.06 £ 0.61 11.61 +0.50

Notes: cortisol levels in the pre-bed time before sleep(N0), awakening point (N1), post-awakening 15 min (N2), 30 min (N3), and 60 min (N4) in the morning.
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Fig. 1. Positive coping was related to positive mental states and behavioral decision dynamics. (A) Positive coping was positively related to emotion regulation
ability in reappraisal dimension. (B) Higher positive coping was associated with lower trait anxiety score. (C) The simplified graphical representation of emotion
matching paradigm, during which children were asked to match the same emotional category or shape direction with the target emotional face or shape. (D)
Schematic illustration of hierarchical drift-diffusion model with 3 parameters: drift rate (v) indicates the speed of estimation during evidence accumulation until the
decision boundary or threshold (a) is reached. v is shown in blue lines for correct responses and red lines for wrong responses while a is shown by the vertical arrow
on the right. The non-decision time (t) indicates the other factors affecting decision time, as shown by the horizontal arrow on the left. (E) Positive coping was
associated with less decision caution (a) under emotion condition at Time-2 but not for control condition. The right panel shows the data distribution of parameter a
in two conditions. PCS, positive coping style; T1, Time-1; T2, Time-2; **, p < 0.01; *, p < 0.05; n.s., not significant.

images presented for 5-s each. On every trial, a target image (top) and
two choice images (bottom left/right) were displayed simultaneously for
5s. There was no inter-trial interval (ITI) within blocks, and blocks
followed one another continuously. In emotion blocks, stimuli were
negative facial expressions (fear, anger) drawn from a standardized
dataset (Hariri et al., 2002). Participants indicated which bottom face
matched the target’s emotional category shown at the top. In control
blocks, oval scrambled shapes replaced faces, and the task was to match
the orientation of the target shape. Participants were instructed to
respond as quickly and accurately as possible. The emotion matching
task has demonstrated test-retest reliability (Sauder et al., 2013). By
contrasting the emotion and control conditions, this paradigm assesses
emotion-related brain responses associated with emotional reactivity
(Hariri et al., 2000; Hulvershorn et al., 2012).

2.6. Hierarchical drift-diffusion model (HDDM)

Drift-diffusion model (DDM) is widely used to characterize two-
choice decision dynamics by assuming a noisy evidence-accumulation
process that terminates when accumulated evidence reaches a decision
boundary, jointly determining reaction time (RT) and accuracy (ACC).
We fit a hierarchical DDM, which estimates participant-specific pa-
rameters drawn from group-level distributions (partial pooling),
enabling stable individual-level estimates and group-level inference
(Wiecki et al., 2013). HDDM could model the individual-level decision
parameters including the decision threshold (a), drift rate (v) and
non-decision time (t), therefore the group statistical analyses are avail-
able. The decision threshold indicates the boundary of information
collection or the decision criteria, and the individual tends to choose a
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certain option of 2-choice when the collected information reaches such a
boundary. The drift rate determines the speed of deciding evidence
accumulation. The non-decision time reflects other factors affecting
decision time before the decision process, like stimulus encoding and
executing responses.

HDDM was fit to trial-by-trial RTs from the emotion and control
conditions of emotion-matching task for each child; trials with RT
< 0.05 s were treated as outliers (Xu et al., 2022). We compared a family
of nested regression specifications in which the experimental condition
could modulate different subsets of diffusion components, yielding
seven models (a, v, t, av, at, vt, avt). Here, “av”, “at”, “vt”, and “avt”
denote that the condition predictor loads on the corresponding diffusion
parameters (two-way or three-way combinations); they are not new
mechanistic parameters. This formulation follows best practice for hi-
erarchical diffusion modeling with covariates and interactions
(Vandekerckhove et al., 2011; Wiecki et al., 2013) and accords with
evidence that experimental manipulations can influence multiple DDM
components (Ratcliff and McKoon, 2008; White et al., 2011). Model
comparison used the deviance information criterion (DIC) with lower
DIC indicating better penalized fit (Spiegelhalter et al., 2002) (Table S2;
Fig. S4 in Supplement). The avt model demonstrated the best fit, then we
used Markov chain Monte Carlo (MCMC) to draw 20,000 samples from
the joint posterior (first 2000 discarded as burn-in) (Liu et al., 2021),
and assessed convergence with the Gelman-Rubin statistic (r-hat values
for all parameters ~ 1.0 and < 1.15), indicating good convergence
(Wiecki et al., 2013). Posterior summaries of a, v, and t from the winning
model were carried forward for subsequent analyses.

