
Articles
Brain functional connectivities that mediate the
association between childhood traumatic events, and
adult mental health and cognition
Zhuo Wan,a,1 Edmund T. Rolls,a,b,c*,1 Jianfeng Feng,a,b,d,e and Wei Cheng b,d,e,f**

aDepartment of Computer Science, University of Warwick, Coventry, UK
bInstitute of Science and Technology for Brain-inspired Intelligence, Fudan University, Shanghai 200433, China
cOxford Centre for Computational Neuroscience, Oxford, UK
dKey Laboratory of Computational Neuroscience and Brain-Inspired Intelligence, Fudan University, Ministry of Education,
Shanghai 200433, China
eFudan ISTBI—ZJNU Algorithm Centre for Brain-inspired Intelligence, Zhejiang Normal University, Jinhua, China
fDepartment of Neurology, Huashan Hospital, Fudan University, Shanghai, China
Summary
eBioMedicine 2022;79:
104002
Published online xxx
https://doi.org/10.1016/j.
ebiom.2022.104002
Background Childhood traumatic events are risk factors for psychopathology, but large-scale studies of how child-
hood traumatic events relate to mental health and cognition in adulthood, and how the brain is involved, are needed.

Methods The associations between childhood traumatic events (such as abuse and neglect, and defined by the
‘Childhood Trauma’ questions in the UK Biobank database) and brain functional connectivity, mental health prob-
lems, and cognitive performance were investigated by a univariate correlation analysis with 19,535 participants aged
45�79 from the UK Biobank dataset. The results were replicated with 17,747 independent participants in the second
release from the same dataset.

Findings Childhood traumatic events were significantly associated with mental health problems in adulthood
including anxiety (r=0.19, p<1.0 £ 10�323), depression (r=0.21, p<1.0 £ 10�323), and self-harm (r=0.24,
p<1.0 £ 10�323), and with adult cognitive performance including fluid intelligence (r=�0.05, p=2.8 £ 10�10) and
prospective memory (r=�0.04, p=6.8 £ 10�8). Functional connectivities of the medial and lateral temporal cortex,
the precuneus, the medial orbitofrontal cortex; and the superior, middle and inferior prefrontal cortex extending
back to precentral regions were negatively correlated with the childhood traumatic events (FDR corrected, p<0.01).
These lower functional connectivities significantly mediated the associations between childhood traumatic events
and addiction, anxiety, depression and well-being (all p<1.0 £ 10�3), and cognitive performance. The association
between childhood traumatic events and behavioural measures and functional connectivity were confirmed in a rep-
lication with different participants in the second release of the UK Biobank dataset.

Interpretation Childhood traumatic events are strongly associated with adult mental health problems mediated by
brain functional connectivities in brain areas involved in executive function, emotion, face processing, and memory.
This understanding may help with prevention and treatment.
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Introduction
Childhood traumatic events are an established risk fac-
tor for psychopathology. Children who receive sexual,
physical or emotional abuse, or physical and emotional
neglect may have associated long-lasting mental and
physical differences. The association of an individual’s
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Research in context

Evidence before this study

Childhood traumatic events (such as abuse and neglect)
have been shown to be risk factors for psychopathol-
ogy, but large-scale studies of how childhood traumatic
events relate to mental health and cognition in mature
adulthood, and how the brain is involved, are needed.

Added value of this study

In a very large cohort of N=151,009 participants aged
45�79 from the UK Biobank dataset it was shown that
childhood traumatic events were significantly associ-
ated with mental health problems assessed in adult-
hood including anxiety, depression, and self-harm; and
with cognitive performance including fluid intelligence
and prospective memory. Analysis of neuroimaging in
19,535 participants showed that functional connectivi-
ties of the temporal cortex, the precuneus, the medial
orbitofrontal cortex, and the prefrontal cortex were neg-
atively correlated with the childhood traumatic events
scores. These lower functional connectivities signifi-
cantly mediated the association between childhood
traumatic events and addiction, anxiety, depression and
well-being, and cognitive performance. The association
between childhood traumatic events and behavioural
measures and functional connectivity were confirmed
in a replication with 17,747 independent participants.

