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Mentalizing is defined as the ability to attribute mental states to oneself and others. In the context of parental behavior, parents' tendency to comment on their child's mental activities refers to the concept of mind-mindedness (MM). MM has been positively associated with various developmental outcomes in children, notably their own ability to mentalize, known as theory of mind (ToM). Although parental (MM) and child (ToM) mentalizing have important implications during childhood, their associations with children's neural structures are largely unknown. Among 62 mother-child dyads, maternal MM was rated from free-play sequences when children were aged 1 year, child ToM was assessed using a first-order false-belief task at 4 years of age, and structural MRI images were acquired at 10 years of age. Maternal MM was positively associated with grey matter volumes (GMV) in the dorsal prefrontal cortex and the superior temporal pole. Child ToM abilities were positively associated with GMV in the ventromedial prefrontal cortex. Though cortical regions associated with MM and ToM showed no anatomical overlap, many are functionally connected through a neural network highly involved in selfreferential strategies for mentalizing. These findings suggest that MM and ToM may contribute to distinct sub-processes that collectively support social cognition development.

Prospective Associations Between Maternal Mind-Mindedness, Child Theory of Mind, and Brain Morphology in School-Aged Children

To successfully navigate through complex interactions and relationships, humans learn to perceive implicit intentions and anticipate reactions. Recognizing and reasoning about other people's mental states, such as knowledge, desires and beliefs, is commonly referred to as mentalizing [START_REF] Fonagy | What is mentalization? The concept and its foundations in developmental research[END_REF]. Adult mentalizing abilities have often been studied in the context of parent-child relationships (see [START_REF] Camoirano | Mentalizing makes parenting work: A review about parental reflective functioning and clinical interventions to improve it[END_REF]Zeegers et al., 2017, for reviews).

Parental mentalizing is an umbrella term that encompasses various constructs such as reflective functioning, insightfulness, and mind-mindedness [START_REF] Yatziv | What's going on in my baby's mind? Mothers' executive functions contribute to individual differences in maternal mentalization during mother-infant interactions[END_REF]. The concept of mindmindedness (MM) refers to the extent to which parents view their child as a distinct individual with a mind [START_REF] Meins | Sensitivity, security, and internal working models: Bridging the transmission gap[END_REF], and their tendency to comment verbally on their child's mental activities during parent-child interactions [START_REF] Meins | Maternal mind-mindedness and attachment security as predictors of theory of mind understanding[END_REF]. MM is positively associated with various developmental outcomes in children such as attachment security, language acquisition, and behavioral regulation (see [START_REF] Mcmahon | Twenty years of research on parental mind-mindedness: Empirical findings, theoretical and methodological challenges, and new directions[END_REF], for a review), but the most documented outcome of MM is children's own mentalizing abilities, also known as their "theory of mind" (ToM; [START_REF] Aldrich | Evaluating associations between parental mindmindedness and children's developmental capacities through meta-analysis[END_REF]. ToM acquisition is an important developmental milestone that contributes to later psychosocial adjustment in children including prosocial behavior [START_REF] Imuta | Theory of mind and prosocial behavior in childhood: A meta-analytic review[END_REF], moral judgement [START_REF] Fadda | Exploring the role of theory of mind in moral judgment: The case of children with autism spectrum disorder[END_REF], peer acceptance [START_REF] Caputi | Longitudinal effects of theory of mind on later peer relations: The role of prosocial behavior[END_REF], and cooperation [START_REF] Etel | Theory of mind and peer cooperation in two play contexts[END_REF].

Despite the documented importance of both parental MM and child ToM for psychosocial development, few studies have addressed their neuroanatomical substrates. Yet, a growing literature in developmental neuroscience indicates that early experience is related to variations in child brain anatomy which, in turn, have lifelong effects, notably on physical health, mental health, and behavior [START_REF] Knudsen | Sensitive periods in the development of the brain and behavior[END_REF][START_REF] Miguel-Hidalgo | Brain structural and functional changes in adolescents with psychiatric disorders[END_REF]Mustard, 2007). Infancy and childhood are crucial developmental periods for cortical maturation as the young brain is particularly sensitive to environmental influences [START_REF] Tottenham | The importance of early experiences for neuro-affective development[END_REF]. Consequently, the current study aimed to examine the longitudinal correlates of early parent and child mentalizing abilities from a neuroanatomical perspective.

Parental Mind-Mindedness

Through the use of discourse containing mental terms, parents express implicit states, which can then incite children to develop independent thinking and the ability to express inner thoughts on their own [START_REF] Lundy | Preschoolers' Mind-related Comments During Collaborative Problem-solving: Parental Contributions and Development Outcomes[END_REF]. To do so, parents first need to use their own mentalizing abilities to accurately interpret their child's mental states from their behavioral or conversational cues. Then, parents use this interpretation to label implicit thoughts with the correct mental terms [START_REF] Sharp | The parent's capacity to treat the child as a psychological agent: Constructs, measures and implications for developmental psychology[END_REF]. When parents have the tendency to label their child's mental states with appropriate mind-related comments, they demonstrate MM [START_REF] Meins | Rethinking maternal sensitivity: Mothers' comments on infants' mental processes predict security of attachment at 12 months[END_REF]. Some examples include commenting on child mental states (e.g., "You want this toy"), mental processes (e.g., "You find this game difficult"), and emotional engagement (e.g., "You're excited to play"). In assessment settings, mind-related comments that appear to accurately mirror what the child might be thinking or feeling given the context are coded as appropriate. Contrarily, comments that seem to reflect misinterpretation of children's internal experiences are coded as non-attuned [START_REF] Meins | Mind-mindedness as a multidimensional construct: Appropriate and nonattuned mind-related comments independently predict infant-mother attachment in a socially diverse sample[END_REF]. Mind-mindedness is reflected by the use of appropriate mind-related comments along with absence or infrequent use of non-attuned comments.

