Marie-Laure Ancelin 
  
Isabelle Carrière 
  
Sylvaine Artero 
  
Jerome J Maller 
  
Chantal Meslin 
  
Anne-Marie Dupuy 
  
Karen Ritchie 
  
Joanne Ryan 
  
Isabelle Chaudieu 
  
Isabelle Carriere 
  
  
Structural brain alterations in older adults exposed to early-life adversity

Keywords: Aging, cohort, sex, grey matter volume, childhood adversity, resilience. Ancelin -3

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Although the link between childhood trauma and psychopathology is compelling, the longterm neurobiological signature resulting from childhood trauma is less well defined [START_REF] Clausen | Machine Learning Analysis of the Relationships Between Gray Matter Volume and Childhood Trauma in a Transdiagnostic Community-Based Sample[END_REF]Teicher et al., 2016). Neurobiological models of childhood trauma suggest alterations on multiple levels, including changes in neurotransmission, neuroendocrine regulation (e.g. via the hypothalamic-pituitary-adrenal (HPA) stress axis) and in regional brain development [START_REF] Lupien | Effects of stress throughout the lifespan on the brain, behaviour and cognition[END_REF][START_REF] Mcewen | Protection and damage from acute and chronic stress: allostasis and allostatic overload and relevance to the pathophysiology of psychiatric disorders[END_REF]. However, previous imaging studies have focused on only a few brain regions in young/middle aged adults. Little is known about the extent and persistence of structural changes in later life especially in the general older population.

The most consistent report of abnormalities resulting from childhood trauma has been grey matter volume (GMV) alterations in dorsolateral prefrontal, anterior cingulate and orbitofrontal cortex, with no strong evidence regarding the hippocampus and amygdala (see for meta-analyses and reviews [START_REF] Calem | Meta-analysis of associations between childhood adversity and hippocampus and amygdala volume in non-clinical and general population samples[END_REF][START_REF] Cassiers | Structural and Functional Brain Abnormalities Associated With Exposure to Different Childhood Trauma Subtypes: A Systematic Review of Neuroimaging Findings[END_REF][START_REF] Paquola | Understanding heterogeneity in grey matter research of adults with childhood maltreatment-A meta-analysis and review[END_REF]Teicher and Samson, 2016)). Conversely, structural alterations in temporal, parietal and striatal regions have received little attention although these regions have been implicated in emotional processing and memory retrieval and suppression, which in turn are commonly altered in people exposed to trauma [START_REF] Brewin | The nature and significance of memory disturbance in posttraumatic stress disorder[END_REF][START_REF] Gilmore | A parietal memory network revealed by multiple MRI methods[END_REF][START_REF] Kuhn | Gray matter correlates of posttraumatic stress disorder: a quantitative meta-analysis[END_REF][START_REF] Li | Grey matter reduction associated with posttraumatic stress disorder and traumatic stress[END_REF]. Childhood trauma has generally been linked with decreased volume within these regions, but there is some indication that age, sex, psychiatric comorbidity, and genetic vulnerability may impact the robustness or directionality of these findings [START_REF] Clausen | Machine Learning Analysis of the Relationships Between Gray Matter Volume and Childhood Trauma in a Transdiagnostic Community-Based Sample[END_REF][START_REF] Popovic | Traces of Trauma: A Multivariate Pattern Analysis of Childhood Trauma, Brain Structure, and Clinical Phenotypes[END_REF]Teicher and Samson, 2016). Inconsistencies may also be related to study design and size, population heterogeneity, type of trauma, and methodological issues, including insufficient data or power to examine confounding factors.

Research on the long term consequences of childhood trauma has mostly adopted a cumulative model of psychological impact, assuming severity of morbidity will be principally associated with cumulative exposures. This model has assumed all events to have similar underlying etiological mechanisms, and thus precluded the exploration of the impact of different types of trauma on the central nervous system. More recently Sheridan et al. have proposed a pathology model (dimensional model of adversity and psychopathology, DMAP) which differentiates events characterized by deprivation and threat; the former compromising subsequent cognitive processing, and the latter emotional reactivity and autonomic regulation (Sheridan et al., 2020). Both dimensions may also differ regarding associated neural substrates (Sheridan and McLaughlin, 2020). The model is, however, hypothesis driven and while substantiating evidence exists from cluster analyses, research on the relationship between brain structures and different types of trauma is also needed.

