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Abstract

BACKGROUND: Neuroticism, a personality trait reflecting a tendency towards negative
emotions, has been linked to poor health outcomes. Evidence suggests an association
between higher neuroticism and dementia risk, although studies have been limited by small

samples, short follow-up, and insufficient exploration of underlying pathways.

METHODS: First, a systematic search (up to December 2023) was conducted to identify
studies investigating associations of neuroticism with incident dementia, cognitive function,
and structural brain outcomes. Second, UK Biobank analyses of 174,164 adults aged >60
years (up to 16 years follow-up) used Cox proportional hazards models to assess the
association between baseline neuroticism (Eysenck Personality Questionnaire-Revised Short
Form) and incident dementia (hospital inpatient and death records), with mediation analyses
to explore pathways. Third, EPIC-Norfolk analyses of 19,678 adults aged 4080 years (up to
26 years follow-up) assessed long-term associations across mid- to later life with dementia
risk, and also examined associations with multi-domain cognitive function. Fourth,
associations between neuroticism and 249 circulating metabolites were examined in 215,624
UK Biobank participants; neuroticism-linked metabolites were then tested for associations
with incident dementia. Significant observational findings were further evaluated using two-
sample Mendelian randomisation (MR) to assess their robustness. Finally, associations
between neuroticism and 1,747 brain structural outcomes were investigated in 36,901 UK
Biobank participants, with mediation and bidirectional MR analyses to assess pathways and

directionality.



RESULTS: The systematic search confirmed a consistent association between higher
neuroticism and increased dementia risk, and highlighted key evidence gaps. In UK Biobank,
neuroticism showed a dose-response association with dementia risk, partly mediated by
mental and vascular conditions. EPIC-Norfolk analyses demonstrated that this association
persisted across ages 40-80 years and >20 years of follow-up, with higher neuroticism also
linked to poorer performance across multiple cognitive domains. Metabolomic analyses
revealed that neuroticism was associated with an adverse profile, including lower omega-3
fatty acids, particularly docosahexaenoic acid (DHA), which in turn was related to higher
dementia risk; MR supported a pathway from genetically predicted neuroticism to lower
DHA and greater cerebrovascular burden. Brain-wide analyses showed that higher
neuroticism was associated with smaller frontal grey matter volumes and widespread
differences in white matter microstructure. These structural differences were partly mediated
by mental and vascular conditions, and MR analyses suggested that they may be a

consequence of, rather than a vulnerability to, high neuroticism.

CONCLUSIONS: This thesis provides robust evidence that higher neuroticism is associated
with an increased long-term risk of dementia, with pathways involving mental and vascular
conditions as well as lower omega-3 fatty acids. Neuroticism is also broadly associated with
poorer cognitive performance and structural brain features relevant to ageing and dementia.
These findings highlight the potential role of neuroticism in dementia risk stratification and
suggest that, while neuroticism itself may be difficult to modify, targeting vascular and
mental health factors in individuals with high neuroticism could represent a practical avenue

to help reduce dementia burden.
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Introduction
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1.1 DEMENTIA

Definition and burden

Dementia is a syndrome characterized by irreversible brain damage and cognitive
decline greater than normal aging.! It affects multiple cognitive domains—such as memory,
language, visuospatial skills, and executive function—to a degree that interferes with daily
functioning.? Although some cases begin earlier in life and are often familial, most dementia

diagnoses (90-95%) are sporadic and occur after the age of 65.

Dementia is a major global health challenge, affecting an estimated 57.4 million
people in 2019—a number projected to reach 152.8 million by 2050 due to population aging.*
It was the seventh leading cause of death worldwide in 2021, accounting for 1.8 million
deaths and 33.6 million disability-adjusted life-years.> The economic impact is also
substantial, with global costs estimated at US$1.3 trillion in 2019 and expected to rise to
US$2.8 trillion by 2030.° In the UK, an estimated 982,000 people are currently living with
dementia, projected to increase to 1.4 million by 2040, with associated costs rising from £42

billion in 2024 to £90 billion by 2040.7

Alzheimer's disease (AD), the most common subtype of dementia (accounting for
60-80% of cases),? is characterized by the accumulation of amyloid-p (Ap) plaques and tau
neurofibrillary tangles in the brain. These pathophysiological process begins 10-20 years

before symptom onset,® with biomarker changes occurring in a temporal sequence, beginning
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with reduced cerebrospinal fluid (CSF) AB42, followed by increased CSF tau, brain atrophy

on structural magnetic resonance imaging (MRI), and eventual cognitive impairment.°

Vascular dementia (VaD), the second most common subtype of dementia (15-20%
of cases),!! is characterised by underlying cerebrovascular pathology. Diagnosis requires
neuroimaging evidence of vascular lesions, such as infarcts or white matter changes on CT
or MRI, sufficient to plausibly explain the observed cognitive impairment.2 Unlike AD, VaD
lacks a well-defined prodromal stage or biomarker cascade, and its clinical presentation is
more heterogeneous, with affected cognitive domains depending on the location and extent

of vascular injury.*®

Other major subtypes include dementia with Lewy bodies, characterized by a-
synuclein protein accumulation, and frontotemporal dementia, marked by degeneration of

the frontal and temporal lobes.'*

Treatment and prevention

Effective treatments for dementia remain limited. For decades, drugs such as
cholinesterase inhibitors provided only temporary symptomatic relief.? Recent positive trial
results of anti-Ap monoclonal antibodies represent a long-awaited advance in AD treatment.
The US Food and Drug Administration has approved the antibody drugs lecanemab and
donanemab, which modestly slow cognitive decline by reducing amyloid burden.'>1®

However, concerns remain regarding their safety, cost, and the clinical significance of their
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effects.}” As a result, public health efforts have increasingly prioritised prevention and early

intervention.

Genetic risk

AD shows strong genetic influence, with twin and family studies estimating 60—-80%
heritability. The apolipoprotein E (APOE) genotype represents the strongest established
genetic risk factor for late-onset AD. Apo-E regulates lipid metabolism and contributes to
processes such as cholesterol transport and AP clearance.!® Its three common alleles—e2, €3,
and e4—differ in their effects on AD: &4 markedly increases risk, €2 is generally protective,
and €3 is the most prevalent and often used as the reference. Risk estimates have suggested
that €3/e4 and €4/e4 carriers have roughly 2-3-fold and 9-12-fold higher AD risk,
respectively, whereas €2/e3 carriers have about half the risk of £3/e3 individuals.'® These
gradients align with biomarker evidence showing faster amyloid-f accumulation in &4
carriers and the slowest accumulation in €2 carriers.?? Recent ancestry-informed analyses
further show that the magnitude of e4-associated risk varies, being highest in East Asian
populations, intermediate in Europeans, and attenuated in African and Hispanic ancestry

groups.?

An expanding set of genetic loci has been implicated in AD since the introduction of
genome-wide association studies (GWAS), which scan the genome for single-nucleotide
polymorphisms (SNP) linked to specific disease phenotypes. The most comprehensive
GWAS to date, by Kunkle et al.,?? aggregated data from 63,926 individuals (21,982 cases

and 41,994 controls) and identified 25 genome-wide significant variants, 20 of which—
19



including APOE—had been reported as genome-wide significant previously. These loci
cluster into several biologically coherent pathways; for example, genes involved in lipid
metabolism (APOE, CLU, ABCA7, SORL1), immune and inflammatory processes (CR1,

MS4A, TREM2), and endocytic trafficking (PICALM, BIN1).

Compared with AD, GWAS of VaD remain limited and are constrained by small case
numbers. The largest GWAS to date—the Mega Vascular Cognitive Impairment and
Dementia consortium (753,695 participants, including 8,702 VVaD cases)—identified only the
APOE locus at genome-wide significance.? For Lewy body dementia and frontotemporal
dementia, existing GWAS are similarly limited, identifying only a small number of robust

loci, with APOE again the most consistently implicated across studies.?*?°

Non-genetic risk

A life course approach has become a central framework for dementia prevention,
recognising that disease risk is shaped by a range of physical, psychological, and
environmental factors acting at different stages of life.?® As such, identifying and addressing
modifiable risk factors—those amenable to effective and accessible interventions—has
emerged as a public health priority. The Lancet Commission has progressively expanded its
list of such factors from 927 to 1228 and most recently to 14,7 reflecting the rapidly evolving
understanding of modifiable risks and the likelihood of further additions as evidence grows.
These 14 factors include low educational attainment in early life, which influences brain
development and cognitive reserve; hearing loss, high low-density lipoprotein (LDL)

cholesterol, depression, traumatic brain injury, physical inactivity, smoking, diabetes,
20



hypertension, obesity, and excessive alcohol consumption in midlife, a critical window for
vascular and metabolic health; and social isolation, air pollution, and untreated vision loss in
later life, when environmental and social exposures become more pronounced. Collectively,

these factors are estimated to account for up to 45% of dementia cases worldwide.’

Mendelian randomisation (MR) is a method that uses genetic variants associated with
an exposure as instrumental proxies to assess its relationship with an outcome. As genetic
variants are randomly inherited during meiosis, they should not be associated with potential
confounders or influenced by subsequent disease processes. This allows MR to provide less
biased estimates of the direction and magnitude of exposure-outcome associations.?® Valid
MR inference relies on three core assumptions: the genetic instruments must be robustly
associated with the exposure; they must not share common causes with the outcome (for
example, due to population stratification); and they must influence the outcome only via the
exposure rather than through alternative biological pathways (i.e., absence of horizontal
pleiotropy). These assumptions cannot be proven but can be probed through sensitivity
analyses. MR can be implemented using individual-level data or, more commonly, through
two-sample MR that combines summary statistics from large, independent GWAS of the
exposure and outcome. MR is increasingly used to strengthen evidence for observationally
identified modifiable dementia risk factors; to date, educational attainment is the only factor
showing a consistently protective association.®® For most other risk factors, genetically
predicted associations are null, and some exhibit paradoxical protective patterns (for
example, for obesity, blood pressure and smoking).3! These counterintuitive findings likely

reflect phenotype heterogeneity in dementia GWAS, weak genetic instruments that limit
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statistical power, survivor bias (where individuals genetically predisposed to harmful
exposures die before reaching dementia age, producing an apparent protective direction), and

horizontal pleiotropy, which can distort MR estimates.

Risk factors may also differ across dementia subtypes, although most evidence
focuses on AD, with fewer studies on VaD and very limited data for rarer subtypes. Studies
that examine AD and VaD simultaneously generally report that many risk factors are shared,
but tend to show stronger associations for VaD. Vascular factors, unsurprisingly, display
stronger associations with VVaD: for example, triglycerides have been associated with higher
VaD risk but not AD,*? and meta-analyses report relative risks of 1.38 for AD and 1.59 for
VaD for hypertension.®*3* In a registry study of 784,434 individuals, type 2 diabetes was
associated with hazard ratios of 1.13 for AD and 1.98 for VaD.* Psychological factors such
as depression and loneliness have also been reported to confer higher risk for VaD than
AD %3 likely reflecting their connection to vascular pathways. Consistent with this, MR
studies show no clear association between genetically predicted triglycerides, hypertension,

or diabetes and AD, ¥4 but do find positive associations with vascular brain injury.443

Beyond conventional risk factors, molecular profiling offers opportunities for more
precise intervention and deeper insight into dementia aetiology. Metabolites—small
molecules that are the end products of metabolic pathways—integrate genetic,
environmental, and lifestyle influences, making them sensitive indicators of early
pathophysiological change.** Many metabolites are modifiable through diet, medication, and

lifestyle, and several can cross the blood-brain barrier, positioning them as potential targets
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for prevention.*® Lipid subclasses (including sphingolipids, fatty acids, and
glycerophospholipids), lipoproteins, and various amino acids have repeatedly been linked to
AD, VaD, and related phenotypes, including A aggregation, tau pathology, and differences
in brain grey and white matter.*¢*® However, replication has been limited, reflecting small

sample sizes, platform heterogeneity, and reliance on cross-sectional designs.

Increasing attention is being paid to upstream factors, particularly those arising early
in life, which may interact with or predisposing individuals to downstream risk factors at
various stages in the life course, and therefore have long-lasting influence on brain health.
Personality traits, defined as relatively stable patterns of thinking, feeling, and behaving,
undergo most changes during childhood and adolescence, and tend to stabilize by early
adulthood.>! Certain personality traits have been linked to increased vulnerability to several
modifiable dementia risk factors, including depression, cardiovascular disease (CVD), and
social isolation,> and may therefore represent important targets for further investigation in

dementia prevention efforts.
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1.2 NEUROTICISM

Definition and measurement

Neuroticism is one of the most extensively studied and empirically validated
personality traits,>® consistently identified across major models, including Eysenck’s three-
factor model (neuroticism, extraversion, psychoticism)®* and the five-factor model, or Big
Five (openness, conscientiousness, extraversion, agreeableness, neuroticism).> Although the
term originated in early psychodynamic theory, its contemporary conception is rooted in
psychometric and behavioural research. Neuroticism is broadly defined as a stable
disposition to experience negative emotions, particularly in response to threat, frustration, or
loss.*® Individuals high in neuroticism tend to exhibit heightened emotional reactivity, often
reflected in frequent and disproportionate experiences of irritability, anger, sadness, anxiety,
worry, hostility, self-consciousness, and vulnerability. These facets are substantially

intercorrelated yet partially distinct, as shown in factor-analytic studies.>’->°

Neuroticism is commonly measured using a range of well-validated instruments,
including the Revised NEO Personality Inventory (NEO-PI-R) and its short form, the NEO
Five-Factor Inventory (NEO-FFI),*° the Eysenck Personality Questionnaire-Revised Short
Form (EPQ-RS),% the Big Five Inventory (BFI),%? and the International Personality Item
Pool (IPIP).%® Despite differences in length, format, and theoretical orientation, these tools
consistently measure core features such as anxiety, irritability, sadness, self-consciousness,
and emotional volatility. All demonstrate strong psychometric properties, including high

internal consistency, test-retest reliability, and predictive validity across mental and physical
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health outcomes.®%4+€% Importantly, these instruments conceptualize neuroticism as a
continuous, universally present trait rather than a categorical diagnosis.®’ Similar to blood
pressure or body mass index (BMI), individuals vary along a spectrum from low to high

levels.

Genetic and environmental influences on neuroticism

Neuroticism is a heritable trait, with approximately 40% of its variance attributable
to genetic factors, as estimated by twin studies comparing monozygotic and dizygotic
twins.®8%9 Recent GWASs, leveraging large-scale data including UK Biobank, 23andMe, and
the Genetics of Personality Consortium, have identified over 200 genetic loci associated with
neuroticism.’®’* Notably, some implicated genes, such as CRHR1, which influence stress
reactivity and have been linked to anxiety and depressive disorders,’>”® have shown
replication across studies.’*"* However, the proportion of variance explained by all SNPs,
known as SNP-based heritability, remains modest (7%-10%).”%"* This gap between SNP-
based and twin-based heritability estimates likely reflects the contribution of non-additive
genetic effects and gene-environment interactions not captured by current GWAS
approaches. Environmental influences may also shape neuroticism, with retrospective studies
linking adverse childhood experiences, such as abuse and neglect, with higher neuroticism
in adulthood.”>"” However, the environmental evidence remains limited and largely

correlational; prospective, genetically informed designs are needed to clarify the causality.

25



Lifespan stability

Given the strong influence of genetic and early life experiences, neuroticism is
typically established early. As a personality trait, it demonstrates high rank-order stability,
meaning individuals generally maintain their relative level of neuroticism compared to others
over time,”® with a meta-analysis reporting average test-retest correlations of approximately
0.60 even across 15-year intervals.” In a large US cohort of 3,850 participants aged 25 to 75,
the retest correlation for neuroticism over a nine-year interval was 0.64,® a finding replicated
across non-Western populations.”® Analyses stratified by age revealed minimal differences
in stability between younger (30-50), middle-aged (50-65), and older adults (>65) over retest
intervals ranging from six to 15 years.8° Notably, neuroticism shows roughly one-third higher
stability than symptoms of common mental disorders such as depression and anxiety,® and
its stability is comparable to that of the other Big Five traits.>! While individuals tend to
maintain their relative standing over time, mean levels of neuroticism modestly decline with

age.®

Public health significance of neuroticism

Neuroticism is of growing interest in public health research due to its robust and wide-
ranging associations with both mental and physical health outcomes. A large meta-analysis
of 59 prospective studies (N=443,313) demonstrated that higher neuroticism was
significantly associated with increased risk of anxiety, depression, and general psychological
distress.® These associations remained significant after adjusting for baseline symptoms and

psychiatric history, and the magnitudes of short-term (<4 years) and long-term (>4 years)
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associations were comparable. In a 35-year follow-up study of 1,118 adults, higher
neuroticism predicted increased risk of clinical diagnoses including anxiety, adjustment,

personality, and substance use disorders.34

Recent MR studies have shown that genetic liability to neuroticism increases the risk
of multiple psychiatric conditions, including depression, anxiety disorders, schizophrenia,
attention deficit hyperactivity disorder (ADHD), anorexia nervosa, and bipolar disorder.”*®
Bidirectional MR analyses suggest potential reciprocal relationships for schizophrenia and
ADHD, where genetic liability to these disorders also influences neuroticism.”®® No reverse
associations were observed for other conditions, supporting a primarily unidirectional

influence of neuroticism on psychiatric risk.

A substantial body of research has investigated the role of neuroticism in physical
health, particularly in relation to vascular conditions. Prospective studies consistently report
significant associations between higher neuroticism and increased risk of incident coronary
heart disease and myocardial infarction,®58° even after adjustment for traditional risk factors
such as hypertension, smoking, depression, and anxiety. Evidence linking neuroticism to
stroke remains mixed. A pooled analysis of 58,105 participants across six large longitudinal
cohorts reported a positive association,?® whereas a UK study of 126,255 individuals found
no significant link.®” These observational findings are supported by MR analyses, which
suggest that genetic liability to neuroticism increases the risk of CVD, hypertension, and
stroke, %2 with no evidence that genetic predisposition to these conditions influences

neuroticism in the reverse direction. By contrast, evidence for other physical conditions
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remains limited. Some studies suggest associations between neuroticism and asthma,® atopic
eczema,* irritable bowel syndrome,® and chronic obstructive pulmonary disease,* whereas

no significant relationship has been observed with cancer.®’
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1.3 NEUROTICISM AND RISK OF DEMENTIA

Current evidence

Given neuroticism’s robust associations with a broad range of adverse mental and
physical health outcomes, including depression,®® CVD 888 social isolation,®® and
unhealthy behaviours such as smoking and poor diet,**% all of which are recognized risk
factors for dementia, there is growing interest in its potential role as an upstream determinant
of dementia. A recent meta-analysis of 12 longitudinal studies across the US, Europe, and
Australia (N>30,000) found that nine reported significant associations between higher
neuroticism and increased dementia risk. Between-study heterogeneity was low, and each
standard deviation (SD) increase in neuroticism was associated with a 24% higher risk of
dementia.'®® To better understand this association, further research is needed to clarify its
directionality, temporality, and potential underlying pathways. Addressing these questions is

essential for informing dementia prevention strategies.

Key research goals
Directionality of the association

Dementia typically develops over a long time,® which makes it challenging to
distinguish between traits that contribute to disease risk and those that may reflect early
manifestations of the condition, especially when neuroticism is assessed close to the time of
diagnosis, an issue known as reverse causality. Whilst neuroticism is generally considered
stable across the life course, dementia is a disease of the brain and may lead to behavioural
and psychological symptoms at an early stage, including increased anxiety, irritability, and
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sadness—core components of neuroticism.*®* Clarifying whether neuroticism precedes and
contributes to dementia risk, rather than reflecting prodromal changes, requires prospective

studies with long-term follow-up of 10 years or more, ideally extending beyond 20 years.

Life stage-specific associations

Some downstream factors of neuroticism show age-specific associations with
dementia. For instance, midlife hypertension has been consistently linked to increased
dementia risk, whereas lowering blood pressure in later life appears to offer less benefit,'’
possibly due to advanced cerebral atherosclerosis or different underlying mechanisms.* In
contrast, depression is considered a risk factor in both midlife and late life,'%% though the
association in late life may be partially driven by reverse causality.'%” Given that personality
traits are established early in life and remain relatively stable,’® it is important to determine
whether the association between neuroticism and dementia is consistent across the life course
or varies by age, to inform how dementia prevention strategies could be tailored to specific

age groups and psychological profiles.

Modifiable factors linking the association

Unlike episodic emotional states, neuroticism may be less amenable to short-term
modification due to its stability. Most existing interventions have shown only modest effects
and are limited by small sample sizes, lack of control groups, and limited long-term follow-
up to assess durability of changes. %8112 Given these challenges, an alternative approach is to

identify downstream consequences of neuroticism—such as clinical or molecular risk
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factors—that are also associated with increased dementia risk. These intermediate factors
may be more responsive to existing behavioural or pharmacological interventions, and thus

offer more practical and scalable targets for prevention in individuals with high neuroticism.

Association with broader brain health

Before the clinical onset of dementia, early changes often emerge across multiple
cognitive domains and brain structures.® Investigating how these changes present in
individuals with high neuroticism may help clarify the mechanisms linking neuroticism to
dementia risk. For instance, if neuroticism is particularly associated with brain structural
markers of cerebrovascular injury, such as increased white matter hyperintensities
(WMH),!3 this would support a vascular pathway. In contrast, broad associations spanning
multiple cognitive domains and brain regions would point to a multifactorial mechanism.
Importantly, comprehensive cognitive testing and neuroimaging can detect preclinical
changes less likely to reflect reverse causation, providing a clearer insight into neuroticism’s

influence on brain health.

31



1.4 THESIS OBJECTIVES

To address critical gaps in current understanding, this doctoral research aims to clarify
the relationship between neuroticism and dementia risk, and to investigate the pathways that
may underlie this association. The specific objectives are as follows:

1) To conduct a systematic search of the literature on neuroticism in relation to

incident dementia, cognitive function, and structural brain outcomes.

» Purpose: To provide an up-to-date synthesis of prospective studies on
neuroticism and incident dementia, as well as relevant cross-sectional and
longitudinal studies examining neuroticism’s associations with cognitive
and structural brain outcomes. This systematic search will identify key
gaps in the literature that inform the direction of this thesis.

2) To investigate the associations between neuroticism and incident all-cause
dementia and key dementia subtypes in the UK Biobank cohort.

» Purpose: To leverage a large, richly phenotyped cohort to
comprehensively examine the relationship between neuroticism and
dementia risk, potential effect modification by genetic risk, mediation
through disease histories, and relationship between neuroticism and
performance across multiple cognitive domains.

3) To examine the associations between neuroticism and incident all-cause dementia
and key dementia subtypes in the European Prospective Investigation into Cancer
(EPIC)-Norfolk cohort.

» Purpose: To leverage a cohort with a broad baseline age range and long

follow-up to investigate how neuroticism is associated with dementia risk
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from mid- to later life, in the short and long term; extend effect
modification and mediation analyses in UK Biobank to this more age-
diverse population; and assess the association with cognitive performance
using a comprehensive test battery.
4) To explore the metabolomic profile associated with neuroticism and its relevance
to dementia risk.

» Purpose: To conduct hypothesis-free analyses using UK Biobank
metabolomics data to identify metabolites associated with neuroticism,
and to examine whether these neuroticism-linked metabolites are
associated with incident dementia and its subtypes. This will provide
insight into the potential molecular pathways underlying the association.

5) To investigate the association between neuroticism and brain-wide structural
outcomes.

» Purpose: To use UK Biobank neuroimaging data to assess the association
between neuroticism and grey and white matter structure in a hypothesis-
free, causal inference framework, and evaluate mediation through disease
histories examined in Objective 2 and 3. These findings will provide

insight into neuroticism’s role in broader brain health.
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Figure 1.1: Directed acyclic graph of hypothesised neuroticism and dementia-related
pathways

Metabolites Diseases | ’Genetic risk

Cognitive function

Brain structure

Neuroticism
(Exposure)

and its subtypes

- M___N____ K __

Incident dementia |!

(Outcomes)

Age, sex, socioeconomic status, lifestyle
(Confounders)

This directed acyclic graph illustrates the conceptual framework underpinning the thesis objectives. Neuroticism may
influence dementia risk and cognitive function directly or indirectly through metabolites, diseases, and brain structural
differences. Genetic susceptibility to dementia may modify these relationships. Sociodemographic and lifestyle factors act
as covariates and are adjusted for in all analyses.
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Chapter 2 A systematic search of the literature on the associations
between neuroticism and incident dementia, cognitive function, and

structural brain outcomes
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21 CHAPTER SUMMARY

This chapter presents a systematic search of the current evidence on neuroticism and
its association with incident dementia, cognitive function, and structural brain outcomes in
mid- to later life. PubMed searches were conducted to December 2023, extending a 2020
meta-analysis for dementia, summarising all available studies on cognition, and updating a

2022 review on grey matter and newly assessing white matter outcomes.

Pooled results from 12 prospective studies showed that higher neuroticism was
associated with an increased risk of dementia. Most studies assessed all-cause dementia,
relatively few specifically examined AD or VVaD. Thirty-one studies assessed cognition, most
reporting poorer global function and episodic memory, with less consistent findings for other
domains. Structural imaging evidence was limited: studies on grey matter showed smaller
frontal volumes, and the few available white matter studies suggested reduced fractional

anisotropy (FA) and increased diffusivity.

Overall, neuroticism appears to be associated with greater dementia risk, poorer
cognition, and adverse brain structural outcomes. However, small samples, short follow-up,
restricted age ranges, and limited coverage of cognitive and structural brain outcomes

constrain interpretation, and effect modification and pathways remain largely unexplored.
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2.2 OBJECTIVES

The objectives of this systematic search of the literature were to identify, summarise,
and appraise published evidence on the association between neuroticism and incident
dementia, with a focus on direct associations, potential effect modification, and underlying
pathways. As outlined in the previous chapter, early changes in brain health, reflected in
cognitive performance and structural brain differences, often precede the clinical onset of
dementia. To better capture cases of late-onset dementia (typically manifesting after age 65)
and to examine associations between neuroticism and age- or dementia-related changes in
cognitive function and brain structure, this systematic search focused on studies involving

mid- to later-life participants.

