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Abstract 

 

Background: Experiences of chronic stress and trauma are major risk factors for psychiatric 

illness. Evidence suggests that adversity-related changes in brain structure and function accelerate 

this vulnerability. It is yet to be determined whether neuroendocrine effects on the brain are a result 

of the interference with neural development during sensitive periods or a consequence of 

cumulative lifetime adversity. To address this question, the present study investigated the 

associations between brain structure and self-reported data of childhood and adult adversity using 

machine learning techniques and structural equation models (SEM).  Methods: The UK Biobank 

resource was used to access Imaging Derived Phenotypes (IDPs) of grey matter and white matter 

tract integrity of 7003 participants, together with selected childhood and adult adversity data. Latent 

measures of adversity and imaging phenotypes were estimated to evaluate their associations using 

SEM. Results: We demonstrated that increased incidence of childhood adversity events may be 

associated with smaller grey matter in frontal, insular, subcallosal and cerebellar regions of the 

brain. There were no significant associations between brain phenotypes and negative experiences 

during adulthood. Conclusions: Using a large population cohort dataset, this study contributes to the 

suggestion that childhood adversity may determine grey matter reductions in brain regions, which 

are putatively sensitive to the neurotoxic effects of chronic stress. Furthermore, it provides novel 

evidence to support the “sensitive periods” model though which adversity affects the brain.  
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Arguably one of the most pressing public health problems is related to psychiatric disorders 

(Collins et al., 2011). An important risk factor for psychopathology are experiences of childhood 

adversity (CA) (Kessler et al., 2010). Furthermore, adult adversity (AA) is also linked to multiple 

psychiatric outcomes (Pechtel & Pizzagalli, 2011).  Although the mechanisms through which 

adversity and chronic stress lead to these psychopathologies are not fully understood, accumulating 

evidence suggest a glucocorticoid effect on brain structure and function due to the dysregulation of 

the hypothalamic-pituitary-adrenal (HPA) axis functioning (Lupien, Juster, Raymond, & Marin, 2018). 

Previously, animal studies demonstrated that adverse environmental exposures during development 

altered the typical HPA axis response, an effect which persists throughout the life and determines 

structural changes in the brain (Francis et al., 1996; Meaney et al., 1991). In humans, such 

programming was shown to affect the morphology of the developing brain (McCrory, De Brito, & 

Viding, 2011), to accelerate the vulnerability to stress responsivity and psychopathology in 

adulthood (Pechtel & Pizzagalli, 2011), and to contribute to the neuropathology of cognitive decline 

in later life (Csernansky et al., 2006).   

To explain this mechanism, one view posits that CA and the resulting adverse glucocorticoids 

affect the brain during sensitive periods of development (Lupien, McEwen, Gunnar, & Heim, 2009). 

For example, the hippocampus matures more rapidly in the first few years of life, while the 

prefrontal cortex undergoes important structural development, such as dendritic branching in 

response to environmental stimuli during adolescence (Giedd et al., 2009). In victims of sexual 

abuse, reductions in hippocampal volume were observed if the abuse occurred between the ages of 

3 and 5 years old, while reductions in prefrontal cortex grey matter were associated with abuse 

reported during ages 14-16 (Andersen et al., 2008). Indeed, a vast amount of evidence suggests that 

children exposed to adversity during brain development demonstrate abnormal structural changes 

in limbic, prefrontal, insular, cerebellar and occipital grey matter structures, as well as in white 

matter tracts (Hart & Rubia, 2012; McCrory et al., 2011). Early life adversity-related changes have 
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also been reported in the absence of psychopathology (e.g. Edmiston et al., 2011) and even with 

mild forms of adversity, e.g. parental discord (Walsh et al., 2014).  

A well-established view suggests that cumulative and prolonged exposure is responsible for 

the negative consequences of adversity on the brain. Chronic stress or pharmacologically induced 

high levels of glucocorticoids have a cumulative neurotoxic effect on brain regions high in 

glucocorticoid and mineralocorticoid receptors, such as the hippocampus (Frodl & O’Keane, 2013; 

Sapolsky, Uno, Rebert, & Finch, 1990). In accordance with a “dose-response” effect, the allostatic 

load theory maintains that multiple interactive biological systems respond to prolonged and 

cumulative wear-and-tear (McEwen, 2004), providing one hypothesis for the negative effect. Indeed, 

the severity and duration of CA has been associated with larger effects on the brain. For example, 

the size of the left amygdala was negatively associated with the length of deprivation in 

institutionalized children (Mehta et al., 2009). Furthermore, reductions in visual cortices were 

related to the duration of sexual abuse experienced before the age of 12 (Tomoda, Navalta, Polcari, 

Sadato, & Teicher, 2009). 

While psychopathological outcomes may be more strongly related to childhood, compared 

to adult adversity (Weber et al., 2008), there is currently a paucity of studies evaluating the impact 

of childhood versus adult adversity on brain structure. Specifically, whether the effects on the 

morphology of the brain are a result of cumulative adversity throughout the lifetime or the 

interference with development during sensitive development periods is yet to be determined. The 

current cross-sectional study aims to address this question by evaluating the associations between 

self-reported childhood and adult adversity, and derived phenotypes of grey matter structure and 

white matter integrity in UK Biobank participants.  