Serotonergic genetic vulnerability, modifying neurotransmission and stress response, could render some individuals more susceptible to the impact of early trauma [START_REF] Brouwer | Genetic influences on individual differences in longitudinal changes in global and subcortical brain volumes: Results of the ENIGMA plasticity working group[END_REF][START_REF] Logue | The Psychiatric Genomics Consortium Posttraumatic Stress Disorder Workgroup: Posttraumatic Stress Disorder Enters the Age of Large-Scale Genomic Collaboration[END_REF]. Neuroimaging studies suggest increased serotonin synthesis in multiple brain regions in post-traumatic stress disorder (PTSD), with lower serotonin transporter (5-HTT) availability and correlations between 5-HTT and PTSD symptom severity [START_REF] Davis | Neurobiology of chronic stress-related psychiatric disorders: evidence from molecular imaging studies[END_REF]. The SLC6A4 gene encoding this transporter contains a polymorphism (5-HTTLPR), which consists of a 44 bp insertion/deletion referred to as long (L) and short (S) allele respectively, the latter being associated with reduced 5-HTT activity and serotonin reuptake. Two meta-analyses reported a significantly increased risk of PTSD with the SS genotype in cohort studies of patients with PTSD and/or individuals having experienced severe trauma [START_REF] Gressier | The 5-HTTLPR polymorphism and posttraumatic stress disorder: a meta-analysis[END_REF][START_REF] Navarro-Mateu | Meta-analyses of the 5-HTTLPR polymorphisms and post-traumatic stress disorder[END_REF]. However, despite some evidence for altered serotonergic function following trauma and a pivotal role of 5-HTTLPR in emotional learning processes, its implication in the association between structural brain alterations and childhood adversity has rarely been examined in non-psychiatric older adults.

There is some evidence that sex can moderate the relationship between early adverse experiences and structural brain changes [START_REF] Popovic | Traces of Trauma: A Multivariate Pattern Analysis of Childhood Trauma, Brain Structure, and Clinical Phenotypes[END_REF][START_REF] Tiwari | Biological alterations affecting risk of adult psychopathology following childhood trauma: A review of sex differences[END_REF][START_REF] Wellman | Sex Differences in Risk and Resilience: Stress Effects on the Neural Substrates of Emotion and Motivation[END_REF]. Male children were reported to be more vulnerable to the consequences of adversity with accompanying structural modifications in brain structure [START_REF] De Bellis | Sex differences in brain maturation during childhood and adolescence[END_REF]Teicher and Samson, 2016). Sex could also modulate the effects of serotonergic polymorphisms and their interactions with environmental stress factors [START_REF] Perry | Sex differences modulating serotonergic polymorphisms implicated in the mechanistic pathways of risk for depression and related disorders[END_REF][START_REF] Tiwari | Biological alterations affecting risk of adult psychopathology following childhood trauma: A review of sex differences[END_REF]. In a study of predictors of hippocampal volume an interaction was observed between sex, 5-HTTLPR genotype, and severe childhood adversity, only male S'-allele carriers with severe childhood abuse having smaller hippocampi [START_REF] Everaerd | Sex modulates the interactive effect of the serotonin transporter gene polymorphism and childhood adversity on hippocampal volume[END_REF]. Overall, few studies have examined sex differences and these have mostly focused on clinical samples of adolescents or young adults and examined a limited number of brain regions. Rarely has genetic vulnerability been considered [START_REF] Cassiers | Structural and Functional Brain Abnormalities Associated With Exposure to Different Childhood Trauma Subtypes: A Systematic Review of Neuroimaging Findings[END_REF][START_REF] Popovic | Traces of Trauma: A Multivariate Pattern Analysis of Childhood Trauma, Brain Structure, and Clinical Phenotypes[END_REF].

To address the limitations of previous studies, we investigated the association between earlylife adversity and frontal-subcortical and limbic subregions in a large, community-dwelling older population. We tested the hypothesis that older adults exposed to early-life adversity (total and specific event types) would have reduced GMV in several regional brain structures and this may vary according to the nature of the childhood event. We further hypothesized that this could differ according to sex and 5-HTTLPR genetic variability, males and/or SS participants being the most susceptible to brain structural alterations.

METHODS

Participants

Data were obtained from a longitudinal study of neuropsychiatric disorders in communitydwelling French older adults, the ESPRIT study [START_REF] Ritchie | Prevalence of DSM-IV psychiatric disorder in the French elderly population[END_REF]. Eligible participants, who were at least 65 years of age and non-institutionalized, were recruited by random selection from the electoral rolls of the Montpellier district between 1999 and 2001. Ethics approval for the study was given by the Ethical Committee of the University Hospital of Kremlin-Bicêtre and written informed consent was obtained. Of the 1863 participants initially recruited, only those aged 80 years or younger were invited for an MRI; 760 participants were randomly selected of whom 668 had complete volumetric data. Excluded were participants diagnosed with dementia (n=14), individuals who were left-handed (n=16), and participants with missing data related to the genotyping (n=81), childhood adversity questionnaire (n=106) or covariates (n=53). Compared to the excluded participants, the 398 participants were younger (p=0.0002) and less likely to have low education level (p=0.04) and cognitive impairment (p=0.01).