Appropriate mind-related comments draw children's attention to their internal states and facilitate mental references. Numerous studies indicate that MM is a reliable predictor of multiple aspects of child cognitive and socio-emotional development [START_REF] Aldrich | Evaluating associations between parental mindmindedness and children's developmental capacities through meta-analysis[END_REF][START_REF] Mcmahon | Twenty years of research on parental mind-mindedness: Empirical findings, theoretical and methodological challenges, and new directions[END_REF]. Given that some of the effects of parenting on child adjustment are believed to transit through neural pathways (e.g., [START_REF] Belsky | Annual research review: Parenting and children's brain development: The end of the beginning[END_REF][START_REF] Gunnar | Bringing basic research on early experience and stress neurobiology to bear on preventive interventions for neglected and maltreated children[END_REF][START_REF] Tottenham | The importance of early experiences for neuro-affective development[END_REF], it is plausible that parental MM is related to cerebral development in children.

However, empirical evidence linking MM with neural outcomes (whether structural or functional) is extremely thin. To our knowledge, only one study by our group has examined the neural correlates of MM, by measuring brain functional connectivity at rest [START_REF] Dégeilh | Quality of maternal behaviour during infancy predicts functional connectivity between default mode network and salience network 9 years later[END_REF]. In a subgroup of the current sample, higher levels of maternal MM in infancy predicted stronger functional connectivity between the default mode network (nodes in the ventromedial prefrontal cortex and angular gyrus) and the salience network (nodes in the anterior insula and cingulate cortex) in late childhood. Activity in the default mode network is typically associated with social and affective cognition, as well as introspection about mental states (Andrews-Hanna, 2012), whereas the salience network is mostly involved in the cognitive control of attention [START_REF] Menon | Saliency, switching, attention and control: a network model of insula function[END_REF]. These initial results suggest that parental MM may contribute to child brain development, notably in regions involved in socio-cognitive processing. However, this previous study focused on functional connections only, and research has yet to investigate whether parental MM might also be reflected in brain anatomy. Another study with the same subsample did look at brain anatomy in school-age children, albeit in relation to attachment security during infancy, and found prospective relations between attachment and cortical volume in several regions of the social brain, such as the superior temporal sulcus and temporo-parietal junction (TPJ; [START_REF] Leblanc | Attachment security in infancy: A preliminary study of prospective links to brain morphometry in late childhood[END_REF]. Given that MM is a reliable predictor of attachment security [START_REF] Zeegers | Mind matters: A metaanalysis on parental mentalization and sensitivity as predictors of infant-parent attachment[END_REF] and shares similar beneficial effects on child development [START_REF] Mcmahon | Twenty years of research on parental mind-mindedness: Empirical findings, theoretical and methodological challenges, and new directions[END_REF][START_REF] Szpak | Links between attachment and theory of mind in childhood: Meta-analytic review[END_REF], these previous findings suggest that there may also be a prospective link between parental MM and neuroanatomical variations in children.

Child Theory of Mind

With mind-minded parenting, children are exposed to mental-oriented comments that foster the development of their mentalizing abilities. For instance, parent-child conversations that emphasize discrepant perspectives (e.g., "You like cookies, but your sister prefers ice cream") contribute to the development of mentalizing abilities by confronting children with the fact that others do not necessarily share their points of view, a core aspect of ToM [START_REF] Slaughter | Mind what mother says: Narrative input and theory of mind in typical children and those on the autism spectrum[END_REF]. Parental discourse that refers to causal effects (e.g., "Your sister is crying because she wanted ice cream") also supports mentalistic understanding as it demonstrates explicitly that behavior is based on mental states [START_REF] Peterson | Opening windows into the mind: Mothers' preferences for mental state explanations and children's theory of mind[END_REF]. Therefore, appropriate parental mind-related comments can help children gradually evolve from having an egocentric perspective of the world to recognizing others as distinct entities, each with a unique mindset that might diverge from their own [START_REF] Smith | Understanding children's development[END_REF]. This skill constitutes the essence of ToM.

False-belief understanding, usually achieved around the age of 4, is a hallmark of children's ToM development [START_REF] Wellman | Meta-Analysis of Theory-of-Mind Development: The truth about False Belief[END_REF][START_REF] Wimmer | Beliefs about beliefs: Representation and constraining function of wrong beliefs in young children's understanding of deception[END_REF]. In fact, recognition that others can have inaccurate beliefs about the world (i.e., false-belief understanding) is the most widely documented transition in preschoolers' understanding of mental states [START_REF] Peterson | Longitudinal theory of mind (ToM) development from preschool to adolescence with and without ToM delay[END_REF][START_REF] Wellman | Meta-Analysis of Theory-of-Mind Development: The truth about False Belief[END_REF][START_REF] Wellman | Scaling of theory-of-mind tasks[END_REF]. Beyond the preschool years, with increasing exposure to various social settings, ToM abilities continue to improve and specialize until adolescence and early adulthood [START_REF] Dumontheil | Online usage of theory of mind continues to develop in late adolescence[END_REF][START_REF] Meinhardt-Injac | Theory of mind development from adolescence to adulthood: Testing the two-component model[END_REF][START_REF] Valle | Theory of Mind development in adolescence and early adulthood: The growing complexity of recursive thinking ability[END_REF].