 

 

 

 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 29, 2019. ; https://doi.org/10.1101/749077doi: bioRxiv preprint 

https://doi.org/10.1101/749077
http://creativecommons.org/licenses/by/4.0/


5 
 

Materials and Methods 

Participants  

The data in this study are from the UK Biobank resource (http://www.ukbiobank.ac.uk), a 

large epidemiological cohort collecting extensive genetic, biomarker, cognitive, psychometric and 

lifestyle measures.  502,642 participants were successfully recruited into the UK Biobank. 

Participants were aged 40-69 years at the time of recruitment in 2006-2010 (Sudlow et al., 2015). In 

2016 the imaging phase of the study began, with the aim to scan 100,000 cohort participants by 

2022 (Miller et al., 2016). UK Biobank received ethical approval from the Research Ethics Committee 

(11/NW/0382). Volunteers gave informed consent for their participation. The current analysis was 

initially conducted on 7,003 individuals: 3,593 females, aged 45-79 (M=62.04, SD=6.99) and 3,410 

males, aged 46-80 (M=62.95, SD=7.27). Selection of the final sample and further details of 

demographics are provided in supplemental materials (Figure S1, Tables S1, S2). None of the 

scanned participants in the final sample had chosen to withdraw their data. 

Adverse events in childhood and adulthood 

An online mental health questionnaire was administered as a follow-up self-assessment 

(2016) wherein selected items on traumatic events occurring in childhood or adult life were 

administered. CA items were based on the short version of the Childhood Trauma Questionnaire 

(CTS-5) (Glaesmer et al., 2013) and AA was evaluated using five bespoke questions (Khalifeh, Oram, 

Trevillion, Johnson, & Howard, 2015). Only items with correlation coefficients > .3 with at least one 

other item were retained to construct the latent models for the CA and AA questionnaires, 

respectively (Spinhoven et al., 2014) (Tables S3, S4). Table 1 shows the items included for this 

analysis. We also considered other variables, which are indicative of rearing conditions or early life 

factors (EL) (Allin et al., 2004; Mund, Louwen, Klingelhoefer, & Gerber, 2013; Oddy et al., 2003):  

birth weight, comparative body and height size at age 10, maternal smoking around the time of birth 

and having been breastfed as a baby (Table S2).  
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Brain imaging 

Brain images were acquired on a Siemens Skyra 3T scanner with a 32-channel RF receive 

head coil (Siemens Medical Solutions, Germany). Acquisition of brain imaging data and pre-

processing were performed by UK Biobank. Scanning was conducted using identical protocols. In the 

current analytical sample 96.3% of participants (n = 6,747) were scanned in Cheadle Manchester, 

and the remaining (n = 256) in Newcastle. Complete details of the scanning protocol and analysis 

pipeline are available on the UK Biobank website 

(http://biobank.ndph.ox.ac.uk/showcase/label.cgi?id=100). The current study used the pre-

processed derived imaging data (IDPs) (Alfaro-Almagro et al., 2018). Among the structural images, 

we included the total white and grey matter volumes (WM, GM), together with 139 grey matter 

IDPs. Of the 139 IDPs, 65 were parcelled between hemispheres (total 130). Microstructural tract 

integrity was investigated by looking at the diffusion-tensor-imaging (DTI) outputs: fractional 

anisotropy (FA) and mean diffusivity (MD). Each output mapped 27 white matter tracts (12 bilateral).  

Analysis strategy 

Analyses were conducted using R V3.5.3 (R Development Core Team, 2010) and STATA V15.1 

(StataCorp, College Station, Texas). All IDPs were first normalized using the head size scaling factor 

multiplied by each imaging variable and all bilateral IDPs were averaged. After averaging, the 

analysis included 15 variables for FA/MD and 74 grey matter IDPs. Observations were excluded if 

IDPs > ±3SD from the sample mean. Subsequently, IDPs were adjusted for age, sex, handedness, 

ethnicity and education, using the residual adjustment method (Ritchie et al., 2018). A principal 

component analysis (PCA) was used to obtain one latent measure for each type of tract 

measurement (global Fractional Anisotropy: gFA / global Mean Diffusivity: gMD). For grey matter 

IDPs, the Least Absolute Shrinkage and Selection Operator (LASSO) (Tibshirani, 1996) was used to 

select the IDPs which predicted either of the CA / AA items (Table S11). After identifying non-

redundant features, separate PCAs were conducted on frontal, temporal, parietal, occipital, 

cerebellar and basal ganglia IDPs respectively (Table S12 for retained IDPs with same directionality). 
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The Harvard-Oxford and the Diedrichsen (cerebellum) atlases were used to group IDPs (Diedrichsen, 

Balsters, Flavell, Cussans, & Ramnani, 2009; Smith et al., 2004). To determine the number of factors, 

Kaiser’s criterion of 1 and scree plots were initially explored. Subsequently, parallel analysis was 

used, and factors were retained if the adjusted eigenvalues were both > 1 and the randomly 

generated eigenvalues (Dinno, 2009; Horn, 1965). Where more than one component was identified, 

orthogonal (varimax) rotation was used (Costello & Osborne, 2005). Finally, SEM constructed latent 

measurement models of CA, AA, and EL with the Satorra-Bentler robust estimator (Satorra & 

Bentler, 2001) to separately predict the brain structure outcomes.  