2.7. Image data acquisition and preprocessing

This study utilized Siemens 3 T scanner (TIM Trio, Erlangen, Germany)
to acquire whole-brain functional images of child participants at two time
points, one year apart, and of adult participants, using a 12-channel head
coil and a T2*-sensitive echo-planar imaging sequence with the following
parameters: 33 axial slices, 4-mm slice thickness, 0.6-mm gap, 2000-ms
repetition time, 30-ms echo time, 90 flip angles, voxel size 3*3*4 mm?,
field of view 200%200 mm?, 179 volumes for emotion matching task
scanning. Functional images were preprocessed through SPM12
(https://www.fil.ion.ucl.ac.uk/spm/software/spm12/). Considering MR
signal stabilization, the first four volumes of the emotional task scan were
discarded. The remaining images were corrected for slice acquisition
timing, realigned for head motion correction with participants whose mean
frame-to-frame displacement was higher than 0.5 excluded from further
image analyses. Subsequently, functional images were co-registered to each
participant’s segmented T1-weighted images and spatially normalized into
the Montreal Neurological Institute (MNI) space, resampled into 2-mm
isotropic voxels, and smoothed by convolving a 6-mm isotropic three-
dimensional Gaussian kernel.

2.8. Univariate general linear model (GLM) analysis

To assess task-evoked neural activity during emotion matching task,
the emotion condition and control condition were modeled as two
separate regressors and convolved with the canonical hemodynamic
response function (HRF) implemented in SPM12. To remove the head
motion-related artifacts, each participant’s Friston-24 head-motion pa-
rameters were included as nuisance covariates. The imaging data were
high-pass filtered with a cutoff of 1/128 Hz and were corrected for serial
correlations using a first-order autoregressive model (AR (1)) in the GLM
framework. Contrast images were calculated at the individual level to
identify brain regions with significant activation under the emotion
condition versus control condition. Next, individual-level contrast im-
ages were submitted to group-level multiple regression analyses with
children’s R30 as the covariate of interest while child age and sex as
nuisance covariates. Significant clusters were determined at a height
threshold of p < 0.001 and an extent threshold of p < 0.05 with Monte

Psychoneuroendocrinology 188 (2026) 107842

Carlo simulations for multiple corrections using 3dClustSim (Cox et al.,
2017) of AFNI (http://afni.nimh.nih.gov). Specially given our hypoth-
esis of hippocampus function regulated by CAR, significant clusters in
the hippocampus were obtained with an initial uncorrected threshold of
p < 0.001 and an extended FWE-corrected p < 0.05 corresponding to
the estimated minimal cluster size using 3dClustSim (Table 2, Fig. S5 in
Supplement). Parameter estimates were then extracted from significant
clusters to characterize activation patterns.

2.9. Generalized psychophysiological interaction (PPI)

The generalized PPI method (https://www.nitrc.org/projects/gppi)
was used to examine the task-evoked functional connectivity of the
hippocampus, which was defined as a seed from the Automated
Anatomical Labeling (AAL) template. The mean time series of all voxels
within the hippocampus were computed and subsequently deconvolved
to estimate the hippocampal neural activity. Next, two individual-level
PPI regressors under the emotion condition regressor and control con-
dition were calculated by multiplying the estimated hippocampal neural
activity with a dummy vector indicating the task condition and therefore
forming two psychophysiological interaction vectors. Then, the two PPI
vectors were further convolved with a canonical HRF to form two PPI
regressors of interest. The data were also high-pass filtered with a cutoff
of 1/128 Hz and corrected for serial correlations using AR (1). In
addition, each participant’s Friston-24 head-motion parameters and
task-induced neural activity were included as nuisance covariates.
Individual-level contrast images of PPI effects under emotion versus
control condition at Time-1 and Time-2 were respectively submitted into
second-level multiple regression analyses with R30 as a covariate of
interest while child age and sex as nuisance covariates to reveal the
significant hippocampus functional connectivity at each time point
related to R30 at Time-1. Significant clusters were determined using the
same multiple correction criteria as above. Specifically, given our prior
hypothesis, significant clusters in the superior prefrontal cortex (i.e.,
vIPFC) were determined at a height threshold of the peak point of
p < 0.001 and an extent threshold of p < 0.05 corrected for multiple
comparisons with an anatomically defined vIPFC template mask
(Table S3, Fig. S6 in Supplement). Mean parameter estimates of signif-
icant clusters under emotion versus control condition were then
extracted to examine their relation with R30.

2.10. Maturation index analysis

To quantify longitudinal maturation of hippocampal function over
two time points in children during emotional processing, we used a
multivariate maturation index based on representational similarity
analysis (RSA), which characterizes neural representations based on the
similarity structure across multi-voxel neural activity patterns (Norman
et al., 2006), rather than mean activity levels. Maturation in

Table 2
Whole brain activations in the second year (Time-2) that were significantly
related to children’s R30 at Time-1.