Implications of all the available evidence

Childhood traumatic events such as abuse and neglect
are correlated (r=approximately 0.2) with mental health
problems present in adulthood. The associations are still
present in individuals aged 45�79. There is evidence
that these associations are related to brain functional
connectivities in brain areas involved in executive func-
tion, emotion, face processing, and memory. This is an
association study, and the underlying causes are not yet
clear. Knowledge of this association is likely to be help-
ful not only in understanding some mental health prob-
lems, but is also relevant to treatment and also
prevention.
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childhood traumatic events and adult psychopathology,
and how brain differences relate to that, is an important
topic and needs more research with large sample
sizes.1�3 Meta-analyses show that childhood traumatic
events are associated with a 2 to 3-fold increase in the
risk of psychosis.4�6 Further, childhood traumatic
events are associated not only with mental disorders,
including depression,7,8 but also with and physical ill-
health, including non-communicable diseases.9,10 In
particular, depression is commonly observed among
individuals reporting exposure to stressful life events
and childhood traumatic events.2,11-18 In addition, there
is evidence that childhood traumatic events are
associated with lower measures of cognitive perfor-
mance in adults.19,20

There is evidence that childhood traumatic events
are associated with different volumes and functional
connectivities of for example the prefrontal cortex and
limbic brain regions.3,21-28 Further, longitudinal studies
have indicated that smaller prefrontal cortex volume
associated with childhood traumatic events is linked to
later lower cognitive measure scores29 and poorer ill-
ness courses.30 However, the brain regions associated
with the different associations between childhood trau-
matic events, and mental health and cognitive meas-
ures, need more exploration to be better understood.
Indeed, substantial heterogeneity in effects and their
sizes has been observed across studies.31 Methodological
issues, such as small sample sizes, cross-sectional data,
variation in how childhood traumatic events and psy-
chotic experiences were assessed, and the extent of
adjustment for potential confounds, could contribute to
this heterogeneity.

To achieve a greater understanding of the underlying
neural pathways, large population samples are likely to
be important. Most of the previous studies have focused
on the underlying brain structures associated with
childhood traumatic events, not on brain
function.23,26,29,30 In addition, the studies described
above investigated the relationship between childhood
traumatic events and the mental health problems of
adolescents or young adults, not the long-lasting associ-
ations between childhood traumatic events and mental
health in mature adulthood to assess whether the asso-
ciations are persistent.

The study described here has three main objectives.
First, we aimed to assess the association between child-
hood traumatic events and a wide range of mental health
problems and cognitive performance in later life using
large scale data from 151,009 participants (with the exact
number varying for different behaviors) from the UK Bio-
bank dataset. Second, we aimed to examine the association
between childhood traumatic events and brain functional
connectivity and to test whether functional connectivity
mediates the association between childhood traumatic
events and mental health problems in later adulthood.
Third, we aimed to test whether the results could be repli-
cated using an independent dataset with 17,747 partici-
pants. The approach used was to apply univariate
correlation analyses to measure whether there were corre-
lations between the ‘Childhood Trauma’ measures in the
UK Biobank and a range of measures of mental health
and cognitive performance in adulthood available in the
UK Biobank database. That approach was followed by
analyses of the functional connectivities in the brain that
were associated the childhood traumatic events and with
the different measures of mental health and cognitive per-
formance. It is noted that this is an association investiga-
tion, rather than an intervention study aiming to
investigate causality.
www.thelancet.com Vol 79 Month May, 2022
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Methods
(Full details of the Methods are provided in the Supple-
mentary Material.)
Participants and data preprocessing
The participants, data, and fMRI preprocessing were
from the UK Biobank.32,33 The demographic characteris-
tics of participants who were included in this investiga-
tion are summarized in Table S1.

The multi-modal imaging data were collected using a
standard Siemens Skyra 3T (see Supplementary Mate-
rial). The resting-state functional brain imaging data
used were from 22,331 participants from release 1. After
quality controls and removing some participants with-
out data on childhood traumatic events, 19,535 partici-
pants remained in the neuroimaging analysis,32 80% of
whom were Caucasian. Further detail is that 681 of the
neuroimaging participants reported having ‘had sexual
intercourse with someone of the same sex’, and the
results were similar if these were not included in the
analysis. The data pre-processing performed by the UK
Biobank included careful correction for spatial and gra-
dient distortions and head motion etc as described in
the Supplementary Material. The imaging site was
regressed out in the neuroimaging analysis to control
for any possible differences between scanner and site.
Ethics
The UK Biobank received ethical approval from the
North West Multi-centre Research Ethics Committee in
the UK (REC reference 11/NW/0382). The present anal-
yses were conducted under UK Biobank application
number 19542. Written informed consent was obtained
from each subject according to the Declaration of Hel-
sinki.
Construction of the whole-brain functional network
After pre-processing, the cortical gray matter was parcel-
lated into 228 regions of interest using the Shen atlas,34

which was modified to incorporate a better parcellation
of the orbitofrontal cortex as described in the Supple-
mentary Material. The Shen atlas was used here for two
main reasons. First, the Shen atlas was developed based
on functional connectivity, which may be useful when
investigating findings using functional connectivity.35,36