 

Results  

Latent factors of white matter microstructure 

  White matter tracts correlated positively across the brain (FA r range: 0.53–0.97; MD r 

range: 0.53–0.98; all p < .001), suggesting consistent directionality (Tables S9, S10). A single un-

rotated factor explained 79.37% (FA) and 83.23% (MD) of the total integrity variance (Figure 1). All 

tracts demonstrated large positive loadings for each of the two measurement types, and therefore 

no coefficients were supressed (Table 2).  

Latent factors of grey matter structure  

LASSO identified 52 features using 10-fold cross-validation. With the exception of PNc, each 

item identified non-zero coefficients (Table S11). To construct the latent factors, selected variables 

were grouped according to their parent categories: cerebellum; basal ganglia; frontal; temporal; 

parietal; occipital lobes (Table 3). PCAs were conducted on each group after excluding four variables 

with opposite association directions: middle temporal gyrus; anterior part; middle temporal gyrus; 

temporo-occipital area; temporo-occipital fusiform cortex; vermis Crus I. Within each group, IDPs 

showed significant positive correlations, r range cerebellum: 0.10-0.78; r range basal ganglia: 0.14-

0.61; r range frontal lobe: 0.09-0.38; r range temporal lobe: 0.05-0.53; r range parietal lobe: 0.06-

0.48; r range occipital lobe: 0.05-0.52; all p < .01 (Table S12). One single un-rotated factor was 
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retained for the global measure of the basal ganglia (gBG, 52% variance); cerebellum (gCBL, 47% 

variance); frontal lobe (gFL, 30% variance); parietal lobe (gPL, 33%) and occipital lobe (gOL, 38% 

variance) (Figure 2). In the temporal lobe a rotated two-factor solution explained 54% of the total 

structural variance. None of the coefficients were supressed due to low loadings (i.e., < .3). 

Structural equation models of adversity, early life factors and brain measures  

Latent brain measures and selected individual IDPs were evaluated in separate structural 

models against CA, AA and EL (Figure 3). Due to missingness in the EL factor variables (0.29-32.64%), 

the analysis was conducted using list-wise deletion (resulting N = 4,144). All structural models 

showed good fit (Hooper, Coughlan, & Mullen, 2008) (CFI = 0.98; TLI = 0.97-0.98; RMSEA = 0.02; 

SRMR = 0.02-0.03) (Table S13). Increased incidence of CA was associated with smaller grey matter in 

the frontal, cerebellar, subcallosal and insular regions (β=-0.04:-0.05; p<.05). AA was not significantly 

associated with the brain measures (β=-0.03:0.04), and there were no indirect effects on structure 

from CA through AA or from EL through CA (β=-0.01:0.02). No significant effects were identified 

between CA/AA and white matter measures (β=-0.01:0.03). Associations are summarized in Tables 4 

and 5. For additional information on the development of the adversity and EL measurement models 

see Tables S5-8, Figure S2.  

 

Discussion 

The current study investigated associations between brain phenotypes and experiences of 

adversity in childhood and adulthood. The aim of this analysis was to evaluate whether the 

phenotypic changes are linked to the timing of adversity events. We found that smaller total, frontal, 

insular, cerebellar and subcallosal grey matter are associated with increased adversity experienced 

during childhood, but not adulthood. In addition, although there is a positive relationship between 

childhood and adult adversity, we found the effects of early life events on brain structure are not 

mediated by later life adversity. White matter variables are not associated with adversity.  
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Our findings are interesting considering that brain regions with modulatory roles on the 

stress response, may be particularly vulnerable to the effects of adversity during development 

(McLaughlin, Sheridan, & Lambert, 2014). Indeed, the prefrontal cortex is anatomically connected to 

the paraventricular nucleus of the hypothalamus (Floyd, Price, Ferry, Keay, & Bandler, 2001), which 

is the origin of the HPA response to stressors. Furthermore, changes in frontal areas have been 

reported in maltreated children (e.g. De Brito et al., 2013), as well as adults who experienced 

childhood adversity (e.g. Andersen et al., 2008, Edmiston et al., 2011). Similarly, the subcallosal 

cortex has strong anatomical connections with the medial prefrontal cortex and responds 

preferentially to negatively-valenced emotional content (Laxton et al., 2013). Reduced grey matter 

and poor functional connectivity with fear-processing areas have been reported in this region, in 

response to childhood maltreatment (McLaughlin et al., 2014). Further, the insular cortex, which has 

been involved in understanding the feeling of pain (Singer et al., 2004), showed grey matter 

reductions in children exposed to physical abuse (Edmiston et al., 2011). Finally, we also found that 

smaller cerebellar grey matter volume was associated with childhood adversity. Accumulating 

evidence from lesion, imaging and brain stimulation studies have demonstrated that the cerebellum 

supports emotional processing (e.g. Schmahmann & Sherman, 1998; Schutter & van Honk, 2006; 

Stoodley & Schmahmann, 2009). Furthermore, consistent reductions in cerebellar volumes have 

been reported in children exposed to severe, as well as mild childhood adversity (e.g. De Bellis & 

Kuchibhatla, 2006; Walsh et al., 2014). Importantly, the cerebellum also has anatomical connections 

with the HPA system via mono-synaptic projections to the paraventricular nucleus of the 

hypothalamus (Schutter, 2012). Considered together, adverse structural changes in frontal lobe, 

adjacent limbic and paralimbic structures, as well as cerebellar regions, may represent important 

phenotypes of early adversity.   