Neural networks and structures underlying social cognition also follow a protracted development through adolescence [START_REF] Mills | Structural brain development between childhood and adulthood: Convergence across four longitudinal samples[END_REF][START_REF] Richardson | Development of brain networks for social functions: Confirmatory analyses in a large open source dataset[END_REF], as functional specialization continues even after core milestones in ToM understanding are achieved in childhood [START_REF] Meinhardt | True-and falsebelief reasoning in children and adults: An event-related potential study of theory of mind[END_REF][START_REF] Richardson | Development of the social brain from age three to twelve years[END_REF]. A recent meta-analysis by [START_REF] Fehlbaum | Early and late neural correlates of mentalizing: ALE meta-analyses in adults, children and adolescents[END_REF] synthesized and compared mentalizing-related neural activity across different age groups (children, adolescents, adults) and reported continuous engagement of the medial prefrontal cortex (mPFC), TPJ, and precuneus across all ages. However, the authors also noted age-related differences in activation patterns during mentalizing-related tasks, where children tend to activate fewer subregions within the core mentalizing regions identified in adult populations. In line with this, many comparative studies have found age-related differences in activation patterns in terms of activated areas and activity levels within the mentalizing network (e.g., [START_REF] Gweon | Theory of mind performance in children correlates with functional specialization of a brain region for thinking about thoughts[END_REF]Kobayashi et al., 2007a;[START_REF] Overgaauw | A longitudinal analysis of neural regions involved in reading the mind in the eyes[END_REF]. Other studies have also suggested that mentalizing-related neural activity tends to move from anterior regions (e.g., mPFC) to posterior regions (e.g., TPJ, precuneus) with age (e.g., Blakemore et al., 2007;[START_REF] Burnett | Development during adolescence of the neural processing of social emotion[END_REF][START_REF] Sebastian | Neural processing associated with cognitive and affective theory of mind in adolescents and adults[END_REF][START_REF] Wang | Developmental changes in the neural basis of interpreting communicative intent[END_REF]. Overall, the neural correlates of mentalizing abilities appear to differ between children and adults; yet, as noted by [START_REF] Fehlbaum | Early and late neural correlates of mentalizing: ALE meta-analyses in adults, children and adolescents[END_REF], the literature on the social brain still heavily relies on adult samples.

A different issue is that the literature on the neural correlates of child mentalizing abilities is almost exclusively based on functional brain assessment modalities. Changes in cortical activations related to the acquisition or the practice of various abilities are believed to affect brain morphology through experience-dependent structural neuroplasticity (see [START_REF] May | Experience-dependent structural plasticity in the adult human brain[END_REF], for a review). However, very little is known about the direct associations between child ToM and cortical morphology. Only one study to our knowledge has examined the neuroanatomical correlates of ToM in typically developing children [START_REF] Grosse Wiesmann | Two systems for thinking about others' thoughts in the developing brain[END_REF]. The authors found distinct morphological markers (cortical thickness and surface area) for implicit versus explicit ToM (i.e., nonverbal vs. verbal). Explicit ToM was correlated with the cortical thickness and surface area of common social brain regions (TPJ and precuneus), whereas implicit ToM was related to morphological differences in the supramarginal gyrus, which belongs to a distinct neural network. Considering that implicit ToM is acquired years before explicit ToM, the authors suggested that the observed dissociation reflects young children's reliance on socio-cognitive precursors before reaching mature ToM understanding. Therefore, it can be hypothesized that children use a different set of strategies to accomplish mental state reasoning and may recruit different areas of the brain compared to adults. In sum, there is increasing evidence that cortical regions associated with mentalizing abilities may undergo age-related refinements before reaching maturity. Yet, understanding of the neural correlates of ToM during childhood is mainly inferred from functional imaging studies in adult populations, who have more advanced socio-cognitive abilities and mature neural structures [START_REF] Fehlbaum | Early and late neural correlates of mentalizing: ALE meta-analyses in adults, children and adolescents[END_REF].

The Current Study

Overall, the associations between child brain morphology and the mentalizing abilities of both children and their parents remain poorly understood. Specifically, it remains unclear whether parental MM and child ToM are associated with child neuroanatomy, despite findings in related domains strongly suggesting so. Thus, the current study aimed to investigate whether maternal MM and child ToM are prospectively associated with regional grey matter volumes (GMV) in typically developing children. Given the limited body of prior research on morphological correlates of MM and ToM, we opted for an exploratory whole-brain approach in analyses. We tentatively expected to find relations between GMV and both MM and ToM, especially in the mPFC, since 1) the mPFC is part of the default mode network, for which functional connectivity with the salience network is predicted by maternal MM [START_REF] Dégeilh | Quality of maternal behaviour during infancy predicts functional connectivity between default mode network and salience network 9 years later[END_REF], and 2) it is also one of the main regions involved in ToM, especially in younger populations [START_REF] Kadosh | The social brain in childhood and adolescence[END_REF]. For ToM, we also expected to find associations with the TPJ and precuneus, based on numerous studies associating these regions with ToM understanding (including structural MRI in preschool children; Grosse [START_REF] Grosse Wiesmann | Two systems for thinking about others' thoughts in the developing brain[END_REF].