Second, the Shen atlas does have more brain regions
than the AAL2 atlas.37 The cerebellum was not included
in this study as the interest of this study focuses on the
cerebrum based on the previous literature on childhood
trauma and mental health. Because the Shen atlas areas
do not have individual names, we show the mapping of
Shen atlas areas to the AAL2 (automated anatomical
labelling version 2) atlas37 areas in Table S5, and use
these names when referring to particular brain areas
and their functional connectivity. Then the time series
www.thelancet.com Vol 79 Month May, 2022
were extracted in each region of interest in the atlas by
determining the mean of the signals of all voxels within
that region. Pearson cross-correlations between all pairs
of regional blood oxygen level-dependent signals were
calculated for each participant, followed by z transfor-
mation to improve normality, and the whole-brain func-
tional connectivity network (228 £ 228 regions with
25,878 edges which are functional connectivity links)
was constructed.
Childhood traumatic event score
The childhood traumatic event score was calculated
based on five questions related to childhood traumatic
events available in the UK Biobank dataset, which are as
follows: (field ID question)

20487 Felt hated by family member as a child
20488 Physically abused by family as a child
20489 Felt loved as a child
20490 Sexually molested as a child
20491 Someone to take to doctor when needed as a

child.
The answers to these five questions are encoded in

the same way: a score from 0 to 4 represents the answer
from ‘never true’ to ‘very often true’ (data-coding 532 in
the UK Biobank data field), which is a categorical scale,
in the UK Biobank dataset, hence no normalization was
needed. The childhood traumatic events score describes
the severity of the traumatic events of each participant
as a child. To ensure that a higher score in the questions
was related to a higher traumatic score, the scores of
questions 20489 and 20491 were reversed, and then
the childhood traumatic event score was calculated as a
sum of the scores on these 5 questions.
Association of childhood traumatic events with
mental health problems and cognitive performance
including statistics
The correlations between the childhood traumatic
events scores and mental health problems were mea-
sured to examine whether childhood traumatic events
are associated with mental health problems later in life.
To be specific, a partial correlation was performed
between mental health problems scores and the child-
hood traumatic events scores with age, gender, body
mass index, education, Townsend social deprivation
index, alcohol use, and tobacco use regressed out. The
mental health problems scores included nine aspects:
addiction, anxiety, cannabis use, depression, mania,
mental distress, unusual and psychotic experiences,
self-harm, and wellbeing, which are categories specified
under the mental health tab of the online question-
naires in the UK Biobank dataset (https://biobank.ctsu.
ox.ac.uk/crystal/label.cgi?id=136). For each category, a
mean score of all the questions for that category was cal-
culated as an overall score for that category of mental
3
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health problems. The correlation was also measured
between the childhood traumatic event score and cogni-
tive performance including fluid intelligence, numeric
memory and prospective memory. The score of each cat-
egory of cognitive performance was the score of single
questions recommended by the UK Biobank dataset
instead of the calculated sum scores of all measures
under each category. To replicate the result, in the main
analysis, all participants with available behavioral data
except for the participants who were included in the sec-
ond release of the dataset were included (around
151,009 participants, with the exact number varying for
different behaviors). For the data in the second release
of the UK Biobank dataset, we performed replication
with these 17,747 independent participants, which aims
to examine whether consistent results are obtained with
an independent data group.

The functional connectivities related to the childhood
trauma events score, mental health problems, and cogni-
tive performance were also investigated. In order to calcu-
late the similarities of the brain regions related to the
different measures, the Hadamard product (an element-
wise vector product to measure similarity across partici-
pants) was calculated between the 228 brain regions with
significantly different functional connectivity for the child-
hood traumatic event scores, the mental health problems,
and the cognitive performance scores, with the detailed
procedure described in the Supplementary Material.
Association between the functional connectivities
with childhood traumatic events including statistics
A Spearman correlation was performed to assess the
association between whole-brain functional connectivity
and the childhood traumatic event scores across all par-
ticipants. In more detail, a partial correlation was per-
formed between functional connectivities and the
childhood traumatic scores with 9 confounding varia-
bles regressed out including age, gender, body mass
index, education, Townsend index, alcohol use, tobacco
use, scanner site information and head motion (mean
framewise displacement). To take into account multiple
comparisons, false discovery rate (FDR) correction was
used to identify the functional connectivity links signifi-
cantly associated with the childhood traumatic event
score. To analyse the robustness of the results, the same
analyses were performed with 17,747 independent par-
ticipants in the second release of the UK Biobank data-
set. The maximum number of participants with data
available were used, given the importance of large sam-
ple sizes in brain wide association analyses.38,39
Mediation analysis and structural equation modelling
including statistics
Mediation analyses were conducted to interrogate the
relationship between the childhood traumatic events,
related brain imaging variables, mental health prob-
lems, and cognitive performance as described in the
Supplementary Material. The mediation analysis was
performed using the Mediation Toolbox developed by
Tor Wager (https://github.com/canlab/MediationTool
box), with a 1,000 bias-corrected bootstrap sample for
significance testing, which has been used in many neu-
roimaging studies.40�42 Age, gender, body mass index,
education, Townsend index, alcohol use, tobacco use,
site information and head motion (only for functional
connectivities) were regressed out as covariances in the
mediation analyses.