2.3 METHODS

Incident dementia

In this chapter, the systematic search of the literature on the association between
neuroticism and incident dementia was based on the most up-to-date meta-analysis available
at the time of the literature search, conducted in December 2023.1% This meta-analysis,
published in February 2021, had systematically reviewed prospective studies published up to
June 2020. To identify more recent evidence, an updated literature search was conducted on
PubMed for studies published from July 2020 to December 2023. This search followed the

same strategy and inclusion criteria as the meta-analysis.®®
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The search terms used were: (dement*[Title] OR Alzheimer*[Title]) AND
(personality[Title] OR neuroticism[Title] OR five factor[Title] OR five-factor[Title] OR big
five[Title]). Studies were included if they met the following criteria: (1) human studies; (2)
published in peer-reviewed journals and written in English; (3) reported how neuroticism and
dementia were assessed; and (4) provided risk estimates (e.g., hazard ratios [HRs] or odds

ratios [ORs]) along with confidence intervals (Cls) and/or p-values.

Cognitive function

At the time of the literature search (December 2023), only one meta-analysis had
examined the association between neuroticism and cognitive function, based on studies
published up to April 2014.11* However, it included only longitudinal studies and focused
exclusively on global cognition, without synthesizing evidence on specific cognitive
domains. To address this gap, a literature search was conducted on PubMed for (longitudinal

or cross-sectional) studies published at any time up to December 2023.

The search terms used were: (cognitive[Title] OR cognition[Title] OR
(intelligence[ Title] NOT *“artificial intelligence”[Title]) OR memory[Title] OR “executive
function[Title]) AND (personality[Title] OR neuroticism[Title] OR five factor[Title] OR
five-factor[Title] OR big five[Title]). Studies were included if they met the following criteria:
(1) conducted in human populations aged 45 years and older, excluding studies focused
exclusively on populations with specific conditions (e.g., depression, subjective cognitive
decline); (2) published in peer-reviewed journals and written in English; (3) reported how

neuroticism and cognitive function were assessed; (4) used objective cognitive measures
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based on test performance rather than informant or self-reported cognitive problems; and (5)

provided risk estimates (e.g., HRs or ORs) along with Cls and/or p-values.

Structural brain outcomes

To examine the associations between neuroticism and structural brain outcomes in
mid- to later life, studies were first identified from the most recent systematic review
(published August 2022),1° which evaluated grey matter volume, cortical surface area, and
cortical thickness based on publications up to 2020. Since that review applied no age
restrictions, only studies including participants aged 45 or older were retained. An updated
PubMed search was then conducted: for cortical and subcortical structures, the same search
strategy from the previous review!™® was used to identify studies published between January
2020 and December 2023; for white matter structures, studies were searched without date

restrictions through December 2023.

Search terms for cortical/subcortical structure studies included: (MRI[Title/abstract]
OR gray matter volume[Title/abstract] OR GMV/[Title/abstract] OR VBM][Title/abstract] OR
voxel-based morphometry[Title/abstract] OR SBM[Title/abstract] OR surface-based
morphometry[Title/abstract] OR  cortical thickness[Title/abstractf OR  cortical
thinning[Title/abstract] OR surface area[Title/abstract] OR cortical folding[Title/abstract]
OR brain structure[Title/abstract] OR neuroimaging[Title/abstract] OR
imaging[Title/abstract])) AND (personality[Title] OR neuroticism[Title] OR five
factor[Title] OR five-factor[Title] OR big five[Title]). For white matter studies:

(DTI[Title/abstract] OR diffusion[Title/abstract] OR white matter
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hyperintensities[Title/abstract]) AND (personality[Title] OR neuroticism[Title] OR five
factor[Title] OR five-factor[Title] OR big five[Title]). Studies were included if they (1)
involved participants aged 45 or older, excluding studies focused exclusively on populations
with specific conditions (e.g., depression, subjective cognitive decline); (2) published in
peer-reviewed journals and written in English; and (3) reported neuroticism assessment

methods and neuroimaging protocols.
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24 RESULTS

Neuroticism and incident dementia
Prospective evidence

This systematic search identified 13 prospective cohort studies examining the
association between neuroticism and incident dementia. Twelve were included in the most
recent meta-analysis available as of December 2023, and one additional study was
published subsequently (Table 2.1).1® All studies were conducted in Western, community-
based populations, predominantly involving White participants. The studies were based in
seven cohorts from the US,""123 three from the UK 16124125 two from Sweden,?6127 and

one from Australia.'?®

Neuroticism was assessed using various validated instruments. The most commonly
used tool was the NEO Personality Inventory (NEO-FFI or NEO-PI-R), applied in six
studies. 121123 Other instruments included the Mini-Markers by Saucier,'”® the EPQ-
RS,116126.127 and the Midlife Development Inventory (MIDI).122124125 Dementia outcomes,
including all-cause dementia and specific subtypes such as AD and VaD, were identified
using neuropsychiatric examinations (used alone in six studies),!’121123 cognitive cut-off

scores,?212° clinical diagnoses,''®124 or a combination of these methods.*?5127

Among the seven studies investigating all-cause dementia, five reported statistically
significant positive associations between higher neuroticism and increased dementia risk

(Table 2.2), with most adjusting for age, sex, ethnicity, and education. Three large cohort
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studies conducted in the US and UK, with baseline mean ages in the mid-60s to early 70s,
mean follow-up periods of approximately six years, incident dementia cases ranging from
231 to 433, reported similar HRs per 1-SD increase in neuroticism: HR 1.18 (95% CI 1.07
to 1.30),1%2 1.20 (1.05 to 1.36),'% and 1.32 (1.17 to 1.49).'?* Two additional studies with
longer follow-up periods also found significant associations: one followed 2,778 participants
for 11 years and identified 52 incident cases, reporting a stronger association (1.64, [1.14 to
2.35]);1% the other followed over 400,000 participants for nine years, with 1,798 incident
cases, and reported an HR of 1.22 (1.17 to 1.28).1® This study also examined dementia
subtypes and found that neuroticism was more strongly associated with VaD (1.24, [1.13 to

1.38]) than with AD (L.15, [1.06 to 1.24]).116

In contrast, a study involving a small sample of older adults (N=506; mean age=83)
found no association (0.98, [0.93 to 1.03]) after comprehensive adjustment for age, sex,
education, APOE &4 status, cognitive function, vascular disease, and depressive symptoms.?®
Another study of 800 women aged 38-54 at baseline, followed for up to 38 years, also
reported a non-significant association (1.02, [0.99 to 1.06]), even when adjusting for age

only.?” However, a modest but significant association was observed for AD (1.04, [1.00 to

1.08]) but not VVaD (0.95, [0.88 to 1.03]).
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Table 2.1: Characteristics of studies examining neuroticism and incident dementia

Authors, Year Country Race Ntot Age M (SD) Female % Neuroticism Outcome Outcome measure
(data measure
source)
Wilson, 2005 7 US  (Rush 50.2% White; 1,064 73.8 (9.6) 61.9 NEO-FFI AD Adjudicated based on NINCDS-ADRDA
Biracial) 49.8% African
American
Wilson, 2006 %8 US  (Rush 93.7% White 648 80.6 (6.9) 735 NEO-FFI AD Adjudicated based on NINCDS-ADRDA
MAP)
Wilson, 2007 118 US (Rush NR 904 73.5-80.0 68.0-71.00 NEO-FFI AD Adjudicated based on NINCDS-ADRDA
ROS) (6.5)*
Wang, 2009 126 Sweden NR 506 83.0(3.2)-83.9 69.6-76.4* EPI All-cause Adjudicated based on DSM-III-R; hospital records and
(KPS) (3.7)7 dementia death certificates
Duberstein, 2011 120 US (GEM) 91.8% White 767 78.6 (3.1) 41.9 NEO-FFI AD Adjudicated based on DSM-IV, NINCDS ADRDA,
NINDS AIREN
Terracciano, 2014 21 US (BLSA) 70.7% White 1,671 56.5 (16.0) 494 NEO-PI-R AD Adjudicated based on DSM-11I-R, NINCDS ADRDA
Johansson, 2014 %7 Sweden NR 800 38-54 100 EPI All-cause For all-cause dementia: neuropsychiatric examinations,
(PPSW) dementia, close informant interviews, medical records
AD, Vab (compatible with DSM-III-R); For AD and VaD:
NINCDS ADRDA, NINDS AIREN
Terracciano, 2017 1% US (HRS) 85% White 10,457  67.17 (9.23) 60 MIDI All-cause Adjudicated based on TICSm
dementia
Duchek, 2020 123 US (WashU) NR 436 65.9 (9.2) 57 NEO-FFI AD Adjudicated based on NINCDS-ADRDA, CDR>0.5
Singh-Manoux, 2020 UK 92.8% White 6,135 69.59 (5.78)- 30 MIDI All-cause Hospital inpatient data, mental health service data,
124 (Whitehall 11) 75.38 (4.97)2 dementia death records (ICD-10 codes F00-F03, F05.1, G30 and
G31)
Aschwanden, 2020 %5 UK (ELSA) 97.5% White 6,887 65.65 (8.31) 56.2 MIDI All-cause Adjudicated based on TICSm; self-report
dementia
Aschwanden, 2020 %5 Australia 98.7% White 2,778 60.90 (8.08) 54.7 Mini-Markers  All-cause Adjudicated based on SDMT and BDS
(HILDA) Saucier dementia
Terracciano, 2021° 116 UK (UK NR 401,422 56.41 (8.07) 53.7 EPQ-RS All-cause Hospital inpatient data and death records
Biobank) dementia,
AD, VaD

Rush Biracial, Rush Memory and Aging Biracial (White, African Americans); Rush MAP, Rush Memory and Aging Project; Rush ROS, Rush Religious Order Study; KPS, Kungsholmen Project
Stockholm; GEM, Ginkgo Evaluation of Memory Study; BLSA, Baltimore Longitudinal Study of Aging; PPSW, Prospective Population Study of Women; HRS, Health Retirement Study; HABC,
Health, Aging and Body Composition Study; WashU, Study conducted at Washington University in St. Louis; Whitehall Il, Whitehall Il Study; ELSA, English Longitudinal Study of Ageing; HILDA,
Household, Income and Labour Dynamics in Australia; UK Biobank, UK Biobank; NEO-FFI, NEO Five Factor Inventory; NEO-PI-R, Revised NEO Personality Inventory; MIDI, Midlife Development
Inventory; EPI, Eysenck's Personality Inventory; EPQ-RS, Eysenck Personality Questionnaire - Revised Short Form; ICD, International Classification of Diseases; CDR, Clinical Dementia Rating;

43



DSM, Diagnostic and Statistical Manual of Mental Disorders; NINCDS-ADRDA, National Institute of Neurological and Communicative Disorders and Stroke - Alzheimer’s Disease and Related
Disorders Association; NINDS-AIREN, National Institute of Neurological Disorders and Stroke and the Association Internationale pour la Recherche et I’Enseignement en Neurosciences; TICSm —
Telephone Interview for Cognitive Status - modified; SDMT, Symbol Digit Modalities Test; BDS, Backward Digit Span; NR, not reported; AD, Alzheimer's disease; VaD, vascular dementia; Niot, total
sample size; M, mean; SD, standard deviation

@ Age was not provided for the total sample (participants were categorized into groups in descriptive statistics).
b This investigation was not included in the meta-analysis but resulted from the literature search for subsequent investigations.
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Table 2.2: Associations between neuroticism and incident dementia in included studies

Authors, Year Nail- Nab Nvap Follow-up  Covariates (main model) Effect sizes (main model)

M
cause

Wilson, 2005 7 NR 170 NR NR Age, sex, race, education, APOE &4 status, follow-up time Per 1-point increase: OR=1.060; 95% CI 1.012-1.109
(max=6)

Wilson, 2006 118 58 55 NR 2.7 Age, sex, education Per 1-point increase: RR=1.056; 95% CI 1.019-1.095

Wilson, 2007 1 NR 176 NR NR Age, sex, education Per 1-point increase: HR=1.033; 95% CI 1.005-1.063
(max=12)

Wang, 2009 1% 144 NR NR NR Age, sex, education, APOE ¢4 status, cognitive functioning (MMSE score  Per 1-point increase: HR=0.98; 95% CI 0.93-1.03
(max=6) >27 vs <26), vascular diseases (heart disease, stroke, and diabetes),

depressive symptoms or diagnosis

Duberstein, 2011 NR 116 NR 6 Age, gender, education, race Per 1-SD increase: HR=1.39, 95% CI 1.16-1.67

120

Terracciano, NR 90 NR 12 Age, sex, ethnicity, education Per 1-SD increase: HR=1.37, 95% CI 1.09-1.73

2014

Johansson, 2014 153 104 35 NR Age Per 1-SD increase: HR=1.02, 95% CI 0.99-1.06 (all-

127 (max=38) cause); HR=1.04, 95% CI 1.00-1.08 (AD); HR=0.95, 95%

Cl1 0.88-1.03 (VaD)

Terracciano, 433 NR NR 6.29 Age, sex, race, ethnicity, education Per 1-SD increase: HR=1.18, 95% CI 1.07-1.30

2017 2

Duchek, 2020 123 NR 47 NR 6.95 Age Per 1-SD increase: OR=1.25, 95% CI 0.89-1.74 (self-

report); OR=1.05, 95% CI 0.70-1.56 (informant report)

Singh-Manoux, 231 NR NR 6.18 Age, sex, ethnicity, marital status, education Per 1-SD increase: HR=1.32, 95% CIl 1.17-1.49

2020 >

Aschwanden, 252 NR NR 568 Age, gender, ethnicity, education Per 1-SD increase: HR=1.20, 95% CI 1.05-1.36

2020

Aschwanden, 52 NR NR 10.96 Age, gender, ethnicity, education Per 1-SD increase: HR=1.64, 95% Cl 1.14-2.35

2020

Terracciano, 1,798 675 376 8.88 Age, sex Per 1-SD increase: HR=1.22, 95% CI 1.17-1.28 (all-

20212 116 cause); HR=1.15, 95% CI 1.06-1.24 (AD); HR=1.24, 95%

Cl 1.13-1.38 (VaD)

Naii-cause, NUMber of all-cause dementia cases; Nap, number of incident AD cases; Nvap, number of incident VVaD cases; M, mean; AD, Alzheimer's disease; VaD, vascular dementia; APOE, apolipoprotein
E; MMSE, Mini-Mental State Examination; NR, not reported; SD, standard deviation; OR, odds ratio; HR, hazard ratio; Cl, confidence interval
8 This investigation was not included in the meta-analysis but resulted from the literature search for subsequent investigations.
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Effect modification and mediation

Certain studies examined whether the association between neuroticism and dementia
risk varied by age,'?2!% sex, 121122125 or education.?212° None of these found significant
interactions. Interaction with APOE &4 status,'?! and household income was each examined
in a single study,'!® but neither showed statistically significant modification of the

association.

No study conducted formal mediation analysis. However, several used multivariable
models to assess whether the observed associations persisted after adjusting for various
covariates, without specifying whether these factors were confounders or mediators.
Depression was the most commonly adjusted psychological factor. In most studies,
depressive symptoms were assessed using questionnaires or structured interviews, and
adjusting for them generally left the association between neuroticism and dementia
unchanged*’8 or only slightly attenuated,'?® with the association remaining significant.
However, in one study that incorporated a broader definition of depression—combining
symptom scores, clinical diagnoses, and antidepressant use—the previously significant
associations were attenuated to null.}?* Apart from depression, another study reported that
adjusting for self-reported distress related to daily life (e.g., work, health, or family issues)
experienced during the previous five years attenuated the significant association with AD to

null 27

Certain studies also explored whether physical health explained the observed

association between neuroticism and dementia. These analyses typically adjusted for
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prevalent chronic conditions such as diabetes,!16120:122124 heart disease,16120.124127 gng
hypertension, 116.120122.124127 1n - stydies that assessed chronic conditions using field
measurements (e.g., blood pressure for hypertension)!?’ or self-reported diagnoses,!16-120:122
adjusting for health conditions did not substantially change the results. In contrast, the study
that used medical records to ascertain diagnoses reported attenuation of the association after

adjustment for physical health.?*

Neuroticism and cognitive function

This systematic search identified 31 studies examining the association between
neuroticism and cognitive function in mid- to later life (Table 2.3). Nearly all were conducted
in North America or Europe, with predominantly White samples. A few US studies included
partial representation of African American participants,'?81° while only three studies were
conducted in predominantly non-White populations, based in Japan'®:!32 and Malaysia.'*®
Thirteen studies had fewer than 1,000 participants, and 15 included between 1,000 and 8,000.
Only three studies exceeded 10,000 participants,14134135 the largest being an individual-level

meta-analysis of nine international cohorts (N=120,640).1%

Thirteen studies assessed global cognitive function or used composite scores derived
from multiple cognitive domains (Table 2.4).128-133136-142 Njine of these focused solely on
global cognition or summary indices without evaluating domain-specific
outcomes, 130131.133.136-141 Nearly all reported significant cross-sectional associations between
higher neuroticism and poorer global or composite cognitive performance. Longitudinal

analyses also consistently found that higher baseline neuroticism predicted lower global
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cognitive performance measured up to 10-20 years later.12°131137 However, associations with
the rate of cognitive decline were observed only among participants with older baseline ages

(mean age >72 years),'3%14! and were generally null in younger cohorts, 36139

Episodic memory is the most frequently assessed cognitive domain in studies of
neuroticism and cognition, commonly measured using immediate or delayed word recall
tasks. Seven studies focused exclusively on this domain, 114134143145 narticularly those based
on large, harmonized data from multi-country cohorts.*413* These studies consistently found
that higher neuroticism was associated with poorer memory performance!'#13 and greater

decline over time.13*

Nine studies assessed at least three cognitive domains,?8146-152 most commonly
memory and executive function, with some also evaluating reasoning,'*’ visuospatial
skills, 149150152 and verbal fluency.146:147.150.152153 | arge cohort studies (N=7,685;%®
N=2,865°) consistently found negative cross-sectional associations between neuroticism
and baseline performance across global cognition, memory, and executive function, with
similar effect sizes across domains. In contrast, smaller studies (N<600) showed less
consistent findings: some reported associations only with global cognition,22132142 \while
others found domain-specific associations that varied across studies. For example, some
reported a negative association between neuroticism and executive function at baseline!>

and over time,'®2 while others found no significant associations.#
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Table 2.3: Characteristics of studies examining neuroticism and cognitive function

Authors, Country (data source) Design Race Ntot Age M Female %
Year (SD)
Olaru, 2023'%  Sweden (SNAC-K) Longitudinal NR 506 83.0(3.2- 69.6-76.4°
83.9 (3.7)2
Stephan, 2023 UK (ELSA) Longitudinal ~ 98% White 3,584 67.63 53
143 (6.89)
Stephan, US (HRS) Longitudinal 6% Hispanic, 4,109 70.51 58
202343 10% African (6.32)
American
Desai, 20238 US (CHAP) Longitudinal ~ 36% White; 7,685 72.2 (6.2) 62
64% African
American
Bethell, Canada (CLSA) Cross- NR 27,765  65.44 49
20231% sectional (10.08)—
65.78
(10.08)2
Iwasa, 202213 Japan (Tokyo community)  Cross- NR 373 619 (12.1) 552
sectional
Terracciano, Italy (SardiNIA) Longitudinal NR 1,668 61.48 56.4
2022137 (8.00)
Beaudreau, US (WLS) Longitudinal NR 6,133 53.2 (0.6) 54.2
2022146
Sutin, 2022134 US, UK, Europe (HRS, Longitudinal ~ 72.47%— 120,640 56.01 51.78-
MIDUS, WLSG, WLSS, 100%" (12.33)- 59.07
NHATS, NSHAP, ELSA, 79.22
SHARE, CFAS) (7.36)
Montoliu, Spain (University of Longitudinal NR 87 65.08 494
2021138 Valencia) (4.54)
Stephan, UsS (MIDUS) Longitudinal ~ 95% White 2,411 45.78 55
2021144 (11.11)
Stephan, Us (WLS) Longitudinal ~ 100% White 5,446 53.18 54
2021144 (0.60)—
52.44
(6.90)
Simon, US (RANN, CR) Cross- NR 422 54,0 (16.7) 54.6
2020 sectional
Simon, US (NKI-RSI) Cross- NR 549 495(18.8) 679
202017 sectional
Wettstein, Germany (ILSE) Longitudinal NR 500 62.87 48
2019148 (0.89)
Sutin, 2019*°  US (HRS) Cross- 82% White; 2,865 76.49 60
sectional 14% African (7.36)
American
Crook, UK (LBC1936) Longitudinal NR 1,028 69.5 (0.8) 49.8
2018'%°
Foong, Malaysia (LRGS TUA) Cross- NR 2,322 69.1(6.23) 52
201813 sectional
Chapman, US (R/OCAS) Cross- NR 179 82.09 53
2017 150 sectional (4.37)
Wettstein, Germany (ILSE) Longitudinal NR 1,002 442 48.1
2017151 (0.91)-62.9
(0.89)
Klaming, Netherlands (LASA) Longitudinal NR 1,966 76.18 53.8
2017145 (6.83)
Luchetti, 2016  Europe & Israel (SHARE)  Cross- NR 71566  67.9(9.5) 57
114 sectional
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Caselli, US (Maricopa County) Longitudinal ~ 81% White 510 57.6 (10.6) 70

2016152

Nishita, Japan (NILS-LSA) Longitudinal  NR 594 68.23 48.82

20163 (5.63)

Hock, 2014'%  US (ECA) Longitudinal ~ 60.4% White 561 45.2 64.9
(10.78)

Dar-Nimrod, Us (GEM) Cross- 91.8% White 597 78.6 (3.1) 41.9

2012140 sectional

Chapman, US (GEM) Longitudinal  NR 602 75 (6.6) 62

201214

Hagger- UK (HALYS) Longitudinal NR 4,260 44.19 55.4

Johnson, (15.36)

201215

Boyle, 2011%#2  US (primary care patients)  Cross- NR 488 75.0 (6.5) 62.3

sectional

Sutin, 2011 Italy (SardiNIA) Longitudinal NR 4,790 42.59 58
(16.32)

Wilson, US (CHAP) Longitudinal ~ 62% Black 4,983 73.9 (6.5) 62

200513

Niot, total sample size; M, mean; SD, standard deviation; NR, not reported; CLSA, Canadian Longitudinal Study on Aging;
TIPI, Ten Item Personality Inventory; CHAP, Chicago Health and Aging Project; SNAC-K, Swedish National Study on
Aging and Care in Kungsholmen; R/OCAS, Rochester/Orange County Aging Study; SHARE, Survey of Health, Ageing
and Retirement in Europe; HRS, Health and Retirement Study; ELSA, English Longitudinal Study of Ageing; WLS,
Wisconsin Longitudinal Study; WLSG/WLSS, Wisconsin Longitudinal Study Graduate/ Sibling samples; MIDUS, Midlife
in the United States Study; NHATS, National Health and Aging Trends Study; NSHAP, National Social Life, Health, and
Aging Project; CFAS, Cognitive Function and Ageing Studies in Wales; RANN, Reference Ability Neural Network; CR,
Cognitive Reserve; NKI-RSI, Nathan Kline Institute-Rockland Sample Initiative; ILSE, Interdisciplinary Longitudinal
Study of Adult Development; LRGS TUA, the longitudinal study on the neuroprotective model for healthy longevity;
LBC1936, Lothian Birth Cohort 1936; LASA, Longitudinal Aging Study Amsterdam; NILS-LSA, National Institute for
Longevity Sciences - Longitudinal Study of Aging; ECA, Epidemiologic Catchment Area study; GEM, Ginkgo Evaluation
of Memory; HALS, Health and Lifestyle Survey

@ Age was not provided for the total sample (participants were categorized into groups in descriptive statistics).
b Individual participant data meta-analyses.
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Table 2.4: Associations between neuroticism and cognitive function in included studies

Authors, Year

Neuroticism measure

Outcome (measure)

Covariates (main model)

Main findings 2

Olaru, 2023136

EPI

Composite score based on: Episodic memory (word
recall and word recognition); Perceptual speed (digit
cancellation and pattern comparison); Semantic
memory (30 item vocabulary test); Verbal fluency
(letter fluency, category fluency)

Age, gender, education, and number of
chronic diseases

In young—old (60-72 years old)
group: Neg. Baseline cognition;
Nsig. Cognitive decline; In
old—old (78 years or older) group:
Neg. Baseline and decline of
cognition

Stephan, 20234 MIDI Episodic memory (word recall) Age, gender, education, race Neg. Episodic memory
Stephan, 202343 MIDI Episodic memory (word recall) Age, gender, education, race Neg. Episodic memory
Desai, 2023128 NEO-FFI Memory (EBMT); Executive function (Symbol Digit); ~ Age, race, sex, education, medical Neg. Baseline memory (—0.042),
Global cognition (MMSE) conditions, depressive symptoms executive function (—0.033), global
cognition (—0.036); Nsig. Rate of
change of memory, executive
function, global cognition
Bethell, 2023135 TIPI Memory (RAVL); Executive function (AFT, MAT, None For female, Neg. RAVL2
COWAT, Stroop Test) (-0.043), AFT (-0.131), MAT
(-0.181), COWAT (-0.170); Nsig.
RAVL1, Stroop; for male, Neg.
RAVL (-0.067, —0.054), MAT
(—0.307); Nsig. AFT, Stroop,
COWAT
Iwasa, 2022132 TIPI-J Global cognition (SIML); Memory (PRMQ) Age, gender, educational attainment, paid ~ Nsig. Memory; Neg. Global
work, social network, chronic disease, cognition
self-rated sleep quality, and the five
personality traits
Terracciano, NEO-PI-R Global cognition (MMSE) Age, sex, and personality assessment Nsig. Time, registration, spatial;
2022137 method Neg. Place (—0.09), recall (-0.06),
attention (—0.09), language
(=0.05), total (—0.12)
Beaudreau, BFI (54-item) Executive functioning (abstract reasoning, working Sex, education, and health status Nsig. Baseline or rate of change in
2022146 memory); Verbal fluency; Semantic memory any domain

Sutin, 2022134

MIDI (HRS, ELSA, MIDUS
[26-item]; NSHAP [21-item];
NHATS [10-item]), BFI (WLS
[29-item], SHARE [10-item]),
TIPI (CFAS)

Episodic memory (word recall)

Age, sex, race, and education

Neg. Average and decline of
episodic memory
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Montoliu, 20213  NEO-FFI Composite score based on: RAVL; Digit Span Age, gender, educational level, Neg. Baseline and change of
Forward; Digit Span Backward; Letter-Number medication/disease cognition
Sequencing

Stephan, 2021144 MIDI Memory (word recall) Age, sex, education, and race Neg. Memory

Stephan, 2021144 BFI (29-item) Memory (word recall) Age, sex, and education Neg. Memory

Simon, 2020147 IPIP Reasoning (WAIS); Language (WAIS, WTAR, Age, gender Nsig. Reasoning, language,
AMNART); Memory (SRT); Executive function memory, executive function
(WAIS, Stroop Test, TMT-A)

Simon, 202047 NEO-FFI Reasoning (WASI, TMT); Language (WASI, WIAT); Age, gender Neg. Reasoning; Nsig. Language,
Memory (RAVL, list B and delayed recall); Executive memory, executive function
function (Stroop Test)

Wettstein, 20198 NEO-FFI Crystallized abilities (WAIS); Fluid abilities (picture Age, education Neg. Baseline crystallized abilities
completion, block design, spatial ability); Executive (-0.015), fluid abilities (-0.017);
function (Number-Connecting Test, Symbol Digit) Nsig. Baseline executive function;

Rate of change in any domain

Sutin, 201914 MIDI Memory (CERAD; Brave Man; Logical Memory); Age, sex, race, ethnicity, and education Neg. Memory (-0.1), executive
Executive function (Letter Cancellation, Backward function (-0.1), visuospatial ability
Count, Symbol Digit, TMT-A, TMT-B); Visuospatial (=0.1), verbal fluency (-0.06),
(Constructional Praxis; Raven Matrice); Verbal numeric reasoning (—0.07)
fluency; Numeric reasoning (Number series)

Crook, 2018%%° IPIP Composite score based on WAIS Age, sex, a count of medical conditions Neg. Baseline cognition; Nsig.