MRI protocol and image analysis

All the neuroimaging scans were acquired using the same scanner and analyzed as described previously [START_REF] Ancelin | Lifetime major depression and grey matter volume[END_REF]. Briefly, a 1.5T GE Signa Imaging system (General Electric Medical Systems, Milwaukee, WI) was used to acquire a contiguous AC-PC aligned axial IR-prepared SPGR T1weighed sequence for volumetric estimations (TR=12, TE=2.8, IT=6000, matrix, size=256x256, pixel spacing=0.9375x0.9375mm, NEX=1, slice thickness=1.0mm). Regional reconstruction and segmentation was performed with the FreeSurfer 5.3 image analysis suite (http://surfer.nmr.mgh.harvard.edu/). Twenty-three regions of interest (ROIs) defined using Desikan's Atlas [START_REF] Desikan | An automated labeling system for subdividing the human cerebral cortex on MRI scans into gyral based regions of interest[END_REF] were selected based on our previous studies in older adults [START_REF] Ancelin | Structural brain changes with lifetime trauma and re-experiencing symptoms is 5-HTTLPR genotype-dependent[END_REF][START_REF] Ancelin | Lifetime major depression and grey matter volume[END_REF] and literature on the structural brain alterations associated with early-life adverse events (see for reviews [START_REF] Calem | Meta-analysis of associations between childhood adversity and hippocampus and amygdala volume in non-clinical and general population samples[END_REF][START_REF] Cassiers | Structural and Functional Brain Abnormalities Associated With Exposure to Different Childhood Trauma Subtypes: A Systematic Review of Neuroimaging Findings[END_REF][START_REF] Paquola | Understanding heterogeneity in grey matter research of adults with childhood maltreatment-A meta-analysis and review[END_REF]Teicher and Samson, 2016)). Total brain volume (grey+white matter) was computed for each participant using the segment m-file of the SPM5 software (Wellcome Department of Cognitive Neurology, UK), SPM showing greater accuracy [START_REF] Malone | Accurate automatic estimation of total intracranial volume: a nuisance variable with less nuisance[END_REF] and consistency (Sargolzaei et al., 2015a) and less systematic bias evaluation (Sargolzaei et al., 2015b) than FreeSurfer for this measure.

Childhood adversity questionnaire

A self-administered questionnaire based on a review of existing validated instruments examined environment during childhood and adolescence [START_REF] Ritchie | Association of adverse childhood environment and 5-HTTLPR genotype with late-life depression[END_REF]. It contained items corresponding to various adverse experiences with binary yes/no response categories and was completed at the second follow-up assessment, 4 years after recruitment. By this time the study interviewers had established close relationships with the participants, facilitating the request of sensitive information. Eight types of childhood traumas were examined; sexual or physical abuse or excessive physical punishment; neglect; serious conflict or stress at home; excessive sharing of parent problems; verbal abuse; poverty or financial difficulties; exposure to war or natural catastrophe, as well as a combined variable, adverse family environment variable. This variable included one of the following experiences: serious childhood illness, sent to a foster family, or having parents divorced or separated, hospitalized, with serious illness, prisoner for extended period, with alcohol or mental problems, suicidal or prematurely dead. The total number of childhood adversity experiences were also summed, and a three-category variable generated for the analysis.

Sociodemographic and clinical variables

A standardized interview was used to obtain information on socio-demographic characteristics, physical health, and medical history on cardiovascular ischemic pathologies (angina pectoris, myocardial infection, stroke, cardiovascular surgery, and arteritis). All drugs used in the preceding month were recorded from medical prescriptions and drug packaging. Weight and height were measured and body mass index was calculated. Global cognitive function was evaluated using the Mini-Mental State Examination, a score <26 indicating cognitive impairment [START_REF] Folstein | Mini-mental state". A practical method for grading the cognitive state of patients for the clinician[END_REF]. Lifetime major depression and anxiety disorder (phobia, generalized anxiety disorder, panic disorder, obsessive compulsive disorder, as well as PTSD) were diagnosed by psychologists and psychiatric nurses according to DSM-IV criteria and using the Mini-International Neuropsychiatric Interview (MINI, French version 5.00), a standardized psychiatric examination validated in the general population [START_REF] Sheehan | The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10[END_REF].
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5-HTTLPR genotyping

We collected blood samples at baseline, enabling DNA extraction and 5-HTTLPR genotyping as described previously and data was validated using replicate independent genotyping of buccal DNA [START_REF] Ancelin | Lifetime major depression and grey matter volume[END_REF][START_REF] Ancelin | Heterogeneity in HPA axis dysregulation and serotonergic vulnerability to depression[END_REF].