Method Participants

All participants were recruited as part of a larger longitudinal research project investigating the caregiving environment and child development. The families lived in a large metropolitan area in Canada and were selected from random birth lists provided by the Ministry of Health and Social Services. All parents provided informed consent for participation. Inclusion criteria were full-term pregnancy (i.e., at least 37 weeks of gestation) and the absence of any known disability or developmental delay. Of the 71 families who completed the MRI protocol, five children were excluded due to excessive motion, suspected neuropathology, or neurodevelopmental disorders. Four other families were excluded due to missing data for maternal MM measures. The current study included data of 62 mother-child dyads (28 boys). All study procedures were approved by the research ethics committee of the Centre intégré universitaire de santé et de services sociaux (CIUSSS) du Centre-Sud-de-l'Île-de-Montréal.

Measures

Maternal Mind-Mindedness

Interactions between mother and child during a 10-minute free-play sequence at home were videotaped when children were 1 year of age (M = 1.05, SD = 0.11, range 0.63-1.38). The videos were coded by a research assistant trained to follow the standard MM coding system [START_REF] Meins | Rethinking maternal sensitivity: Mothers' comments on infants' mental processes predict security of attachment at 12 months[END_REF]. Five categories of mind-related comments by mothers to their infants were assessed: (a) mental states (e.g., thoughts, desires); (b) mental processes (e.g., remembering, realizing); (c) emotional engagement (e.g., bored, excited); (d) epistemic states (e.g., teasing, joking); (e) mothers talking on the infant's behalf (e.g., the mother saying "See mom, it's easier this way"). As non-attuned mind-related comments were very rare in this low-risk community sample and are unrelated to child ToM outcomes [START_REF] Aldrich | Evaluating associations between parental mindmindedness and children's developmental capacities through meta-analysis[END_REF][START_REF] Meins | Maternal mind-mindedness and attachment security as predictors of theory of mind understanding[END_REF][START_REF] Meins | Mindmindedness and theory of mind: Mediating roles of language and perspectival symbolic play[END_REF], we summed the number of appropriate (attuned) comments made by mothers into a total mindmindedness score. A randomly selected subset of 20% of videotapes was coded independently by a second rater, blind to all other measures. Inter-rater reliability (intra-class correlation) for appropriate mind-related comments was .92.

Child Theory of Mind

ToM was assessed when children were 4 years old (M = 4.05, SD = 0.07, range 3.88-4.21) with a commonly used first-order false-belief task, referred to as "unexpected contents" [START_REF] Gopnik | Children's understanding of representational change and its relation to the understanding of false belief and the appearance-reality distinction[END_REF][START_REF] Perner | Three-year-olds' difficulty with false belief: The case for a conceptual deficit[END_REF]. This paradigm has been widely used by numerous research groups to assess false-belief understanding in preschool children (see [START_REF] Beaudoin | Systematic review and inventory of theory of mind measures for young children[END_REF], for a systematic review). In the current study, children were shown a Band-Aid ® box and were first asked about what they thought was in the box, as a control question. A correct response was necessary for children to proceed with this task and all participants succeeded. The experimenter then opened the box to reveal that it actually contained crayons. The box was closed again and a memory check question about the contents was asked.

Then, children were shown a doll, "Alice", and were told that she had never looked inside the Band-Aid ® box. Children answered the question: "What does Alice think is in the box?" Finally, children had to name the true content of the box ("What is really in the box?"). The initial control and memory check questions were not considered in computing the ToM score. Thus, the total score was computed based on the last two questions and varied from 0 to 2.

Structural Magnetic Resonance Imaging Acquisition and Preprocessing

When children were 10 years of age (M = 10.46, SD = 0.45, range 10.00-12.17 Pre-processing for the voxel-based morphometry (VBM) analyses was performed using the SPM12 package (revision 7487; Statistical Parametric Mapping, Institute of Neurology, London, United Kingdom) and the CAT12 Toolbox (version 12.6; http://www.neuro.unijena.de/cat/) running on MATLAB (version R2019a; MathWorks, Inc., Natick, USA). In order to minimize the potential confounds associated with developmental differences in cortical morphometry, an age-appropriate pediatric template was used (http://www.bic.mni.mcgill.ca/ServicesAtlases; [START_REF] Fonov | Unbiased average age-appropriate atlases for pediatric studies[END_REF][START_REF] Yoon | The effect of template choice on morphometric analysis of pediatric brain data[END_REF]. Then, the segments were spatially normalized to the Montreal Neurological Institute space (voxel size of 1.5 mm x 1.5 mm x 1.5 mm). Finally, the resulting GMV maps were modulated and smoothed with 8-mm full-width-at-half-maximum (FWHM) smoothing kernels.