Coghnitive decline

Foong, 201833 EPQ-RS Global cognition (MMSE) Age, sex, marital status, educational Neg. Global cognition
achievement and household income

Chapman, 2017 NEO-FFI Executive function (TMT-A, TMT-B, Digit Span); Age, gender, education Neg. Executive function,

150 Language (BNT, category fluency); Memory (RAVL); visuospatial ability, verbal fluency;
Visuospatial (HVOT) Nsig. Memory

Wettstein, 201715t  NEO-FFI Crystallized abilities (WAIS); Fluid abilities (picture Age, education, self-rated and physician-  Nsig. Change in any domain
completion, block design, spatial ability); Executive rated health
function (Number-Connecting Test, Symbol Digit)

Klaming, 201714  DPQ Episodic memory (RAVL) Age, sex, income, number of chronic Neg. Baseline delayed recall
diseases, functional limitations, (—0.024), retention (—0.216); Nsig.
depressive symptoms, verbal intelligence ~ Baseline immediate recall

(—0.011), rate of change in any
domain

Luchetti, 2016 ' BFI (10-item) Memory (immediately word recall) Age, age squared, sex, and education Neg. Memory

Caselli, 20165 NEO-PI-R Memory (RAVL, FCSRT, CFT, VRT); Executive Age (baseline and follow-up) Neg. Decline of memory (—0.8%

function (PASAT, WCST, WAIS, Symbol Digit, Digit
Span); Language (BNT, COWAT, Token Test, WAIS);
Visuospatial (JLO, Facial Recognition Test, CFT,
WAIS); General (DRS)

to 1.7% per year), executive
function decline (-0.6% to 1.3%
per year); Nsig. Decline of
language, visuospatial, general

52



Nishita, 2016131 NEO-FFI Global cognition (MMSE) Age, sex, follow-up years, and MMSE Neg. Global cognition
score at baseline
Hock, 201412° NEO-PI-R Global cognition (MMSE); Memory (Word Recall Age, sex, education, race, baseline Neg. Change in global cognition;
Tasks) cognitive test score, heart problems, Nsig. Change in memory
hypertension, diabetes, stroke, number of
depressive symptoms, and psychotropic
medication use in the past week
Dar-Nimrod, NEO-FFI Global cognition (ADAS-Cog) Age, gender, race, education, self-rated Overall: Nsig. Global cognition;
2012140 health, and self-reported major diseases in ~ APOE &4 carrier: Neg. Global
the last five years, depressive symptoms,  cognition; APOE €4 non—carrier:
BMI, waist circumference, smoking Nsig. Global cognition
status, alcohol consumption, and
treatment group membership
Chapman, 2012*4  NEO-FFI Global cognition (MMSE) Age, gender, race, education, self-rated Neg. Average and decline of
health, and self-reported major diseases in  global cognition
the last five years, depressive symptom,
BMI, waist circumference, smoking
status, and APOE &4 status
Hagger-Johnson, EPI Executive function (reaction time) Age, sex For female, Neg. Baseline and
2012154 decline of executive function; for
male, Nsig. Baseline and decline of
executive function
Boyle, 201142 NEO-FFI Global cognition (MMSE); Executive function (DRS, Age, gender, years of education, medical Neg. Global cognition; Nsig.
TMT-A, TMT-B) illness burden Executive function
Sutin, 2011153 NEO-PI-R Verbal fluency (category fluency) Sex, age, age squared, education, and test ~ Neg. Verbal fluency
administration
Wilson, 200530 NEO-FFI Composite score based on: Memory (EBMT); Age, sex, race, and education Neg. Baseline and decline of

Executive function (Symbol Digit); Global cognition
(MMSE)

cognition

NEO-FFI, NEO Five Factor Inventory; NEO-PI-R, Revised NEO Personality Inventory; MIDI, Midlife Development Inventory; BFI, Big Five Inventory; TIPI-J, Ten-ltem Personality Inventory; IPIP,
International Personality Item Pool; EPQ-RS, Eysenck Personality Questionnaire - Revised Short Form; DPQ, Dutch Personality Questionnaire; EPI, Eysenck Personality Inventory; RAVL, Rey
Auditory Verbal Learning; AFT, Animal Fluency Test; MAT, Mental Alternation Test; HVOT, Hooper Visual Organization Test; COWAT, Controlled Oral Word Association Test; EBMT, East Boston
Memory Test; MMSE, Mini-Mental State Examination; SIML, Short Inventory of Minor Lapses; PRMQ, Prospective and Retrospective Memory Questionnaire; CERAD, Consortium to Establish a
Registry for Alzheimer's Disease; TMT, Trail-making tests; WAIS, Wechsler Adult Intelligence Scale; FCSRT, Free and Cued Selective Reminding Test; CFT, Rey-Osterrieth Complex Figure Test;
VRT, Benton Visual Retention Test; PASAT, Paced Auditory Serial Addition Test; WCST, Wisconsin Card Sorting Test; BNT, Boston Naming Test; JLO, Judgment of Line Orientation; DRS, Mattis
Dementia Rating Scale; ADAS-Cog, The Alzheimer's Disease Assessment Scale-Cognitive Subscale; WTAR, Wechsler Test of Adult Reading; AMNART, American National Adult Reading Test;
SRT, Selective Reminding Test; WIAT, Wechsler Individual Achievement Test; BMI, body mass index; Nsig, no significant association; Neg, negative association

2 For studies reporting significant associations across multiple cognitive domains with standardised outcome scores, values in brackets represent beta coefficients from regression models.
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Neuroticism and structural brain outcomes

Since the last major literature review in 2022, no new studies have examined the
association between neuroticism and cortical or subcortical brain structures in mid- to later-
life populations. Grey matter volume remains the most frequently assessed outcome, reported
in 12 studies with sample sizes ranging from 29 to 578 (Table 2.5),1°%1% seven of these
included fewer than 100 participants,>7159-161.163-166 gt dies were conducted in diverse
populations across the UK®>1® (g 161164166 Ching 1  Japan,®1%2  Norway,!®°

Netherlands,'® and Australia.*®®

Five studies used whole-brain analysis, typically adjusting for age, sex, intracranial
volume, and other personality traits. Three studies involving younger populations (mean age
40,1 51,57 and 73 years'®) reported no significant associations between neuroticism and
brain volume in any region (Table 2.6). In contrast, two studies including older adults (up to
age 90) reported significant findings: both identified negative associations between
neuroticism and right middle frontal gyrus volume,*®%! one of these studies also found a
negative association with orbitofrontal cortex volume,'®* which was later replicated in a
region-of-interest (ROI) study.'®* However, findings across other brain regions were
inconsistent. Significant associations reported in individual studies included negative
associations with volumes in the right cerebellum, left superior occipital gyrus, inferior
temporal gyrus, temporal poles, bilateral superior frontal gyrus,'*® as well as right Rolandic

opperculum, middle temporal gyrus, and parahippocampal gyrus.t6!
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Few studies have investigated cortical surface area or thickness, and only one had a
sample size exceeding 500 participants.™® Four whole-brain studies were identified: two
reported no significant associations,’>%® one found negative associations between
neuroticism and surface area in the middle frontal gyrus, anterior cingulate cortex, and
superior temporal gyrus,’®® and another reported reduced thickness in the inferior and
superior frontal gyri and increased thickness in the anterior temporal cortex.®> One ROI-
based cortical thickness study found no significant associations across major lobes or in the

orbitofrontal cortex.®’

Regarding white matter macrostructure, two studies with relatively small sample
sizes (N=617%8; N=397%%) reported no significant associations, whereas a much larger study
(N=40,602)1"° found that higher neuroticism was positively associated with greater WMH

volume, even after adjusting for a wide range of lifestyle and vascular risk factors.

White matter microstructure has been examined in only four studies, with sample
sizes ranging from 51 to 668. One study including participants up to age 85 reported that
higher neuroticism was associated with widespread reductions in FA across major white
matter tracts, including long association fibers linking cortical lobes, fiber tracts connecting
thalamic nuclei with the frontal lobes, and the corpus callosum, accompanied by increased
diffusivity in overlapping regions.*®® Another study (mean age 29.6; range 18-54) found
similar patterns, showing increased diffusivity in the corpus callosum, long association fibers

(e.g., uncinate, fronto-occipital, and longitudinal fasciculus), thalamic radiations, and
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cingulum.' A third study, focusing on a narrower age range around 73 years, also identified

decreased FA in the uncinate fasciculus and cingulum.t’
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Table 2.5: Characteristics of studies examining neuroticism and structural brain

outcomes
Authors, Year Country (data source) Ntot (Female/Male) Age M (SD, range)
Grey matter volume
Lewis, 2018 155 UK (LBC1936) 578 (268/310) 72.73 (0.72, NR)
Li, 2017 156 China (community) 108 (64/44) 40.28 (11.43, 19-60)
Kitamura, 2016 17 Japan (community) 41 (17/24) 50.1 (17.8, 22-77)
Tuerk, 2016 158 Australia (SMAS) 281 (150/131) 77.8 (4.5, 70-90)
Krishnadas, 2014 15° UK (PSoBiD) 37 (0/37) 50.79 (8.19, NS)
Bjgrnebekk, 2013 160 Norway (CPLS) 265 (150/115) 49.8 (17.4, 20-85)
Kapogiannis, 2013 6! US (BLSA) 87 (42/45) 72.0 (7.70, 59-85)
Taki, 2013 162 Japan (ABIP) 274 (161/113) 51.2 (11.80, 21-80)
Cremers, 2011 163 Netherlands (NESDA) 65 (42/23) 40.5 (9.7, 21-56)
Jackson, 2011 164 US (WashU) 79 (59/20) 66 (12.5, 44-88)
Wright, 2007 165 US (community) 29 (17/12) 70.3 (6.6, 61-84)
Knutson, 2001 166 US (community) 86 (48/38) 30.52 (7.23, 19-45)
Cortical surface area
Lewis, 2018 155 UK (LBC1936) 578 (268/310) 72.73 (0.72, NR)
Li, 2017156 China (community) 108 (64/44) 40.28 (11.43, 19-60)
Bjgrnebekk, 2013160 Norway (CPLS) 265 (150/115) 49.8 (17.4, 20-85)
Cortical thickness
Sweeney, 2019167 US (RANN, CR) 450 (247/203) 53 (17, 19-80)
Lewis, 2018 155 UK (LBC1936) 578 (268/310) 72.73 (0.72, NR)
Li, 201715 China (community) 108 (64/44) 40.28 (11.43, 19-60)
Bjgrnebekk, 2013160 Norway (CPLS) 265 (150/115) 49.8 (17.4, 20-85)
Wright, 2007165 US (community) 29 (17/12) 70.3 (6.6, 61-84)
White matter hyperintensities
Booth, 2014168 UK (LBC1936) 617 (NR) 72.7 (0.7, NR)
Byun, 20201%° Korea (KBASE) 397 (221/176) 70.5 (7.9, NR)
Terracciano, 20237 UK (UK Biobank) 40,602 (21,465/19,137) 63.97 (7.66, 45-82)
White matter microstructure
Rodriguez, 20197 Switzerland (community) 163 (99/64) 72.3 (5.4, NR)
Bjornebekk, 2013160 Norway (CPLS) 265 (150/115) 49.8 (17.4, 20-85)
Xu, 201217 US (community) 51 (21/30) 29.6 (10.0, 18-54)
Mclntosh, 2012172 UK (LBC1936) 668 (356/312) 72.7 (0.7, NR)

Niot, total sample size; M, mean; SD, standard deviation; NR, not reported; LBC1936, Lothian Birth Cohort 1936; SMAS,
Sydney Memory and Ageing Study; PSoBiD, Psychological, social and biological determinants of ill health; CPLS,
Cognition and Plasticity through the Life-Span; BLSA, Baltimore Longitudinal Study of Aging; ABIP, Aoba Brain Imaging
Project; NESDA, Netherlands Study of Depression and Anxiety; WashU, Washington University Alzheimer’s Disease
Research Center; RANN, Reference Ability Neural Network; CR, Cognitive Reserve; UK Biobank, UK Biobank; KBASE,
Korean Brain Aging Study for the Early Diagnosis & Prediction of Alzheimer's disease
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Table 2.6: Associations between neuroticism and structural brain outcomes in included studies

Authors, Year Neuroticism Outcome (Atlas) Covariates Threshold Main findings
measure (Correction)
Grey matter volume
Lewis, 2018 155 IPIP VBM Age, sex, ICV, other four personality traits,  0.05 (vertex, FDR) Nsig
intelligence
Li, 2017 156 NEO-FFI SBM Age, sex, ICV 0.05 (voxel, FDR) Nsig
Kitamura, 2016 NEO-FFI CAD, I PSC,ICRB, I STG,rPCC, Age 0.05 (Bonf) Nsig
157 PCN, r PHC (ROI from voxel-wise
age-related results)
Tuerk, 2016 158 NEO-FFI VBM Age, gender, ICV, scanner, cardiovascular ~ 0.05 (cluster, FWE) Neg. I/r medSFG, | SOG/ITG/TP, r CRB,
risk r MFG
Krishnadas, 2014  EPQ-RS ACC, AINS (Freesurfer Destrieux)  Age, ICV 0.05 (Bonf) Nsig
159
Bjornebekk, 2013 NEO-PI-R Subcortical structure (AMY, NAc, Age, sex, TBV, other four personality traits  0.01 (Bonf) Nsig
160 CAD, PUT) (FreeSurfer Subcortical
Segmentation)
Kapogiannis, NEO-PI-R VBM Age, sex, ICV, education, other four 0.05 (cluster, FWE) Pos. r LNG, r FSF, r MOG, r PRC, r CAL
2013 161 personality traits Neg. r infOFC, r RLO, r MFG, r PHC, r
MTG
Taki, 2013 162 NEO-PI-R VBM Age, gender, ICV, other four personality 0.05 (voxel, FWE) Nsig
traits
Cremers, 2011 63 NEO-FFI TGMV Age, alternative trait (E), scan centers 0.05 (voxel, FWE) Nsig
Jackson, 2011 14 NEO-FFI Cerebral GW, SFG, VLPFV, Age, education 0.05 Neg. Cerebral GM, VLPFC/DLPFC, OFC
DLPFC, OFC, PHC, HCP, AMY
(Freesurfer)
Wright, 2007 165 NEO-FFI AMY (manually traced) Age, sex, mean GMV 0.05 Nsig
Knutson, 2001 166 NEO-PI-R GM ratio 2 Age, sex 0.05 Nsig
Cortical surface area
Lewis, 2018 15° IPIP SBM Age, sex, ICV, other four personality traits,  0.05 (vertex, FDR) Nsig
intelligence
Li, 2017156 NEO-FFI SBM Age, sex, ICV 0.05 (voxel, FDR) Nsig
Bjarnebekk, NEO-PI-R SBM Age, sex, other four personality traits 0.05 (cluster, MCS) Neg. I/r STG, r cauMFG/rosMFG, r ACC
2013160

Cortical thickness

Sweeney, 201967  |PIP

Total CT, frontal, temporal,
parietal, ACC, OFC (Freesurfer
Desikan)

Age, sex, ICV, age * neuroticism, sex *
neuroticism, age * sex * neuroticism,
education

0.05

Nsig
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Lewis, 2018 1% IPIP SBM Age, sex, ICV, other four personality traits,  0.05 (vertex, FDR) Nsig
intelligence
Li, 2017156 NEO-FFI SBM Age, sex, ICV 0.05 (voxel, FDR) Nsig
Bjgrnebekk, NEO-PI-R SBM Age, sex, other four personality traits 0.05 (cluster, MCS) Nsig
2013160
Wright, 200765 NEO-FFI SBM Age, sex, mean GMV PFC: 0.001 Neg. r IFG, r SFG
Non-PFC: 0.0001 Pos.r ATC
White matter hyperintensities
Booth, 2014168 IPIP WMH (FLAIR) Age, sex, other four personality traits 0.05 Nsig
Byun, 202016° NEO-FFI WMH (FLAIR) Age, sex, education level, apolipoprotein E 0.05 (Bonf) Nsig
€4 status, vascular risk factor score,
depressive symptom, and clinical diagnosis
Terracciano, EPQ-RS WMH (FLAIR) Age and sex, education, Townsend 0.05 Neg. WMH
2023170 deprivation index, self-reported diabetes,
high blood pressure, heart attack, angina,
and stroke, BMI, smoking
White matter microstructure
Rodriguez, NEO-PI-R FA (TBSS) Age, gender 0.05 Nsig
201917
Bjarnebekk, NEO-PI-R FA, MD, Aax, and Arad (TBSS) Age, sex, other four personality traits 0.05 (cluster, FWE) Pos. MD, Arad (widespread); Neg. FA
2013160 (widespread)
Xu, 201217 NEO-PI-R FA, MD, Xax, and Arad (TBSS) Age, gender 0.05 (cluster, FWE) Pos. r forceps minor, CC body, CR, A
cingulum and IFOF (MD, Xax, and Arad); |
CR and SLF (MD, Aax, and Arad); | forceps
minor and A cingulum (MD, Aax, and Arad);
| SLF and CR (MD, Aax, and Arad); | IFOF
and uncinate (MD, Aax, and Arad); | CR, P
cingulum and CC body (MD, A);
Neg. | forceps minor and A cingulum
(FA)
Mclntosh, NEO-FFI FA (12 major WM tracts) Age, sex, and later antidepressant use, 0.05 (FDR) Neg. | CCG, I Unc
2012172 stroke history, and smoking

Ntwot, total sample size; M, mean; SD, standard deviation; NR, not reported; CLSA, Canadian Longitudinal Study on Aging; TIPI, Ten Item Personality Inventory; CHAP, Chicago Health and Aging
Project; SNAC-K, Swedish National Study on Aging and Care in Kungsholmen; SHARE, Survey of Health, Ageing and Retirement in Europe; HRS, Health and Retirement Study; ELSA, English
Longitudinal Study of Ageing; WLS, Wisconsin Longitudinal Study; MIDUS, Midlife in the United States Study; NHATS, National Health and Aging Trends Study; NSHAP, National Social Health
and Aging Project; CFAS, Cognitive Function and Ageing Studies in Wales; RANN, Reference Ability Neural Network; CR, Cognitive Reserve; NKI-RSI, Nathan Kline Institute-Rockland Sample
Initiative; ILSE, Interdisciplinary Longitudinal Study of Adult Development; LRGS TUA, The longitudinal study on neuroprotective model for healthy longevity; LBC1936, Lothian Birth Cohort 1936;
LASA, Longitudinal Aging Study Amsterdam; NILS-LSA, National Institute for Longevity Sciences - Longitudinal Study of Aging; ECA, Epidemiologic Catchment Area study; GEM, Ginkgo
Evaluation of Memory; HALS, Health and Lifestyle Survey; NEO-FFI, NEO Five Factor Inventory; NEO-PI-R, Revised NEO Personality Inventory; IPIP, International Personality Item Pool; EPQ-
RS, Eysenck Personality Questionnaire - Revised Short Form; VBM, voxel-based morphometry; SBM, surface-based morphometry; ROI, region-of-interest; CT, cortical thickness; GW, grey matter;
GMV, grey matter volume; TGMV, total grey matter volume; WMH, white matter hyperintensities; FA, fractional anisotropy; MD, mean diffusivity; Aax, axial diffusivity; Arg, radial diffusivity; TBSS,
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tract-based spatial statistics; WM, white matter; GM ratio, grey matter ratio; CC, corpus callosum; A cingulum, anterior cingulum; P cingulum, posterior cingulum; ACC, anterior cingulate cortex;
AINS, anterior insula; AMY, amygdala; ATC, anterior temporal cortex; CAL, calcarine gyrus; CAD, caudate; CR, corona radiata; CRB, cerebellum; CCG, cingulum cingulate gyrus; DLPFC, dorsolateral
prefrontal cortex; FSF, fusiform gyrus; HCP, hippocampus; IFG, inferior frontal gyrus; ICV, intracranial volume; infOFC, inferior orbitofrontal cortex; IFOF, inferior fronto-occipital fasciculus; ITG,
inferior temporal gyrus; LNG, lingual gyrus; MFG, middle frontal gyrus; MOG, middle occipital gyrus; MTG, middle temporal gyrus; NAc, nucleus accumbens; OFC, orbitofrontal cortex; PCN,
precuneus; PCC, posterior cingulate cortex; PFC, prefrontal cortex; PHC, parahippocampal gyrus; PRC, precentral gyrus; PSC, postcentral gyrus; PUT, putamen; RLO, rolandic operculum; rosMFG,
rostral middle frontal gyrus; SFG, superior frontal gyrus; SLF, superior longitudinal fasciculus; SOG, superior occipital gyrus; STG, superior temporal gyrus; TP, temporal pole; Unc, uncinate fasciculus;
VLPFC, ventrolateral prefrontal cortex; Nsig, no significant association; Neg, negative association; Pos, positive association

2 Tissue ratios were calculated as tissue volume/(ICV—tissue volume).
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2.5 DISCUSSION

Gaps in understanding the direction, timing, and underlying pathways

Studies examining neuroticism and incident all-cause dementia consistently report a
positive association in predominantly White, Western populations. However, the effect sizes
vary widely, with risk increases per one SD ranging from 3% to 64%. A major limitation is
sample size: most studies had small cohorts (N<10,000), limiting statistical power and
precision. Even the largest study (N=401,422) had an average baseline age under 60 and
follow-up periods shorter than 10 years, resulting in relatively few incident dementia cases
(1,798 cases, 0.4% of the total sample).*® Subtype-specific cases (AD and VaD) were even
fewer—often fewer than 100—yielding imprecise estimates and limiting robust comparisons

between subtypes.

Most studies had relatively short follow-up periods, with at least nine of the 13
included studies reporting mean durations under 10 years. This is a critical limitation because,
as outlined in Chapter 1, pathological changes such as A accumulation can precede clinical
diagnosis of dementia—used as the outcome in these studies—by more than a decade.”
Moreover, certain components of neuroticism may represent early symptoms of dementia.1%
A few studies attempted to address this by excluding dementia cases diagnosed within two, %
three,*?® or five years of follow-up,'® and the associations remained consistent. However,
these exclusion windows may still be too short to fully account for early cases, and none of
the studies conducted time-stratified analyses to test whether associations attenuated over

time, which might reflect reverse causation.
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Few studies are positioned to examine life-course variation in the neuroticism—
dementia association, which is crucial for identifying at-risk populations. Among the 12
cohorts included in the most recent meta-analysis,'% most had narrow baseline age ranges,
focusing primarily on later-life samples (mean age >75)'711° or midlife samples.!!® Both age
groups generally showed significant associations; however, midlife studies were often
underpowered due to short follow-up and few incident cases, while late-life studies may
capture early symptoms of dementia. None of these studies conducted age-stratified analyses,

likely due to limited power arising from their narrow baseline age ranges.

Effect modification remains understudied. Studies that tested interactions with age,
sex, or education have consistently found no significant results.'?%12212% |nteractions with
genetic risk factors APOE €4 have been examined only rarely. This is an important gap
because APOE &4 carriers already have elevated dementia risk, and if neuroticism confers
additional risk in this group, they could represent a particularly high-risk subgroup. One study
tested the interaction between neuroticism and APOE &4 but found no significant result;
however, the analysis was likely underpowered (N=1671, incident AD cases=90).12* Apart
from APOE, no studies have examined interactions with other genetic risk variants for AD,

further highlighting the need for well-powered investigations in this area.