We did not find significant associations between childhood adversity and white matter 

integrity. Children who have experienced severe neglect show more diffuse organisation in 

prefrontal white matter microstructures (Hanson et al., 2013) and institutionalized children who 
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faced severe deprivation demonstrated reduced white matter tract coherence in frontal, temporal 

and parietal regions (Govindan, Behen, Helder, Makki, & Chugani, 2010). Furthermore, there is some 

consistency in reports of reduced corpus callosum volume in children and adolescents exposed to 

adversity (De Bellis et al., 1999; Teicher, Tomoda, & Andersen, 2006). It may be possible that more 

severe forms of adversity could be associated with white matter changes, which might not be 

characterized in the UK Biobank sample.  

It is important to note that the latent measure of early life factors was negatively associated 

with the global measures of white matter diffusion, frontal lobe, superior temporal gyrus, parietal 

lobe, occipital lobe, cerebellum, paracingulate gyrus, thalamus, amygdala, hippocampus, insular 

cortex and fusiform gyrus. Indeed, maternal smoking, lower birthweight and general smaller 

morphology as a child are indicative of high familial adversity settings (Hill, Lowers, Locke-Wellman, 

& Shen, 2000; Ouellet-Morin et al., 2008).  Previous research suggested that maternal smoking 

during pregnancy was associated with reductions in the cerebellum and corpus callosum (Bublitz & 

Stroud, 2012) and lower birthweight predicted decreased grey matter structures and white matter 

integrity in multiple areas (Allin et al., 2004). Our results are consistent with these previous findings. 

However, cumulative effects of EL on the brain, mediated by exposure to adversity were not 

observed, suggesting that in the current sample, associations may be directly linked to childhood 

adversity.  

Finally, it is important to acknowledge a series of limitations. First, this study does not 

account for genetic vulnerability. Indeed, theoretical accounts of adversity highlight the importance 

of the interaction between environmental stressors and genetically-mediated stress reactivity 

(Boyce & Ellis, 2005). Second, the study assesses adversity retrospectively. Therefore, it does not 

account for pre-existing differences in brain structure and white matter integrity. Longitudinal 

measurements of adversity and brain structure will be able to disentangle the intra-individual 

differences in brain structure from the neurotoxic effects of adversity. Finally, the adversity 

information available in UK Biobank is limited, and it was collected via self-report. Given the inherent 
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complexity of the adversity concept, the items evaluated here may not provide a comprehensive 

assessment of childhood and adult adversity.  

In conclusion, this cross-sectional study suggests that childhood adversity is associated with 

reduced grey matter in frontal, limbic and cerebellar regions. There were no significant associations 

between adversities experienced during adulthood and brain phenotypes, and adult adversity did 

not mediate the effects of early exposure on the brain. These results support the idea that adversity-

related structural changes may occur when the brain undergoes early neuronal growth.  

 

Acknowledgements 

This is a DPUK supported project with all analyses conducted on the DPUK Data Portal, 

constituting part 1 of DPUK Application 0144.  

The Medical Research Council supports DPUK through grant MR/L023784/2  

Authors’ Contributions 

DG and SB conceptualised the idea. DG analysed the data, and wrote the manuscript. CL and 

DG analysed the phenotypic data using ML. All authors interpreted the analyses. SB and JG edited 

and proofread the manuscript. All authors read and approved the final manuscript.  

 

 

 

 

 

 

 

 

 

 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 29, 2019. ; https://doi.org/10.1101/749077doi: bioRxiv preprint 

https://doi.org/10.1101/749077
http://creativecommons.org/licenses/by/4.0/


12 
 

References 

Alfaro-Almagro, F., Jenkinson, M., Bangerter, N. K., Andersson, J. L. R., Griffanti, L., Douaud, G., … 

Smith, S. M. (2018). Image processing and Quality Control for the first 10,000 brain imaging 

datasets from UK Biobank. NeuroImage, 166, 400–424.  

Allin, M., Henderson, M., Suckling, J., Nosarti, C., Rushe, T., Fearon, P., … Murray, R. (2004). Effects of 

very low birthweight on brain structure in adulthood. Developmental Medicine and Child 

Neurology, 46(1), 46–53.  

Andersen, S. L., Tomada, A., Vincow, E. S., Valente, E., Polcari, A., & Teicher, M. H. (2008). 

Preliminary evidence for sensitive periods in the effect of childhood sexual abuse on regional 

brain development. J Neuropsychiatry Clin Neurosci, 20(3), 292–301.  

Boyce, W. T., & Ellis, B. J. (2005). Biological sensitivity to context: I. An evolutionary- developmental 

theory of the origins and function of stress reactivity. NeuroImage, 17, 271–301.  

Bublitz, M. H., & Stroud, L. R. (2012). Maternal smoking during pregnancy and offspring brain 

structure and function: Review and agenda for future research. Nicotine and Tobacco Research, 

14(4), 388–397.  

Collins, P. Y., Patel, V., Joestl, S. S., March, D., Insel, T. R., & Daar, A. S. (2011). Grand challenges in 

global mental health. Nature, 475(7354), 27–30.  