Analytic Approach

Multiple regressions across all voxels of the brain were conducted to predict GMV in late childhood from maternal MM in infancy and ToM abilities in early childhood. Whole-brain VBM analyses were performed using the SPM12 software (revision 7487) and the CAT12 Toolbox version 12.6 running on MATLAB version R2019a. Statistical maps identifying voxel clusters significantly correlated with MM and ToM scores, respectively, were obtained by using a threshold-free cluster enhancement (TFCE) method (http://www.neuro.uni-jena.de/tfce/) implemented in CAT12. This thresholding method combines cluster size and height information at each voxel and circumvents the problem of choosing an arbitrary cluster-forming threshold [START_REF] Smith | Threshold-free cluster enhancement: Addressing problems of smoothing, threshold dependence and localisation in cluster inference[END_REF]. The distribution of TFCE values is derived from permutation-based non-parametric testing (5,000 permutations per test), thus retaining statistical rigor and sensitivity [START_REF] Smith | Threshold-free cluster enhancement: Addressing problems of smoothing, threshold dependence and localisation in cluster inference[END_REF] while optimizing statistical power in small sample studies [START_REF] Nichols | Controlling the familywise error rate in functional neuroimaging: A comparative review[END_REF][START_REF] Pernet | Cluster-based computational methods for mass univariate analyses of event-related brain potentials/fields: A simulation study[END_REF]. Statistical significance level was thresholded at uncorrected p < .001 (p-unc), with a minimum extent threshold of 100 voxels to reduce the risks of false positives.

An explicit grey matter mask using the mean normalized grey matter images of all participants was applied to ensure that the analyses would be restricted to grey matter. Child age, sex, and total intracranial volume (TIV; [START_REF] Barnes | Head size, age and gender adjustment in MRI studies: A necessary nuisance?[END_REF] as well as maternal education (Jednoróg et al., 2012) were included as covariates as they are associated with cortical volumes in children. Scanner model was also included as a covariate to account for the potential confounding effect related to differences in scanning platforms [START_REF] Chen | Exploration of scanning effects in multi-site structural MRI studies[END_REF]. As an additional precaution, independent samples t-test were performed in SPM12 to examine scanner differences in regional morphometry. Any significant results revealed by the main analyses that would overlap with regions showing scanner differences would not be interpreted. Comparative analyses (t-test and chi-square test) between scanner models for child ToM, maternal MM, covariates, and sociodemographic variables were conducted in SPSS (version 26; IBM Corp., Armonk, NY).

Results

Preliminary Analyses

Descriptive and group comparison (by scanner model) statistics are summarized in Table 1. No group (Trio vs. Prisma) differences were found in terms of family income, maternal MM, age, education, or ethnicity, nor child ToM, sex, or TIV (all ps > .08). Only child age was significantly different across the two groups (p < .001). This difference did not, however, lead to the addition of a covariate in the main analyses, as age was already planned as a covariate in those analyses. We also examined the presence of group differences in regional morphometry.

Only one cluster in the right entorhinal cortex (MNI coordinates: x = 16, y = 3, z = -24; k = 121; T = 4.01) showed a significant difference at p-unc < .001. None of the regions showing significant associations with maternal MM or child ToM (presented below) overlapped with this cluster. Finally, the correlation between maternal MM and child ToM, although not statistically significant in this small sample (r = .13, p = .331), was similar in magnitude to meta-analytic estimates (r = .17; [START_REF] Aldrich | Evaluating associations between parental mindmindedness and children's developmental capacities through meta-analysis[END_REF]r = .16;Devine & Hughes, 2016).

Main Analyses

Whole-brain multiple regression analysis indicated that higher maternal MM in infancy was associated with greater GMV in the right dorsomedial prefrontal cortex (dmPFC) extending 

Discussion

This longitudinal study aimed to examine the respective associations of mothers' and children's mentalizing abilities in early development with brain morphology in late childhood.

Maternal MM and child ToM were found to be prospectively associated with distinct neuroanatomical correlates within key regions of the social brain [START_REF] Monticelli | Where we mentalize: Main cortical areas involved in mentalization[END_REF].

Precisely, maternal MM showed positive associations with GMV in the temporal region and the dorsal portion of the prefrontal cortex, whereas child ToM showed positive associations with GMV in the ventral portion of the prefrontal cortex only.

Mind-Mindedness

This appears to be the first study to provide insight into the association between maternal MM and brain morphology in children. Our results indicate that children whose mothers were more mind-minded in infancy had larger GMV in the superior temporal pole and the dorsal prefrontal cortices (dlPFC and dmPFC extending to the SMA) 9 years later. This finding is consistent with studies reporting smaller GMV in these brain regions in association with adverse caregiving environments. Indeed, maltreated children are less likely to be exposed to high levels of parental MM [START_REF] Luke | Differentiated associations between childhood maltreatment experiences and social understanding: A meta-analysis and systematic review[END_REF] and they have smaller GMV in the superior temporal gyrus (STG; see Lim et al., 2014, for a meta-analysis). Similarly, exposure to unhealthy parentchild relationships during childhood (e.g., inappropriate parental style, corporal punishment) is associated with reduced GMV in the medial and lateral prefrontal cortex in young adults [START_REF] Narita | Relationship of parental bonding styles with gray matter volume of dorsolateral prefrontal cortex in young adults[END_REF][START_REF] Tomoda | Reduced prefrontal cortical gray matter volume in young adults exposed to harsh corporal punishment[END_REF]. However, these prior results must be interpreted alongside the numerous potential confounding variables that tend to accompany adverse childhood experiences (e.g., poor mental and physical health, poverty, prenatal drug and alcohol use; [START_REF] Cuddihy | Sleep disturbance in adopted children with a history of maltreatment[END_REF][START_REF] Edwards | Relationship between multiple forms of childhood maltreatment and adult mental health in community respondents: Results from the Adverse Childhood Experiences study[END_REF][START_REF] Hussey | Child maltreatment in the United States: prevalence, risk factors, and adolescent health consequences[END_REF][START_REF] Smith | Child maltreatment and foster care: Unpacking the effects of prenatal and postnatal parental substance use[END_REF]. The current findings with a low-risk community sample highlight that subtle variations in parental behavior, such as normative individual differences in MM, can also have bearing on children's brain structures.