The pathways underlying the association between neuroticism and dementia remain
poorly understood. As discussed in Chapter 1, neuroticism is generally stable in adulthood

and difficult to modify directly, making it crucial to identify modifiable factors that may
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mediate this association to inform targeted public health strategies. Evidence for chronic
conditions (e.g., depression, hypertension) as mediators is mixed. While one study using
hospital diagnoses, which are more likely to capture severe or persistent cases, reported
attenuation of the neuroticism—dementia association after adjustment,*?* most studies relied
on self-reported or field-based measures (e.g., blood pressure or depressive symptoms) and
typically did not show such attenuation,!16-118120.127 nassibly reflecting differences in disease
severity or misclassification. Moreover, no study applied formal mediation methods, such as

structural equation modeling or counterfactual-based approaches.!™

There is growing interest in examining molecular pathways, such as inflammation,
lipid metabolism, and amino acid profiles, which may precede chronic conditions and offer
earlier, more precise intervention targets. However, only two studies to date have adjusted
for multiple blood biomarkers simultaneously (Hemoglobin Alc, C-reactive protein, and
LDL) and observed no attenuation of the neuroticism—dementia association.''®1?2 No study
has examined these or other molecular mediators individually to assess their specific

contributions.

Toward robust evidence on how neuroticism relates to specific cognitive domains

Findings across studies consistently support a link between higher neuroticism and
poorer cognitive performance in mid- to later life, particularly for global cognition and
episodic memory. In most studies, global cognition was measured using the Mini-Mental
State Examination (MMSE), a widely used brief screening tool for dementia with good

diagnostic accuracy (area under the curve =0.92) and better performance than many
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single-domain tests;'" one study used the Alzheimer’s Disease Assessment Scale—Cognitive
Subscale (ADAS-Cog), a screening tool more specific to AD,® and found no overall
association but did observe a significant difference among APOE &4 carriers.'®® The
associations observed with MMSE and ADAS-Cog scores support that neuroticism may be

involved in dementia-related pathways.!’®

This is further supported by neuroticism’s consistent link to episodic memory deficits,
a core clinical feature of AD that emerges in the earliest stages.!’” Longitudinal studies show
that episodic memory decline is a strong predictor of dementia, emerging 10-15 years before
diagnosis and more pronounced than the decline observed on the MMSE.!"® Far fewer studies
have examined executive function, reasoning, visuospatial skills, or language, and
domain-specific associations remain unclear due to small sample sizes and limited test
batteries. 14810152 Clarifying these associations would help understand whether neuroticism
broadly influences cognition or targets specific domains, and would further support its
relevance to dementia, which typically involves impairments across multiple cognitive

domains.t’®

The need for well-powered brain-wide association studies

Studies linking neuroticism with neuroimaging outcomes in mid- to later-life adults
remain limited. Most brain-wide association studies to date have focused on grey matter
volume, but sample sizes have been small, ranging from 29 to 578, with over half including
fewer than 100 participants. This is problematic because brain-wide association studies

conducted in small samples often yield inflated and non-replicable findings, given the high
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variability and low signal-to-noise. Reliable results generally require sample sizes in the

thousands.*®°

Participant age range is another concern, as many studies included individuals from
early adulthood to later life without stratified analysis. Neuroticism is stable across
adulthood,®® therefore its potential impact on brain structure may accumulate with age.
Indeed, the few studies focused on older adults (mean age over 70)°81%! reported stronger

associations than those combining younger and older participants.

Most studies have focused on grey matter, with consistent evidence linking higher
neuroticism to reduced volume, surface area, and thickness in frontal regions critical for
higher-order cognition.1°%160.161.164.165 Thege findings support a potential role for neuroticism
in age-related cognitive vulnerability. However, a comprehensive understanding of brain
health also requires examination of white matter, which indexes cerebrovascular health!'®
and subtle changes in neural integrity and connectivity that are associated with cognition. 8!
A positive association between neuroticism and WMH has been reported in an ROI study, 1’
and three smaller, hypothesis-free studies (largest N=668) consistently found reduced FA
and increased diffusivity across overlapping tracts, though the specific tracts most strongly
implicated varied.1®%171172° These findings underscore the need for well-powered,

comprehensive investigations of both grey and white matter structures.
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Conclusion

This systematic search comprehensively summarised current evidence on the
association between neuroticism and incident dementia, demonstrating a consistent link
between higher neuroticism and increased dementia risk. However, most studies have short
follow-up periods and narrow baseline age ranges, resulting in fewer incident cases. As a
result, effect estimates may be underpowered, prone to reverse-causality bias, and provide
limited insight into life-course variation. Evidence for associations with cognitive function
and brain structure is more mixed and limited, primarily due to small sample sizes and a lack
of comprehensive assessment across multiple cognitive domains and neuroimaging

modalities.
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Chapter 3 Association of neuroticism with incident dementia and

cognitive function in the UK Biobank
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3.1 CHAPTER SUMMARY

The systematic search in Chapter 2 suggested that higher neuroticism might be
associated with an increased risk of dementia, but prior studies were limited by small case
numbers and short follow-up. This chapter investigated the association in the UK Biobank,
a cohort of ~500,000 adults aged 40-69 years with up to 16 years of follow-up. Neuroticism
was assessed using the Eysenck Personality Questionnaire-Revised Short Form, dementia
diagnoses from hospital and death records, and cognition through touchscreen tests.
Associations were estimated using Cox models for incident dementia, linear regression for
cognition, and bidirectional two-sample MR for neuroticism, AD, and WMH burden, a key

marker of VVaD.

Among 174,164 dementia-free participants aged >60 years, 5,974 developed
dementia (2,741 AD, 1,364 VaD) over a median 13.5 years. Higher neuroticism was
associated with increased dementia risk (HR 1.11, 95% CI [1.08 to 1.14]), with stronger
associations observed for VaD (1.15, [1.09 to 1.21]) than for AD (1.06, [1.02 to 1.10]).
Associations with all-cause dementia and VaD persisted beyond 10 years and did not differ
by genetic risk. Mental and vascular conditions partially mediated these associations.
Neuroticism was also linked to poorer cognitive performance and, in MR analyses, to greater

WMH burden, but not to AD.

This study demonstrates that higher neuroticism is associated with greater dementia

risk and poorer cognitive function, partly mediated by mental and vascular health.
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3.2 BACKGROUND

Most studies identified in the systematic search in Chapter 2 reported a significant
positive association between neuroticism and dementia risk, including the most recent meta-
analysis of 12 longitudinal studies (N=33,054; 1,806 dementia cases)!®® and the largest
individual study to date (N=401,422; 1,798 cases).*'® However, the majority of existing
studies had relatively short follow-up durations (mean <10 years in at least eight of 12 studies
in the meta-analysis; 8.9 years in the subsequent large-scale study), limiting the ability to
determine whether neuroticism only reflects an early symptom or a contributing factor for
dementia. Longer follow-up is needed to disentangle these possibilities, as reverse causality

is most likely to inflate effect estimates during shorter intervals.

Understanding effect modification by genetic risk may help identify subgroups in
which neuroticism confers particularly high dementia risk, thereby improving risk
stratification. Beyond APOE €4, polygenic risk scores (PRS), which aggregate multiple
AD-associated SNPs, provide a broader measure of genetic vulnerability.'® There is a need
to comprehensively assess whether neuroticism interacts with both APOE ¢4 and non-APOE

genetic risk.

As highlighted in earlier chapters, neuroticism itself is difficult to modify,'8 but it
has been linked to a range of modifiable health conditions, including depression,*®* anxiety
disorders,'® CVD,% and hypertension.’® MR studies suggest genetically predicted

neuroticism increases risk for these conditions but not vice versa.”%8°! Mental and vascular
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health conditions are well-established risk factors for dementia and are more directly
modifiable than neuroticism,?® but no study has formally tested whether they may partially

mediate the association.

Further insight can be gained by examining intermediate cognitive outcomes.
Neuroticism has been associated with poorer episodic memory,*413* an early hallmark of
dementia, as well as deficits in verbal fluency, visuospatial skills, and executive function,*°
but evidence is limited and inconsistent. Well-powered studies assessing neuroticism in
relation to multiple cognitive domains can help clarify whether its associations are global or

domain-specific.

This study first investigated the association between neuroticism and the risk of
incident dementia in a large population-based cohort followed-up for up to 16 years. Next, it
assessed whether and how much this association is mediated through modifiable health
conditions and then explored associations with cognitive outcomes across multiple domains.
Finally, this study triangulated these findings using a two-sample bidirectional MR approach,
which uses genetic variants as instruments for neuroticism that are fixed at conception and
less susceptible to confounding or reverse causation,?® to test the directionality of the

association.
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3.3 METHODS

Study population

This study used data from the UK Biobank, which is a population-based cohort that
recruited more than 500,000 individuals aged 40-69 years from England, Scotland, and
Wales between 2006 and 2010.8 Baseline assessments included touchscreen questionnaires,
verbal interviews, and physical measurements to collect sociodemographic, lifestyle, and
health-related data. Blood samples were collected for additional assays, including
genotyping. Follow-up data were obtained by cohort-wide linkage to electronic health
records. UK Biobank received ethical approval from the North West Multi-centre Research
Ethics Committee (Ref: 11/NW/0382). All participants provided informed consent via

electronic signature through the touchscreen.

This study excluded participants aged less than 60 years old at baseline (n=274,636)
to ensure that the analytic sample was restricted to those at high risk of developing late-onset
dementia (typically defined as onset after age 65 and accounting for 90%-95% of all
dementia cases®) during the 16 year follow-up period. This study further excluded
participants with self-reported prevalent cognitive impairment or dementia or hospital-
diagnosed dementia at baseline (n=232), missing neuroticism (n=48,317) or covariate

(n=7,992) data. The final sample size consisted of 174,164 participants (Figure 3.1).
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Figure 3.1: Flow diagram of analyses

502 409 Recruited at baseline (2006-2010)

274 809 Excluded
3 with missing data on age
232 with dementia at baseline
274 636 younger than 60 years

A

227 600 Eligible for analyses of dementia® 56 016 Attended for imaging study (2014 - present)

S ok dinddhimis e 16 557 Excluded due to prevalent dementia or
sy s < g [¢] missing exposure/covariate data

48 317 Neuroticism score ‘1‘? mlg ﬂzﬂmc'?sﬁf Isrc?grge:ng -

1221 Ethnicity 142 Ethnicity

4 888 Education < i 657 Education

189 Townsend deprivation index 55 Townsend deprivation index

1 538 Smoking status‘ 634 Smoking status

593 Alcohol conSU_mptlon y y 454 Alcohol consumption

1 393 Body mass index e 6 578 Body mass index

174 164 Analyzed for the association between 39 459 Analyzed for the association of neuroticism score
neuroticism score and dementia

with cognitive function

Sample size for each outcome:
27 212 Trial making test A

26 555 Trial making test B

36 780 Fluid intelligence

27 253 Symbol digit substitution
27 527 Paired associate learning
27 254 Matrix pattern completion
27 831 Backward digit span task

@ Sensitivity analysis was conducted in this population using multiple imputation to account for missing data on the exposure and covariates.
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Cognitive function was initially assessed at baseline in UK Biobank. While all
participants completed brief tests of visuospatial memory and processing speed, additional
tests assessing memory and reasoning were introduced partway through recruitment and
therefore completed by only a subset of the participants.'® In 2014, UK Biobank launched a
large-scale imaging study as a repeat follow-up, inviting participants from the original cohort
to undergo comprehensive brain and body imaging alongside repeated cognitive and health
assessments.’®” The imaging assessment included a more comprehensive, standardized
cognitive battery targeting age-sensitive domains, administered via fully automated
touchscreen interface in dedicated assessment centres. Accordingly, cognitive analyses in
this study were based on participants who attended the imaging study and completed this
enhanced cognitive assessment.!® Of 56,016 participants who underwent imaging
assessment, exclusions were made for those with prior diagnoses of cognitive impairment or
dementia (n=43), as well as those with missing neuroticism (n=11,010) or covariate data
(n=4,372). As this study aimed to investigate the association between neuroticism and
cognitive outcomes in dementia-free individuals, it did not exclude participants based on age.

This resulted in a final sample size of 39,459 participants (Figure 3.1).

Assessment of neuroticism

Neuroticism was assessed using the EPQ-RS.®! The EPQ-RS shows high reliability
(Cronbach's alpha 0.80-0.84)%* and correlates strongly (r=0.85)*° with neuroticism score on
the NEO Five Factor Inventory, another well-established measurement tool. Its psychometric
properties remain consistent across cultures and age groups.®%? The EPQ-RS consists of

12 items, with each item measuring a single neurotic trait (Table 3.1).
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Table 3.1: Questions and corresponding neurotic traits in the Eysenck Personality
Questionnaire-Revised Short Form

Neurotic trait Item

Mood swings Does your mood often go up and down?
Miserableness Do you ever feel 'just miserable’ for no reason?
Irritability Are you an irritable person?

Sensitivity Are your feelings easily hurt?

Fed-up feelings Do you often feel ‘fed-up'?

Nervous feelings Would you call yourself a nervous person?
Worry Are you a worrier?

Tense Would you call yourself tense or 'highly strung'?

Persistent worry after embarrassment Do you worry too long after an embarrassing
experience?

Suffer from nerves Do you suffer from 'nerves?
Loneliness Do you often feel lonely?
Guilty feelings Are you often troubled by feelings of guilt?

Response options were “No” and “Yes”, which were recoded as 0 and 1, respectively.
An overall neuroticism score ranging from 0 to 12 was derived by summing up the responses
to all items. A higher score indicates higher levels of neuroticism. Finally, the neuroticism
score was standardized to have a mean of 0 and an SD of 1 to create a neuroticism z-score.
Neuroticism measured through the touchscreen questionnaire at baseline was used as the
exposure in the dementia analyses, and neuroticism measured through the touchscreen
questionnaire at the imaging assessment was used as the exposure in the cognitive function

analyses.

Incident dementia outcomes

Incident dementia was defined as the first hospital inpatient primary or secondary

diagnosis of dementia or dementia as an underlying or contributory cause of death. The
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sensitivity and specificity for identifying all-cause dementia using England hospital inpatient
data are 78.0% and 92.0%,'%? respectively, with potential further improvement through the
use of death register data. Both hospital inpatient data and death registers employed the
International Classification of Diseases (ICD) coding system to encode diagnostic
information. The ICD code list for dementia and its subtypes (AD and VaD) was developed

and validated by the UK Biobank Outcome Adjudication group (Table 3.2).1%

Table 3.2: International Classification of Diseases codes for dementia in hospital
inpatient records and death registries

Disease ICD-9 codes ICD-10 codes

All-cause 2902, 2903, 2904, 2912, 2941, A810, F00, F01, F02, F03, F051, F106,
dementia 3310, 3311, 3312, 3315 G30, G310, G311, G318, 1673

AD 3310 F00, G30

VaD 2904 FO1, 1673

ICD, International Classification of Diseases

Cognitive outcomes

This study selected cognitive tests with demonstrated reliability and validity and
covering different domains,'® including executive function (Trail Making Test A and B),
verbal and numerical reasoning (Fluid Intelligence), working memory (Backward Digit Span
task), complex processing speed (Symbol Digit Substitution), verbal declarative memory
(Paired Associate Learning), and non-verbal reasoning (Matrix Pattern Completion). The

brief description and performance score for each test were summarised below.

The Trail Making Test included Part A (connect numbers 1-25 sequentially) and Part

B (alternate between numbers and letters, e.g., 1-A-2-B). Errors required restarting from the
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last correct point. Performance was scored by completion time (seconds), with longer times

indicating poorer function.

The Fluid Intelligence test comprised 13 multiple-choice questions assessing verbal

analogies and numerical patterns. Participants had two minutes to respond. The score

reflected the number of correct answers.

Backward Digit Span task required participants to recall and enter digit sequences in

reverse order, with increasing difficulty. The score was the length of the longest sequence

correctly recalled.

The Symbol Digit Substitution Test required matching symbols to digits using a

keypad within 60 seconds. The score was the number of correct matches, reflecting speed

and accuracy.

Paired Associate Learning test required participants to memorize 12 word pairs and

later identified the correct pairings from four options. The score was the number of correct

responses out of 10.

The Matrix Pattern Completion test involved selecting the missing piece in a visual

matrix from 6-8 options. Participants completed up to 15 items in three minutes. The score

was the number of correct answers.
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Appendix 3.1 presents raw and transformed distributions of the cognitive outcomes.
Due to skewed distributions, Trail Making Test A and B scores were log-transformed, with
higher values reflecting poorer performance (i.e., longer completion times). For all other
tests, lower scores indicated poorer function. Participants with a Trail Making Test score of
0 (incomplete trials) were treated as missing. To ensure comparability across tests and age
groups, raw scores were standardized into z-scores within 5-year age bands. For the Trail
Making Tests, the negative of the log-transformed score was used so that higher z-scores

uniformly reflected better cognitive performance.

Covariates and mediators

Covariates were selected a priori based on robust evidence of their associations with
dementia risk and their potential to confound the relationship between neuroticism and later-
life cognitive outcomes. Dementia incidence increases exponentially with age,'** and women
have a greater risk than men;!% both age and sex also show established associations with
neuroticism (older adults reporting lower levels,**® women reporting higher levelst®).
Modifiable factors highlighted in the 2024 Lancet Commission on Dementia Prevention,
Intervention and Care'’—education, smoking, alcohol consumption, and obesity—were
additionally adjusted for, as these are well-recognised dementia risk factors, are correlated
with neuroticism,%-21 and are measured with relatively high accuracy in the UK Biobank.
Categorisation of lifestyle-related covariates followed widely adopted conventions in UK

Biobank epidemiological studies to ensure comparability with the broader literature.?%?
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The following covariates were measured at baseline: sex (female and male), ethnicity
(White and non-White), and Townsend deprivation index (TDI, in quintiles). TDI is a
summary measure of material deprivation that takes into account factors such as
unemployment, overcrowding, non-car ownership, and non-home ownership.?®® Age,
education (primary, secondary, post-secondary non-tertiary, and tertiary), smoking status
(never, previous, and current smoker), alcohol consumption (<4 times/week, daily or almost
daily), and BMI (normal [<25 kg/m?], overweight [>25-<30 kg/m?], and obese [>30 kg/m?])
were measured both at baseline (adjusted for in the dementia analyses) and at the imaging

assessment (adjusted for in the cognitive function analyses).

To ensure the temporal sequence of neuroticism preceding mediators, health
conditions identified in MR studies as influenced by neuroticism, rather than the reverse,
were selected. Specifically, mental conditions (depression, anxiety and stress-related
disorders) and vascular conditions (ischaemic heart disease [IHD], hypertension) were
included as mediators, as neuroticism increased their risk without evidence that these
conditions significantly influence neuroticism levels.’®891 Additionally, diabetes was
included as a negative control mediator, given its established association with poor brain
health but limited evidence of an association with neuroticism.®-2 A smaller or null
mediation effect was anticipated for diabetes relative to mental and vascular conditions.
Disease histories were obtained from two sources: self-reported medical conditions obtained
during the verbal interview at baseline and hospital diagnoses of diseases prior to the
baseline. Table 3.3 provides detailed information on measurement, definition, and

classification of the covariates and mediators.
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Table 3.3: Definitions of covariates and mediators

Variable Definition/categorization Measurement
Age Age=year of assessment—year of birth Acquired from central registry at recruitment
Sex
TDI A greater Townsend index score implies a greater degree of deprivation. The entire UK~ The TDI was computed for each participant
Biobank sample was categorized into quintiles based on their TDI, with quintile 1 using the national census data preceding their
representing the richest and quintile 5 representing the poorest. enrolment in UK Biobank. The score was
assigned based on the output area of the
participant's postcode.
Ethnicity 1) White; Self-reported using the touch-screen
2) Non-White (Asian or Asian British, Black or Black British, Chinese, Mixed, questionnaire
and other ethnic group)
Education Participants with multiple qualifications were assigned the highest qualification

attained, which was subsequently converted to the International Standard Classification
for Education (ISCED) code representing years of education:25:20
1) Tertiary: College/University Degree, National VVocational Qualification
(NVQ)/Higher National Diploma (HND)/Higher National Certificate (HNC) or
equivalent;
2) Post-secondary non-tertiary: Other professional qualifications (e.g., nursing,
teaching);
3) Secondary: General Certificate of Education Advanced Level (A
levels)/General Certificate of Education Advanced Subsidiary Level (AS levels)
or equivalent, General Certificate of Education Ordinary Level (O
levels)/General Certificate of Secondary Education (GCSESs) or equivalent,
Certificate of Secondary Education (CSES) or equivalent;
4) Primary: None of the above

Smoking status

1) Never;
2) Previous;
3) Current

Alcohol
consumption

1) <4 times per week;
2) Daily or almost daily
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BMI The classification of BMI is utilized by the World Health Organization:?%’ (Physical measures) height and weight
1) Normal (<25 kg/m?);
2) Overweight (>25-<30 kg/m?);
3) Obese (=30 kg/m?)

History of Self-reported illness code: “depression”; ICD-9: 2962, 2963, 29682; ICD-10: F32, F33  Self-reported doctor diagnoses during verbal
depression interview; Linked hospital inpatient records
History of anxiety  Self-reported illness code: “anxiety/panic attacks”, “post-traumatic stress disorder”;
and stress-related ~ ICD-9: 3000, 3002, 308, 309; ICD-10: F40, F41, F43
disorders
History of diabetes Self-reported illness code: “diabetes”, “type 1 diabetes”, “type 2 diabetes”; ICD-9: 250;

ICD-10: E10, E11, E13

History of Self-reported illness code: “hypertension”, “essential hypertension”; ICD-9: 401-405;
hypertension ICD-10: 110-115

History of Self-reported illness code: “angina”, “heart attack/myocardial infarction”; ICD-9: 410-
ischaemic heart 414; 1CD-10: 120-125

disease

TDI, Townsend deprivation index; BMI, body mass index; ICD, International Classification of Diseases
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Genetic variants

Genetic association estimates were drawn from the largest publicly available GWAS
of European ancestry available at the time of analysis (April 2023). For neuroticism, this
study used summary statistics from a meta-analysis combining data from UK Biobank
(N=372,903) and the Genetics of Personality Consortium (N=17,375), totalling 390,278

participants.’

For dementia outcomes, well-powered GWAS are currently available only for late-
onset AD. Accordingly, this study used summary statistics from the International Genomics
of Alzheimer’s Project, comprising 21,982 cases and 41,944 controls.?? In contrast, the
multifactorial nature of VVaD and variability in diagnostic criteria have limited the availability
of robust GWAS.?® To address this limitation, WMH volume was used as a surrogate marker
for vascular contributions to dementia. WMH is a well-established, objective imaging marker
of cerebral small vessel disease,?®® a major contributor to VaD.?'? Previous studies have
shown that WMH burden is more strongly associated with risk of VaD (73% increase) than
with AD (25% increase).?*! Therefore, this study used GWAS summary statistics for WMH

volume derived from 21,381 UK Biobank participants.??

Independent SNPs were selected as instrumental variables using standard criteria:
genome-wide significance (p<5x10°®), minor allele frequency>0.01, low linkage
disequilibrium (R2<0.001) within a 10,000 kb clumping window, and F-statistic>10. SNPs
were harmonized to align effect alleles across exposure and outcome datasets. Palindromic

variants with a minor allele frequency>0.42 or missing frequency data were excluded.
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Statistical analysis
Association of neuroticism with dementia and its subtypes

Cox proportional hazards regression was used to test the association between
neuroticism score and incident dementia. The shape of the association was assessed using
restricted cubic splines with four knots placed at the 5th, 35th, 65th, and 95th percentiles of
the neuroticism score. This knot placement balances model flexibility with the risk of
overfitting.?*® Non-linearity was tested using a likelihood ratio test comparing models with
and without spline terms. As no evidence of non-linearity was observed, the standardized
neuroticism score (z-score) was used as the primary exposure in subsequent analyses. Models
were adjusted for preselected baseline covariates, with follow-up time as the underlying
timescale. Participants were followed from the date of attending baseline assessment until a
record of dementia diagnosis, death, or the censoring date of hospital inpatient records (31
October 2022 for England, 31 August 2022 for Scotland, 31 May 2022 for Wales), whichever
occurred first. Violation of the proportional hazards assumption was visually assessed using

Schoenfeld’s residuals.

Two sensitivity analyses were performed: 1) multiple imputation by chained
equations was used to impute missing neuroticism score and covariates. The imputation
model included the 12 EPQ-RS items, all preselected covariates, the Nelson-Aalen estimate
of cumulative baseline hazard, and dementia status.?* The imputed item scores were then

added and standardized to form a z-score.?*®> Cox proportional hazards regression analyses
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were conducted to assess the associations of neuroticism z-score with incident dementia and
its subtypes in five imputed datasets, and the results from each of the five imputed datasets
were combined using Rubin’s rules.?!® 2) all UK Biobank participants without dementia were

included in the analysis with no restrictions on baseline age.

Subgroup analyses were conducted across all baseline covariates. For each subgroup,
Cox models with the same adjustment set were fitted, and heterogeneity was assessed using
Wald tests of interaction by introducing cross-product terms between neuroticism and each

covariate.

To investigate potential reverse causation due to preclinical dementia affecting
exposure status prior to a dementia diagnosis, the main analyses were repeated restricting to

three separate follow-up periods: <5 years, >5-<10 years, and >10 years.

Effect modification by genetic risk factors

Genetic risk was measured using APOE genotypes and a non-APOE PRS for AD
(hereafter referred to as “non-APOE PRS”). APOE genotypes were estimated from two
SNPs, rs7412 and rs429358. Participants with at least one copy of APOE €2 were considered
APOE €2 carriers, those with at least one copy of APOE &4 were considered APOE &4
carriers, and APOE ¢€3/e3 was used as the reference group. Ambiguous genotypes, APOE

€l/€3 and APOE &2/¢4, were excluded.
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Dementia non-APOE PRS was calculated based on a 39-SNP PRS developed by
Ebenau et al,!” which predicted AD dementia independently of APOE e4. Ebenau et al
selected those SNPs from GWAS for late-onset AD, and derived variant-specific weights
from International Genomics of Alzheimer's Project studies. For this analysis, quality
controls were performed by excluding one SNP that had minor allele frequency <0.005,
leaving 38 SNPs for PRS calculation. The PRS was then divided into quintiles, and
participants were categorized into three genetic risk groups: low (lowest PRS quintile),

intermediate (PRS quintiles 2 to 4), and high (highest PRS quintile).