Structural equation modelling (SEM) was used to
further test the role of the functional connectivities in
the relationship between the childhood traumatic events
scores, mental health problems, and cognitive perfor-
mance scores in groups modelled by latent variables.
Four latent variables were estimated in this model
including childhood traumatic events, mental health
problems, cognitive performance, and functional con-
nectivity strength. A major advantage of the use of latent
variables is control of measurement error, which can
artificially reduce the relationship between measured
variables in standard univariate analyses.43 Calculations
of SEM were performed with the Lavaan toolbox in Mat-
lab,44 with full details in the Supplementary Material.
Role of funders
The Funders had no role in the study design, data col-
lection, data analyses, interpretation, or writing of the
report.
Results

Association between childhood traumatic events, and
mental health and cognitive performance
Association analysis was performed between childhood
traumatic events and mental health problems
(N=151,009). All the mental health problems were posi-
tively correlated with the childhood traumatic events
(Figure 1), while well-being was negatively correlated
(all p<1.0 £ 10�200, Figure 1). Of special interest, child-
hood traumatic events were associated with anxiety at
r = 0.19 (p<1.0 £ 10�323), with depression at r = 0.21
(p<1.0 £ 10�323), with self-harm at r = 0.24
(p<1.0 £ 10�323), and with well-being at r = �0.22
(p<1.0 £ 10�323). Cognitive performance including
fluid intelligence, numeric memory, and prospective
memory were also found to be negatively correlated
with childhood traumatic events (all p<1.0 £ 10�3,
Figure 1). Fluid intelligence was the most significantly
correlated cognitive performance with childhood trau-
matic events with r=�0.05 (p=2.8 £ 10�10). All these
correlations remained very significant after Bonferroni
correction for multiple comparisons. In these analyses,
www.thelancet.com Vol 79 Month May, 2022
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Figure 1. Mental health problems and cognitive performance are all related to childhood traumatic events. They include addiction,
anxiety, cannabis use, depression, mania, mental distress, psychotic experiences, self-harm, well-being, fluid intelligence, numeric
memory and prospective memory. The correlation coefficient r values of each mental health problem with childhood traumatic
events are shown in each subplot. The x-axis indicates the childhood traumatic events score, and the y-axis indicates the mental
health or cognitive measure score.
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there were 10,329 females and 9206 males, and signifi-
cant effects were found when these were separated into
female and male subgroups (Table S7).
Functional connectivities correlated with childhood
traumatic events
Next, the association between childhood traumatic
events and brain functional connectivity was investi-
gated with the first release of neuroimaging data of the
UK Biobank dataset (N=19,535). 194 functional connec-
tivities were significantly negatively correlated with the
childhood traumatic event score (p<0.01, FDR
www.thelancet.com Vol 79 Month May, 2022
corrected, Figure 2). The brain regions related to these
significant links included the prefrontal cortex (supe-
rior, middle, and inferior frontal gyri, and superior
medial part, extending back to precentral areas), the
temporal cortex (lateral and medial), the precuneus, the
fusiform gyrus, and the medial orbitofrontal cortex
(Figure 2). A full list of the 194 significant FC links is
shown in Table S2. In these analyses there were 10,329
females, and when separated into subgroups, the corre-
lations of the functional connectivities with the child-
hood traumatic event score remained significant in the
females after FDR correction for multiple comparisons,
but not in the males, though the overall pattern of brain
5



Figure 2. Correlation of the functional connectivity links with childhood traumatic events (p<0.01, FDR corrected). The numbers of
links for each brain region in the Shen atlas showing a significant negative correlation with the childhood traumatic events score
are shown.
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regions involved was similar in females and males
(Figure S7).
Common brain regions correlated with both childhood
traumatic events and mental health problems and
cognitive performance
In addition to the association between childhood trau-
matic events and behavioral measures, we also found
correlations between the functional connectivity signifi-
cantly correlated with childhood traumatic events and
the functional connectivity correlated with mental
health problems and cognitive performance, especially
for anxiety (r=0.35, p=8.3 £ 10�8), depression (r=0.23,
p=5.1 £ 10�4), well-being (r=�0.30, p=3.8 £ 10�6) and
numeric memory (r=�0.23, p=5.6 £ 10�4) (Figure 3).
For example, functional connectivities of areas in the
precentral cortical areas often extending to the prefron-
tal cortex were correlated with the childhood traumatic
event score and with addiction, depression, mental dis-
tress, well-being, prospective memory, and fluid intelli-
gence (Figure 3, and Table S6). The middle temporal
gyrus was a common area for the childhood traumatic
event score, anxiety, depression, well-being, numeric
memory, prospective memory, fluid intelligence, and
childhood traumatic events (Figure 3, and Table S6).
The superior medial prefrontal area was common for
childhood traumatic events and numeric memory. (The
utility of this is that it suggests that impairments in
numeric memory in those with childhood traumatic
events may be related to reduced functional connectivity
in the superior medial prefrontal cortex.) The hippo-
campus/paraHippocampal gyrus was common between
childhood traumatic events and addiction, anxiety, men-
tal distress, well-being, and numeric memory (Figure 3
and Table S6).