Costello, A. B., & Osborne, J. W. (2005). Best Practices in Exploratory Factor Analysis : Four 

Recommendations for Getting the Most From Your Analysis. Practical Assessment, Research & 

Education, 10, 1–9.  

Csernansky, J. G., Dong, H., Fagan, A. M., Wang, L., Xiong, C., Holtzman, D. M., & Morris, J. C. (2006). 

Plasma cortisol and progression of dementia in subjects with Alzheimer-type dementia. 

American Journal of Psychiatry, 163(12), 2164–2169.  

De Bellis, M. D., Keshavan, M. S., Clark, D. B., Casey, B. J., Giedd, J. N., Boring, A. M., … Ryan, N. D. 

(1999). Developmental traumatology. Part II: Brain development. Biol Psychiatry, 45(10), 1271–

1284.  

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 29, 2019. ; https://doi.org/10.1101/749077doi: bioRxiv preprint 

https://doi.org/10.1101/749077
http://creativecommons.org/licenses/by/4.0/


13 
 

De Bellis, M. D., & Kuchibhatla, M. (2006). Cerebellar volumes in pediatric maltreatment-related 

posttraumatic stress disorder. Biol Psychiatry, 60(7), 697–703.  

De Brito, S. A., Viding, E., Sebastian, C. L., Kelly, P. A., Mechelli, A., Maris, H., & McCrory, E. J. (2013). 

Reduced orbitofrontal and temporal grey matter in a community sample of maltreated 

children. J Child Psychol Psychiatry, 54(1), 105–112.  

Diedrichsen, J., Balsters, J. H., Flavell, J., Cussans, E., & Ramnani, N. (2009). A probabilistic MR atlas of 

the human cerebellum. NeuroImage, 46(1), 39–46.  

Dinno, A. (2009). Implementing horn’s parallel analysis for principal component analysis and factor 

analysis. Stata Journal, 9(2), 291–298. 

Edmiston, E. E., Wang, F., Mazure, C. M., Guiney, J., Sinha, R., Mayes, L. C., & Blumberg, H. P. (2011). 

Corticostriatal-limbic gray matter morphology in adolescents with self-reported exposure to 

childhood maltreatment. Arch Pediatr Adolesc Med, 165(12), 1069–1077.  

Floyd, N. S., Price, J. L., Ferry, A. T., Keay, K. A., & Bandler, R. (2001). Orbitomedial prefrontal cortical 

projections to hypothalamus in the rat. The Journal of Comparative Neurology, 432, 307–328. 

Francis, D., Diorio, J., LaPlante, P., Weaver, S., Seckl, J. R., & Meaney, M. J. (1996). The role of early 

environmental eevents in regulating neuroendocrine development. Ann. NY Acad. Sci., 794, 

136–152. 

Frodl, T., & O’Keane, V. (2013). How does the brain deal with cumulative stress? A review with focus 

on developmental stress, HPA axis function and hippocampal structure in humans. Neurobiol 

Dis, 52, 24–37.  

Giedd, J. N., Lalonde, F. M., Celano, M. J., White, S. L., Wallace, G. L., Lee, N. R., & Lenroot, R. K. 

(2009). Anatomical brain magnetic resonance imaging of typically developing children and 

adolescents. J Am Acad Child Adolesc Psychiatry, 48(5), 465–470.  

Gilbert, R., Widom, C. S., Browne, K., Fergusson, D., Webb, E., & Janson, S. (2009). Burden and 

consequences of child maltreatment in high-income countries. Lancet, 373(9657), 68–81.  

Glaesmer, H., Schulz, A., Hauser, W., Freyberger, H. J., Brahler, E., & Grabe, H. J. (2013). The 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 29, 2019. ; https://doi.org/10.1101/749077doi: bioRxiv preprint 

https://doi.org/10.1101/749077
http://creativecommons.org/licenses/by/4.0/


14 
 

childhood trauma screener (CTS)-development and validation of cutoff- scores for classificatory 

diagnostics. Psychiatrische Praxis, 40(4), 220–226. 

Govindan, R. M., Behen, M. E., Helder, E., Makki, M. I., & Chugani, H. T. (2010). Altered water 

diffusivity in cortical association tracts in children with early deprivation identified with tract-

based spatial statistics (TBSS). Cerebral Cortex, 20(3), 561–569.  

Hanson, J. L., Adluru, N., Chung, M. K., Alexander, A. L., Davidson, R. J., & Pollak, S. D. (2013). Early 

neglect is associated with alterations in white matter integrity and cognitive functioning. Child 

Dev, 84(5), 1566–1578.  

Hart, H., & Rubia, K. (2012). Neuroimaging of child abuse: a critical review. Front Hum Neurosci, 6, 

52.  

Hill, S. Y., Lowers, L., Locke-Wellman, J., & Shen, S. (2000). Maternal smoking and drinking during 

pregnancy and the risk for child and adolescent psychiatric disorders. J Stud Alcohol., 61(5), 

661–668.  

Hooper, D., Coughlan, J., & Mullen, M. (2008). Structural equation modelling: Guidelines for 

determining model fit. Electronic Journal of Business Research Methods. Electronic Journal of 

Business REsearch Methods, 6(1), 53–59.  

Horn, J. L. (1965). A rationale and test for the number of factors in factor analysis. Psychometrika, 

30(2), 179–185. 