The temporal pole is commonly considered as the archive for semantic and conceptual knowledge, though studies have found that it is also involved in social-emotional functioning (e.g., [START_REF] Olson | Social cognition and the anterior temporal lobes: a review and theoretical framework[END_REF]Ross & Olsen, 2010;[START_REF] Zahn | Social concepts are represented in the superior anterior temporal cortex[END_REF]. More specifically, these studies suggest that social concepts used to describe people (e.g., honorable, impolite) are represented in the temporal pole, which would then play an active role in retrieving social knowledge when reflecting about mental states [START_REF] Olson | Social cognition and the anterior temporal lobes: a review and theoretical framework[END_REF].

The dmPFC is a cortical region that shares a more direct and explicit link with mentalizing, notably through self-and other-referential processing, including the appraisal of intentions, motivations, traits, and behaviors (see [START_REF] Isoda | What makes the dorsomedial frontal cortex active during reading the mental states of others[END_REF]Lieberman et al., 2019, for reviews). Accordingly, functional imaging studies in healthy children have consistently reported cortical activation in this region across various ToM tasks (e.g., [START_REF] Alkire | Social interaction recruits mentalizing and reward systems in middle childhood[END_REF][START_REF] Bowman | Continuity in the neural system supporting children's theory of mind development: Longitudinal links between task-independent EEG and task-dependent fMRI[END_REF][START_REF] Gweon | Theory of mind performance in children correlates with functional specialization of a brain region for thinking about thoughts[END_REF][START_REF] Moriguchi | Changes of brain activity in the neural substrates for theory of mind during childhood and adolescence[END_REF]. Interestingly, both the temporal pole and the dmPFC are considered key regions of the dorsal medial subsystem within the default mode network, which is consistently engaged in mental-state attribution and conceptual processing (see Andrews-Hanna et al., 2014, for a review). This finding bears similarities with a recent study by our team [START_REF] Dégeilh | Quality of maternal behaviour during infancy predicts functional connectivity between default mode network and salience network 9 years later[END_REF], in which maternal MM during infancy predicted resting-state functional connectivity between the default mode network and the salience network in school-aged children.

In comparison, the role of the dlPFC is regarded as less specific to social processing, as it is known for its associations with a wide range of executive functions [START_REF] Brunoni | Working memory improvement with noninvasive brain stimulation of the dorsolateral prefrontal cortex: A systematic review and meta-analysis[END_REF][START_REF] Hart | Meta-analysis of functional magnetic resonance imaging studies of inhibition and attention in attentiondeficit/hyperactivity disorder: Exploring task-specific, stimulant medication, and age effects[END_REF]. Previous work has suggested that executive functions share numerous common neural underpinnings with ToM [START_REF] Wade | On the relation between theory of mind and executive functioning: A developmental cognitive neuroscience perspective[END_REF], as they may be involved in mentalizing via domain-general cognitive processes, especially through inhibitory control [START_REF] Carlson | Individual differences in inhibitory control and children's theory of mind[END_REF][START_REF] Leslie | Core mechanisms in 'theory of mind[END_REF][START_REF] Mahy | How and where: Theory-of-mind in the brain[END_REF]. For instance, the dlPFC is involved in cognitive self-control, which helps overriding emotional or personal bias [START_REF] Rilling | Social Interaction[END_REF]. As such, both greater functional activity and cortical thickness in the left dlPFC are associated with better impulse control and more strategic social behavior in children [START_REF] Steinbeis | Impulse control and underlying functions of the left DLPFC mediate age-related and age-independent individual differences in strategic social behavior[END_REF]. In relation to MM, when parents provide attuned mind-related comments during interactions, they may in fact act as external regulators of their child's affect and behavior, thus fostering child self-regulation strategies [START_REF] Grolnick | Parenting and the development of children's selfregulation[END_REF][START_REF] Mcmahon | Twenty years of research on parental mind-mindedness: Empirical findings, theoretical and methodological challenges, and new directions[END_REF]. These self-regulation strategies may then help children overcome egocentrism and become more attuned to others' mental states. Overall, the current findings suggest that exposure to mind-minded comments in infancy may favor cortical maturation in regions involved not only in mentalizing, but also in a conceptual understanding of social knowledge and high-level cognitive functions that support social cognition.

Theory of Mind

With regard to child mentalizing, children who had better false-belief understanding in early childhood had larger GMV in the left vmPFC 6 years later. Anatomically connected to the dmPFC, the vmPFC is also highly involved in mentalization, notably through a large range of socio-cognitive and affective processes such as emotion recognition, mental state inference, valence attribution and moral judgement (see Hiser & Koenigs, 2017;Lieberman et al., 2019, for reviews). [START_REF] Kobayashi | Cultural and linguistic effects on neural bases of 'theory of mind' in American and Japanese children[END_REF] previously reported that the neural correlates of ToM during early development may vary depending on specific cultural or linguistic characteristics, though the vmPFC was consistently recruited during ToM tasks regardless of children's cultural backgrounds.