Statistical analysis

Associations between brain regions and exposure to early adverse events considered individually were evaluated using ANCOVA adjusted for age, sex, total brain volume, and covariates which could modify the associations, e.g. head injury, lifetime major depression and anxiety disorder, psychiatric medication, and cardiovascular ischemic pathologies as described previously [START_REF] Ancelin | Lifetime major depression and grey matter volume[END_REF]. Given the frequent report of heterosis for 5-HTTLPR due to multiple sources of interacting effect (e.g. epistasis, sex, childhood adversity) [START_REF] Ancelin | 5-HTTLPR x stress hypothesis: is the debate over?[END_REF], the modifying effect of 5-HTTLPR was evaluated by stratification into three genotypes (LL, SL, and SS) as described [START_REF] Ancelin | Lifetime major depression and grey matter volume[END_REF][START_REF] Ancelin | Heterogeneity in HPA axis dysregulation and serotonergic vulnerability to depression[END_REF]. To account for the multiple brain regions examined, we adjusted the significance levels in the overall analysis using the false discovery rate (FDR) method [START_REF] Benjamini | Controlling the false discovery rate: a practical and powerful approach to multiple testing[END_REF]. "Nominal" associations referred to significant associations before FDR correction.

The correlations between early life events were analysed using tetrachoric correlation coefficient [START_REF] Olsson | Maximum likelihood estimation of the polychoric correlation coefficient[END_REF]. All tests were 2-sided and SAS (v9.4, SAS Institute, Inc., NC) was used for the statistical analyses.

RESULTS

Participant characteristics

Baseline characteristics of the 398 community-dwelling participants are summarized in Table 1. Participants ranged in age from 65 to 80, with a median age of 70 years and 52% were women.

One quarter of the participants had lifetime major depression and anxiety disorder, and 1% had Ancelin -9 lifetime PTSD. Men and women differed across all characteristics examined, with the exception of PTSD.

Subregional volumes according to adverse experiences during childhood

Nearly 8% of the participants reported sexual/physical trauma during childhood, and this was associated with 5.1% larger inferior temporal volumes and 7.2% larger entorhinal volume in adjusted models (Table 2). These associations however, were not significant after FDR correction. No significant sex interaction was found (p>0.20).

Regarding emotional trauma, conflict at home during childhood was reported by 17.4% of the participants, excessive sharing of parent problems by 11.9%, verbal abuse by 6.6%, and neglect by 5.4%. Only a few nominal associations were found with GMV, namely 3.8% larger inferior temporal and 5% larger entorhinal volumes with conflict/stress at home, 5.9% larger superior temporal volume with verbal abuse and larger volumes of caudate (7.6%) and putamen (9.4%) with neglect, the latter surviving FDR correction (Supplementary Table S1). On the other hand, excessive sharing of problems was associated with around 4% larger GMV in several frontal and parietal regions as well as insula, middle temporal region, and thalamus (Table 3). Alterations in rostral middle frontal, lateral orbitofrontal, superior parietal, precuneus, and thalamus volumes survived FDR correction. There was some evidence of effect modification by sex and in stratified analyses, the associations were found to be significant in men only. Further adjusting separately for other health factors which appeared sex-specific (cf. Table 1) did not modify the associations (data not shown).

Exposure to global environment factors during childhood was frequent in this older adult population; 58.9% reported traumatic experience related to war or natural catastrophe, 55% adverse family environment, and 24.8% poverty or financial difficulties. All three were nominally associated with larger volumes in hippocampus (2.2 to 2.6%), amygdala (3.0 to 3.6%), and some basal nuclei; nucleus accumbens for war or poverty (4.8%), pallidum (3.1%) and putamen (3.7%) for adverse family environment (Supplementary Table S2).

Co-occurrence and correlations between adversity types

Co-occurrence of adverse events was relatively frequent in this sample; 29.6% of the participants having reported two, 13.2% three, and 12.5% four or more adverse experiences. A summary three-category variable was created for the total number of childhood adversity experiences. A significant association was only observed with hippocampal and amygdala volumes (FDR p-values >0.01) but not with frontoparietal volumes. Findings were similar for the intermediate and highest exposure group, between sexes and according to 5-HTTLPR genotype (data not shown).

In addition, we examined the possible correlation between childhood adverse events for which we found significant changes in brain volumes, namely excessive sharing of parent problems and adverse family environment. No significant correlation was found [tetrachoric correlation (Asymptomatic Standard Error) r=0.17 (0.10), p=0.11] (data not shown).