Kessler, R. C., McLaughlin, K. A., Green, J. G., Gruber, M. J., Sampson, N. A., Zaslavsky, A. M., … 

Williams, D. R. (2010). Childhood adversities and adult psychopathology in the WHO World 

Mental Health Surveys. Br J Psychiatry, 197(5), 378–385.  

Khalifeh, H., Oram, S., Trevillion, K., Johnson, S., & Howard, L. M. (2015). Recent intimate partner 

violence among people with chronic mental illness: Findings from a national cross-sectional 

survey. British Journal of Psychiatry, 207(3), 207–212.  

Laxton, A. W., Neimat, J. S., Davis, K. D., Womelsdorf, T., Hutchison, W. D., Dostrovsky, J. O., … 

Lozano, A. M. (2013). Neuronal coding of implicit emotion categories in the subcallosal cortex 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 29, 2019. ; https://doi.org/10.1101/749077doi: bioRxiv preprint 

https://doi.org/10.1101/749077
http://creativecommons.org/licenses/by/4.0/


15 
 

in patients with depression. Biological Psychiatry, 74(10), 714–719.  

Lupien, S. J., Juster, R.-P., Raymond, C., & Marin, M.-F. (2018). The effects of chronic stress on the 

human brain: From neurotoxicity, to vulnerability, to opportunity. Frontiers in 

Neuroendocrinology, 49, 91–105.  

Lupien, S. J., McEwen, B. S., Gunnar, M. R., & Heim, C. (2009). Effects of stress throughout the 

lifespan on the brain, behaviour and cognition. Nat Rev Neurosci, 10(6), 434–445.  

McCrory, E., De Brito, S. A., & Viding, E. (2011). The impact of childhood maltreatment: A review of 

neurobiological and genetic factors. Front Psychiatry, 2, 48.  

McEwen, B. S. (2004). Protection and damage from acute and chronic stress: Allostasis and allostatic 

overload and relevance to the pathophysiology of psychiatric disorders. Annals of the New York 

Academy of Sciences, 1032, 1–7.  

McLaughlin, K. A., Sheridan, M. A., & Lambert, H. K. (2014). Childhood adversity and neural 

development: Deprivation and threat as distinct dimensions of early experience. Neurosci 

Biobehav Rev, 47C, 578–591.  

Meaney, M. J., Mitchell, J. B., Aitken, D. H., Bhatnagar, S., Bodnoff, S. R., Iny, L. J., & Sarrieau, A. 

(1991). The effects of neonatal handling on the development of the adrenocortical response to 

stress: Implications for neuropathology and cognitive deficits in later life. 

Psychoneuroendocrinology, 16(1–3), 85–103.  

Mehta, M. A., Golembo, N. I., Nosarti, C., Colvert, E., Mota, A., Williams, S. C. R., … Sonuga-Barke, E. 

J. S. (2009). Amygdala, hippocampal and corpus callosum size following severe early 

institutional deprivation: the English and Romanian Adoptees study pilot. Journal of Child 

Psychology and Psychiatry, and Allied Disciplines, 50(8), 943–951.  

Miller, K. L., Alfaro-almagro, F., Bangerter, N. K., Thomas, D. L., Yacoub, E., Xu, J., … Smith, S. M. 

(2016). Multimodal population brain imaging in the UK Biobank prospective epidemiological 

study, 19(11).  

Mund, M., Louwen, F., Klingelhoefer, D., & Gerber, A. (2013). Smoking and pregnancy - A review on 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 29, 2019. ; https://doi.org/10.1101/749077doi: bioRxiv preprint 

https://doi.org/10.1101/749077
http://creativecommons.org/licenses/by/4.0/


16 
 

the first major environmental risk factor of the unborn. International Journal of Environmental 

Research and Public Health, 10(12), 6485–6499.  

Oddy, W., Kendall, G., Blair, E., NH, D. K., Stanley, F., Landau, L., & Silburn, S. (2003). Breast feeding 

and cognitive development in childhood: A prospective birth cohort study. Paediatric and 

Perinatal Epidemiology, 17, 81–90. 

Ouellet-Morin, I., Boivin M. Dionne, G., Lupien, S. J., Arsenault, L., Barr, R. G., Perusse, D., & 

Tremblay, R. E. (2008). Variations in heritability of cortisol reactivity to stress as a function of 

early familial adversity among 19-month-old twins. Archives of General Psychiatry, 65(2), 211–

218. 

Pechtel, P., & Pizzagalli, D. A. (2011). Effects of early life stress on cognitive and affective function: an 

integrated review of human literature. Psychopharmacology, 214(1), 55–70.  

Ritchie, S. J., Cox, S. R., Shen, X., Lombardo, M. V, Reus, L. M., Alloza, C., … Deary, I. J. (2018). Sex 

Differences in the Adult Human Brain: Evidence from 5216 UK Biobank Participants. Cerebral 

Cortex, (August), 1–17.  

Sapolsky, R. M., Uno, H., Rebert, C. S., & Finch, C. E. (1990). Hippocampal damage associated with 

prolonged glucocorticoid exposure in primates. J Neurosci, 10(9), 2897–2902.  

Satorra, A., & Bentler, P. M. (2001). A scaled difference chi-square test statistic for moment structure 

analysis. Psychometrik, 66(4), 507–514. 