Furthermore, it has been proposed that the associations between vmPFC and sociocognitive abilities vary across development. Higher ToM-related activation levels in the vmPFC are reported in children compared to adolescents [START_REF] Gunther Moor | Neurodevelopmental changes of reading the mind in the eyes[END_REF][START_REF] Moriguchi | Changes of brain activity in the neural substrates for theory of mind during childhood and adolescence[END_REF] and adults (Kobayashi et al., 2007a). Similar results emerge when comparing adolescents and adults (i.e., stronger activations in the medial prefrontal areas in younger age groups; Blakemore et al., 2007;[START_REF] Burnett | Development during adolescence of the neural processing of social emotion[END_REF][START_REF] Sebastian | Neural processing associated with cognitive and affective theory of mind in adolescents and adults[END_REF], underscoring the protracted neural specialization of cortical regions involved in mental state reasoning. It is possible that children rely on the vmPFC to reflect about social situations in order to acquire appropriate social knowledge during early life. With the accumulation of semantic knowledge about social facts, mature ToM reasoning strategies may gradually become less reliant on the vmPFC as a function of development [START_REF] Adolphs | The social brain: neural basis of social knowledge[END_REF][START_REF] Mahy | How and where: Theory-of-mind in the brain[END_REF][START_REF] Wang | Developmental changes in the neural basis of interpreting communicative intent[END_REF]. Overall, the current results show that children's early ToM abilities are related to subsequent morphological differences in a cortical region essentially involved in the early stages of mentalizing acquisition.

To our knowledge, only one other study has addressed the relation between ToM abilities and neural structures in typically developing children. Grosse Wiesmann et al. (2020) found ToM-related neuroanatomical differences only in posterior regions (TPJ and precuneus), in contrast to the current findings in frontal regions (vmPFC). However, their structural imaging data were obtained right at the time of emergence of explicit ToM understanding. Specifically, the authors reported significant group differences related to ToM performance on explicit (verbal) false-belief tasks, where 3-year-olds performed below chance and 4-year-olds performed marginally above chance. Conversely, our structural MRI exam was performed at 10 years of age, thus allowing more time for ToM understanding and experience-dependant neuroplasticity processes to stabilize. Altogether, the current study seems to be the first to document prospective associations between early ToM abilities and subsequent neuroanatomy, thus providing preliminary evidence that the continuous consolidation of mentalistic reasoning may, with time, translate into morphological differences in the prefrontal cortex.

Neural Correlates of Mentalizing: How Are They Related?

Contribution to sub-aspects of social cognition

Maternal MM and child ToM, which were positively but weakly inter-correlated in this sample (congruent with meta-analytic estimates; [START_REF] Aldrich | Evaluating associations between parental mindmindedness and children's developmental capacities through meta-analysis[END_REF]Devine & Hughes, 2016), were associated with GMV in distinct regions of the brain. The cortical regions in which GMV was found to be associated with MM are commonly associated with social cognition, yet they were not associated with behavioral performance on the ToM task in this sample. A possible explanation is that MM and ToM contribute to the development of neural structures involved in different sub-processes that support social cognition. A meta-analysis by [START_REF] Schurz | Toward a hierarchical model of social cognition: A neuroimaging meta-analysis and integrative review of empathy and theory of mind[END_REF] proposed a model in which neural substrates of social cognition can be organized under three clusters: cognitive, affective, and intermediate. The cortical region associated with child ToM in the current study belongs to the cognitive cluster, which is most strongly activated for tasks involving other-and self-related mental state attributions (e.g., false-belief, trait judgement). In comparison, the cortical regions found here to be associated with maternal MM belong mostly to the intermediate cluster, which overlaps substantially with the language processing networks and supports both socio-cognitive and affective processes [START_REF] Schurz | Toward a hierarchical model of social cognition: A neuroimaging meta-analysis and integrative review of empathy and theory of mind[END_REF]. This result is consistent with the notion that parental MM is predominantly verbal in nature and aligns with previous work underscoring the contribution of language processes to mental-state reasoning in children (e.g., [START_REF] Conte | Emotion knowledge, theory of mind, and language in young children: testing a comprehensive conceptual model[END_REF][START_REF] De Villiers | the role of language in theory of mind development[END_REF][START_REF] Heyes | The cultural evolution of mind reading[END_REF]. From this perspective, exposure to mind-minded maternal behavior during infancy may promote structural maturation in brain areas that support cognitive, affective, and linguistic processes surrounding mental state reasoning that are not specific or limited to belief attributions.

However, the lack of inclusion of an affective ToM task or behavioural measure of children's everyday social functioning in the current study limits our interpretations.

Functional connectivity and self-referential processes

Although cortical regions in which GMV was associated with MM and ToM share no anatomical overlap, they share functional connections within the social brain, mainly through the default mode network [START_REF] Andrews-Hanna | Functional-anatomic fractionation of the brain's default network[END_REF]. Briefly, brain regions pertaining to this network are organized under functionally connected subsystems that co-activate to generate and process self-referential information [START_REF] Andrews-Hanna | The default network and selfgenerated thought: component processes, dynamic control, and clinical relevance[END_REF]. According to the Simulation Theory of ToM acquisition, self-relevant information processing is critical for making mental-state attributions [START_REF] Focquaert | An evolutionary cognitive neuroscience perspective on human self-awareness and theory of mind[END_REF][START_REF] Gordon | The simulation theory: Objections and misconceptions[END_REF][START_REF] Harris | The work of the imagination[END_REF]. This theory proposes that children must rely on their own psychological states in order to understand what others experience in a given situation. In line with this, Gonzales et al. (2017) found that young children learn to introspect about their own mental states before being able to accurately attribute them to others. Previous neuroimaging studies have suggested that younger populations tend to employ a more 'self-referential' strategy for mentalizing, as they preferentially recruit cortical regions typically involved in self-related processes during mental-state reasoning compared to adults [START_REF] Burnett | Development during adolescence of the neural processing of social emotion[END_REF][START_REF] Gunther Moor | Neurodevelopmental changes of reading the mind in the eyes[END_REF][START_REF] Moriguchi | Changes of brain activity in the neural substrates for theory of mind during childhood and adolescence[END_REF]. It is conceivable that age-related differences in cortical activation patterns for self-versus other-referential processes reflect a developmental shift in mentalizing processes, where children gradually rely less on selfcentered simulations. Overall, during the early stages of mental-state attribution, using the concept of 'self' as an anchor point for simulating others' minds may serve as a stepping-stone for more complex social processing [START_REF] Focquaert | An evolutionary cognitive neuroscience perspective on human self-awareness and theory of mind[END_REF]. The brain regions identified in this study may be involved in these developmental changes from self-to other-referential processes.