This study incorporated a two-way interaction term between neuroticism z-score and
the genetic risk factors and examined significant interaction effects using the likelihood ratio
test. The analyses were then stratified by APOE genotypes (carrier of APOE &2, APOE €3/¢3,
or carrier of APOE &4) and non-APOE PRS status (quintile groups). Analyses stratified by
APOE genotypes were restricted to individuals who self-reported as White, and the same
restriction was applied to non-APOE PRS analyses to align with the ancestry of the GWAS

reference data.

Mediation analysis

This analysis estimated the extent to which the association between neuroticism z-
score (exposure, denoted as “A”) and incident dementia risk (outcome, denoted as “Y”’) was
mediated by the history of the following diseases (potential mediators, denoted as “M”):

depression, anxiety and stress-related disorders, IHD, hypertension, and diabetes.
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A marginal structural model approach within the counterfactual framework was
used.}’® This approach decomposes the total effect of neuroticism on dementia into natural
direct effects and natural indirect effects. Let Yam denote the outcome value when A and M
are set to A=a and M=m, respectively. The natural direct effect is defined as Yam@*—Ya* M(a®),
where a#a*, i.e., the difference between the outcome value under exposure A=a and the
outcome value if the same individual were instead exposed to A=a* with the mediator fixed
at the level it would take under exposure level a*. The natural indirect effect is defined as
Yam@—Yam@), reflecting the change in the outcome value when the exposure is fixed at level
A=a, and the mediator is changed to its level under exposure A=a*. At the population level,
the natural direct effect represents the effect of neuroticism on dementia through pathways
unrelated to the specific disease’s history, while the natural indirect effects represent the
mediating effect of the association between neuroticism and dementia through the disease.
The proportion mediated via the disease was calculated by dividing the natural indirect

effects by the total effect.

Marginal structural models were implemented through the following steps:
1. Fitting logistic regression models to estimate the association between each potential
mediator (history of a specific disease) and neuroticism z-score, conditioned on baseline
covariates.
2. Constructing a new dataset by repeating each observation in the original data five
times and replacing A* for subject i by randomly drawn exposures through resampling

from the observed exposures.
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3. Calculating the weight for each observation in the new dataset using the fitted

models from step 1.

WE = P(M=M;|A=A,C=C()
! P(M = MIIA == Ai,C = Cl)

4. Fitting a weighted Cox model to estimate the HR for the direct and indirect effects,
while controlling for baseline covariates. To account for the correlation between repeated
observations, robust standard errors were calculated.

5. Calculating the proportion of the total effect that is explained by each individual

mediator as HRindirect effect/ HRtotal effect.

Association between neuroticism and cognitive function

The association of the neuroticism z-score (measured at the imaging assessment) with
cognitive function was tested using linear regression. Covariates such as sex, ethnicity, and
TDI measured at baseline were included, and for other covariates (age, education, smoking

status, alcohol consumption, and BMI), measurements at the imaging assessment were used.

Mendelian randomisation

Two-sample MR was used to examine bidirectional causal associations between
neuroticism and both AD and WMH volume. The primary analysis used the inverse-variance
weighted (IVW) method. To assess robustness and account for potential bias from horizontal
pleiotropy, sensitivity analyses were performed using MR-Egger regression®® and the
weighted median estimator.?!® For exposure—outcome pairs with overlapping GWAS

samples (e.g., both including UK Biobank participants), MRlap was used to adjust for bias
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from partial sample overlap, as well as for weak instrument bias and winner’s curse.??
Heterogeneity was evaluated using Cochran’s Q-statistic. Directional pleiotropy was
assessed via the Egger intercept. Steiger directionality test was applied to confirm that genetic
variants explain more variance in the exposure than the outcome.??! All analyses were

conducted in R (version 4.2.2) using the TwoSampleMR?1222 and MRIap??° packages.
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3.4 RESULTS

Sample characteristics

Among the final sample of 174,164 participants, neuroticism scores were right-
skewed, with a large proportion scoring 0, and only one-third of participants scoring above
6 (Figure 3.2). Compared with those with lower neuroticism scores, individuals with higher
neuroticism scores were more likely to be female, have lower socioeconomic status, be
current or previous smokers, and have a history of depression, anxiety, CVD, and diabetes
(Table 3.4). Levels of neuroticism were comparable across APOE genotypes and non-APOE

PRS levels.

Figure 3.2: Distribution of neuroticism score
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Table 3.4: Baseline characteristics of participants

Characteristic Overall Neuroticism score tertile

1 (score 0-2) 2 (score 3-6) 3 (score 7-12)
N 174164 72921 52627 48616
Age (mean (SD)) 64.36 (2.96) 64.49 (2.97) 64.37 (2.97) 64.14 (2.94)

Female (%)

83849 (48.1)

31566 (43.3)

29278 (55.6)

29471 (60.6)

Townsend deprivation index quintile

1 (Least deprived)

38198 (21.9)

16834 (23.1)

11634 (22.1)

9730 (20.0)

2

38197 (21.9)

16423 (22.5)

11639 (22.1)

10135 (20.8)

3

36256 (20.8)

15391 (21.1)

11041 (21.0)

9824 (20.2)

4

32841 (18.9)

13351 (18.3)

10014 (19.0)

9476 (19.5)

5 (Most deprived)

28672 (16.5)

10922 (15.0)

8299 (15.8)

9451 (19.4)

Education (%)

Primary

44741 (25.7)

16084 (22.1)

13581 (25.8)

15076 (31.0)

Secondary

36128 (20.7)

14309 (19.6)

11116 (21.1)

10703 (22.0)

Post-secondary non-tertiary

24329 (14.0)

10633 (14.6)

7617 (14.5)

6079 (12.5)

Tertiary

68966 (39.6)

31895 (43.7)

20313 (38.6)

16758 (34.5)

Ethnic group - White (%)

170011 (97.6)

71060 (97.4)

51492 (97.8)

47459 (97.6)

BMI (%)

Normal (<25 kg/m?)

51858 (29.8)

20757 (28.5)

16190 (30.8)

14911 (30.7)

Overweight (>25-<30 kg/m?)

78883 (45.3)

34182 (46.9)

23591 (44.8)

21110 (43.4)

Obese (>30 kg/m?)

43423 (24.9)

17982 (24.7)

12846 (24.4)

12595 (25.9)

Drinking <4 times weekly (%)

132224 (75.9)

54444 (74.7)

39994 (76.0)

37786 (77.7)

Smoking status (%)

Never 86655 (49.8) 37843 (51.9) 26062 (49.5) 22750 (46.8)

Previous 73118 (42.0) 29416 (40.3) 22329 (42.4) 21373 (44.0)

Current 14391 (8.3) 5662 (7.8) 4236 (8.0) 4493 (9.2)
APOE genotypes (%)

APOE &2 carriers 22236 (12.8) 9282 (12.7) 6723 (12.8) 6231 (12.8)
APOE £3/¢3 carriers 100368 (57.6) 41985 (57.6) 30402 (57.8) 27981 (57.6)
APOE &4 carriers 43683 (25.1) 18449 (25.3) 13094 (24.9) 12140 (25.0)
Missing/Ambiguous genotypes? 7877 (4.5) 3205 (4.4) 2408 (4.6) 2264 (4.7)
Non-APOE PRS (%)

Low (lowest quintile) 27996 (16.1) 12221 (16.8) 8522 (16.2) 7816 (16.1)
Intermediate (quintiles 2 to 4) 84795 (48.7) 35505 (48.7) 25561 (48.6) 23729 (48.8)
High (highest quintile) 28559 (16.4) 11640 (16.0) 8608 (16.4) 7748 (15.9)
Missing 32814 (18.8) 13555 (18.6) 9936 (18.9) 9323 (19.2)
Medical history (%)

Depression 8744 (5.0 938 (1.3) 1893 (3.6) 5913 (12.2)
Anxiety and stress disorder 2800 (1.6) 365 (0.5) 593 (1.1) 1842 (3.8)
Hypertension 64338 (36.9) 25419 (34.9) 19510(37.1) 19409 (39.9)
Ischaemic heart disease 15176 (8.7) 5792 (7.9) 4553 (8.7) 4831 (9.9)
Diabetes 12083 (6.9) 5009 (6.9) 3525 (6.7) 3549 (7.3)

N, number of participants; SD, standard deviation; BMI, body mass index; PRS, polygenic risk score.
8 APOE ¢1/¢3 and APOE €2/e4 genotypes.
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Association of neuroticism with dementia and its subtypes

During a median follow-up of 13.5 years, 5,974 participants developed incident all-
cause dementia, of which 2,741 consisted of AD and 1,364 consisted of VVaD. The age of

incident dementia diagnoses was mostly concentrated between 70 and 80 years (Figure 3.3).

Figure 3.3: Distribution of incident dementia diagnoses by age of onset
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AD, Alzheimer's disease; VaD, vascular dementia.
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Individuals who developed dementia had lower educational attainment, were less
likely to be female, and were more likely to be current smokers but less likely to drink
frequently, compared with those who did not (Appendix 3.2). Hypertension, ischaemic heart
disease, diabetes, depression, and anxiety were also more common among dementia cases.
They had a higher proportion of APOE &4 carriers and higher non-APOE polygenic risk

Scores.

There was a dose-response association between neuroticism score and risk of incident
all-cause dementia (p for non-linearity=0.08), AD (p=0.27), and VaD (p=0.57) (Figure 3.4).
A 1-unit increase in neuroticism z-score was associated with an 11% (HR 1.11, 95% CI [1.08
to 1.14]), 6% (1.06, [1.02 to 1.10]), and 15% (1.15, [1.09 to 1.21]) higher risk of incident all-
cause dementia, AD, and VaD, respectively. The sensitivity analyses using multiple
imputation and removing baseline age restrictions produced similar results to the main

findings (Appendix 3.3).
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Figure 3.4: Associations between neuroticism score (original values and z-score) and
incident dementia
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HR, hazard ratio; CI, confidence interval; AD, Alzheimer's disease; VVaD, vascular dementia; Panels A—C show associations
between neuroticism score and risk of all-cause dementia (A), AD (B), and VaD (C). Panel D shows hazard ratios (HRs)
per 1-SD increase in neuroticism score for each outcome. Estimates are adjusted for age, sex, ethnicity, education, Townsend
deprivation index (quintiles), smoking status, alcohol consumption, and body mass index. In panels A-C, solid lines
represent adjusted HRs with shaded areas indicating 95% confidence intervals, derived from restricted cubic spline
regressions with four knots. The dashed line marks the reference HR of 1.0. The reference point for neuroticism score is 0,
indicating the lowest level of neuroticism.

The positive association between neuroticism and dementia risk was consistent across
subgroups defined by sex, socioeconomic status, and lifestyle factors (Appendix 3.4), with

no evidence of heterogeneity in effect estimates (all p for interaction>0.05).

The association with all-cause dementia remained similar for participants with <5
years (1.14, [1.04 to 1.26]) and >5-<10 years of follow-up (1.13, [1.08 to 1.18]) and was
attenuated, but still significant, for those with >10 years of follow-up (1.09, [1.05 to 1.13])

(Figure 3.5). The association with VVaD followed a similar trend to that observed for all-
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cause dementia, whereas for AD, the association was significant only in those with >5-<10

years of follow-up.

Figure 3.5: Associations between neuroticism z-score and incident dementia by

different follow-up periods

Subgroup Cases / population HR (95% CI)
All-cause dementia )
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>10 years 1,722 / 160,343 »—5—-—- 1.03 (0.99 to 1.08)
Vascular dementia '
<5 years 87/174,164 E 1.27 (1.04 to 1.55)
>5-<10 years 463 /169,446 P ——— 1.16 (1.06 to 1.27)
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Estimates are adjusted for age, sex, ethnicity, education, Townsend deprivation index (quintiles), smoking status, alcohol
consumption, and body mass index. HR, hazard ratio. Cl, confidence interval. Estimates represent adjusted hazard ratios
per 1-SD increase in neuroticism score. Models were adjusted for age, sex, education, Townsend deprivation index

(quintiles), smoking status, alcohol consumption, and body mass index, with follow-up time as the underlying timescale.

The dashed vertical line marks the reference HR of 1.0.

Effect modification by genetic risk factors

There were no statistically significant interactions between neuroticism z-score and

APOE genotypes or non-APOE PRS (p for interaction >0.05) (Figure 3.6). The

associations between neuroticism z-score and the risk of incident dementia and its subtypes

remained consistent across all genetic subgroups.
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Figure 3.6: Associations between neuroticism z-score and incident dementia by APOE
genotype and non-APOE polygenic risk scores
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Estimates are adjusted for age, sex, education, Townsend deprivation index (quintiles), smoking status, alcohol
consumption, and body mass index. HR, hazard ratio. Cl, confidence interval. PRS, polygenic risk score. Estimates represent
adjusted hazard ratios per 1-SD increase in neuroticism score. Models were adjusted for age, sex, education, Townsend
deprivation index (quintiles), smoking status, alcohol consumption, and body mass index, with follow-up time as the
underlying timescale. P-values correspond to Wald tests of interaction examining whether associations between neuroticism
and dementia differed across genetic risk groups. The dashed vertical line marks the reference HR of 1.0.

Mediation analysis

A history of depression, anxiety and stress-related disorders, IHD, hypertension, and
diabetes explained 38.5%, 12.8%, 10.9%, 10.4%, and 6.0% of the association between
neuroticism z-score and all-cause dementia, respectively (Figure 3.7, Appendix 3.5).

Similar mediated proportions by depression were observed for VVaD (37.5%), with IHD and
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hypertension mediating a larger proportion compared to the association with all-cause
dementia (13.8% and 16.3% vs 10.9% and 10.4%). Depression mediated a larger proportion
of the association with AD than all-cause dementia (51.0% vs 38.5%), while no mediation
by IHD or hypertension was observed. There was no evidence of anxiety or diabetes

mediating the association for both AD and VaD.
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Figure 3.7: Associations between neuroticism z-score and dementia mediated by history

of diseases at baseline
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Estimates are adjusted for age, sex, ethnicity, education, Townsend deprivation index (quintiles), smoking status, alcohol
consumption, and body mass index. The percentage values within brackets represent the proportion by which each mediator
mediated the association between neuroticism z-score and the dementia outcome, calculated as the natural indirect effect
divided by the total effect, estimated using the counterfactual framework and marginal structural models. Mediators depicted

with dashed borders and arrows indicate statistically insignificant mediation effects.
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Association between neuroticism and cognitive function

The characteristics of the 39,459 non-demented individuals included in the cognitive
function analyses are presented in Appendix 3.6. Neuroticism measured at the time of
cognitive assessment was strongly correlated with baseline neuroticism (Pearson correlation
coefficient r=0.77). Neuroticism z-score was associated with worse function across all
cognitive domains (all p<0.001; Table 3.5) with similar magnitudes, ranging from f
(standardized)= —0.02 for verbal declarative memory to f=—0.05 for complex processing

speed.

Table 3.5: Associations between neuroticism z-score and cognitive function

Domain Test B (95% CI) p

Processing speed SDST —0.05 (—0.06 to —0.04) <0.001
Verbal and numerical reasoning FlI —0.03 (-0.04 to —0.02) <0.001
Non-verbal reasoning MPC —0.03 (-0.04 to —0.02) <0.001
Working memory BDST —0.03 (-0.05t0 —0.02) <0.001
Verbal memory PAL —0.02 (-0.04 to —0.01) <0.001
Executive function TMT-A —0.04 (-0.05to —0.03) <0.001
Executive function TMT-B —0.04 (-0.05to —0.03) <0.001

Estimates are adjusted for age, sex, ethnicity, education, Townsend deprivation index (TDI, in quintiles), smoking status,
alcohol consumption, and body mass index (BMI). Sex, ethnicity, and TDI were measured at baseline, and for other
covariates (age, education, smoking status, alcohol consumption, and BMI), measurements from the imaging study were
used. Cl, confidence interval. SDST, Symbol Digit Substitution Test; FI, Fluid Intelligence; MPC, Matrix Pattern
Completion; BDST, Backward Digit Span Test; PAL, Paired Associate Learning; TMT-A, Trail Making Test A; TMT-B,
Trail Making Test B.

Mendelian randomisation

This study used 91 genetic instruments for neuroticism, 19 for AD, and 15 for WMH

(Appendix 3.7). Genetically predicted neuroticism was not significantly associated with AD
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risk across IVW, weighted median, or MR Egger methods. Similarly, reverse MR showed no

evidence for AD liability causally influencing neuroticism (Table 3.6).

For WMH, genetically predicted higher neuroticism was associated with greater
WMH burden using the [IVW method (=0.17, 95% CI [0.01 to 0.33], p=0.038). This
association remained significant after adjusting for sample overlap (f=0.26, p=0.017), was
marginally significant with MR-Egger ($=0.81, p=0.050), and showed a same direction in
the weighted median estimate. Sensitivity analyses indicated no significant heterogeneity (p
for Q=0.109) or pleiotropy (p for Egger intercept=0.112), and Steiger test confirmed that
the genetic variants explained more variance in the exposure than the outcome (p<0.001)
(Appendix 3.8). In contrast, there was no evidence that genetically predicted WMH burden

influenced neuroticism in reverse MR analyses (all p>0.05).

Table 3.6: Bidirectional Mendelian randomisation analyses of neuroticism and
dementia-related outcomes

Method Neuroticism — AD AD — Neuroticism

OR (95% CI) p B (95% CI) p
Inverse-variance weighted 0.94(0.73t01.21) 0.632 —0.001(-0.010t00.007) 0.740
Weighted median 0.88 (0.62t01.24) 0.451 —0.001(-0.007t0 0.005) 0.723
MR-Egger 0.30(0.08t01.08)  0.069 0.0004 (-0.012t00.011)  0.952
Method Neuroticism — WMH WMH — Neuroticism

B (95% CI) p B (95% CI) p
Inverse-variance weighted  0.17 (0.01 to 0.33) 0.038 0.001 (—0.028 to 0.030) 0.945
Weighted median 0.18 (-0.03t0 0.38) 0.099 —0.009 (—0.036t0 0.019)  0.540
MR-Egger 0.81 (0.01to 1.62) 0.050 —0.022 (—0.102 t0 0.059) 0.610
MRlap 2 0.26 (0.05t0 0.47) 0.017 0.005 (—0.025, 0.035) 0.730

@ MRIap was applied only to MR analyses of neuroticism and WMH, as both GWAS included UK Biobank participants.
MRlIap was not used for AD, since its GWAS did not include UK Biobank participants.
OR, odds ratio; Cl, confidence interval; AD, Alzheimer’s disease; WMH, white matter hyperintensities.
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3.5 DISCUSSION

This chapter presents findings from a large population-based cohort, demonstrating
that neuroticism was associated with an increased risk of all-cause dementia regardless of
genetic predisposition to dementia, with a stronger association observed for VaD than for
AD. The associations were largely explained by depression, anxiety, IHD, and hypertension.
Higher neuroticism was also associated with worse function across multiple cognitive
domains in dementia-free adults. MR analyses revealed no genetic association between
neuroticism and AD, but suggested a unidirectional association between genetically

predicted higher neuroticism and greater WMH burden.

Terracciano etal. conducted a similar analysis in UK Biobank, including all
participants recruited at baseline (N =401,422) without restricting baseline age, but with
follow-up censored at February 2018 (maximum 12 years).1!® In contrast, this study excluded
those younger than 60 years at baseline to focus on late-onset dementia, and extended
follow-up to May (Wales), August (Scotland), and October 2022 (England). Because
dementia incidence increases exponentially with age,’®* these additional four years of
follow-up captured ~4,000 more incident dementia cases, providing greater power and more
precise effect estimates. Although effect sizes observed here were slightly smaller (HR 1.11
vs 1.18 for all-cause dementia, 1.06 vs 1.13 for AD, and 1.15 vs 1.16 for VVaD), the longer
follow-up reduces potential bias from reverse causality. Time-stratified analyses further
showed that associations persisted beyond 10 years, strengthening confidence that these

associations are not solely due to reverse causality.
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The similarity of associations between neuroticism and dementia risk across
demographic, socioeconomic, and lifestyle subgroups suggests that the relationship is
broadly robust and therefore relevant across a wide range of individuals. Only a few studies
have examined interactions between neuroticism and genetic risk, with limited and
inconsistent findings. One study (mean baseline age 78.6 years; 6.5 years follow-up) reported
an interaction between APOE &4 and neuroticism on AD (N=86), but not on non-AD
dementia (N=12).222 Another study (mean baseline age 56.5 years; 12 years follow-up) found
no such interaction for AD (N=90).12! A longitudinal study (N=912) found that APOE &4 did
not modify the association between neuroticism and either cognitive ability or cognitive
decline.'® In the current study, neuroticism was consistently associated with dementia and
its subtypes regardless of genetic predisposition to dementia based on either APOE &4 carrier

status or non-APOE polygenic risk.

This study also found evidence that the associations were mediated by mental health
conditions, specifically depression, as well as vascular conditions, including hypertension
and IHD, with these mediators contributing more strongly to VaD than to AD. Compared
with other conditions, the proportion mediated via diabetes was smaller for all-cause
dementia, and there’s no evidence that diabetes explains the association for AD and VaD,
suggesting that metabolic conditions might not be the major contributors to the neuroticism-
dementia association. This is expected with previous evidence that neuroticism is not linked

to diabetes and supporting its role here as a ‘negative control.”%
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This study demonstrated that neuroticism was significantly associated with worse
cognitive function across all, rather than specific, domains. This extends previous findings
that identified the association between neuroticism and worse global cognitive outcomes,!4
and enhances the reliability of previous studies (N=7,685;2® N=2,865'*°) that demonstrated
the association between neuroticism and worse cognitive function in multiple domains
(memory, executive function, verbal fluency, and visuospatial skills). Together, these
findings suggest that neuroticism is broadly associated with cognitive functioning, consistent
with dementia’s widespread impact across multiple domains.}’® The strong correlation
between baseline and follow-up neuroticism indicates stability of the trait over time, reducing
the likelihood that short-term fluctuations account for its associations with cognitive

outcomes.

MR analyses did not support a genetic association between neuroticism and AD, but
they indicated that neuroticism contributes to greater WMH burden, with no evidence of
reverse causation. These results align with the stronger observational associations observed
for VaD compared with AD and support a potential vascular pathway linking neuroticism to
dementia risk. Nonetheless, the lack of MR evidence for AD should not be taken as proof of
absence. The true effect size may be small, AD GWAS often include cases with mixed
pathology that dilute signal specificity, and binary outcomes such as AD reduce MR power

relative to continuous traits like WMH.3°
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Strengths and limitations

Strengths of this study include the large sample size, number of dementia cases, long
follow-up and the breadth of available genetic, clinical, and cognitive data, allowing novel
analyses of effect modification, mediation, and MR approaches. However, this study has
several limitations to consider. UK Biobank only achieved a 5.5% response rate, recruiting
0.5 million participants for baseline assessment out of nine million invited.??* UK Biobank
participants,?® especially those in the imaging study,??® are generally healthier and of higher
socioeconomic status compared to the wider UK population. Dementia cases were identified
through hospital records and death registry data, likely missing less severe cases diagnosed
in other settings. Distinguishing between dementia subtypes using ICD codes from
administrative data can be challenging, as the positive predictive value—the proportion of
identified cases that are true positives—was 84.5% for all-cause dementia, 70.8% for AD,
and 33.3% for VaD in UK Biobank-linked hospital inpatient and death registry data.??’ This
misclassification of outcomes may have biased associations toward the null. The non-APOE
PRS was developed based on GWAS on AD, rather than all-cause dementia or VaD.
Exposure and mediator data were collected concurrently, but neuroticism is generally stable
from early adulthood, and prior MR studies suggest a unidirectional link from neuroticism to
these conditions rather than the reverse.’®8°! Cognitive tests in UK Biobank were brief and
non-standard, collected through a fully automated, unsupervised touchscreen assessment.
However, a small study (N=160) in a non-UK Biobank sample demonstrated moderate-to-
high concurrent validity and short-term stability for the tests included in this study.® Finally,
MR analyses were constrained by the lack of well-powered GWAS for all-cause dementia

and VaD, partially due to their multifactorial nature and heterogeneous diagnostic criteria.2%
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Conclusion

The study in this chapter suggests high levels of neuroticism are associated with an
elevated risk of dementia, in particular VaD, accompanied by worse cognitive function. This
association remained significant regardless of genetic risk in this study cohort. Despite
neuroticism being a stable personality trait, which might not be easily modifiable, evaluating
neuroticism may serve as a means to identify individuals at high risk for dementia.
Furthermore, this study suggests that the associations between neuroticism and dementia are
largely driven by mental and vascular conditions, implying that addressing the increased
burden of mental and vascular health conditions in individuals with higher neuroticism could,

if causal, ultimately help prevent or delay the onset of dementia.
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Chapter 4 Association of neuroticism with incident dementia and

cognitive function: 26 year follow-up of EPIC-Norfolk study
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41 CHAPTER SUMMARY

This chapter examined whether the association between neuroticism and dementia
risk persists over extended follow-up and differs between midlife and later life, using the
EPIC-Norfolk cohort. Neuroticism was measured using the same self-reported scale as in UK
Biobank. Dementia cases were ascertained via linked hospital, death, and mental health
records, and cognitive function assessed with a detailed battery. Statistical analyses,

including models, covariates, and mediators, were aligned with Chapter 3.