Target Regions L/R BA T value® MNI (x y z) Voxels
Inferior Occipital Gyrus R 18 3.95% 38-92-6 167
Supramarginal Gyrus R 40 4.58% 38-48 34 417
Hippocampus L 28 423" -28-22-12 79

@ Clusters were thresholded with a height threshold of the peak point of
p < 0.001 and an extent threshold of p < 0.05 corrected for multiple compari-
sons with Monte Carlo simulations using 3dClustSim of AFNL. ® Given our prior
hypothesis in the hippocampus, significant clusters in the hippocampus were
determined at a height threshold of the peak point of p < 0.001 and an extent
threshold of p < 0.05 corrected for multiple comparisons with an anatomically
defined bilateral hippocampus mask from Automated Anatomical Labeling
(AAL) template using 3dClustSim. BA, Brodmann’s area; MNI, Montreal
Neurological Institute.
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hippocampus activity or hippocampus-vIPFC connectivity over two time
points reflected the longitudinal change in similarity between each
child’s multivariate brain pattern and the adult reference pattern from
Time-1 to Time-2. Using the hippocampal activity maturation index as
an example, for each child, hippocampal voxel-wise activity patterns at
Time-1 were extracted during emotion versus control condition, and
correlated voxel-wise hippocampal activity with an adult reference
template during the same condition (in another independent adult
sample) using Pearson correlation. The resulting correlation coefficients
were Fisher z-transformed and used as indices of RSA (Kriegeskorte
et al., 2008), which was computed separately at Time-1 and Time-2 for
each child. The hippocampal activity maturation index was then defined
as the change in child-adult representational similarity over two time
points, computed as: Maturation index = Similarityrime.2 — Similar-
ityTime-1- A higher positive maturation value therefore indicates greater
maturity of the child’s hippocampal activation pattern toward the
adult-like pattern over time (Fig. 4C). Using an analogous procedure, the
maturation index for hippocampus-vIPFC functional connectivity was
computed based on the change in multivariate similarity between
Time-2 and Time-1, capturing the longitudinal development of this
connectivity toward the adult reference pattern.

2.11. Mediation analysis

Mediation models were constructed to examine the mediatory roles
of CAR in the associations between positive coping and hippocampal
activity as well as hippocampus-vIPFC connectivity under emotion
versus control condition at Time-1 and Time-2, respectively. The
mediation models were performed with model number 4 by using
PROCESS macro (version 2.16) (Hayes, 2013; MacKinnon et al., 2002), a
mediation package executed on SPSS (version 21, IBM Corporation,
Armonk, New York) that is based on the regression analyses. The inde-
pendent variable X (i.e., positive coping), the dependent variable (Y) (i.
e., hippocampal activity or hippocampus-prefrontal connectivity), and
the mediator variable (M) (i.e., CAR) were included in a mediation
model that identifies and explains the mechanism underlying the
observed relationship between the X and Y via M. For each mediation
model, different paths were created: Path a (X-M), representing the ef-
fect of X on M; Path b (M-Y), representing the effect of M on Y; Path a*b
(known as indirect effect), which represents the mediated effect of X on
Y by M; and Path ¢’, which represents the direct effect of X on Y not
mediated by M. For path a, b and ¢’ in the mediation models, their path
coefficient and standard error were reported. The magnitude and the
significance of all models were calculated using 5000 bias-corrected
bootstrapping resampling approach (Preacher and Hayes, 2008),
which generated a 95% confidence interval (CI) for the mediator’s in-
direct effect and the direct effect of X to Y. If the 95% CI of the indirect
effect parameter in one model does not include zero, this mediation is
significant even if path a, b or direct path ¢’ is not significant. All
p-values < 0.05 were considered statistically significant and all reported
p-values are two-tailed.

2.12. Statistical power analysis

In this longitudinal study, we paid particular attention to the po-
tential influence of sample attrition on statistical power. To address this
issue, post-hoc power analyses (two-tailed, a = 0.05) were conducted for
the main results using G*Power (Faul et al., 2009) (Version 3.1.9.6)
(Table S4 in Supplement). In the first-year analyses, sample sizes ranged
from 72 to 74, and the absolute values of the correlation coefficients
varied between 0.27 and 0.49, yielding estimated statistical power es-
timates between 0.64 and 0.99. Due to participant attrition, the
second-year sample included 34 children, with the absolute values of
correlation coefficient ranging from 0.44 to 0.63, and corresponding
post-hoc power estimates ranged from 0.76 to 0.99. After excluding
participants with excessive head motion in either year, the final sample
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for the maturity analysis comprised 27 children. Given a correlation
coefficient of 0.57, the post hoc analysis indicated a statistical power of
approximately 0.90 for this analysis.