Schmahmann, J. D., & Sherman, J. C. (1998). The cerebellar cognitive affective syndrome. Brain, 121, 

561–579.  

Schutter, D. J. (2012). The cerebello-hypothalamic-pituitary-adrenal axis dysregulation hypothesis in 

depressive disorder. Med Hypotheses, 79(6), 779–783.  

Schutter, D. J., & van Honk, J. (2006). An electrophysiological link between the cerebellum, cognition 

and emotion: frontal theta EEG activity to single-pulse cerebellar TMS. NeuroImage, 33(4), 

1227–1231.  

Singer, T., Seymour, B., O’Doherty, J., Kaube, H., Dolan, R. J., & Frith, C. D. (2004). Empathy for pain 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 29, 2019. ; https://doi.org/10.1101/749077doi: bioRxiv preprint 

https://doi.org/10.1101/749077
http://creativecommons.org/licenses/by/4.0/


17 
 

involves the affective but not sensory components of pain. Science, 303(5661), 1157–1162.  

Smith, S. M., Jenkinson, M., Woolrich, M. W., Beckmann, C. F., Behrens, T. E. J., Johansen-Berg, H., … 

Matthews, P. M. (2004). Advances in functional and structural MR image analysis and 

implementation as FSL. NeuroImage, 23(SUPPL. 1), 208–219.  

Spinhoven, P., Penninx, B. W., Hickendorff, M., van Hemert, A. M., Bernstein, D. P., & Elzinga, B. M. 

(2014). Childhood Trauma Questionnaire: factor structure, measurement invariance, and 

validity across emotional disorders. Psychological Assessment, 26(3), 717–729.  

Stoodley, C. J., & Schmahmann, J. D. (2009). Functional topography in the human cerebellum: a 

meta-analysis of neuroimaging studies. NeuroImage, 44(2), 489–501.  

Sudlow, C., Gallacher, J., Allen, N., Beral, V., Burton, P., Danesh, J., … Collins, R. (2015). UK Biobank: 

An open access resource for identifying the causes of a wide range of complex diseases of 

middle and old age. PLoS Medicine, 12(3).  

Teicher, M. H., Tomoda, A., & Andersen, S. L. (2006). Neurobiological consequences of early stress 

and childhood maltreatment: are results from human and animal studies comparable? Ann N Y 

Acad Sci, 1071, 313–323.  

Tibshirani, R. (1996). Regression shrinkage and selection via the Lasso. J R Statict Soc B, 58(1), 267–

288. 

Tomoda, A., Navalta, C. P., Polcari, A., Sadato, N., & Teicher, M. H. (2009). Childhood sexual abuse is 

associated with reduced gray matter volume in visual cortex of young women. Biol Psychiatry, 

66(7), 642–648.  

Walsh, N. D., Dalgleish, T., Lombardo, M. V, Dunn, V. J., Van Harmelen, A. L., Ban, M., & Goodyer, I. 

M. (2014). General and specific effects of early-life psychosocial adversities on adolescent grey 

matter volume. Neuroimage Clin, 4, 308–318.  

Weber, K., Rockstroh, B., Borgelt, J., Awiszus, B., Popov, T., Hoffmann, K., … Pröpster, K. (2008). 

Stress load during childhood affects psychopathology in psychiatric patients. BMC Psychiatry, 

8(63), 1–10.  

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 29, 2019. ; https://doi.org/10.1101/749077doi: bioRxiv preprint 

https://doi.org/10.1101/749077
http://creativecommons.org/licenses/by/4.0/


18 
 

Table 1  

 

Note. Positive variables were reverse-coded and therefore higher values represent more frequent 

adversity events. The variable names were selected for convenience and are based on suggested 

nomenclature used internationally (Gilbert et al., 2009). 

 

 

 

 

Figure 1. Scree plots for the PCA based on the FA and MD white matter integrity tracts. In both 

cases, the first factors were associated with large eigenvalues (11.91 – FA; 12.49 – MD), indicating a 

single latent factor.  
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Table 2   

 Fractional Anisotropy Mean Diffusivity 
Sensory projections   
Acoustic radiation  0.91 0.92 
Corticospinal tract  0.91 0.95 
Middle cerebellar peduncle  0.78 0.68 
Medial lemniscus  0.80 0.87 
Thalamic projections   
Anterior thalamic radiation  0.94 0.96 
Posterior thalamic radiation  0.94 0.93 
Superior thalamic radiation  0.92 0.95 
Callosal Fibres   
Forceps major  0.89 0.81 
Forceps minor  0.94 0.93 
Association Fibres   
Cingulate gyrus part of cingulum  0.83 0.95 
Parahippocampal part of 
cingulum  0.67 0.83 
Inferior fronto-occipital fasciculus  0.97 0.98 
Inferior longitudinal fasciculus  0.97 0.97 
Superior longitudinal fasciculus  0.95 0.97 
Uncinate fasciculus  0.89 0.93 
Explained variance 79.37% 83.23% 
Mean between-tract r 0.77 0.81 
Overall Kaiser-Meyer-Olkin 0.97 0.97 

 