Among 19,678 dementia-free participants aged 40-80 years (mean 60.8), higher
neuroticism was associated with increased dementia risk, with each 1-SD increase
corresponding to a 14% higher risk of all-cause dementia, 15% higher risk of AD, and 16%
higher risk of VVaD. Although attenuated over time, associations remained significant for all-
cause dementia and AD after 20 years of follow-up and were consistent across mid- and later
life. A significant interaction with APOE &4 indicated stronger associations among carriers,
and mediation analyses showed partial contributions of mental and vascular conditions.
Neuroticism was linked to poorer performance across multiple cognitive domains, most

notably episodic memory.

In conclusion, findings from this chapter demonstrate that high neuroticism levels in

both mid- and later life are associated with long-term dementia risk and poorer cognitive

function.
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4.2 BACKGROUND

A growing body of evidence, including a meta-analysis of 12 longitudinal studies and
two large UK Biobank investigations,'%311¢ shows that higher neuroticism is associated with
increased dementia risk. In the previous chapter, the association was attenuated but remained
significant beyond 10 years of follow-up, suggesting that shorter follow-up periods may
partly reflect early disease manifestations. Extending follow-up is therefore important to

strengthen evidence that neuroticism contributes to dementia risk.

It remains unclear whether these associations vary by life stage. This is critical not
only for disentangling directionality—if midlife neuroticism predicts dementia decades later,
this would support a forward association—Dbut also for informing how dementia prevention
strategies could be tailored to specific age groups and psychological profiles. Most existing
studies focus on mid-life samples, while only a few have examined older cohorts (mean
baseline age>70) and reported positive associations.!}’1% Yet these older-age studies often
had mean follow-up durations <6 years,'"118120 jncreasing the possibility of reverse
causation. Because most prior studies had narrow baseline age ranges, stratified analyses

across mid- and later life have rarely been feasible.

The previous chapter also showed that the neuroticism—dementia association was
independent of genetic risk. However, the UK Biobank cohort has a relatively younger age
of onset for dementia, a group more strongly influenced by genetic factors such as
APOE 4.2 It remains unknown whether neuroticism contributes additional risk in cases of

later onset, where the genetic component is typically weaker. Moreover, the previous chapter
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found that mental and vascular conditions, such as depression and hypertension, partially
mediated the association. These conditions are stronger predictors of dementia when present
in mid-life than in later life,!’ raising the question of whether neuroticism contributes via

these pathways primarily earlier in life or consistently across the life course.

Although the previous chapter examined the association between neuroticism and
cognitive performance in a large sample, it relied on brief, single-task assessments with
limited testing time. It is important to use more detailed, standardized cognitive batteries to
determine whether the broad associations across multiple domains observed previously
persist, and whether stronger associations are evident in domains more sensitive to
age-related decline, such as memory,??° while weaker or null associations are seen in domains

that tend to remain stable, such as crystallized intelligence.?*

The EPIC-Norfolk cohort is ideally suited to address these gaps, comprising over
25,000 participants aged 39-79 at recruitment (1993-1997) and followed through to 2022.
This allows robust evaluation of time- and age-specific associations between neuroticism and
incident dementia. This study also examined interaction with genetic factors, mediation by
health conditions, and the relationship between neuroticism and domain-specific cognitive

performance using a detailed battery in dementia-free individuals.
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43 METHODS

Study population

The EPIC-Norfolk study is a large population-based prospective cohort of men and
women aged 39-79 years, recruited between 1993 and 1997.2%! 25,639 participants
underwent an initial assessment,?%2 referred to as the first “health check,” which included
self-administered written questionnaires on sociodemographic, lifestyle, and medical history,
as well as physical examinations and collection of biological samples. Eighteen months later,
participants were invited to complete the Health and Life Experiences Questionnaire
(HLEQ), a postal questionnaire which included a measure of neuroticism; 20,921 responded
between 1996 and 2000 (73.2% response rate from the eligible sample of 28,582).2%% The
questionnaire completion date is taken as the baseline for this study, restricted to the 20,921
HLEQ respondents, excluding those with an invalid completion date (same as date of death;
n=7), missing completion date (n=2), or missing neuroticism data (n=1,237), yielding a final

analytic sample of 19,678. No participants had dementia at baseline (Figure 4.1).

Third health checks for EPIC-Norfolk were conducted between 2004 and 2011, in
8,623 participants aged 48-92 years (46.9% response rate from the eligible sample of
18,380).2%* During this assessment, 8,585 participants completed at least one of eight
validated cognitive tests assessing different domains of cognitive function, such as memory,
executive function, and language. After excluding participants with prevalent dementia prior
to the third health check (n=4) and those with missing neuroticism data (n=1,144), the final

sample comprised 7,446 individuals.
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Figure 4.1: Flow diagram of analyses

25 639 Attended the first health check (1993-1997)

A 4 h 4

20 921 Completed 18-month follow-up
(Postal questionnaire; 1996-2000)*

A

8 623 Completed the third health check (2004-2011)°

1 243 Excluded 1 177 Excluded
7 invalid survey date® P | 38 without cognitive measure data
2 missing survey date b | 4 with dementia at survey
1 237 missing neuroticism score 1 144 missing neuroticism score
v v
19 678 Analyzed for the association between neuroticism 7 446 Analyzed for the association of neuroticism score
score and dementia and cognitive function

Sample size for each outcome:

7 355 Global cognitive function

7 061 Verbal episodic memory

6 472 Non-verbal episodic memory

7 296 Attention

7 292 Prospective memory

6 217 Processing speed

7 049 Reading ability and crystallized intelligence

@ The 18-month follow-up recruitment occurred between 1994 and 1999. The Health and Life Experiences Questionnaire (HLEQ), which included the neuroticism assessment,
was completed between 1996 and 2000.

b The Third Health Check (3HC) included 8,623 participants from the original EPIC-Norfolk cohort, drawn from those who previously attended the baseline (1HC) and likely
also completed the 18-month postal questionnaire.

¢ Cases where the survey date is recorded as the same day as the date of death.

109



The EPIC-Norfolk study received ethics approval from the Norfolk Research Ethics
Committee (REC Ref: 98CNO1), the East Norfolk and Waveney National Health Service
Research Governance Committee (2005ECO07L), and the Norwich Local Research Ethics
Committee (05/Q0101/191). All participants provided written informed consent, including

access to their medical records.

Assessment of neuroticism

Neuroticism was assessed using the EPQ-RS,®! the same as in the UK Biobank study.
Both the total score (range: 0-12) and a standardized z-score (mean=0, SD=1) were used as

exposures.

Incident dementia outcomes

Incident all-cause dementia and its subtypes were identified by the EPIC-Norfolk
team using multiple data sources. Cases were primarily identified using national death
records and England hospital inpatient data, which were available for the entire cohort, with
diagnoses recorded according to the ICD coding system. The ICD codes used for dementia
and its subtypes were consistent with those applied in the UK Biobank study in Chapter 3.22°
Additional all-cause dementia cases were identified through primary care records and the
national mental healthcare dataset. Primary care data, available for approximately 18% of
participants, captured dementia diagnoses and prescriptions using Read codes.?*® The

national mental healthcare dataset recorded diagnoses using ICD codes. The censoring date
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for death records and England hospital inpatient data was March 31st, 2022, while for

primary care and mental healthcare data, it was March 31st, 2019.

Cognitive outcomes

The test battery was researcher-led and required approximately 35 minutes to
complete, which included global cognitive function (Short Form Extended Mental State
Exam), verbal episodic memory (Hopkins Verbal Learning Test), non-verbal episodic
memory (Cambridge Neuropsychological Test Automated Battery Paired Associates
Learning Test), attention (PW Letter Cancellation Task), prospective memory (Event and
Time Based Task), processing speed (Visual Sensitivity Test), and crystallized intelligence
(National Adult Reading Test). The brief description and performance score for each test

were summarized below.

Short Form Extended Mental State Exam required participants to complete 11 items

assessing orientation, attention, and recall. The score reflected the number of correct

responses, aligned with MMSE scoring.

Hopkins Verbal Learning Test required participants to memorize a 12-word list

presented across three trials and recall as many words as possible after each. The total score

was the sum of correctly recalled words across trials (maximum: 36).

Paired Associates Learning Test required participants to recall the locations of

abstract patterns presented in boxes on a touchscreen. The score was the first trial memory
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score’, summing correct pattern-location matches made on the first attempt across eight

stages.

PW L etter Cancellation Task required participants to scan a grid of letters and identify

all instances of the letters “P” and “W” within one minute. The score was the number of

correct targets identified minus missed targets and errors.

Event- and Time-Based Prospective Memory Task required participants to remember

and execute future instructions (e.g., sealing and initialing an envelope later in the session
without a prompt). Performance was recorded as success (>1 action completed unprompted)

or fail.

Visual Sensitivity Test required participants to detect a triangle under two

conditions—simple (on a blank screen) and complex (among moving dots)—and press a
response key as quickly as possible. Reaction times were recorded in milliseconds; higher

values indicated slower responses.

National Adult Reading Test required participants to pronounce 50 irregularly spelled
English words aloud. The score was the number of pronunciation errors, with higher scores
reflecting poorer performance. A shortened version was used, with full scores derived

algorithmically.
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Most test scores were non-normally distributed (Appendix 4.1); therefore, following
the EPIC-Norfolk team's approach, poor cognitive performance was defined as scoring below
the 10th percentile of the population distribution for each cognitive measure, except for the
prospective memory test, where poor performance was defined as failing the task (a
dichotomous outcome).?*° The composite outcome was categorized into three groups based
on the number of cognitive tests with poor performance: 1) 1 poor performance test, 2) 2-3
poor performance tests, and 3) 4-8 poor performance tests. Participants with no poor
performance tests served as the reference group. This categorization follows a previous study
using EPIC-Norfolk data, which demonstrated a steep linear increase in dementia risk across

these categories.??®

Covariates and mediators

To ensure comparability with the study in Chapter 3, covariates and mediators in this

study were selected to align with those used in Chapter 3.

Socioeconomic covariates included the TDI (quintiles) derived from the 1991 census,
and educational status, categorized into four groups based on the highest qualification
attained: degree, A-level (educational attainment at age 17), O-level (educational attainment
at age 15), and less than O-level or no qualifications. Lifestyle covariates included smoking
status (never, former, current), alcohol consumption (never, former, <14 units per week, and
>14 units per week), and BMI (derived from physical measurements at assessment,
categorized as normal [<25 kg/m?], overweight [>25-<30 kg/m?], and obese [>30 kg/m?]).

Participants with missing data were assigned to a distinct category for each covariate.
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Potential mediating conditions included depression, anxiety and stress-related
disorders, hypertension, and IHD. Diabetes was selected as a negative control mediator. All

conditions were identified based on self-reported doctor-diagnosed history at baseline.

Statistical analysis
Association of neuroticism with dementia and its subtypes

Cox proportional hazards regression was used to examine the association between
neuroticism scores and the risk of incident dementia. Given the wide baseline age range in
EPIC-Norfolk, age was used as the underlying timescale, with models adjusted for sex and
preselected socioeconomic and lifestyle covariates. The proportional hazards assumption in
the Cox model was checked by visually examining the distribution of scaled Schoenfeld
residuals. The relationship shape was assessed using restricted cubic splines with knots at the
5th, 35th, 65th, and 95th percentiles of the neuroticism score. Non-linearity was tested using
a likelihood ratio test comparing models with and without cubic spline terms. Based on these
results, the neuroticism z-score was used as the primary exposure in subsequent analyses.
The association between neuroticism z-score and incident dementia risk was then assessed.
Sensitivity analyses included: (1) multiple imputation for missing exposure and covariate
data, conducted using chained equations as described in Chapter 3; (2) adjustment for the
competing risk of non-dementia death using the Fine-Gray subdistribution hazard model,

given the older baseline age and long follow-up in EPIC-Norfolk.

114



To investigate the potential role of reverse causality, follow-up time was divided into
three intervals (<15, 15-19, and >20 years), with participants contributing to longer follow-
up groups until incident dementia, death, or the last follow-up date (March 31st, 2022). If the
observed association between neuroticism and dementia weakens or disappears over longer
follow-up periods, it suggests that the association is at least partially driven by changes in

neuroticism as an early symptom of dementia.

Effect modification and mediation

To examine associations across different age stages, analyses were stratified by
baseline age (<60, 60—69, and >70 years). Additionally, to assess whether similar genetic
modification patterns seen in UK Biobank (Chapter 3) extend to the older EPIC-Norfolk
cohort, analyses were stratified by APOE &4 status (non-carrier, carrier). The multiplicative
interaction was tested using the Wald test by adding interaction terms into multivariable
models. Analyses involving the APOE gene were restricted to participants of White ethnicity.
While APOE genotype information was available in EPIC-Norfolk, the dataset did not
contain the additional genome-wide SNP data needed to construct the dementia non-APOE
PRS used in the UK Biobank analyses. Therefore, effect modification by PRS was not

assessed in this cohort.

Mediation analyses were conducted using the counterfactual framework, consistent

with the approach detailed in Chapter 3.
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Association between neuroticism and cognitive function

The association between neuroticism z-score and poor cognitive performance on each
test was assessed using logistic regression, while the association with composite cognitive
function outcomes was examined using multinomial logistic regression, both adjusted for age
at the third health check, sex, and the same preselected socioeconomic and lifestyle covariates
as in the dementia models. Neuroticism and all covariates used in this analysis were based

on measurements taken at the third health check.
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44 RESULTS

Sample characteristics

Among the 19,678 participants in EPIC-Norfolk, neuroticism scores showed a similar
distribution to that observed in the UK Biobank—right-skewed, with tertile cut-offs at 2
(lower third) and 6 (upper third) (Figure 4.2). The mean age of participants was 60.8 years
(SD=9.3), and 55.8% were female (Table 4.1). Those with higher neuroticism tended to be
younger, female, have lower socioeconomic status, consume less alcohol, and be current
smokers. The proportion of APOE &4 carriers was similar across neuroticism levels.
Additionally, histories of depression, anxiety, and hypertension were more common among
participants with higher neuroticism, while histories of IHD and diabetes were similar across

neuroticism score tertiles.

Figure 4.2: Distribution of neuroticism score
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Table 4.1: Baseline characteristics of participants

Characteristic Overall Neuroticism score tertile
1 (score 0-2) 2 (score 3—6) 3 (score 7-12)
N 19678 6834 7548 5296
Age (mean [SD]) 60.82 (9.26) 62.07 (9.14) 60.64 (9.24)  59.44 (9.23)
Female (%) 10973 (55.8) 3049 (44.6) 4423 (58.6) 3501 (66.1)
Townsend deprivation index quintile (%)
1 (Least deprived) 4052 (20.6) 1407 (20.6) 1576 (20.9) 1069 (20.2)
2 4021 (20.4) 1410 (20.6) 1546 (20.5) 1065 (20.1)
3 3953 (20.1) 1438 (21.0) 1480 (19.6) 1035 (19.5)
4 3911 (19.9) 1382 (20.2) 1511 (20.0) 1018 (19.2)
5 (Most deprived) 3667 (18.6) 1176 (17.2) 1406 (18.6) 1085 (20.5)
Missing 74 (0.4) 21 (0.3) 29 (0.4) 24 (0.5)
Education (%)
Less than O-level 7129 (36.2) 2337(34.2) 2722 (36.1) 2070 (39.1)
O-level 2088 (10.6) 654 (9.6) 843 (11.2) 591 (11.2)
A-level 7885 (40.1) 2876 (42.1) 2982 (39.5) 2027 (38.3)
Degree 2567 (13.0) 963 (14.1) 998 (13.2) 606 (11.4)
Missing 9 (0.0) 4(0.1) 3(0.0) 2 (0.0)
Body mass index category (%)
Normal (<25 kg/m?) 6804 (34.6) 2211(32.4) 2672 (35.4) 1921 (36.3)
Overweight (>25-<30 kg/m?) 7874 (40.0) 2935(42.9) 2967 (39.3) 1972 (37.2)
Obese (>30 kg/m?) 2518 (12.8) 878(12.8) 962 (12.7) 678 (12.8)
Missing 2482 (12.6) 810(11.9) 947 (12.5) 725 (13.7)
Alcohol intake (%)
Never 1005 (5.1) 367 (5.4) 373 (4.9 265 (5.0)
Previous 1899 (9.7) 589 (8.6) 715 (9.5) 595 (11.2)
Current (<14 units/week) 13772 (70.0) 4733 (69.3) 5317 (70.4) 3722 (70.3)
Current (>14 units/week) 2819 (14.3) 1093 (16.0) 1073 (14.2) 653 (12.3)
Missing 183 (0.9) 52 (0.8) 70 (0.9) 61 (1.2)
Smoking (%)
Never 9276 (47.1) 3226 (47.2) 3599 (47.7) 2451 (46.3)
Previous 8126 (41.3) 2889 (42.3) 3126 (41.4) 2111 (39.9)
Current 2126 (10.8) 665 (9.7) 768 (10.2) 693 (13.1)
Missing 150 (0.8) 54 (0.8) 55 (0.7) 41 (0.8)
APOE &4 Carrier (%) 3795 (26.5) 1353 (26.5) 1449 (26.5) 993 (26.5)
Depression (%) 2705 (13.8) 323 (4.7) 837 (11.1) 1545 (29.2)
Anxiety and stress related disorders (%) 582 (3.0) 79 (1.2) 182 (2.4) 321 (6.1)
Ischaemic heart disease (%) 1199 (6.1) 429 (6.3) 453 (6.0) 317 (6.0)
Hypertension (%) 2810 (14.3) 937 (13.7) 1090 (14.5) 783 (14.8)
Diabetes (%) 437 (2.2) 152 (2.2) 169 (2.2) 116 (2.2)

N, number of participants; SD, Standard deviation
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Association of neuroticism with dementia and its subtypes

Over a median follow-up of 22.7 years, 2,488 participants developed incident all-
cause dementia, of which 913 consisted of AD and 643 consisted of VaD. Figure 4.3 showed
the distribution of incident dementia diagnoses by age of onset, with most clinical onsets

occurring between ages 80 and 90.

Figure 4.3: Distribution of incident dementia diagnoses by age of onset
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After adjustment for covariates, the risk of incident dementia and its subtypes
increased in a dose-response manner for all-cause dementia (p for non-linearity=0.34), AD
(p=0.69), and VaD (p=0.10) (Figure 4.4). A 1-unit increase in neuroticism z-score was
associated with a 14% (HR 1.14, 95% CI, [1.10 to 1.19]), 15% (1.15, [1.08 to 1.23]), and
16% (1.16, [1.07 to 1.26]) higher risk of incident all-cause dementia, AD, and VaD,

respectively. Sensitivity analyses using multiple imputation produced similar results, though
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in competing risk models accounting for non-dementia mortality, the associations were

attenuated yet remained statistically significant (Appendix 4.2).

Figure 4.4: Associations between neuroticism score (original values and z-score) and
incident dementia

A B C
2.0 20 2.0
515 515 515
%\ 2 %! 2 %«1 2
£ £ <
1.0 1.0 1.0
0.8 0.8 0.8
i 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 11 12 ) 1 2 3 4 5 6 7 8 9 10 11 12
Neuroticism score Neuroticism score Neuroticism score
D  Exposure Outcome Case / population HR (95% CI)
All-cause 2,488/19,678 i - 1.14 (1.10to 1.19)
Neuroticism z-score ~ AD 913/19,678 1.15(1.08 to 1.23)
VaD 643 /19,678 1.16 (1.07 to 1.26)
1.0 11 1.2
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HR, hazard ratio; Cl, confidence interval; AD, Alzheimer's disease; VaD, vascular dementia; Panels A—C show associations
between neuroticism score and risk of all-cause dementia (A), AD (B), and VaD (C). Panel D shows hazard ratios (HRs)
per 1-SD increase in neuroticism score for each outcome. Estimates are adjusted for age, sex, education, Townsend
deprivation index (quintiles), smoking status, alcohol consumption, and body mass index. In panels A-C, solid lines
represent adjusted HRs with shaded areas indicating 95% confidence intervals, derived from restricted cubic spline
regressions with four knots. The dashed line marks the reference HR of 1.0. The reference point for neuroticism score is 0,
indicating the lowest level of neuroticism.

For all-cause dementia, the risk was highest in the first 15 years of follow-up (1.29,
[1.21 to 1.38]), gradually decreasing but remaining modestly elevated even after 20 years
(1.09, [1.01 to 1.17]) (Figure 4.5). A similar attenuating trend was observed for subtypes,

with VaD ultimately attenuating to null after 20 years.
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Figure 4.5: Associations between neuroticism z-score and incident dementia stratified
by follow-up period

Subgroup Cases / population HR (95% CI)
All-cause dementia
<15 years 863/ 19,678 —_— 1.29 (1.21 to 1.38)
>15-=20 years 879 /15,002 _— 1.14 (1.07 to 1.23)
>20 years 746 /12,363 —_— 1.09 (1.01 to 1.17)
Alzheimer’s disease
=I5 years 311/19,678 1.19 (1.06 to 1.34)

>15-=20 years 275/ 15,220 1.22 (1.09 to 1.38)
>20 years 327/12,723 1.14 (1.02 to 1.28)
Vascular dementia
<15 years 191 /19,678 1.30 (1.13 to 1.50)
>15-<20 years 232/15,275 1.16 (1.01 to 1.33)
>20 years 220/ 12,770 1.13 (0.99 to 1.30)
1.0 1.2 1.4
HR (95% ClI)

— All-cause — AD — VaD

HR, hazard ratio; Cl, confidence interval; AD, Alzheimer's disease; VaD, vascular dementia. Cox proportional hazards
models were fitted using age as the underlying timescale and adjusted for sex, education, socioeconomic status, smoking
status, alcohol consumption, and body mass index. The dashed vertical line marks the reference HR of 1.0.

Effect modification and mediation

In age-specific analyses, neuroticism was significantly associated with a similarly
increased risk of all-cause dementia across baseline age groups (p for interaction=0.654):
early midlife (<60 years) (1.16, [1.04 to 1.30]), late midlife (>60-<70 years) (1.11, [1.04 to
1.18]), and later life (=70 years) (1.14, [1.07 to 1.22]) (Figure 4.6). For dementia subtypes,
significant associations were observed only in the <60 and >70 age groups, although there

was no statistical evidence of interaction with age (all p>0.05).
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Figure 4.6: Associations between neuroticism z-score and incident dementia stratified
by baseline age

Subgroup Cases / population HR (95% CI) p for interaction
All-cause dementia ;
<60 years 319/9,076 D— 1.16 (1.04 to 1.30)
260-<70 years 1,116 / 6,290 D —— 1.11 (1.04 to 1.18) 0.654
270 years 1,053 /4,312 —_— 1.14 (1.07 to 1.22)
Alzheimer’s disease :
<60 years 140 /9,076 Po— 1.26 (1.07 to 1.48)
260-<70 years 396 /6,290 ——— 1.08(0.97t0 1.19) 0306
270 years 37774312 L —— 1.17 (1.06 to 1.30)
Vascular dementia '
<60 years 51/9,076 1.36 (1.04 to 1.78)
260-<70 ycars 309 / 6,290 —_ 1.07 (0.95 to 1.20) 0.185
270 years 283 /4,312 —_— 1.20 (1.06 to 1.35)
1j0 1.2 14
HR (95% CI)

— All-cause — AD — VaD
HR, hazard ratio; Cl, confidence interval; AD, Alzheimer's disease; VaD, vascular dementia. Cox proportional hazards
models were fitted using age as the underlying timescale and adjusted for sex, education, socioeconomic status, smoking
status, alcohol consumption, and body mass index. The dashed vertical line marks the reference HR of 1.0.

Additionally, the association was stronger among APOE &4 carriers than non-carriers
for all-cause dementia (1.20, [1.12 to 1.29] vs 1.09, [1.02 to 1.16], p for interaction=0.013),
and AD (1.21, [1.09 to 1.36] vs 1.05, [0.94 to 1.17], p for interaction=0.032), but not for VaD
(Figure 4.7).

Figure 4.7: Associations between neuroticism z-score and incident dementia stratified
by APOE &4 carrier status

Subgroup Cases / population HR (95% CI) p for interaction
All-cause dementia
APOE ¢4 carriers 780/3,795 ————t 1.20 (1.12 to 1.29)

) . 0.013
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APOE &4 carriers 341 73,795 — 1.21 (1.09 to 1.36) 0032
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— All-cause — AD — VaD
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HR, hazard ratio; Cl, confidence interval; AD, Alzheimer's disease; VaD, vascular dementia. Cox proportional hazards
models were fitted using age as the underlying timescale and adjusted for sex, education, socioeconomic status, smoking
status, alcohol consumption, and body mass index. The dashed vertical line marks the reference HR of 1.0.