3. Results

3.1. Positive coping was positively related to children’s emotional wellness
and decision-making dynamics

To examine whether positive coping is associated with children’s
emotional wellness at Time-1 in Study 1, the Pearson correlation ana-
lyses showed that higher positive coping at Time-1 was positively
correlated with higher reappraisal scores of emotion regulation
(r=0.38, p =0.001, N = 73, Fig. 1A), and negatively related to lower
trait anxiety (r =-0.49, p < 0.001, N =74, Fig. 1B) as well as state
anxiety (r =-0.32, p = 0.006, N = 74, Fig. S7 in Supplement). More-
over, we investigated whether positive coping could impact the latent
decision dynamics during an emotion processing task (Fig. 1C) at Time-1
and Time-2. HDDM (Fig. 1D) was applied to uncover the latent processes
of emotional decision-making dynamics for each trial of emotion con-
dition and control condition at Time-1 and Time-2 separately. The an-
alyses showed that positive coping was correlated with lower decision
threshold (parameter a) under emotion condition at both Time-1 and
Time-2 (both r’s = -0.44, p’s < 0.05, Fig. 1E, Fig. S7 in Supplement),
with lower decision threshold (parameter a) reflecting less response
caution of a decision to be made in each trial, suggesting that higher
positive coping was associated with lower decision threshold at the same
year and one year later.

3.2. CAR mediated the relation between positive coping and hippocampal
activation at Time-2, but not the hippocampal activity at Time-1

Next, we examined the association between positive coping and CAR
at the physiological hormonal level. Morning cortisol levels at four time
points (i.e., N1, N2, N3 and N4) was estimated at Time-1, as shown in
Fig. 2A, the cortisol level at N3 was significantly higher than N1 (t(g)
=2.68, p=0.009, Cohen's d = 0.28, paired t-test, two-tailed), indi-
cating effective CAR in healthy developing children in our sample. CAR
was assessed by computing the cortisol increase within 30 min post-
awakening, specifically, the cortisol response between N1 and N3,
namely R30. Then we investigated whether positive coping was related
to CAR at Time-1, and it demonstrated that positive coping was posi-
tively related to R30 (r = 0.27, p = 0.02, N = 72, Fig. 2B), which likely
reflected greater accelerating activities of the HPA-axis function in the
morning.

To examine the mediator role of CAR between positive coping and
hippocampus brain activity involved in emotional processing, we
applied multiple regression analyses with R30 at Time-1 as the inde-
pendent variable and the whole brain activation map under emotion
versus control condition during an emotional matching task at Time-1 as
the dependent variable, with child age and sex as the nuisance variables.
At Time-1, we detected no significant R30-associated clusters in the
hippocampus (Fig. 2C), and activation in the automated anatomical
atlas (AAL) template-defined bilateral hippocampus showed non-
significant association with R30 (r = 0.03, p = 0.8, N = 69, Fig. 2D),
but the activation at ventrolateral prefrontal cortex (vIPFC, peak MNI:
[-44, 42, 6], r=0.44, p < 0.001, N =69) at Time-1 was positively
related to higher R30 controlling for age and sex.

At Time-2, a similar multiple regression analysis was conducted,
with R30 at Time-1 as the independent variable, the whole brain acti-
vation map during emotion condition versus control condition as the
dependent variable, and child age and sex included as covariates. The
results identified a significant cluster in the left hippocampus (peak MNI:
[-28,-22,-12], Fig. 2E, Fig. S5 in Supplement) and CAR at Time-1 was
positively associated with left hippocampal activation at Time-2 after
controlling for age and sex (r = 0.66, p < 0.001, N = 34, Fig. 2E). To
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Fig. 2. Positive coping was related to the left hippocampal activation at Time-2 through CAR, but not at Time-1. (A) The dynamic curve of cortisol collected at four
times in the morning: the awakening point (N1), 15 min (N2), 30 min (N3) and 60 min (N4) after awakening. Each light gray point represents a cortisol value of a
participant at a specific time point and the dark gray thick line shows the mean cortisol changes of all children. The N3 was significantly higher than N1, indicating an
effective CAR curve. (B) A positive correlation between positive coping and R30, which was calculated by the difference between N3 and N1. (C-D) No clusters were
found in any of the bilateral hippocampus under emotion versus control condition during emotion matching task at Time-1. The bilateral hippocampus extracted
from the automated anatomical atlas (AAL) at Time-1 is shown in C, and the scatter plot in D depicts the non-significant relationship between R30 at Time-1 and
bilateral hippocampal activity at Time-1. (E) R30 at Time-1 was positively related to the activation in the left hippocampus at Time-2 under emotion versus control
condition during emotion matching task. (F) A mediation model indicating R30 at Time-1 mediated the relation between positive coping at Time-1 and the left
hippocampal activation at Time-2 under emotion versus control during emotional processing. The path coefficients of mediation model: path a: beta = 0.05, SE
=0.03, 95% CI = [0.003, 0.125]; path b: beta = 3.78, SE = 1.18, 95% CI = [1.904, 6.447]; path c’: beta = 0.18, SE = 0.16, 95% CI = [0.014, 0.603]. PCS, positive
coping style; R30, cortisol rising levels within 30 min following awakening; L, left; R, right; T1, Time-1; T2, Time-2; **, p < 0.01; *, p < 0.05.
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further elucidate whether CAR mediated the relation between positive
coping and hippocampal activation at Time-2, a mediation analysis was
conducted and demonstrated positive coping at Time-1 could influence
the left hippocampal activation at Time-2 (path a: beta = 0.05, SE =
0.03, 95% CI = [0.003, 0.125]; path b: beta = 3.78, SE = 1.18, 95% CI =
[1.904, 6.447]) through R30 at Time-1 (path c: beta = 0.18, SE = 0.16,
95% CI = [0.014, 0.603], N = 29, Fig. 2F).