The brain regions with Hadamard products showing
the common brain regions with functional connectivi-
ties correlated with both childhood traumatic events
and mental health problems/cognitive performances
are shown in Figs. S2-S6 and Table S6. The inferior
temporal gyrus and the middle temporal gyrus, and
some prefrontal cortical areas including the medial orbi-
tofrontal cortex, were found common between the child-
hood traumatic events and cognitive measures
including numeric memory and prospective memory,
and fluid intelligence (in the top 10 highest Hadamard
products of all brain regions shown in Table S6; and
Figs. S5 and S6). The brain areas with high Hadamard
products for childhood traumatic events and mental
health measures such as depression, addiction, mental
distress, well-being, and anxiety, included the precentral
cortical areas extending into the prefrontal cortex, the
medial orbitofrontal cortex, precuneus, and fusiform
gyrus (Table S6 and Figures S2-S4).
Mediation analysis and structural equation modelling
The functional connectivities that were significantly cor-
related with childhood traumatic events (Figure 2) sig-
nificantly mediated the relationship between the
childhood traumatic events and mental health problems
www.thelancet.com Vol 79 Month May, 2022



Figure 3. Correlation of the functional connectivity links with mental health problems and cognitive performance (p<0.05, FDR cor-
rected). The numbers of links that are different in different brain regions for different mental health problems and cognitive perfor-
mance are shown. In the center, brain regions with reduced functional connectivity correlated with the childhood traumatic event
score are shown to provide a reference for the other measures. The coefficients shown in the inner circle are the correlation r value
of the mean correlation coefficient of significant links in all brain regions between the childhood traumatic event score and mental
health problems and cognitive performance (* p<0.05, ** p<0.01, ***p<0.001).
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including addiction (1.9% of the variance explained),
anxiety (1.3% explained), depression (1.0% explained)
and well-being (1.4% explained) (all p<10�3) (Figure 4).
The interpretation is that the functional connectivities
correlated with childhood traumatic events significantly
mediate the association between childhood traumatic
events and addiction, anxiety, depression and well-
being. Similar results were also found for the cognitive
performance measures including fluid intelligence
(3.0% explained), and prospective memory (3.3%
explained) (p<0.05) (Figure 4). The interpretation is
www.thelancet.com Vol 79 Month May, 2022
that the functional connectivities correlated with child-
hood traumatic events significantly mediate the associa-
tion between childhood traumatic events and fluid
intelligence and prospective memory. A full list of the
mediation results for all measures of mental health
problems and cognitive performance is in Table S3.

Structural equation modelling was performed to
measure the multivariate relationship between child-
hood traumatic events, mental health problems, cogni-
tive performance, and the functional connectivity in the
frontal lobe, the temporal lobe, the precuneus, etc
7



Figure 4. Mediation analyses between the childhood traumatic events, the mental health problems and cognitive measures with a
mean strength of functional connectivity links which were significantly correlated with the childhood traumatic events as a media-
tor. Path a: relationship between childhood traumatic events and functional connectivity links; Path b: the relationship between
functional connectivity links and mental health problems/cognitive measures; Path c: the relationship between childhood traumatic
events and mental health problems/cognitive measures; Path a*b represents an indirect path which is the relationship between
childhood traumatic events and mental health problems/cognitive measures that is mediated by the mean strength of the func-
tional connectivity links which were significantly correlated with the childhood traumatic events. Path a*b indicates the extent to
which taking the functional connectivity strength into account can explain the effect of the childhood traumtic events on mental
health and cognitive measures inlcuding: addiction (1.9% of the variance explained), anxiety (1.3% of the variance explained),
depression (1.0% of the variance explained), mental distress (0.8% of the variance explained), self-harm (0.5% of the variance
explained), well-being (1.4% of the variance explained), fluid intelligence (3.0% of the variance explained), and prospective memory
(3.3% of the variance explained).
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(CFI=0.988, RMSEA=0.038), and as shown in Figure 5,
all the paths in the model were significant at p<0.001.
The functional connectivities that were significantly cor-
related with childhood traumatic events had a signifi-
cant association with mental health problems
(b=�0.04, p<0.001) and with cognitive performance
(b=0.05, p<0.001), suggesting that childhood traumatic
events and the associated brain changes related to those
events may contribute to the mental health problems
and cognitive performance differences.