A significant indirect (mediating) effect of selected conditions was observed in the
association between neuroticism z-score and all-cause dementia (Table 4.2). The highest
proportion was explained by depression (13.9%), followed by vascular conditions, including
hypertension (8.8%) and IHD (8.6%), with diabetes contributing similarly (8.4%). No

significant mediating effects were detected for AD or VaD.
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Table 4.2: Mediation analyses for the associations between neuroticism z-score, baseline disease history, and incident

dementia

Outcome  Mediator Total effect (95% CI) Direct effect (95% CI1) Indirect effect (95% CI) Proportion mediated (%)
Depression 1.16 (1.11t0 1.21) 1.13(1.09t0 1.19) 1.02 (1.00 to 1.04) 13.9
Anxiety 1.15(1.10t0 1.20) 1.14 (1.091t0 1.19) 1.01 (0.99 t0 1.03) -

All-cause  Hypertension  1.15 (1.10 to 1.20) 1.14 (1.091t0 1.19) 1.01 (1.00 to0 1.03) 8.8
IHD 1.15(1.10 to0 1.20) 1.14 (1.09to 1.19) 1.01 (1.00 to 1.03) 8.6
Diabetes 1.15(1.10 to0 1.20) 1.14 (1.09to 1.19) 1.01 (1.00 to 1.03) 8.4
Depression 1.17 (1.09 to 1.25) 1.17 (1.09 to 1.25) 1.00 (0.97 to 1.03) -
Anxiety 1.16 (1.08 to 1.24) 1.16 (1.08 to 1.23) 1.00 (0.98 to 1.03) -

AD Hypertension ~ 1.16 (1.08 to 1.24) 1.15(1.08 to 1.23) 1.01 (0.98 t0 1.03) -
IHD 1.16 (1.08 to 1.24) 1.15(1.08 to 1.23) 1.01 (0.98 to 1.03) -
Diabetes 1.16 (1.09 to 1.24) 1.15(1.08 to 1.23) 1.01 (0.98 to 1.03) -
Depression 1.19 (1.09 to 1.29) 1.16 (1.06 to 1.27) 1.02 (0.98 t0 1.07) -
Anxiety 1.16 (1.07 to 1.27) 1.16 (1.07 to 1.26) 1.00 (0.97 to 1.03) -

VaD Hypertension  1.16 (1.07 to 1.26) 1.15 (1.06 to 1.25) 1.01 (0.98 to 1.04) -
IHD 1.17 (1.07 to 1.27) 1.16 (1.07 to 1.26) 1.01 (0.98 to 1.04) -
Diabetes 1.17 (1.07 to 1.27) 1.16 (1.07 to 1.26) 1.01 (0.98 to 1.04) -

Cl, confidence interval; IHD, ischaemic heart disease; AD, Alzheimer's disease; VaD, vascular dementia; Estimates are adjusted for age, sex, ethnicity, education, Townsend
deprivation index (quintiles), smoking status, alcohol consumption, and body mass index. Total, direct, and indirect effects represent hazard ratios per 1-SD increase in
neuroticism, estimated using the counterfactual framework and marginal structural models. The proportion mediated was calculated as the natural indirect effect divided by

the total effect. “-” indicate insignificant indirect (mediating) effect.
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Association between neuroticism and cognitive function

The analyses of cognitive outcomes included 7,446 participants, with a mean age of
68.2 years (SD=8.1), of whom 55.2% were female (Appendix 4.3). Compared to baseline
participants, these individuals had a higher socioeconomic status and were less likely to be
current alcohol consumers or current smokers. The distribution of characteristics by
neuroticism level followed a similar pattern to that observed in the baseline participants.
Neuroticism at cognitive assessment correlated strongly with baseline levels (Pearson
correlation coefficient r=0.73). Neuroticism was positively associated with poor performance
across several cognitive domains (Figure 4.8). The strongest associations were observed for
poor performance in verbal episodic memory (OR 1.29, 95% CI [1.17 to 1.42]) and non-
verbal episodic memory (1.16 [1.04, 1.28]). Whilst higher neuroticism was associated with
poor performance in prospective memory and simple processing speed, these trends were not
statistically significant. Neuroticism showed no clear trend with crystallized intelligence. A
dose-response association was observed between neuroticism and the composite cognitive
outcome, with neuroticism linked to a higher likelihood of poor performance across multiple

cognitive domains compared to those with no poor performance.
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Figure 4.8: Associations between neuroticism z-score and cognitive function

Domain

Global cognitive function
Verbal episodic memory
Non-verbal episodic memory
Attention

Prospective memory
Processing speed (simple)
Processing speed (complex)

Reading ability and crystallized intelligence
Composite outcome

1 poor performance test
2-3 poor performance test

4-8 poor performance test

Test

SF-EMSE

HVLT

CANTAB-PAL

PW Letter Cancellation Task
Event and Time Based Task
VST (simple)

VST (complex)

NART

Poor/Complete Data (N)
587/7355
508/7061
463/6472
647/7296
1317/7292
611/6217
599/6217
554/7049

1747/6887
828/6887
204/6887

OR (95% CI)

1.13 (1.03 to 1.24)
1.29 (1.17 to 1.42)
1.16 (1.04 to 1.28)
1.12 (1.03 to 1.22)
1.05 (0.99 to 1.12)
1.08 (0.99 to 1.18)
1.14 (1.05 to 1.25)
1.01 (0.92 to 1.12)

1.06 (0.99 to 1.12)
1.18 (1.09 to 1.29)
1.28 (1.10 to 1.50)

10 11 12
OR (95% CI)

OR, odds ratio; Cl, confidence interval; SF-EMSE, Short form-Extended Mental State Exam; HVLT, Hopkins Verbal Learning Test; CANTAB-PAL, Cambridge
Neuropsychological Test Automated Battery Paired Associates Learning Test; VST, Visual Sensitivity Test; NART, National Adult Reading Test. Cross-sectional associations
between the neuroticism z-score and cognitive performance were assessed using logistic regression, adjusting for age, sex, socioeconomic deprivation, education, smoking
status, alcohol consumption, and body mass index. Poor cognitive performance was defined as scoring below the 10th percentile for each cognitive test, except for the
prospective memory test, where poor performance was defined as failing the task (a dichotomous outcome). The composite outcome was categorized into three groups based
on the number of tests with poor performance, with those having none as the reference. Multinomial logistic regression was used to assess the association between neuroticism

and the composite outcome.
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45 DISCUSSION

In this population-based study of nearly 20,000 individuals aged 40-80 years
followed for up to 26 years, higher neuroticism was associated with an increased risk of
dementia, with each 1-SD increase in neuroticism score linked to a 14% higher risk for all-
cause dementia, with comparable risk estimates for AD (15% higher) and VVaD (16% higher).
The association was stronger in the short term but remained significant even when the lag
time between neuroticism measurement and dementia onset exceeded 20 years. A similarly
increased risk was observed across age groups, including early midlife (<60 years), late
midlife (>60-<70 years), and later life (>70 years). Among mid- to later-life adults without
dementia, higher neuroticism was associated with poorer performance across multiple
cognitive domains. Additionally, this study found interactions between neuroticism and

APOE &4 genotype, and mediation by mental and vascular conditions.

The previous chapter, based on UK Biobank, showed a stronger association with VVaD
than with AD, whereas in EPIC-Norfolk the risks for AD and VaD were comparable. This
difference may reflect regional variations in diagnostic practices and underlying population
risk profiles. EPIC-Norfolk includes more oldest-old participants (>85 years), where mixed
dementia and VVaD are more common and pure AD is less dominant,?*® while UK Biobank
participants were generally younger, with AD remaining the predominant subtype. In UK
Biobank, VaD diagnoses may represent a subgroup with more pronounced vascular risk
profiles, which aligns with neuroticism’s known links to vascular factors such as

hypertension and IHD, explaining the stronger observed association with VaD.
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The association between neuroticism and dementia remained significant when
neuroticism was measured before age 60 or more than 20 years prior to diagnosis, supporting
its role as a long-term risk factor rather than a psychological change emerging in the early
stages of the disease. Two previous studies with follow-ups exceeding 20 years both reported
significant associations, though with varying magnitudes. One study (N=800, baseline age
38-54, maximum follow-up 38 years) found each 1-SD higher baseline neuroticism score
was associated with a 4% increased risk of AD.!?" This estimate is lower than that observed
in this study and may be influenced by survival bias, as previous studies suggest that
individuals with higher neuroticism are at increased risk of earlier mortality and may die
before developing dementia.?*”2*® This interpretation is supported by the Fine-Gray model
results, which indicated that the association was further attenuated after accounting for
competing risks of non-dementia mortality. Another study (N=1,671, median baseline age
56.5, maximum follow-up 22 years) found a 37% increased risk of AD,'?! though this
estimate may be inflated by residual confounding due to limited adjustment (age, sex,
ethnicity, and education only). Additionally, a study that assessed personality-related
characteristics in adolescence (mean age 15.8) found each 1-SD higher level of “calm”—an
indicator of low neuroticism—was associated with a 5% lower risk of dementia after 54 years
of follow-up.?® Together, these findings reinforce neuroticism as a potential risk factor for
dementia and highlight the importance of early identification and intervention, as neuroticism

typically stabilizes in late adolescence.>
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In this study, the association between neuroticism and dementia risk was similar for
those whose baseline in the study was in mid- or later- life. This suggests that neuroticism
may help identify individuals at elevated risk of dementia even in later life. While earlier
exposure to high neuroticism could allow more time for cumulative damage (e.g.,
cerebrovascular injury), this study did not observe a stronger association in younger age
groups (e.g., baseline age <60). This may reflect survival bias, where younger individuals

with high neuroticism are less likely to survive to dementia onset.?*°

The direct association between neuroticism and dementia is further supported by its
link to poor cognitive function. This study used a validated, detailed cognitive battery shown
to predict future dementia.??® A previous cross-sectional study (N=2,865) used a similarly
detailed multi-domain cognitive battery (five domains) and reported comparable associations
across domains.!*® However, its older population (mean age=76) makes the findings more
susceptible to reverse causation, as some participants may already have been in preclinical
dementia stages. In contrast, participants in the present analysis were a healthier, younger
(mean age=68), dementia-free subgroup of EPIC-Norfolk, making the findings less prone to
such bias. The association with poor global cognition and the observed dose-response
relationship for the composite cognitive outcome suggest that neuroticism is linked to poor
cognitive function across a broad range of domains, an important early indicator of cognitive
decline.?*! The strongest association was found for verbal episodic memory, the strongest
predictor of dementia among all cognitive tests in EPIC-Norfolk.??° In contrast, the lack of
association with crystallized intelligence may reflect its relative stability with age compared

to other cognitive domains.?®® This strong correlation between baseline and cognitive-
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assessment neuroticism is consistent with findings from UK Biobank (Chapter 3), reinforcing

neuroticism as a stable marker linked to poorer cognitive performance.

In this study, a significant interaction between neuroticism and APOE &4 was
observed, with stronger associations in APOE &4 carriers. This finding is consistent with a
previous study (mean baseline age 78.6; 6.5 years follow-up)*4? in which most dementia cases
occurred in the mid-80s, similar to the present analysis and more representative of the general
population.?*? By contrast, the UK Biobank study in the previous chapter and another study
(mean baseline age 56.5 years; 12 years follow-up),?! where dementia onset occurred earlier
(mid-70s), found no significant interaction. Together, these findings suggest that neuroticism

may confer additional risk for late-onset dementia among genetically vulnerable individuals.

Our mediation analyses were consistent with findings from the previous chapter,
showing that depression accounted for the largest proportion of the association, followed by
vascular conditions, with diabetes contributing the least. The mediation proportions for
depression (13.9%), hypertension (8.8%), and IHD (8.6%) were smaller than those reported
previously (38.5%, 10.4%, and 10.9%, respectively). These differences may reflect variation
in cohort characteristics. Importantly, these factors still explained a significant part of the
association, indicating that neuroticism is linked to dementia risk partly through modifiable

pathways even in older age.
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Strengths and limitations

This study has several strengths, including a large population with a wide baseline
age range and long follow-up, allowing us to examine whether the association between
neuroticism and dementia remained stable across different age groups and time periods,
helping to clarify the direction and timing of the association. Additionally, the use of well-
established cognitive tests for global and domain-specific function, which are sensitive to
early cognitive changes preceding dementia symptoms, further strengthens these findings.
However, EPIC-Norfolk was geographically restricted to Norwich and surrounding areas and
served by a single District General Hospital,?*! which may limit generalisability to more
diverse populations. As in the UK Biobank, healthier individuals with higher socioeconomic
status were more likely to participate at baseline and follow-up,?** potentially introducing
healthy volunteer bias. In addition, reliance on hospital inpatient and mortality records for
dementia identification likely resulted in under-ascertainment and potential misclassification,

particularly for dementia subtypes such as AD and VaD.??’

Conclusion

Findings from this chapter extend the significant association between neuroticism and
incident dementia risk—previously observed with follow-up periods of up to 16 years in
Chapter 3—to more than 20 years, strengthening the evidence supporting neuroticism as a
risk factor. Additionally, this chapter provides new insights by demonstrating that the
association remains significant regardless of whether neuroticism is assessed in mid- or later

life. Furthermore, neuroticism was associated with poorer cognitive performance across
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multiple domains before dementia onset. Together, the two large-scale population-based
cohort studies in Chapters 3 and 4 provide robust, consistent evidence that higher neuroticism
is associated with an increased risk of dementia. Both chapters also suggest that vascular

pathways may underlie this association.
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Chapter 5 Neuroticism, omega-3 fatty acids, and risk of incident

dementia
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5.1 CHAPTER SUMMARY

Neuroticism has been linked to dementia risk, but the biological pathways remain
unclear. Given the role of metabolites in both neuroticism and dementia, this study analysed
215,624 UK Biobank participants with nuclear magnetic resonance (NMR)-based
metabolomics data. Linear regression identified metabolites associated with neuroticism, and
those reaching Bonferroni significance were tested for associations with incident dementia
using Cox proportional hazards regression. Robustness of significant observational

relationships was evaluated through two-sample MR.

Neuroticism was significantly associated with 119 of 249 metabolites (Bonferroni-
adjusted p<0.05). Five metabolites involved in fatty acid metabolism showed consistent
directional associations with both neuroticism and dementia. Higher levels of
docosahexaenoic acid (DHA), DHA% of total fatty acids, omega-3% of total fatty acids, and
degree of unsaturation were associated with lower neuroticism levels and a decreased risk of
dementia, whereas the omega-6/omega-3 ratio was positively associated with both
neuroticism and dementia risk. Associations were stronger for VaD than for AD. MR
analyses suggested that high levels of neuroticism reduce DHA levels, which, in turn,

contribute to white matter pathology, a hallmark of VVaD.

In conclusion, neuroticism is associated with lower levels of omega-3 fatty acids,
particularly DHA, which may increase dementia risk, primarily via cerebrovascular

pathways.
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5.2 BACKGROUND

Findings from previous chapters consistently suggest that neuroticism is associated
with an increased risk of dementia. Since neuroticism is established early in life and remains
relatively stable throughout the life course, it is not easily modifiable. However, it may
indirectly increase dementia risk through other modifiable factors, which could serve as
promising candidates for targeted interventions. Evidence highlighted in earlier chapters
points to cerebrovascular health as a key pathway: neuroticism has been robustly associated
with VaD and WMH, a marker of cerebrovascular damage;*'¢17° vascular conditions such as
hypertension and IHD have been identified as mediators of this association. Further
exploration with molecular data may provide additional clues about the biological pathways

and offer insights for precision prevention strategies.

To better understand the underlying pathways, studying metabolites may be a
promising approach. Metabolites are the final downstream products of metabolic processes,
capturing both genetic and environmental influences on metabolism.** They may play a
crucial role in the association between neuroticism and dementia. First, neuroticism is
associated with factors influencing metabolic processes,?*® including lifestyle changes (e.g.,
diet),1% chronic inflammation,?** and disrupted gut microbiota.?*® Second, dysregulated
metabolism is a major contributor to vascular damage; abnormal levels of metabolites like
high LDL cholesterol,2*¢ high hemoglobin Alc,?*” and low omega-3 fatty acids,?*® are well-
established risk factors for CVD. Third, evidence supports a metabolic basis for dementia,
with associations found between high LDL cholesterol,'” diabetes,!” metabolic syndrome,?*°

and increased dementia risk.
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Previous research on neuroticism’s association with metabolites has focused only on
high-density lipoprotein (HDL) cholesterol, triglycerides, fatty acids, and glucose, with
inconsistent results.?>%-2%8 The recent availability of reproducible high-throughput, large-scale
metabolomics data now enables studies to explore neuroticism's association with a broader
range of metabolites, including lipids, lipoproteins, fatty acids, amino acids, ketone bodies,
and those involved in glycolysis and energy metabolism. Metabolomics also provides more
granular measurements, such as specific subfractions (e.g., concentrations of triglycerides,
phospholipids, and total cholesterol) and the sizes of lipoproteins. To date, no studies have
systematically examined the association between neuroticism and the metabolome or

investigated whether the identified metabolites are further linked to dementia risk.

Leveraging the large-scale metabolomics platform of the UK Biobank, the study in
this chapter first conducted a hypothesis-free analysis to examine the relationship between
neuroticism and 249 plasma metabolites. For the metabolites identified as related to
neuroticism, this study further explored their associations with the incident risk of all-cause
dementia and key dementia subtypes. Additionally, MR was applied to reduce confounding

and enhance the robustness of the significant observational associations.
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5.3 METHODS

Study population

The study in this chapter used data from the UK Biobank, with details previously
described in Chapter 3 and elsewhere.*8 Blood samples were collected at recruitment from
2007 to 2010. Plasma metabolite profiling was conducted by Nightingale Health Plc using a
high-throughput NMR spectroscopy platform. The July 2023 release of UK Biobank
metabolomics data (the latest available at the time of analysis) covered ~275,000
participants’ baseline plasma samples, consisting of ~118,000 samples measured between

2019 and 2020 and an additional ~157,000 samples measured between 2020 and 2022.%°

For the study examining the association between neuroticism and metabolites,
participants had a prior history of dementia, based on either hospital inpatient diagnoses or
self-reported dementia or cognitive impairment at the verbal interview (n=125) were
excluded, as were those with missing neuroticism scores (n=54,860) and covariates
(n=6,504) (Figure 5.1). We did not exclude participants with prevalent mental or vascular
conditions, as these conditions are part of the pathway linking neuroticism to dementia, as
shown in previous chapters. Excluding such individuals would truncate key causal pathways,
induce selection bias by restricting the sample to a healthier subset, and reduce the

generalisability of the findings.
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Figure 5.1: Flow diagram of analyses

274 353 participants with NMR-metabolomic data

58 729 Excluded
125 with dementia at baseline

6 504 with missing covariate data

3 193 Education

1 220 Ethnicity

1 027 Body mass index
556 Alcohol consumption
1 336 Smoking status

54 860 with missing neuroticism score

332 Townsend deprivation index

A

A 4

215 624 dementia-free participants with complete
data (final sample)

NMR, nuclear magnetic resonance
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Metabolomics

Handling and storage protocols for blood samples have been previously described.?*
Briefly, blood samples were collected using standardized vacutainer tubes containing various
preservatives and anti-coagulants, then minimally processed at assessment centres before
being transported under controlled temperatures to a central laboratory. There, samples were
aliquoted and stored either at —80°C or in the vapour phase of liquid nitrogen to preserve
long-term stability. Samples from each participant were split between two geographically
separated archives to mitigate risks and prevent degradation from freeze—thaw cycles. Each

processing step was highly automated and quality-controlled.

Metabolites were quantified from ethylenediaminetetraacetic acid plasma using six
500 MHz NMR spectrometers, with each sample generating two spectra to capture both
macromolecules and low-molecular-weight metabolites. Sample preparation and
measurement followed EN 1SO 13485-certified protocols, with strict temperature control and
automation to ensure consistency. Quality control included the use of internal standards,

blind duplicates, and detailed monitoring of variation across instruments and batches.?!

The NMR platform quantified 249 metabolites, consisting of 168 absolute and 81
ratio measurements. Most of the absolute measurements are concentrations, including those
of lipoproteins—very-low-density (VLDL), low-density (LDL), intermediate-density (IDL),
and high-density lipoproteins (HDL)—of various sizes, as well as their lipid components,
such as triglycerides, total cholesterol, cholesteryl esters, free cholesterol, phospholipids, and

total lipids. Concentrations of fatty acids, amino acids, ketones, and glycolysis metabolites
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were also measured. Other absolute measurements included lipoprotein particle diameters
and the degree of unsaturation (the total number of pi bonds and rings within a molecule).

Appendix 5.1 presents the complete list of 249 metabolites.

Measurements of metabolites outside four interquartile ranges from the median,?!
and those flagged as quality control concerns by Nightingale Health Plc were treated as
missing data. Measurements were adjusted for the specific NMR spectrometer used by
applying a linear regression model with loglp-transformed metabolite data as the outcome

and the spectrometer as the predictor. The resulting residuals were then standardized.

Assessment of neuroticism

As detailed in Chapter 3, UK Biobank measured neuroticism using the EPQ-RS.5!

Total scores (range: 0-12) were standardized to z-scores with a mean of 0 and an SD of 1.

Incident dementia outcomes

Dementia diagnoses were identified through the UK Biobank's linkage with hospital
inpatient records and the death registry, based on the ICD codes for all-cause dementia and
its subtypes as defined by the UK Biobank Outcome Adjudication Group.'®® Details of these
data sources and codes are provided in Chapter 3. Incident dementia was defined as the

earliest recorded instance of a dementia ICD code from either source.
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Covariates

To ensure comparability with the studies in Chapters 3 and 4, covariates in this study
were selected to align with those used in Chapters 3 and 4. These include baseline measures
of sex, age (continuous), assessment centre, ethnicity (White and non-White), quintiles of the
TDI, education (primary, secondary, post-secondary non-tertiary, and tertiary), smoking
status (never, previous, and current smoker), alcohol consumption (<4 times/week, daily or
almost daily), BMI (normal [<25 kg/m?], overweight [>25-<30 kg/m?], and obese [>30
kg/m?]). Detailed definitions and the corresponding UK Biobank variables for these
covariates are provided in Chapter 3. Additionally, this study adjusted for common
medications that may influence metabolic processes,?®? including antihypertensives,
antidiabetes, lipid-lowering drugs, gastrointestinal-related drugs, corticosteroids, and
psychiatric medication. Current medication use was self-reported during the baseline verbal

interview.

Genetic variants

Genetic association estimates were drawn from the largest publicly available GWAS
of European ancestry available at the time of analysis (July 2023). The GWAS sources for
neuroticism,’® AD,?? and WMH?? were the same as those used in Chapter 3. As justified in
Chapter 3, WMH volume was used as a proxy for VaD due to the lack of well-powered
GWAS for VaD. For metabolites, summary statistics were obtained from a GWAS of

114,999 UK Biobank participants with metabolomics data.??
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Genetic instruments were selected using standard criteria for genome-wide
significance, allele frequency, linkage disequilibrium, and F-statistic, as detailed in Chapter

3.

Statistical analysis
Observational analyses

Associations between neuroticism z-scores and 249 loglp-transformed standardized
metabolites were analysed using linear regression, adjusted for all covariates. Significance
was determined by a Bonferroni-adjusted threshold of p<0.05/249=2.0x10* for each
metabolite. This approach is conservative given the substantial correlation among
metabolites. Metabolites significantly associated with neuroticism were further analysed for
their relationship with incident all-cause dementia using Cox proportional hazards
regression, with follow-up time as the timescale. For metabolites with consistent directional
associations with both neuroticism and dementia, their links to dementia subtypes (AD and
VaD) were further explored. Participants were followed from baseline until dementia
diagnosis, death, or the censoring date of hospital records (31 October 2022 for England, 31

August 2022 for Scotland, and 31 May 2022 for Wales), whichever came first.

Assessing potential causal relationships with Mendelian randomisation

Two-sample MR analyses were performed to explore potential causal relationships
between neuroticism and metabolites with consistent directional links to neuroticism and

dementia, as well as between these metabolites and AD and WMH. Primary analyses used
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the IVW method, with sensitivity analyses conducted to assess robustness and potential
pleiotropy, including MR-Egger, weighted median, MRIap, the Steiger directionality test,
and tests for Cochran’s Q-statistic and Egger intercept. Associations that were significant in
the IVW analysis and supported by sensitivity tests were further examined using leave-one-
out analysis to assess whether the results were driven by any single variant. Further

methodological details are provided in Chapter 3.
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54 RESULTS

Sample characteristics

The final sample for metabolomics profiling of neuroticism included 215,624
participants (mean age [SD], 56.9 [8.1] years; 53.3% female). Participants with higher
neuroticism scores were younger, more likely to be female, lived in deprived areas, had lower
educational levels, and were more prone to obesity and smoking. They also tended to take
more corticosteroids, gastrointestinal-related drugs, antihypertensives, and psychiatric
medications (Table 5.1). Over a median follow-up of 13.7 years, 3,844 participants

developed all-cause dementia, including 1,699 with AD and 863 with VaD.

Metabolome-wide association analysis of neuroticism with 249 metabolites

Neuroticism was associated with 119 of 249 metabolites at a Bonferroni-adjusted p-
value<0.05. The most significant associations were observed for concentrations of fatty acids
and lipoproteins and their lipid components. Neuroticism z-score was inversely associated
with polyunsaturated to monounsaturated fatty acid (PUFA to MUFA) ratio, omega-3 fatty
acids (especially DHA), and large-sized HDL and its lipid components (especially
cholesterol, phospholipids, and total lipid). Conversely, neuroticism was positively
associated with MUFA, omega-6 fatty acids, very-low-density lipoproteins (VLDL), and

triglycerides (Figure 5.2, effect size for all metabolites in Appendix 5.1).
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Table 5.1: Baseline characteristics of participants

Characteristic Overall Neuroticism score tertile
1 (score 0-2) 2 (score 3-5) 3 (score 6-12)
N 215624 82244 64348 69032
Age (mean (SD)) 56.93 (8.06) 57.72(7.97) 57.02(8.05)  55.89 (8.05)
Female (%) 114875 36363 (44.2) 36237 (56.3) 42275 (61.2)
(53.3)
Townsend deprivation index quintile
(%)
1 (Least deprived) 45632 (21.2) 18471 (22.5) 13827 (21.5) 13334 (19.3)
2 44922 (20.8) 17911(21.8) 13581 (21.1) 13430 (19.5)
3 43699 (20.3) 16955 (20.6) 13206 (20.5) 13538 (19.6)
4 42005 (19.5) 15609 (19.0) 12589 (19.6) 13807 (20.0)
5 (Most deprived) 39366 (18.3) 13298 (16.2) 11145 (17.3) 14923 (21.6)

Education (%)

Primary 35376 (16.4) 11928 (14.5) 10419 (16.2) 13029 (18.9)
Secondary 48233 (22.4) 16942 (20.6) 14557 (22.6) 16734 (24.2)
Post-secondary non-tertiary 26651 (12.4) 10622 (12.9) 8202 (12.7) 7827 (11.3)
Tertiary 105364 42752 (52.0) 31170 (48.4) 31442 (45.5)
(48.9)
Ethnic group - White (%) 207203 78853 (95.9) 61965 (96.3) 66385 (96.2)
(96.1)
BMI (%)
Normal (<25 kg/m?) 70759 (32.8) 25779 (31.3) 21631(33.6) 23349 (33.8)

Overweight (>25-<30 kg/m?)