Taken together, positive coping was positively associated with same-
year CAR, which was not directly associated with greater hippocampal
activation at Time-1, but with greater hippocampal activation one year
later. Particularly, CAR mediated the relation between positive coping
and Time-2 hippocampal engagement during emotion processing task.

3.3. Functional characterization of CAR-associated hippocampal
connectivity at Time-2

Beyond hippocampal activity, functional connectivity analyses were
conducted to further characterize how positive coping-related CAR may
shape the hippocampal functional connectivity during emotional pro-
cessing. Multiple regression analyses were performed with R30 at Time-
1 as the independent variable, and bilateral hippocampal seed-based
whole-brain functional connectivity map under emotion versus control
condition at Time-1 and Time-2 as the dependent variable, respectively,
controlling for child age and sex. At Time-1, R30 was negatively
correlated with hippocampus-medial prefrontal cortex (mPFC) func-
tional connectivity (peak MNIL: [6, 32,-6], r=-0.40, p =0.001,
N = 69). However, CAR cannot mediate the relation between positive
coping and the hippocampus-mPFC connectivity at Time-1.

At Time-2, R30 at Time-1 was positively related to the hippocampus
functional connectivity with a distributed set of brain regions, including
vIPFC, inferior parietal gyrus, inferior occipital gyrus, supramarginal
gyrus and fusiform one year later (Fig. 3A, Fig. S6 in Supplement). To
provide functional characterization for the observed hippocampal con-
nectivity pattern at Time-2, we conducted a complementary exploratory
Neurosynth Decoder analysis (Yarkoni et al., 2011), which quantita-
tively compares the hippocampus seed-based whole-brain functional
connectivity map at Time-2 with large-scale meta-analytic activation
maps in the Neurosynth image database from the existing neuroimaging
literature. The Decoder analyses revealed that the hippocampal con-
nectivity pattern at Time-2 was positively correlated with meta-analytic
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terms related to cognitive processing demands, including “working
memory”, “tasks”, “memory”, “demands”, and “load”, and was nega-
tively associated with terms commonly associated with affective and
social-emotional processing, including “emotional”, “theory mind”,
“facial expressions”, “negative”, and “mental states” (Fig. 3B). These
patterns suggest that the CAR-associated hippocampus-based functional
connectivity observed at Time-2 spatially overlaps with brain networks
that have been meta-analytically linked to cognitive demand and
memory-related processes, and shows reduced overlap with networks
commonly associated with negative social-emotional processing.
Importantly, these positively or negatively related terms were not
directly assessed at Time-2 in the current study, thus, the Neurosynth
analyses are intended to characterize the functional domains typically
associated with the observed hippocampal connectivity pattern at
Time-2, rather than to infer behavioral or emotional outcomes in the

present sample.

3.4. CAR mediated the effects of positive coping on hippocampus-vIPFC
functional connectivity one year later, whose development might be
supported by Hippocampal maturation over two time points

To test our hypothesis whether positive coping could affect
hippocampus-vIPFC connectivity through CAR, a mediation analysis
was conducted with the hippocampus-vIPFC functional connectivity at
Time-2. The results revealed that positive coping was associated with
higher R30 at Time-1 (path a: beta = 0.05, SE = 0.03, 95% CI = [0.003,
0.122]; path b: beta = 3.17, SE = 0.99, 95% CI = [1.187, 5.143]), which
in turn was associated with greater hippocampus-vIPFC connectivity at
Time-2 (beta = 0.15, SE = 0.12, 95% CI = [0.023, 0.503], N = 29,
Fig. 4A-B).