As structural equation modelling can be used to
examine relationships between constructs, for example
between mental health and brain function, an additional
structural equation modelling analysis was performed in
which the brain systems were treated as a single con-
struct, instead of as separate brain regions. To perform
this analysis, a mean value across all functional connec-
tivities that were significantly correlated with childhood
traumatic events was calculated. This is a useful single
construct, for a very similar set of brain regions are asso-
ciated with the mental health and cognitive problems
associated with prolonged nausea and vomiting of the
mother in pregnancy,45 with conflict in the family envi-
ronment,46 and with a young age of the mother.47 This
SEM model was implemented with childhood traumatic
events, mental health, cognitive measures, and the mean
Functional Connectivity value in one regression model.
It was found that all paths between the latent variables in
this new model were significant at p < 0.001. For exam-
ple, the childhood traumatic events had a significant
association with the mean functional connectivity values
(b=�0.08, p<0.001), with mental health problems
(b=0.40, p<0.001) and with cognitive performance
(b=�0.12, p<0.001). The mean functional connectivity
values had a significant association with mental health
problems (b=�0.04, p<0.001) and with cognitive perfor-
mance (b=0.04, p<0.001). This further analysis indi-
cates that taking a mean value across all significant
functional connectivities as an indicator of the whole
group of relevant brain factors still results in the paths
between the latent variables in the SEMmodel remaining
significant.
www.thelancet.com Vol 79 Month May, 2022



Figure 5. Structural equation model: for the brain regions indicated with functional connectivity of some links associated with the
childhood traumatic events score, the correlation of the significant links with the childhood traumatic events score was entered
into a structural equation model with the behavioral measures indicated and grouped together to form latent variables. The num-
bers in bold font show the standardized beta coefficients involving the latent variables. All paths between the latent variables were
significant at p < 0.001 (indicated by 3 stars). After the Brain Regions, the functional connectivity between the significant links for
that brain area with the childhood traumatic events score is shown. The structural equation model used here enables the different
measures for cognition to be grouped, and similarly for the childhood traumatic events and mental health measures, so that rela-
tions between the grouped variables can be measured. The direction of the effects to be tested was as shown by the arrows, and
was based on a priori hypotheses.
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Replication with an independent data group
Replication was performed with the second release of
neuroimaging data from the UK Biobank (N=17,747).
First, the behavioral associations between childhood
traumatic events, and mental health problems and cog-
nitive performance were well-replicated, including anxi-
ety (r=0.19, p=3.8 £ 10�93), depression (r=0.19,
p=3.2 £ 10�95), self-harm (r=0.25, p=2.5 £ 10�155), well-
being (r=�0.22, p=1.9 £ 10�126), fluid intelligence
(r=�0.03, p=1.4 £ 10�3), and numeric memory
(r=�0.03, p=5.3 £ 10�3) (Table S4). Second, the correla-
tion between childhood traumatic events and functional
connectivity was well-replicated (Figure S1). For exam-
ple, areas with many links correlated with childhood
www.thelancet.com Vol 79 Month May, 2022
trauma in the second release include prefrontal cortical
areas (superior, mid and inferior frontal and medial
superior frontal), the middle and inferior temporal cor-
tex and temporal pole, and the orbitofrontal cortex
including the posterior and lateral orbitofrontal cortex
(Figure S1A). It was found that the correlation of the
association pattern of functional connectivity with child-
hood traumatic events between the first and second
released data group was r=0.40, p < 10�323 (Figure
S1B). In addition, the mediation analyses were repli-
cated with the second release of the UK Biobank data.
The functional connectivities used in this replication
were selected as in the main mediation analysis as those
significantly correlated with childhood traumatic events
9
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(Figure 2). In the replication, this group of functional
connectivities significantly mediated the relationship
between the childhood traumatic events and mental
health problems including anxiety (0.7% of the variance
explained), depression (0.4% explained), self-harm
(0.5% explained), and well-being (0.9% explained) (all
p<0.05). A full list of the mediation results for all meas-
ures of mental health problems and cognitive perfor-
mance is provided in Table S8. The replication analyses
thus provide evidence that the associations between
childhood traumatic events, mental health problems
and functional connectivity, and the mediation models
described above, can be confirmed with a dataset with
independent participants.
Discussion
This is the first study with a large sample size from the
UK Biobank to examine the association between child-
hood traumatic events, and in adulthood brain func-
tional connectivity, mental health problems, and
cognitive performance. A strong correlation was shown
between childhood traumatic events and mental health
problems, cognitive performance, and low functional
connectivity involving some brain regions. The main
brain regions with functional connectivity negatively
correlated with the childhood traumatic events scores
included the prefrontal cortex (superior, middle, inferior
and medial parts, extending to precentral areas), the
medial and lateral temporal cortex, the precuneus, the
fusiform gyrus, and the medial orbitofrontal cortex. The
results were well replicated with an independent data
group with the correlation between the two correlation
matrices with childhood traumatic events r=0.4,
p<10�323. The low functional connectivities of these
brain regions were shown to significantly mediate the
association between childhood traumatic events, and
adult mental health problems including addiction, anxi-
ety, depression, and well-being (all p<10�3).