Previous work has shown that long-lasting functional connectivity between brain regions is associated with synchronized specialization, which can in turn result in covariation between regional anatomical measures of different brain areas (i.e., structural covariance; [START_REF] Alexander-Bloch | Imaging structural co-variance between human brain regions[END_REF][START_REF] Geng | Structural and maturational covariance in early childhood brain development[END_REF]. Though speculative, the positive associations between mentalizing variables (MM and ToM) and GMV in functionally connected cortical structures possibly reflect the long-term effect of cortical specialization. As structural covariance analyses were not conducted here, further investigation into how parental behavior and child sociocognitive development may relate to anatomical markups in structural networks is needed.

Limitations

Some limitations need to be considered when interpreting the study findings. First, while an exploratory whole-brain approach was appropriate due to the innovative nature of this preliminary hypothesis-generating investigation, larger-scale hypothesis-testing studies are needed. Considering the relatively modest sample size and related risk of Type-II error, a liberal uncorrected threshold of p < .001 was used, with a minimum extent threshold of 100 voxels to counterweight this more liberal approach. Second, although a sample size of 62 is a strength for a 10-year longitudinal child MRI study involving behavioral assessments, it remains modest from a statistical power point of view. It is therefore possible that the analyses underestimated the magnitude of the associations between maternal MM, child ToM, and child brain volumes.

Third, we assessed maternal MM only, while paternal MM may also contribute to better sociocognitive abilities in children [START_REF] Mcmahon | Twenty years of research on parental mind-mindedness: Empirical findings, theoretical and methodological challenges, and new directions[END_REF]. Fourth, ToM was assessed through one false-belief task, which only accounts for cognitive ToM and may be influenced by general language competence. Controlling for children's language abilities and the use of more inclusive ToM batteries may better account for the possible modality-related differences in ToM measures [START_REF] Milligan | Language and theory of mind: metaanalysis of the relation between language ability and false-belief understanding[END_REF][START_REF] Schurz | Fractionating theory of mind: A meta-analysis of functional brain imaging studies[END_REF]. Fifth, the longitudinal yet non-experimental design of this study does not permit causal inference nor establishment of directionality. Even though regional GMV was measured at a later age and interpreted as the result of practicing mentalizing abilities, the development of cortical structures might in fact have preceded the latter, predisposing children to have better false-belief understanding. Likewise, apparent parental influences on child outcomes are often due to bidirectional influences (e.g., [START_REF] Serbin | The impact of children's internalizing and externalizing problems on parenting: Transactional processes and reciprocal change over time[END_REF]; hence, it is possible that infants' initial neurodevelopment influenced early maternal MM, later child ToM, and brain volumes. Finally, relations between neuroanatomy and cognitive functions are age-dependent, especially during childhood and adolescence [START_REF] Giedd | Child psychiatry branch of the National Institute of Mental Health longitudinal structural magnetic resonance imaging study of human brain development[END_REF]. Research involving repeated MRIs is necessary to investigate whether the associations observed in this study are similar across developmental periods.

Conclusion

Results from this 10-year longitudinal study provide preliminary evidence that exposure to mentalistic parental behavior and practice of mentalizing abilities in early life may leave longlasting anatomical traces in the human brain. To our knowledge, this is the first study to investigate and compare the structural neural correlates of maternal MM and child ToM in typically developing school-aged children. Whole-brain multiple regression analyses revealed that maternal MM during infancy predicted GMV in a set of brain regions involved in both mentalizing and broader cognitive functions, such as language processing and executive functions. Comparatively, children's ToM abilities in early childhood predicted GMV in a cortical region specific to mentalizing, through both socio-cognitive and affective processes.

While structurally distinct, the brain regions in which GMV was found to be correlated with parental and child mentalizing are functionally connected through a neural network highly involved in self-referential strategies for mentalizing, which are preferentially deployed by children during mental-state attributions. Overall, the current findings shed light onto the complex relationship between parental behavior and child socio-cognitive development in relation to healthy brain maturation while adding to the growing literature on the prospective outcomes of normative variations in early experience. 
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Note. Higher levels of maternal mind-mindedness in infancy are associated with greater grey matter volume (GMV) in the right dorsomedial prefrontal cortex (extending to the supplementary motor area; x = 24, y = 12, z = 62), as well as the left dorsolateral prefrontal cortex (x = -21, y = 48, z = 18) and superior temporal pole (x = -48, y = 12, z = -23). Contrast represents thresholdfree cluster enhancement (TFCE) statistic at combined peak-cluster-level, uncorrected, p < .001.