Given that CAR at Time-1 mediated the relation between first-year
positive coping and hippocampus activity at Time-2 as well as
hippocampus-vIPFC connectivity at Time-2, we further examined
whether maturation of the hippocampus itself was related to longitu-
dinal changes in hippocampus-vIPFC functional connectivity. We con-
ducted exploratory maturation index analyses in a subset of 27
overlapping participants with high-quality imaging data during the
emotion matching task after head-motion exclusion at both Time-1 and
Time-2. Neural maturation of the hippocampal activity or hippocampus-
vIPFC connectivity over the two time points was quantified using a

[facial expressiGnss
r=-0.07

Neurosynth decoder results

Fig. 3. CAR-related hippocampus seed-based functional connectivity at Time-2 and its functional characterization inferred from the Neurosynth image database. (A)
The hippocampus seed-based whole-brain functional connectivity map under emotion versus control condition at Time-2 was significantly related to R30 at Time-1.
(B) Neurosynth decoder analysis quantitatively compared the hippocampus seed-based whole-brain functional connectivity map at Time-2 under emotion versus
control condition with the Neurosynth image database. The rose diagram showed that CAR-related hippocampal functional connectivity map at Time-2 identified the
top five positively correlated meta-analysis terms (in red), and the top five negatively correlated terms (in blue). dIPFC, dorsolateral prefrontal cortex; vIPFC,
ventrolateral prefrontal cortex; IOG, inferior occipital gyrus; FC, functional connectivity.
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multivariate maturation index, which was computed as the longitudinal
change in hippocampal similarity to the adult reference pattern from
Time-1 to Time-2 (Fig. 4C). As shown in Fig. 4D, hippocampal matu-
ration from Time-1 to Time-2 was positively correlated with maturation
of hippocampus-vIPFC functional connectivity from Time-1 to Time-2
(r=0.57, p=0.002, N =27), and this result remained stable after
controlling for R30, indicating that developmental changes in the CAR-
regulated hippocampus may be highly linked with the development of
hippocampus-vIPFC functional circuitry across childhood.

4. Discussion

Across two studies, we investigated the behavioral, endocrine, and
neurocognitive mechanisms through which positive coping was related
to children’s emotional wellness. Positive coping was associated with
better emotional wellness and emotional decision-making dynamics, as
well as higher CAR at the endocrine level at Time-1, which in turn
mediated hippocampal activation and hippocampal-vIPFC functional
connectivity one year later. These findings highlight CAR as a key

endocrine mechanism linking positive coping with the development of
hippocampal and hippocampal-prefrontal circuitry involved in
emotional processing.

Our findings demonstrate that positive coping was associated with
enhanced emotion regulation and reduced anxiety in children, under-
scoring its importance for emotional competence and overall emotional
wellness. Positive coping reflects a multi-component regulatory process
encompassing stress response regulation, cognitive control, and working
memory, thereby supporting flexible adaptation to environmental
challenges. First, the association between positive coping and emotion
regulation may be explained by the broader scope of positive coping,
which overlaps with but extends beyond emotion regulation (Skinner
and Zimmer-Gembeck, 2007; Soto et al., 2022). Both constructs involve
generating proportionate responses to stress and engaging in deliberate
efforts to modulate emotional reactions (Hasking et al., 2010). Children
who adopt more positive coping strategies are more likely to engage in
positive reappraisal and draw on a broader range of emotional skills,
contributing to greater emotion regulation capacity. Second, positive
coping was associated with lower levels of both state and trait anxiety.
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This association may be driven by key components of positive coping
identified in prior research, including seeking social support (Zhu et al.,
2020) and adopting flexible problem-solving strategies (Tuncay et al.,
2008), which have been linked to reduced risk for a range of adverse
mental health outcomes.

Interestingly, computational modeling of moment-to-moment deci-
sion responses revealed that positive coping was significantly related to
a lower decision threshold (i.e., model parameter a) one year later
during a negative emotional decision-making task. The decision
threshold is believed to reflect the boundaries of information collection
for evidence accumulation, allowing individuals to make a decisive
choice once sufficient information is gathered. Importantly, whether a
lower threshold is advantageous depends on task demands. Normative
decision theory holds that, in the absence of time costs and with accu-
racy as the sole objective, waiting for additional evidence can always
yield a small gain in accuracy; the optimal policy therefore favors a
higher boundary (slower but more accurate). When time carries a cost or
explicit time pressure is present, however, the appropriate objective is to
maximize expected reward per unit time. Under this objective, lowering
the decision boundary often constitutes an optimal policy by trading a
small loss in accuracy for a substantial gain in speed (Bogacz et al., 2006;
Drugowitsch et al., 2012). Given that our paradigm is a speeded
emotion-matching task, we interpret a lower threshold as a
task-adaptive speed-accuracy policy. Specifically, as noted in prior
work, positive coping is associated with stronger executive control
during psychosocial decision making (Modecki et al., 2017) and sup-
ports flexible attention allocation and efficient social-information pro-
cessing (Lemerise and Arsenio, 2000). Accordingly, individuals higher
in positive coping may process emotional cues more efficiently and
flexibly select the optimal strategy in accordance with task demands. In
speeded emotion-processing contexts, lower decision threshold
(parameter a) can manifest as a lower decision threshold, that is,
reduced boundary separation (a) in the drift-diffusion model, reflecting
a task-adaptive speed-accuracy policy rather than a global trait advan-
tage. In a word, positive coping is a core component of the flexible
adaptation process, and it is related to improving children’s emotional
well-being and optimizing the latent emotional decision-making
process.