A range of mental health problems including addic-
tion, anxiety, cannabis use, depression, mania, mental
distress, psychotic experiences, self-harm, and well-
being in later life were found to be positively signifi-
cantly associated with childhood traumatic events
(p<1 £ 10�117) (Figure 1). Brain regions for which func-
tional connectivity was associated with childhood trau-
matic events and mental health problems included the
middle temporal gyrus, the medial orbitofrontal cortex
and in the second release lateral orbitofrontal cortex, the
prefrontal and precentral cortex, and the precuneus
(Figure 3 and Figs S2-S4). The middle temporal gyrus,
which was common between anxiety and childhood
traumatic events, is implicated in facial emotional
expression and face movements, and theory of
mind.48�53 The association between the middle tempo-
ral gyrus and childhood traumatic events suggests that
childhood traumatic events are associated with
differences in the neural mechanisms for detecting face
emotional expression and in the theory of mind,51 which
may relate to emotional problems such as anxiety,
depression, and mental distress in later adulthood. The
medial orbitofrontal cortex is involved in reward value
and hence in emotion, and decreases in functional con-
nectivity here are associated with depression.54�56 The
lateral orbitofrontal cortex is involved in changing
behavior to non-reward and punishment, and reduced
functional connectivity here may be associated with
rule-breaking and impulsive types of behavior.54�56 The
functional connectivity of the fusiform gyrus was found
to be significantly associated with childhood traumatic
events and mental health measures including addiction,
anxiety, depression, mental distress, and well-being.
The fusiform gyrus is implicated in face processing.57,58

The precentral cortex and areas extending anteriorly
into the lateral prefrontal cortex, which were signifi-
cantly associated with childhood traumatic events and
the associated problems, contain mirror neurons which
are implicated in observational learning.59,60

Impairment in this type of learning may be related to
the cognitive and mental problems associated with
childhood traumatic events. Executive function, imple-
mented in the prefrontal cortex,61,62 may also be
involved. The precuneus is a medial parietal cortex
region implicated in the sense of self, autobiographical
memory, and spatial function.63,64 The low functional
connectivity of the precuneus suggests that childhood
traumatic events are associated with a reduced or low
sense of self. In addition, a low functional connectivity
of the precuneus with some cortical areas is associated
with depression.65�67 The lower connectivity of the pre-
cuneus reported here in the participants with childhood
traumatic events may be related to depression, and con-
tribute particularly to the low self-esteem in
depression.55

Cognitive performance measures including fluid
intelligence, numeric memory and prospective memory
were also found to be negatively correlated with child-
hood traumatic events (p<0.001) (Figure 1). Brain
regions associated with childhood traumatic events and
lower cognitive performance included the superior
medial prefrontal cortex, and the middle frontal gyrus
(Figure 3). The superior medial prefrontal area was
related to both childhood traumatic events and numeric
memory, and is involved in planning / executive func-
tion68; and numerical information is represented and
processed by regions of the prefrontal and posterior
parietal lobes.69�71

The different brain regions for which the functional
connectivity is associated with the different mental
health and cognitive performance measures related to
childhood traumatic events as just discussed are
brought out in Figure 3. Figure 3 does show that there
are different brain regions associated with some of the
different mental health and cognitive measures that are
www.thelancet.com Vol 79 Month May, 2022
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associated with childhood traumatic events. These brain
regions each have different functions, and interpreting
the findings at the level of the computations performed
by different brain regions53 and their connectivity72,73

seems to be appropriate, for what is shown in Figure 3
does not appear to reflect the rather broadly defined
‘default mode’, ‘salience’ etc networks.74

The mediation analyses provided evidence that the
lower functional connectivities related to childhood
traumatic events mediated the relationship between the
childhood traumatic events and the mental health prob-
lems including addiction (1.9% variance explained),
anxiety (1.3% variance explained), depression (1.0% vari-
ance explained) and well-being (1.4% variance
explained) (all p<10�3) (Figure 4); and the cognitive
measures including fluid intelligence (3.0% variance
explained), and prospective memory (3.3% variance
explained) (p<0.05). Although the percentage of vari-
ance explained by the functional connectivity links in
the relationship between the childhood traumatic events
and mental health problems was not high, it was signifi-
cant at p<0.001. This evidence does show that func-
tional connectivity differences present in adulthood
after childhood traumatic events are significantly related
to mental health problems found in adulthood. The
SEM analysis was performed to measure the associa-
tions between the grouped variables for Cognitive
Effects, Mental health problems, and brain regions for
the measures associated with childhood traumatic
events in one regression model. In this modelling, the
mean functional connectivity strengths of the brain
regions that were significantly correlated with the child-
hood traumatic events score were also significantly asso-
ciated with mental health problems (b=�0.04,
p<0.001) and cognitive performance (b=0.05,
p<0.001), suggesting that childhood traumatic events
and consequent brain changes related to that may con-
tribute to the mental health problems and cognitive per-
formance measured in later life (Figure 5).