Subregional volumes according to 5-HTTLPR genotype

Of all participants, 29.4% were homozygous carriers of the L allele, and 24.6% were SS homozygotes. The frequency of the 5-HTTLPR genotypes did not deviate significantly from Hardy-Weinberg equilibrium (p=0.12). There was no significant differences in participant characteristics according to 5-HTTLPR genotypes (Supplementary Table S3). Given that we found that adverse family environment and excessive sharing of parent problems were most strongly associated with GMV, we further examined whether the 5-HTTLPR genotype influenced these associations (Table 4).

Different patterns emerged depending across the 5-HTTLPR genotypes. For SL participants, adverse family environment was associated with larger volumes of basal nuclei, e.g. nucleus accumbens and pallidum (around 5%), and, surviving FDR correction, caudate and putamen (around 7%). Conversely, the SS participants with adverse family environment had smaller volumes of a number of ROIs at nominal significance levels, especially in the frontal (superior, rostral middle, lateral orbitofrontal) and parietal (superior and precuneus) cortex (3.6 to 4.9%), as well as in rostral anterior cingulate (9.9%), but larger entorhinal cortex (12.1%) and amygdala volume (6.3%) (Table 4A). The latter was also observed in LL participants.

In terms of excessive sharing of parent problems, almost all associations were found in SL participants only, including significantly larger volumes in rostral middle frontal, lateral orbitofrontal, superior parietal, and precuneus volumes (5.8 to 7.7%, p≤0.006) (Table 4B). Nominal associations were also observed for superior frontal, inferior parietal, and insula, as well as middle temporal and thalamus volumes (+4.0 to 6.3%). Sex-specific analysis confirmed previously findings (Table 3) that these associations were specific to men with around 9% larger GMV and up to 11.3% for superior parietal cortex (Supplementary Table S4).

DISCUSSION

In this older community-dwelling population, early-life adversity was associated with widespread morphological brain differences and this varied according to the type of adversity, sex, and serotonergic genetic vulnerability. The most significant findings were seen in older adults who had experienced adverse events that may have required active child participation, e.g. parents sharing problems with their children and adverse family environment. Excessive sharing of parent problems was associated with larger GMV across a number of areas in the frontal, middle temporal, and parietal regions as well as the thalamus. Interestingly, stratified analyses showed that these associations were only significant in men. Furthermore, findings indicate that SL heterozygotes of the 5-HTTLPR appeared the most "resilient" (larger GMV) in contrast with the SS homozygotes. Exposure to adverse family environment was nominally associated with smaller volumes of several frontal and parietal cortex subregions, as well as larger amygdala and entorhinal cortex in the 5-HTTLPR SS participants, but larger striatum volumes in the SL participants. These findings were independent of psychiatric history and psychiatric medication and quite distinct from alterations associated with lifetime major depression reported in this ESPRIT population [START_REF] Ancelin | Lifetime major depression and grey matter volume[END_REF]. This suggests a specific enduring impact of early life adversity on brain structure rather than a link to psychiatric comorbidity. Together our findings are consistent with the general view that there may be types of exposure that can trigger adaptive or maladaptive responses to certain early-life adverse events (e.g. adverse family environment or managing situations beyond children maturity) and that genetic vulnerability may render some individuals more susceptible to the positive and negative impact of early experience (Teicher and Samson, 2016).

Influence of 5-HTTLPR genotype

This study shows that the association between adverse experiences in early life and structural brain alterations in a non-clinical older population can be moderated negatively (SS genotype) but also positively (SL) according to serotonergic genetic vulnerability. Compensatory brain development or cognitive adaptation may be a tempting explanation (Gupta et al., 2017a;[START_REF] Popovic | Traces of Trauma: A Multivariate Pattern Analysis of Childhood Trauma, Brain Structure, and Clinical Phenotypes[END_REF]Teicher et al., 2016), especially given that we have previously observed some adverse childhood events (e.g. physical/sexual or verbal abuse, parents with mental problems) are associated with better late-life cognitive functioning [START_REF] Ritchie | Adverse childhood environment and late-life cognitive functioning[END_REF]. Epigenetic modifications may also be involved. In adults, SLC6A4 hypermethylation has been associated with psychopathology-related adversities, e.g. late-life depression, stress, and childhood maltreatment and the 5-HTTLPR polymorphisms can have modifying effects on these association [START_REF] Alexander | DNA methylation profiles within the serotonin transporter gene moderate the association of 5-HTTLPR and cortisol stress reactivity[END_REF][START_REF] Cecil | Childhood maltreatment and DNA methylation: A systematic review[END_REF][START_REF] Duman | Influence of life stress, 5-HTTLPR genotype, and SLC6A4 methylation on gene expression and stress response in healthy Caucasian males[END_REF][START_REF] Lam | Genotype-dependent associations between serotonin transporter gene (SLC6A4) DNA methylation and late-life depression[END_REF]. Hence, many of the reported alterations make sense as potentially adaptive responses modulated by 5-HTTLPR (Teicher and Samson, 2016). Whether this may represent a marker of resilience-conferring brain adaptations in response to early stressful life events remains to be explored.