In conjunction with behavioral effects, we found that higher positive
coping correlated with greater CAR, which was in turn related to lon-
gitudinal hippocampal engagement. CAR reflects accelerating HPA-axis
activity within 30 min post-awakening (Clow et al., 2010), and such a
rapid rise in cortisol secretion is essential for the body to provide suf-
ficient energy supply for metabolic consumptions and the environ-
mental challenges (Wilhelm et al., 2007; Xiong et al., 2021). Previous
research shows that greater use of active coping has been shown to
predict higher waking cortisol the following morning in early adoles-
cents, a pattern interpreted as facilitating preparation for anticipated
daily demands (Sladek et al., 2017). This association aligns with the
anticipation hypothesis of CAR, which conceptualizes CAR as an adap-
tive preparatory process rather than a nonspecific stress reaction (Powell
and Schlotz, 2012). Our findings are consistent with prior work showing
that adaptive psychosocial functioning and stress regulation are asso-
ciated with more pronounced CAR responses to help individuals prepare
more endocrine resources to better cope with daily events (Boggero
et al., 2017). Furthermore, longitudinal neuroimaging revealed that
higher CAR associated with positive coping shapes future hippocampal
activity. According to the brain preparedness theory of CAR, CAR could
provide energy for upcoming events and prepare the brain for envi-
ronmental demands, therefore greater CAR may mobilize sufficient re-
sources for the hippocampal response to emotional events and stress
response. The hippocampus, in turn, provides negative feedback to the
HPA-axis and regulates glucocorticoid (cortisol in humans) to moderate
levels (Herman et al., 1989). Glucocorticoids bind to two types of re-
ceptors in hippocampus, which are respectively high-affinity Mineralo-
corticoid receptors (MRs) and low-affinity Glucocorticoid receptors
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(GRs) (Yau and Seckl, 2012) to modulate emotion and cognition. This
may suggest that the predominantly rapid occupation of MRs in the
hippocampus allows them to bind cortisol first, thereby facilitating
efficient updating of emotional memories and flexible modulation of
emotional responses through hippocampal regulation. Our results that
higher CAR is related to greater hippocampus activity one year later
during the emotion processing task may reveal that the HPA-axis ac-
tivity activates the hippocampus to retrieve emotional memories and
reflects the hippocampal role in regulating the emotional response to
negative stimuli (Gur et al., 2002). Moreover, this is further supported
by evidence showing that excessive cortisol elevations impair
hippocampus-dependent memory performance and anatomy, suggesting
a critical link between CAR and hippocampal engagement (Li et al.,
2006; Lupien et al., 1998). In summary, positive coping-related CAR is
related to longitudinal hippocampal activity, emphasizing the hippo-
campal role in evaluating stressors and adapting to future challenges
under HPA-axis regulation.

Beyond regional hippocampal activation, we found that hippocam-
pus seed-based whole-brain functional connectivity (under emotion
versus control condition) one year later was positively associated with
better working memory and cognitive function, as well as negatively
related to negative emotions and affect according to the Neurosynth
decoder meta-analysis. The hippocampus is essential for encoding,
retrieval, and contextual integration of emotional memories. One
possible explanation for the positive association between hippocampal
connectivity and working memory is that stronger hippocampal con-
nectivity, particularly hippocampal-prefrontal coupling, facilitates more
effective contextualization of emotional stimuli, thereby reducing
emotional interference during emotional processing, but instead
enhance working memory performance by suppressing irrelevant
emotional distraction and enabling flexible updating of task-relevant
information. One recent study showed that multiple hippocampus-
prefrontal dynamic functional connectivities were negatively associ-
ated with the severity of depressive symptoms and were positively
associated with various domains of cognitive function, such as broader
impairments in working memory, verbal memory and executive func-
tion (Chen et al., 2023), indicating the role of hippocampus connectivity
supporting both cognitive function and regulating emotions (Ulrich-Lai
and Herman, 2009). There is direct evidence demonstrated that the
hippocampus connectivity with superior prefrontal cortex could
mediate the relation between income-to-needs in early childhood and
negative mood at school age later, which elucidated a critical link be-
tween the development of hippocampus-prefrontal circuitry and nega-
tive affect (Barch et al.,, 2016), suggesting the key effects of
hippocampus-based functional connectivity on individual emotional
processing and regulation.