The effect sizes for the main effects being investi-
gated in this research are not very small, as shown by
the findings that childhood traumatic events were sig-
nificantly associated with mental health problems in
adulthood including anxiety (r=0.19, p<1.0 £ 10-323),
depression (r=0.21, p<1.0 £ 10-323), and self-harm
(r=0.24, p<1.0 £ 10-323). The effect sizes are smaller for
the correlations with individual brain regions, but the
context is that a number of brain regions have connec-
tivity associated with childhood traumatic events. It is
commonly observed that large effect sizes are associated
with small sample sizes, and that the effect sizes gener-
ally become smaller, and better estimates of the real
effect size, when the sample size is increased.39 Part of
the advantage of the large sample size utilized here is
that it is likely to provide a robust estimate of the real
effect size. It is further noted that it can be important in
medical practice to know about effects even if they are
www.thelancet.com Vol 79 Month May, 2022
small in size, for across a large population this could
make a difference. However, as noted above, the effect
sizes being considered here are not very small.

Because this is an association study, causality cannot
be directly addressed. One possibility is that childhood
traumatic events produce brain differences, behavioral
problems, and cognitive differences. Another possibility
is that the general socio-economic environment during
childhood made a contribution. However, we did
regress out as a covariate of no interest the Townsend
index, which measures a set of socio-economic varia-
bles. We did find that the Townsend index was signifi-
cantly associated with the childhood traumatic events
score (r=0.08, p=5.3 £ 10�200). However, the associa-
tion matrix between childhood traumatic events and
functional connectivity with and without regression out
of the Townsend index had a high correlation
(r=0.9994, p<1 £ 10�323), providing evidence that fac-
tors relating to the Townsend index were not crucial for
the associations between childhood traumatic events
and functional connectivity described here. In addition,
the association between childhood traumatic events and
other factors that might contribute to brain differences,
behavioral problems, and cognitive differences were
tested, including BMI (r=0.06, p=2.8 £ 10�103), smok-
ing (r=0.09, p=3.8 £ 10�284), and drinking (r=�0.03,
p=7.7 £ 10�30). (These variables were regressed out of
all the analyses described here.) Another factor might
have been that some children, for genetic or possibly
other reasons, were more likely to have traumatic
events. The present findings do though make it clear
that there are significant and long-lasting associations
between childhood traumatic events, brain functional
differences, and behavioral and cognitive problems.

It is interesting and remarkable that a rather similar
constellation of mental health and cognitive problems
involving similar brain regions to those described here
are associated in children with prolonged nausea and
vomiting of the mother in pregnancy,45 with conflict in
the family environment46 and with a young age of the
mother.47 Whether these similar associations reflect the
vulnerability of some brain regions during develop-
ment, or other factors, is not yet known.

Strengths of the present investigation are the large
sample size (over 20,000 participants), which leads to
robust findings; a focus on brain functional differences
related to childhood traumatic events instead of struc-
ture as in many other studies; replication with a large
independent sample group in the same dataset (around
20,000 participants); comprehensive analysis of the
long-lasting relation into mature adulthood between
childhood traumatic events and a range of mental
health problems and lower cognitive performance; and
the mediation analysis, which links the findings to
recent advances in understanding brain mechanisms
associated with childhood traumatic events and mental
health problems.
11
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In summary, this investigation provides evidence in
a very large population that childhood traumatic events
are associated with many mental health problems in
mature adulthood including anxiety, depression, and
well-being; that lower functional connectivity involving
the prefrontal cortex (superior, middle, inferior and
medial parts, and extending back to precentral regions),
the temporal cortex (lateral and medial), the precuneus,
and the medial orbitofrontal cortex, which are involved
in executive function, face processing, emotion, and
memory were associated with childhood traumatic
events; and that the low functional connectivities medi-
ated the correlation between the childhood traumatic
events and mental health problems including addiction,
anxiety, depression and self-harm, and cognitive meas-
ures including fluid intelligence and prospective mem-
ory. These advances have implications for the
understanding, care and treatment of people who previ-
ously have had childhood traumatic events, for these
results indicate which functions may benefit from treat-
ment given the insight from knowing the brain regions
involved. These advances in our understanding also
highlight the association between childhood trauma,
brain connectivity, mental health, and cognitive func-
tion, and may also therefore have implications for pre-
vention.
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