Genes involved in monoaminergic, neurotrophic and stress systems are likely to be the primary candidates determining the interaction of early life environment on GM development (Paquola et al., Ancelin -13 2016). In particular, the link between serotonergic signaling and 5-HTTLPR genotype and HPA axis functioning is well documented [START_REF] Andrews | Programming of the hypothalamo-pituitary-adrenal axis: serotonergic involvement[END_REF]. Two meta-analyses reported a significantly increased risk of PTSD with the SS genotype when studies were restricted to cohorts of non-clinical participants and/or having experienced high trauma [START_REF] Gressier | The 5-HTTLPR polymorphism and posttraumatic stress disorder: a meta-analysis[END_REF][START_REF] Navarro-Mateu | Meta-analyses of the 5-HTTLPR polymorphisms and post-traumatic stress disorder[END_REF]. In the ESPRIT study, we have shown reduced GMV in certain prefrontal and parietal ROIs (but not basal nuclei, amygdala or hippocampus), specifically in SS participants having experienced severe trauma as young adults with intrusive reexperiencing of symptoms (Ancelin et al., 2020). We did not observe increased volumes in SL participants, regardless of the ROIs.

Early life adversity and GMV

The most robust findings of previous structural studies examining early life events concerned deficits of the prefrontal and cingulate cortices (see for meta-analysis and review [START_REF] Cassiers | Structural and Functional Brain Abnormalities Associated With Exposure to Different Childhood Trauma Subtypes: A Systematic Review of Neuroimaging Findings[END_REF][START_REF] Paquola | Understanding heterogeneity in grey matter research of adults with childhood maltreatment-A meta-analysis and review[END_REF]), in particular for physical and emotional abuse [START_REF] Cohen | Early life stress and morphometry of the adult anterior cingulate cortex and caudate nuclei[END_REF][START_REF] Heim | Decreased cortical representation of genital somatosensory field after childhood sexual abuse[END_REF][START_REF] Tomoda | Reduced prefrontal cortical gray matter volume in young adults exposed to harsh corporal punishment[END_REF][START_REF] Van Harmelen | Reduced medial prefrontal cortex volume in adults reporting childhood emotional maltreatment[END_REF], but with differential associations across other trauma subtypes [START_REF] Cassiers | Structural and Functional Brain Abnormalities Associated With Exposure to Different Childhood Trauma Subtypes: A Systematic Review of Neuroimaging Findings[END_REF][START_REF] Paquola | Understanding heterogeneity in grey matter research of adults with childhood maltreatment-A meta-analysis and review[END_REF]. A study comparing multiple subtypes found that emotional neglect and certain adverse family environments (loss of primary family member) was associated with a reduction of anterior cingulate cortex volume, but this association was not observed in relation to emotional, physical or sexual abuse [START_REF] Cohen | Early life stress and morphometry of the adult anterior cingulate cortex and caudate nuclei[END_REF].

Two meta-analyses examined the impact of childhood adversity on the hippocampus and amygdala in middle-aged adults in non-clinical and general population samples [START_REF] Calem | Meta-analysis of associations between childhood adversity and hippocampus and amygdala volume in non-clinical and general population samples[END_REF][START_REF] Paquola | Understanding heterogeneity in grey matter research of adults with childhood maltreatment-A meta-analysis and review[END_REF]. Both reported a modest impact on the hippocampus, but varied according to age and type of trauma, as observed in our study. Smaller hippocampal volume has been reported for general childhood adverse experiences [START_REF] Cassiers | Structural and Functional Brain Abnormalities Associated With Exposure to Different Childhood Trauma Subtypes: A Systematic Review of Neuroimaging Findings[END_REF], but not others such as neglect [START_REF] Paquola | Understanding heterogeneity in grey matter research of adults with childhood maltreatment-A meta-analysis and review[END_REF]. Early exposure to certain adverse environments (depressed mother, institutionally reared children) may result in increased amygdala volume but later exposure, psychopathology or high levels of stress in adulthood can result in decreased volumes (Calem et al., Ancelin -14 2017;[START_REF] Paquola | Understanding heterogeneity in grey matter research of adults with childhood maltreatment-A meta-analysis and review[END_REF]Teicher and Samson, 2016). This could help explain variability in findings with other studies [START_REF] Paquola | Understanding heterogeneity in grey matter research of adults with childhood maltreatment-A meta-analysis and review[END_REF]Teicher and Samson, 2016).