Furthermore, we found that positive coping modulated higher hip-
pocampus connectivity with vIPFC one year later under emotion con-
dition versus control condition via CAR, which is presumably because
that children with higher positive coping and CAR may provide an early
mobilization of physiological resources that supports adaptive responses
to socio-emotional challenges, therefore supporting the hippocampal
inhibition of the HPA-axis responses to socio-emotional stimuli
(Jacobson and Sapolsky, 1991), accompanied by the top-down regula-
tion of VIPFC to the hippocampus (Lambert et al., 2017). In other words,
a larger CAR is widely interpreted as reflecting a well-calibrated HPA
axis and greater morning readiness, which could support task-dependent
top-down regulation of hippocampal representations via glucocorticoid
modulation of hippocampal plasticity and prefrontal engagement. Such
a similar pattern of higher hippocampus-vIPFC connectivity can be seen
in responses to negative stimuli (Lambert et al., 2017) and the process of
episodic memory retrieval (Barredo et al., 2015). The neuroendocrine
link between CAR and second-year hippocampal-vIPFC circuitry under
positive coping rests on the hippocampal central role in negative feed-
back to the HPA-axis, as well as the cognitive reappraisal of vIPFC to
hippocampal response to emotional stimuli. Such strengthened
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hippocampus-vIPFC coupling at Time-2 would reflect both increased
top-down regulatory capacity and improved contextualized memory
processing under emotional demand (He et al., 2023) under the inter-
play of positive coping and greater CAR profile.

Last, we found the positive association between changes in hippo-
campal maturation and the maturity of hippocampal-vIPFC functional
connectivity from Time-1 to Time-2 as evidence for coordinated matu-
ration of cortico-hippocampal circuitry. A plausible account is that
hippocampal representations become more reliable and context-specific
along with development (Smith and Mizumori, 2006), increasing their
“usability” for prefrontal control during affective decisions. It might be
inferred that when positive coping promotes larger CAR and greater
hippocampal engagement at Time-2, which repeatedly supports adap-
tive responding, hippocampal functional connection to vIPFC may be
reinforced and become more readily recruited during subsequent
emotional processing (Goldfarb et al., 2020). In parallel, improved
hippocampal theta organization fosters long-range phase alignment
with the prefrontal cortex, yielding stronger task-dependent coupling
(Colgin, 2016; Fell and Axmacher, 2011). Thus, greater hippocampal
engagement and greater hippocampal-vIPFC connectivity co-increase
across the year, reflecting tighter representational-control coordina-
tion rather than a purely structural effect (Preston and Eichenbaum,
2013). However, our evidence is indirect and not definitive, and future
multi-wave longitudinal work, especially ideally integrating oscillatory
indices and effective-connectivity metrics of cortico-hippocampal co-
ordination, is greatly needed to rigorously test this hypothesis and to
delineate how these neural trajectories relate to the CAR and to devel-
opmental changes in emotional processing.

5. Conclusion

In conclusion, positive coping was associated with enhanced
emotional wellness, more adaptive emotional decision-making dy-
namics, and higher CAR in children. Moreover, CAR mediated the as-
sociation between positive coping and both hippocampal activity and
hippocampal-vIPFC functional connectivity during emotional process-
ing one year later. Together, these findings may advance our under-
standing of the neuroendocrine mechanisms underlying developmental
psychopathology and provide novel insights into how positive coping
may be linked with stress-related brain-behavior pathways supporting
emotional functioning.

6. Limitations and future directions

Despite the strengths of the current study, several limitations war-
rant consideration. The relatively small sample size, particularly in the
follow-up imaging analyses of Study 2. This limitation is largely attrib-
utable to the longitudinal and multimodal nature of the study, which
requires repeated endocrine, behavioral, and neuroimaging assessments
in children. Neurosynth decoder analysis of the hippocampal whole-
brain functional connectivity was used to provide functional context
for the observed hippocampal connectivity patterns, which was inten-
ded to provide functional interpretation rather than to directly infer
behavioral outcomes. Datasets with larger and more diverse samples are
needed to verify the stability of the identified mediation pathways. In
addition, future work should examine whether these mechanisms
generalize across developmental stages and assess the long-term effects
of interventions aimed at strengthening positive coping on stress regu-
lation, brain development, and mental health outcomes.
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