Note. Tract loadings for each white matter measurement, explained variance for the single 

unrotated principal component, average correlation magnitude (Person’s r) across all white matter 

tracts within each measurement type 
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Figure 2. Scree plots of parallel analysis for each PCA based on the grey matter IDPs. The dashed 

black lines plot the observed eigenvalues reported by the PCA analysis. The red line represents the 

sampling error-adjusted eigenvalues obtained after parallel analysis.  The green line depicts 

randomly generated eigenvalues. A factor was retained if the adjusted eigenvalue was > 1 (grey 

horizontal line) and if it was above the randomly generated eigenvalues. Apart from the temporal 

lobe, all remaining PCAs suggest a one-factor solution.  
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Table 3 

 

Note. Factor loadings for the grey matter IDPs, explained variance and average correlation 

magnitude (Person’s r) across all phenotypes within each PCA. gITG=inferior temporal gyrus; 

gSTG=superior temporal gyrus 
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Figure 3. Structural equation models. In separate models, the structural/microstructural brain 

measure box included: total grey matter, total white matter, global factors of frontal, parietal, 

occipital lobes, superior and inferior temporal gyri, and microstructural integrity (fractional 

anisotropy / mean diffusivity). In addition, separate IDPs were also evaluated: paracingulate gyrus, 

subcallosal cortex, thalamus, amygdala, hippocampus, insular cortex, vermis crus I, middle temporal 

gyrus (anterior, temporo-occipital), temporo-occipital fusiform cortex. 
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Table 4. Standard coefficients (β) of the latent brain measures, total grey and white matter in the structural models  

 Total GM Total WM gFL gSTG gITG gPL gOL gCBL gBG gFA gMD 

Direct effects            

CA -> AA 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 
EL -> CA -0.07* -0.05 -0.06 -0.07* -0.05 -0.06 -0.06 -0.07* -0.06 -0.07* -0.07* 
AA -> IDP/gIDP 0.01 0 .004 0.02 0.01 0.002 0.001 0.01 0.01 0.01 0.03 0.03 
CA -> IDP/gIDP -0.04* -0.01 -0.05* -0.01 0.008 -0.02 -0.009 -0.04* -0.01 -0.005 -0.01 
EL -> IDP/gIDP -0.28*** -0.03 -0.11*** -0.19*** 0.03 -0.07** -0.09*** -0.15*** -0.04 -0.40*** -0.41*** 
Indirect effects            

EL -> CA -> IDP/gIDP 0.003 0.001 0.003 0 0.001 0.001 0.0002 0.003 0.0003 -0.0003 0.0002 
CA -> AA -> IDP/gIDP 0.005 0.002 0.01 0.005 -0.001 0.001 0.005 0.003 0.002 0.01 0.01 

 
Table 5. Standard coefficients (β) of individual IDPs in the structural models  

 Paracing. 
Gyrus 

Subcallosal 
Cortex 

Thalamus Amygdala Hippocampus Insular 
Cortex 

Vermis 
Crus I 

MTG, 
anterior 

MTG, 
temp-occ. 

Fusiform 
temp-occ. 

Direct effects           

CA -> AA 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 0.35*** 
EL -> CA -0.06 -0.03 -0.06* -0.07* -0.07* -0.07* -0.05 -0.05 -0.05 -0.06 
AA -> IDP/gIDP -0.01 -0.02 0.02 0.0006 0.01 -0.008 0.04 -0.03 -0.02 -0.01 
CA -> IDP/gIDP 0.01 -0.04* -0.001 -0.03 -0.01 -0.05* -0.01 -0.01 -0.003 0.02 
EL -> IDP/gIDP -0.09** 0.12*** -0.08** -0.13*** -0.10*** -0.18*** 0.01 -0.02 -0.003 -0.11*** 
Indirect effects           
EL -> CA -> IDP/gIDP -0.001 0.002 -0.0004 0.002 0.001 0.004 -0.0003 0.001 -0.007 -0.005 
CA -> AA -> IDP/gIDP -0.003 -0.01 0.008 0.0002 0.004 -0.003 0.02 -0.01 0.0005 -0.001 

 

Note. Each structural model included the adversity and early life measurement models (CA, AA, EL), together with the individual IDPs or the latent factors 

obtained after PCA. Each brain measure was included in a separate SEM.  EL = measurement model for early life factor; CA = measurement model for 

childhood adversity; AA = measurement model for adult adversity; GM = grey matter; WM = white matter; gIDP = global imaging-derived phenotype 

obtained after PCA; gFL = global frontal lobe; gSTG = global superior temporal gyrus; gITG = global inferior temporal gyrus; gPL = global parietal lobe; gOL = 

global occipital lobe; gCBL = global cerebellum; gBG = global basal ganglia; gFA = global fractional anisotropy; gMD = global mean diffusivity; Paracing. = 

paracingulate; MTG = middle temporal gyrus. * p < 0.05; ** p < .01; *** p < .001

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 29, 2019. ; https://doi.org/10.1101/749077doi: bioRxiv preprint 

https://doi.org/10.1101/749077
http://creativecommons.org/licenses/by/4.0/


24 
 

Key points:  

- The UK Biobank large epidemiological resource includes data on adversity, trauma and brain 

imaging 

- Childhood adversity is related to reductions in grey matter structure 

- The detrimental effects of adversity are stronger if events occurred during childhood, 

compared to adulthood 

- Retrospective assessment of adversity is a limitation  
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