Few studies have examined basal nuclei, and those that have mainly focused on the caudate nucleus [START_REF] Cassiers | Structural and Functional Brain Abnormalities Associated With Exposure to Different Childhood Trauma Subtypes: A Systematic Review of Neuroimaging Findings[END_REF][START_REF] Cohen | Early life stress and morphometry of the adult anterior cingulate cortex and caudate nuclei[END_REF]. Recently, Clausen and colleagues identified 13 GM regions associated with childhood trauma severity in young adults using a machine-learning approach, including caudate, pallidum, insula, as well as superior, inferior, and orbital frontal regions, and regions within temporal and parietal lobes [START_REF] Clausen | Machine Learning Analysis of the Relationships Between Gray Matter Volume and Childhood Trauma in a Transdiagnostic Community-Based Sample[END_REF]. The contribution of various subtypes of childhood trauma was however, not examined.

Sex differences

We found that men were more susceptible to structural alterations in response to a specific adverse event (excessive sharing of parent problems). Furthermore, this was strongest for men who carried the SL genotype. Few neuroimaging studies have investigated sex effects directly (Gupta et al., 2017b), however Popovic et al. recently reported contrary volumetric changes in the prefrontal cortex, hippocampus, amygdala, and anterior cingulate cortex for young adult men and women following childhood trauma [START_REF] Popovic | Traces of Trauma: A Multivariate Pattern Analysis of Childhood Trauma, Brain Structure, and Clinical Phenotypes[END_REF]. There is other evidence that male children appear more vulnerable to the consequences of adversity [START_REF] De Bellis | Sex differences in brain maturation during childhood and adolescence[END_REF]Teicher and Samson, 2016), with early trauma associated with smaller GMV in the prefrontal cortex, amygdala, and hippocampus [START_REF] Helpman | Sex Differences in Trauma-Related Psychopathology: a Critical Review of Neuroimaging Literature (2014-2017)[END_REF]. In addition, sex can modulate the effects of serotonergic polymorphisms and their interactions with environmental stress factors [START_REF] Perry | Sex differences modulating serotonergic polymorphisms implicated in the mechanistic pathways of risk for depression and related disorders[END_REF], and genetic risk factors may also affect neural plasticity related to stress response and threat processing in a sex-dependent manner [START_REF] Helpman | Sex Differences in Trauma-Related Psychopathology: a Critical Review of Neuroimaging Literature (2014-2017)[END_REF]. A prior study found that severe childhood adversity (at least one adverse event) was associated with smaller hippocampal volume in male 5HTTLPR S'-allele carriers only [START_REF] Everaerd | Sex modulates the interactive effect of the serotonin transporter gene polymorphism and childhood adversity on hippocampal volume[END_REF], but no other ROIs were examined. Whether sex or gender may influence the nature of changes in some structures, be associated with specific processing strategies or reflect difference in resilience to some stressful situation, remains to be examined.

Context of the findings

Our findings show that structural brain alterations are still observed in non-psychiatric older adults who have experienced adverse childhood events more than 50 years earlier. Consistent with previous reports in younger adults [START_REF] Paquola | Understanding heterogeneity in grey matter research of adults with childhood maltreatment-A meta-analysis and review[END_REF], we found several significant alterations in prefrontal/ cingulate cortex-limbic system, primary centres for fear processing, emotional regulation and stress response, and also playing an important role in the regulation of the HPA axis [START_REF] Helpman | Sex Differences in Trauma-Related Psychopathology: a Critical Review of Neuroimaging Literature (2014-2017)[END_REF][START_REF] Lupien | Effects of stress throughout the lifespan on the brain, behaviour and cognition[END_REF][START_REF] Mcewen | Protection and damage from acute and chronic stress: allostasis and allostatic overload and relevance to the pathophysiology of psychiatric disorders[END_REF]. However, the effects of stress at different stages in life could depend on the brain areas that are developing at the time of the exposure. The hippocampus is most vulnerable before 2 years of age, the amygdala continues to develop from birth to late childhood, whereas prefrontal and precuneus are among the last regions to mature [START_REF] Cavanna | The precuneus: a review of its functional anatomy and behavioural correlates[END_REF][START_REF] Lupien | Effects of stress throughout the lifespan on the brain, behaviour and cognition[END_REF]Teicher and Samson, 2016). This may explain why we found weak evidence for associations with hippocampal volume. We found differences in regions that were rarely examined before, reward-and-motivation-related striatal regions, insula implicated in interoceptive, salience and self-referential processing [START_REF] Clausen | Machine Learning Analysis of the Relationships Between Gray Matter Volume and Childhood Trauma in a Transdiagnostic Community-Based Sample[END_REF][START_REF] Helpman | Sex Differences in Trauma-Related Psychopathology: a Critical Review of Neuroimaging Literature (2014-2017)[END_REF][START_REF] Paquola | Understanding heterogeneity in grey matter research of adults with childhood maltreatment-A meta-analysis and review[END_REF], and the entorhinal cortex also involved in memory processes. The processing of highly emotional memories in the aftermath of traumatic experiences not only relies on prefrontal cortices, but also on the 'parietal memory network' involved in multiple stages of mnemonic processing during both initial encoding and later retrieval [START_REF] Gilmore | A parietal memory network revealed by multiple MRI methods[END_REF]. The precuneus has been implicated in imagery and visualization of visuospatial information in perception and memory, familiarity, and self-representation [START_REF] Summerfield | Cortical midline involvement in autobiographical memory[END_REF]. Greater GMV of parietal subregions has been associated with resilience in healthy young adults (Gupta et al., 2017a), aligning with our findings for 'resilient' SL participants. Interestingly, in the DMAP model the frontoparietal network was suggested as neural substrate for the deprivation dimension, which refers to an absence of, or an age-inappropriate, cognitive/stimulating environment (Sheridan and McLaughlin, 2020). Dimensional and cumulative models of adversity are not mutually exclusive and our findings also suggest that it is not just the number of experiences but also the type of experience that may have the greatest effect.

Limitations and strengths

This study has several limitations; the most important is the healthy survivor effect (survival bias) which may lead to a selection of the less vulnerable participants [START_REF] Johnson | The extent to which childhood adversity and recent stress influence all-cause mortality risk in older adults[END_REF] and subsequently an underestimation of some associations. Furthermore, the study has been conducted using self-report questionnaire and retrospective measures of childhood maltreatment which may identify different groups of individuals compared with prospective measures as reported in young adults [START_REF] Baldwin | Agreement Between Prospective and Retrospective Measures of Childhood Maltreatment: A Systematic Review and Meta-analysis[END_REF]. To minimize recall bias, the participants with probable/possible dementia were excluded. For some types of trauma (e.g. physical and sexual abuse), low numbers precluded definitive conclusions. We did not assess age at which the childhood trauma occurred and the cross-sectional design limits the ability to assess temporal relationships. Although this study adjusted for a number of potential confounders, we could not excluded that the more pronounced effects in men could be related to residual sex-specific confounding. Finally, multiple analyses have been performed potentially increasing the risk of type 1 error, although we have attempted to minimize this by correcting for multiple comparisons. Likewise, some experiences were rare resulting in insufficient power to detect differences in some stratified analyses.

However, this is one of the largest structural MRI studies targeting early-life events in older adults, in terms of the number of participants and ROIs examined within a single study and the first one to consider also 5-HTTLPR. Further strengths are that data were collected on a wide range of childhood adverse events at a time by which the clinical staff had established trusting relationships with the participants. Brain volumes were measured by FreeSurfer automated segmentation, enabling accurate evaluation of volumetric changes of smaller deep brain structures. Lastly, we controlled for genotyping accuracy and several potential confounders, particularly psychiatric comorbidity, which was assessed using a standardized psychiatric examination according to DSM-IV criteria.

Conclusions

In conclusion, these findings suggest long-term effects of childhood adverse events on the brain in older adults. The GMV pattern associated with early life adversity overlaps with brain networks of emotional processing and regulation, memory, and fear as well as the parietal memory network also shown to mediate introspection and resilience [START_REF] Admon | A causal model of post-traumatic stress disorder: disentangling predisposed from acquired neural abnormalities[END_REF][START_REF] Etkin | Functional neuroimaging of anxiety: a meta-analysis of emotional processing in PTSD, social anxiety disorder, and specific phobia[END_REF][START_REF] Gilmore | A parietal memory network revealed by multiple MRI methods[END_REF]Gupta et al., 2017a;[START_REF] Hayes | Quantitative meta-analysis of neural activity in posttraumatic stress disorder[END_REF][START_REF] Shin | The neurocircuitry of fear, stress, and anxiety disorders[END_REF].

According to serotonergic genetic vulnerability, these alterations may reflect both protective adaptation of and damage to the brain following exposure to threatening life events. These findings need to be replicated in larger population and clinical samples. It remains to be determined whether GMV increases are linked to a neuronal adaptive compensatory process in response to dysfunction in other structures, or a consequence of learned behaviors or skills, or whether they represent trait-like, developmental differences (which may be influenced by (epi)genetic factors) that underlie a neurobiological vulnerability associated with etiological pathways. Longitudinal studies examining the functional impact of structural changes in this broader network of regions are needed to clarify the role each may play in longer-term outcomes following trauma. 
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