92454 (42.9)

37000 (45.0)

27390 (42.6)

28064 (40.7)

Obese (>30 kg/m?)

52411 (24.3)

19465 (23.7)

15327 (23.8)

17619 (25.5)

Drinking daily or almost daily (%)

44766 (20.8)

17850 (21.7)

13401 (20.8)

13515 (19.6)

Smoking status (%)

Never 117780 46774 (56.9) 35227 (54.7) 35779 (51.8)
(54.6)

Previous 75479 (35.0) 27987 (34.0) 22750 (35.4) 24742 (35.8)
Current 22365 (10.4) 7483(9.1)  6371(9.9)  8511(12.3)
Medications (%)

Corticosteroids 11334 (5.3)  3745(46)  3309(5.1) 4280 (6.2)
Gl-related drugs 24965 (11.6) 7354 (8.9) 7355 (11.4) 10256 (14.9)
Lipid-lowering drugs 38860 (18.0) 15031 (18.3) 11254 (17.5) 12575 (18.2)
Antidiabetes 7781(36) 3009 (3.7)  2158(3.4) 2614 (3.8)
Antihypertensives 49086 (22.8) 18352 (22.3) 14420 (22.4) 16314 (23.6)
Psychiatric medication 17252 (8.0) 2169 (2.6) 3813 (5.9) 11270 (16.3)
Depression (%) 13163 (6.1) 1137 (1.4) 2504 (3.9) 9522 (13.8)
Ischaemic heart disease (%) 11476 (5.3) 4051 (4.9) 3354 (5.2) 4071 (5.9)
Hypertension (%) 58134 (27.0) 21120(25.7) 17193 (26.7) 19821 (28.7)
Diabetes (%) 10809 (5.0) 4146 (5.0) 3033 (4.7) 3630 (5.3)

N, number of participants; SD, standard deviation; BMI, body mass index; Gl, gastrointestinal.
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Figure 5.2: Associations between neuroticism and 249 metabolites
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Associations of neuroticism-related metabolites with dementia and WMH

Of the 119 neuroticism-related metabolites, 74 were significantly linked to incident
all-cause dementia (Appendix 5.2), with only five showing consistent directional
associations with both neuroticism and all-cause dementia. Four of these reflected omega-3
fatty acid levels and were negatively associated with both neuroticism and dementia: DHA
(HR for 1-SD increase 0.94, 95% CI 0.91 to 0.97), DHA% of total fatty acids (0.95, [0.92 to
0.98]), omega-3% of total fatty acids (0.91, [0.88 to 0.94]), and degree of unsaturation (0.95,
[0.92 to 0.98]) (Table 5.2). Conversely, omega-6/omega-3 ratio, positively associated with
neuroticism, was also linked to an increased risk of dementia (1.09, [1.05 to 1.13]). Among
the remaining 69 metabolites with inconsistent directions, most were related to lipoproteins
(HDL and VLDL) and their lipid components (Appendix 5.3). Neuroticism was negatively
associated with large-sized HDL, which was positively linked to dementia risk; and
positively associated with VLDL, triglyceride-to-cholesterol ratio in lipoproteins, and total

triglycerides, which were inversely associated with dementia risk.

When looking at the association of metabolites with dementia subtypes, associations
of omega-3% of total fatty acids and the omega-6/omega-3 ratio were stronger with VVaD
compared to AD (omega-3% of total fatty acids: 0.90 [0.84 to 0.97] vs 0.95 [0.90 to 1.00];

omega-6/omega-3 ratio: 1.08 [1.00 to 1.16] vs 1.06 [1.01 to 1.12]) (Table 5.3).
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Table 5.2: Consistent directional associations of metabolites with neuroticism and incident all-cause dementia

Metabolites Linear regression (neuroticism — Cox regression (metabolites — all-cause
metabolites) dementia)
B (95% CI) p? HR (95% CI) p
DHA —0.009 (—0.014 to —0.005) 0.002 0.94 (0.91 to 0.97) 4.0x10™
DHA% of total fatty acids  —0.016 (—0.020 to —0.012) 4.7x1012 0.95 (0.92 to 0.98) 0.004
Omega-3% of total fatty —0.013 (-0.017 to —0.009) 4.6x107 0.91 (0.88 10 0.94) 1.9x108
acids
Omega-6/omega-3 ratio 0.010 (0.006 to 0.015) 3.1x10* 1.09 (1.05t0 1.13) 8.8x1077
Degree of unsaturation —0.009 (—0.013 to —0.005) 9.8x10* 0.95 (0.92 to 0.98) 0.001

HR, hazard ratio; CI, confidence interval; DHA, docosahexaenoic acid. Linear regression coefficients represent associations between neuroticism z-scores and metabolite
levels, adjusted for sex, age, assessment centre, ethnicity, Townsend deprivation index, education, smoking status, alcohol consumption, body mass index, and baseline
medication use. Cox models estimate the hazard ratio for incident all-cause dementia per 1-SD increase in each metabolite, adjusted for the same covariates.

aBonferroni-adjusted p values.

Table 5.3: Associations between omega-3 fatty acids and dementia subtypes

Metabolites AD VaD

HR (95% CI) p HR (95% CI) p
DHA 0.98 (0.93 to 1.03) 0.497 0.97 (0.90 to 1.05) 0.455
DHA% of total fatty acids 0.98 (0.94 t0 1.04) 0.546 0.94 (0.88 10 1.01) 0.114
Omega-3% of total fatty acids 0.95 (0.90 to 1.00) 0.037 0.90 (0.84 to 0.97) 0.008
Omega-6/omega-3 ratio 1.06 (1.01t0 1.12) 0.024 1.08 (1.00 to 1.16) 0.049
Degree of unsaturation 0.99 (0.94 to 1.04) 0.572 0.95 (0.88t0 1.01) 0.112

AD, Alzheimer's disease; VaD, vascular dementia; HR, hazard ratio; Cl, confidence interval; DHA, docosahexaenoic acid. Cox models estimate the hazard ratio for incident
Alzheimer's disease and vascular dementia per 1-SD increase in each metabolite, adjusted for sex, age, assessment centre, ethnicity, Townsend deprivation index, education,
smoking status, alcohol consumption, body mass index, and baseline medication use.
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Mendelian randomisation

Genetic instruments for neuroticism, AD and WMH were the same as those used in
Chapter 3, and each metabolite was instrumented using 28-45 independent SNPs (Appendix
5.4). Genetically predicted higher neuroticism was significantly associated with lower levels
of DHA (IVW B=-0.125, p=0.011), DHA% of total fatty acids (3=—0.187, p<0.001), omega-
3% of total fatty acids (f=—0.129, p=0.007), and degree of unsaturation (p=—0.136, p=0.003)
(Figure 5.3; estimates are presented in Appendix 5.5). While there was evidence of
heterogeneity (all p for Q<0.05) and pleiotropy (all p for Egger intercept<0.05 except for
degree of unsaturation) (Appendix 5.6), the associations remained consistent across
sensitivity analyses that accounted for pleiotropy and sample overlap. Genetically predicted
neuroticism was also positively associated with omega-6/omega-3 fatty acids ratio ($=0.093,
p=0.042), with the association remaining significant in the MR-Egger ($=0.654, p=0.005).
Steiger test indicated stronger instrument-exposure than instrument-outcome correlations in
all cases (all p<0.001). Leave-one-out analyses indicated that these associations were not

driven by any single SNP (Appendix 5.7).

There was no evidence that genetically predicted lower omega-3 fatty acid levels
increased risk of AD. Genetically predicted higher DHA levels were associated with lower
WMH burden (B=-0.075, p=0.030). Leave-one-out analyses showed that this association was
largely driven by rs174547; removing this variant attenuated the association to null
(Appendix 5.7). Other metabolites showed consistent directional associations with WMH

volume and neuroticism, although these associations were not statistically significant.
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Bonferroni adjustment was not applied to these five preselected metabolites in the

MR analyses; therefore, the reported associations should be interpreted as nominal.
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Figure 5.3: Mendelian randomisation analyses of neuroticism, omega-3 fatty acids, and dementia outcomes

Metabolites - Dementia-related outcomes

Metabolites Neuroticism - Metabolites

AD WMH

——i —_— '

DHA o -t |

DHA% of total fatty acids — —— !
Omega-3% of total fatty acids '_:4 '—-—< '—-—H

Omega-6 / omega-3 ratio : — —_—
Degree of unsaturation : —— —_—
-0.5 0.0 0.5 1.0 0.5 1.0 2.0 01 00 01 02 03

B (95% Cl)

Inverse variance weighted

OR (95% CI)

Weighted median

B (95% Cl)

OR, odds ratio; Cl, confidence interval; DHA, docosahexaenoic acid; WMH, white matter hyperintensities; AD, Alzheimer's disease; VaD, vascular dementia.

151



5.5 DISCUSSION

In this large-scale metabolomics study of 215,624 individuals, omega-3 fatty acids,
including DHA and the degree of unsaturation were inversely associated with both
neuroticism and dementia risk, while the omega-6/omega-3 ratio was positively associated
with both. Omega-3 fatty acids were more strongly associated with VVaD than with AD. MR
analyses supported a link between genetically predicted neuroticism and both omega-3 fatty
acids and the omega-6/omega-3 ratio, as well as between genetically predicted DHA and
WMH. These findings suggest that omega-3 fatty acids and their balance with omega-6 fatty
acids may play a crucial role in linking neuroticism to dementia, potentially through vascular

pathways.

The association between neuroticism and fatty acids has previously been examined
in only two small studies of middle-aged populations (N=116, mean age 45%7; N=2,912,
mean age 41.9%®). Both studies found neuroticism to be negatively associated with DHA,
while one also reported a positive association with arachidonic acid (AA), a key omega-6
fatty acid, and the AA/DHA ratio.?®” Importantly, that study used gas chromatography/mass
spectrometry (GC/MS),%®" the gold standard for metabolite quantification,?®* which
strengthens the validity of the NMR-based findings. The current study extended these
associations to an older and larger population and also reported a negative association
between neuroticism and the degree of unsaturation, which is higher in omega-3 fatty acids
than in omega-6. The relationship between circulating omega-3 fatty acids and reduced

dementia risk has been previously observed in small cohort studies using GC/MS,265:266
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including one with over 17 years of follow-up.?®® Additionally, a positive association
between the omega-6/omega-3 ratio and increased dementia risk was identified, reinforcing
findings from a previous small study (N=1,214; 4 years follow-up) that linked the GC/MS-

measured omega-6/omega-3 ratio to increased dementia risk.2%’

Omega-3 fatty acids and its balance with omega-6 fatty acids may primarily act
through vascular rather than neurodegenerative pathways in linking neuroticism to dementia.
Stronger associations between omega-3 fatty acids and the omega-6/omega-3 ratio with VVaD
compared to AD were observed, further supported by MR results showing a link between
omega-3 fatty acids and reduced WMH volume, but not with AD. This aligns with findings
in previous chapters that neuroticism is consistently associated with VaD and that its link
with dementia is partially mediated by vascular conditions. Furthermore, omega-3 fatty acids
have consistently been associated with markers of improved cerebrovascular health,
including blood-brain barrier integrity,2%32%° enhanced cerebral perfusion,?® and lower
WMH volume;?"* However, studies have generally not found associations with key AD
pathology markers, such as Ap and tau accumulation?’? and hippocampal atrophy.?’* This is
biologically plausible, as Omega-3 fatty acids exhibit vasodilatory, anti-aggregatory, and
anti-inflammatory effects, all closely linked to circulatory benefits. Their balance with
omega-6 fatty acids is also important because omega-6 and omega-3 fatty acids compete for
the same enzymes involved in their elongation and desaturation. In contrast to omega-3,
omega-6 fatty acid derivatives promote vasoconstriction, platelet activation, and

inflammatory cytokine production, potentially harming circulatory function. Therefore, the
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circulatory benefits of omega-3 fatty acids may be diminished by high levels of omega-6

fatty acids.?”

A deeper inspection using leave-one-out analyses showed that the DHA-WMH
association was largely driven by a single influential variant, rs174547, located in the FADS1
gene. This variant is in strong linkage disequilibrium with rs174528 (D’=1, R?>=0.84 in
Europeans from the 1000 Genomes Project),?’* which has previously been identified as an
influential SNP linking genetically predicted linoleic acid (an omega-6 fatty acid) to higher
WMH, and DHA% and omega-3% to lower WMH.*® Prior work also showed that linoleic
acid and WMH colocalise, and that genetically predicted linoleic acid partially mediates the
association between blood FADS1 expression and WMH.*® The FADS gene cluster plays a
central role in the desaturation of PUFAs, including the conversion of alpha-linolenic acid to
DHA.2"® FADSL1 is expressed widely across human tissues, including the brain.?’® Other
studies have reported colocalisation between DHA and psychiatric traits at the FADS
locus,?’"?"® and variants in this region have been associated with multiple brain imaging
phenotypes.?’%280 Taken together, these findings suggest that associations between omega-3

fatty acids and WMH may reflect both peripheral and brain-specific pathways.

The identification of omega-3 and omega-6 fatty acids as critical factors suggests that
the neuroticism-dementia association may be driven by poor dietary behaviours. Humans
have limited capacity to synthesize these fatty acids endogenously, so their levels depend on
dietary intake.?”® Thus, the underlying dietary issue may involve both low omega-3 intake

and an imbalance between omega-6 and omega-3 consumption, where even high omega-3
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intake may be counteracted by excessive omega-6 intake.?8! Omega-3 is largely sourced from
oily fish, while omega-6 is abundant in vegetable oils.2”® Previous research indicates that
higher neuroticism is linked to unhealthy dietary patterns,’® including reduced fish
consumption.1?192 A meta-analysis of 48 prospective studies highlighted that dietary intake
or nutritional supplementation of omega-3, particularly DHA, is associated with improved
cognition and decreased dementia risk.?82 A higher omega-6/omega-3 ratio, as estimated
through dietary questionnaires, has been associated with an increased risk of cognitive

decline.?83

Metabolites showing opposite associations with neuroticism and dementia mainly
include: (1) large and very large HDL and their lipid components, (2) VLDL and its lipid
components, and (3) the proportion of triglycerides in lipoproteins. Neuroticism was
negatively associated with large-sized HDL, yet both this study and previous research have
linked larger HDL to an increased risk of dementia.?3* One possible explanation is that larger
HDL particles may be less efficient at delivering apoA-1,2>%% which inhibits AP
aggregation,?®’ to the brain; whereas small HDL is the only lipoprotein capable of crossing
the blood-brain barrier and may exert direct protective effects on cerebrovascular health.?%
Although this study did not focus on small HDL due to its insignificant association with
neuroticism, other studies have linked it to lower dementia risk.?%2% |n contrast, neuroticism
was positively associated with VLDL and triglycerides, which were inversely related to
dementia risk,24%?% possibly due to: (1) reverse causation, where metabolic and dietary
disturbances in the prodromal phase of dementia lead to lower serum lipid levels, particularly

triglycerides, and BMI;2°%292 or (2) individuals with elevated VLDL and triglycerides, which
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are linked to higher CVD risk,?%2%* may not survive long enough to develop dementia, as

they experience earlier mortality from CVD-related conditions.

Strengths and limitations

The main strengths of this study include its large sample size and the availability of
249 metabolites, enabling a comprehensive investigation of underlying metabolic pathways.
The use of both observational and MR analyses strengthened the findings, while the inclusion
of dementia subtypes and intermediate traits such as WMH-—a marker of cerebrovascular

damage—offered valuable insights into potential differences in pathogenesis.

This study has several limitations. The Nightingale metabolomics platform assesses
a limited range of metabolites and is primarily focused on lipoproteins. A GC/MS-based
platform like Metabolon would offer broader insights.?*> Medication use lies downstream of
underlying mental and vascular conditions, which previous chapters have shown to be part
of the biological pathways linking neuroticism to dementia. Adjusting for medication may
therefore attenuate the associations of interest, both between neuroticism and metabolites and
between those metabolites and dementia outcomes. Residual confounding may also remain
despite adjustment. Given the observational nature of these analyses, consistent directional

patterns should not be taken as evidence of causality.

In the MR analyses of neuroticism and metabolites, Cochran’s Q identified
heterogeneity in the SNP-specific estimates, suggesting differences in instrument strength or

horizontal pleiotropy. The MR-Egger intercept was also significantly different from zero,
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suggesting the presence of directional pleiotropy. However, the pleiotropy-robust
estimators—including the MR-Egger slope and weighted median—produced effect estimates
consistent with the primary IVW results, and associations remained significant after

accounting for sample overlap.

The APOE locus, which strongly influences lipid metabolism and is the major genetic
risk factor for AD, could in principle introduce horizontal pleiotropy by directly altering
metabolite levels independent of neuroticism or by affecting AD risk irrespective of
circulating metabolites. Nevertheless, Chapter 3 and 4 showed comparable neuroticism levels
across APOE genotypes, and the metabolite-AD MR analyses were null, leaving limited

scope for bias from APOE-driven type | error.

The genetic instruments for omega-3 fatty acids include variants at the FADS locus,
such as rs174547, which strongly influence fatty acid metabolism and also drive the observed
associations with WMH. Although biologically plausible as instruments, these variants may
introduce pleiotropy. Future work using colocalisation and expression quantitative trait loci
(eQTL) analyses is needed to clarify whether omega-3 fatty acid metabolism forms the

pathway linking FADS-related genetic variation to WMH.

While mediation could, in principle, be assessed using two-step MR,?*® which
involves estimating the association between genetically predicted neuroticism and
metabolites and then using separate, independent genetic instruments for metabolites to

estimate their association with WMH in a multivariable MR framework, this approach was
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not undertaken. The genetic instruments explain only a small proportion of neuroticism
variance, and in multivariable MR they must additionally predict neuroticism conditional on
metabolite levels, resulting in small conditional F-statistics and a high risk of weak-
instrument bias.?®” Two-step MR also requires no interaction between neuroticism and

metabolites and a linear relationship between them,?®” which are unlikely to be fully satisfied.

Overall, the MR findings should be interpreted as supportive but not conclusive

evidence of causality.

Conclusion

In summary, this study identified metabolites associated with neuroticism,
highlighting the role of omega-3 fatty acid levels, particularly DHA, and the omega-6/omega-
3 ratio in the association between neuroticism and dementia. Strong associations with VaD
and WMH suggest these metabolites may contribute to vascular pathology. For individuals
with high neuroticism, maintaining a healthy fatty acid profile through dietary interventions
or supplements could, if causal relationships are confirmed, potentially reduce the dementia

risk.
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Chapter 6 Association between neuroticism and brain-wide structural

outcomes: mediation by vascular and mental conditions
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6.1 CHAPTER SUMMARY

Neuroticism has been linked to dementia and poorer cognition, but its relationship
with brain structure is unclear. This study examined brain-wide associations between
neuroticism and 1,747 structural brain outcomes derived from T1-, T2-weighted, and
diffusion MRI (dMRI) in 36,901 UK Biobank participants. Associations were tested using
multiple linear regression adjusted for sociodemographic, lifestyle, and imaging
confounders. Bonferroni-significant findings were followed by mediation analyses of
pathways identified in Chapters 3 and 4 for neuroticism and dementia, and bidirectional MR

to assess directionality.

Higher neuroticism was found to be associated with reduced grey matter volumes in
the frontal and limbic regions, as well as widespread differences in white matter
microstructure, particularly in thalamic radiations. Hypertension mediated the associations
between neuroticism and both grey and white matter measures, while depression and anxiety
primarily mediated associations with white matter microstructure. Contributions from IHD
and diabetes were minimal. MR analyses supported a potential link between genetically

predicted neuroticism and increased diffusivity in the thalamic radiations.

In conclusion, neuroticism is linked to differences relevant to cognitive impairment

and dementia, partly mediated by vascular and mental conditions.
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6.2 BACKGROUND

Previous studies, including those presented in this thesis (Chapters 3 and 4), have
demonstrated significant associations of higher levels of neuroticism with poorer cognitive
function and an increased risk of dementia.l%®116.2%8 However, the neural pathways
underlying this link remain unclear. Previous studies have identified associations of
neuroticism with reduced global grey matter volume and increased WMH,*>170 syggesting
broad neurodegenerative and cerebrovascular burden. These findings are consistent with
Chapters 3 and 4, which showed neuroticism linked to higher risk of both AD and VaD. To
further clarify these pathways, it is essential to examine neuroticism in relation to specific
brain structures, such as regional grey matter volumes and the microstructure of individual
white matter tracts. Identifying such early, subtle structural differences, particularly before

clinical cognitive decline, may inform targeted strategies for early dementia prevention.

Evidence linking neuroticism to specific brain structures remains limited. Prior
research has largely focused on grey matter volume. A recent meta-analysis of 17 whole-
brain studies (mean age 34 years; most with sample sizes under 100) found no significant
associations between neuroticism and regional cortical or subcortical volumes,'*® despite
some individual studies reporting smaller frontal lobe volumes.158161.299-301 Eyen |ess
evidence exists for white matter microstructure, which can be assessed using dMRI and
serves as an early and sensitive indicator of vascular-related brain changes.?%3%? dMRI
studies in adolescent cohorts reported null associations,3®3% put three adult studies (N=51,

mean age 30 years;'’* N=668, mean age 73 years;'’> and N=265, mean age 50 years'®’)
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consistently found neuroticism-related reductions in FA and increases in mean diffusivity

(MD) across multiple white matter tracts.

These initial findings have several key limitations. First, most studies have been
underpowered, with sample sizes below 100. A minimum sample size of 1,000 has been
recommended to reliably detect associations between brain structure and psychological traits,
including personality.1893% Second, most samples were composed of younger adults, making
examination of age- or dementia-related structural differences impossible. Third, previous
research has neglected other neuroimaging modalities. For example, neurite orientation
dispersion and density imaging (NODDI) offers greater specificity for features such as axonal
density and fibre orientation and thus biological insights,3® yet its association with
neuroticism remains unexamined. Additionally, neuroticism has rarely been explored in
relation to other emerging preclinical markers of dementia, such as ventricular

enlargement®®’ and reduced cerebellar volume.3®

A crucial unanswered question is whether neuroticism leads to structural brain
changes, or conversely, whether brain structure influences neuroticism tendencies. Cross-
sectional observational studies conducted to date have been unable to distinguish between
these two possibilities. However, as introduced in the previous chapters, MR analysis offers
a powerful method to establish the directionality of the relationship between neuroticism and
brain structure. Previous chapters also suggest that the link between neuroticism and
dementia risk is likely driven by mental and vascular conditions. However, their role in

neuroticism—brain structure associations remain unexplored.
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To address these gaps, this study performed the largest brain-wide analysis of
neuroticism, integrating multiple neuroimaging modalities, in a large sample of dementia-
free older adults. This study examined a comprehensive range of imaging metrics, including
global measures, regional cortical and subcortical volumes, surface area, thickness, signal
intensity, white matter microstructure (traditional and NODDI-derived), and ventricular and
brainstem volumes. This study further assessed whether associations were mediated by
modifiable health conditions linked to neuroticism or dementia (depression, anxiety and
stress-related disorders, IHD, hypertension, and diabetes). Additionally, this study applied
the bidirectional two-sample MR to evaluate potential causal relationships between

neuroticism and brain structure.
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6.3 METHODS

Study population

This study used data from the UK Biobank, with details previously described in
Chapter 3 and elsewhere.'® As mentioned in Chapter 3, UK Biobank launched its imaging
study in 2014, inviting participants to undergo multimodal brain MRI.*8" The scans were
performed at three centres (Newcastle upon Tyne, Stockport, and Reading) using 3 Tesla
Siemens Skyra scanners (Siemens Healthineers) equipped with VD13 software and 32-

channel head coils, following standardized operating procedures.>%

During the imaging visit, participants also provided comprehensive demographic,
socioeconomic, lifestyle, and health-related information through self-administered

touchscreen questionnaires and verbal interviews conducted by trained nurses.

This study included participants with valid measurements for at least one
neuroimaging outcome of interest as of June 30, 2024 (n=47,503). Participants were excluded
if they self-reported a diagnosis of dementia/cognitive impairment or had a dementia
diagnosis in inpatient records (n=30), or had missing data for neuroticism (n=9,156). Due to
the low proportion of missing covariate data (2.9% for BMI and <1% for other covariates),

this study also excluded participants with missing covariate data (n=2,220) (Figure 6.1).

164



Figure 6.1: Flow diagram of analyses

47,503 participants with at least one
neuroimaging outcome

10 602 Excluded
30 with dementia at imaging
9 156 with missing neuroticism score
2 220 with missing covariate data
46 Townsend deprivation index
505 Education
113 Ethnicity
1 477 Body mass index
357 Alcohol consumption
502 Smoking status

A

36 901 dementia-free participants with
complete data (final sample)

Assessment of neuroticism

This study used the neuroticism scores obtained during the UK Biobank imaging
visit, using the same EPQ-RS instrument as at baseline.®* Further details were provided in

Chapter 3. Neuroticism scores were standardized to a mean of 0 and an SD of 1.

IDP selection

Brain structure measurements were obtained from three imaging modalities: T1-

weighted MRI, T2-weighted fluid-attenuated inversion recovery (FLAIR), and dMRI. The
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imaging data from these modalities were processed, quality-controlled, and released as

imaging-derived phenotypes (IDPs) by the UK Biobank team.3%

T1-weighted imaging allows precise volumetric measurements of cortical and
subcortical regions. Using T1-weighted data, FMRIB’s Automated Segmentation Tool
(FAST)31% segmented brain tissue into CSF, grey matter, and white matter. 139 cortical ROIs
were defined using the MNI152 template, combining parcellations from Harvard-Oxford
cortical and subcortical atlases and the Diedrichsen cerebellar atlas. Grey matter volumes in
these ROIs were summed to create 139 IDPs representing cortical grey matter volume. 15
subcortical structures' shapes and volumes were modelled using FMRIB’s Integrated
Registration and Segmentation Tool (FIRST).2!* The T1 images were also processed with
FreeSurfer based on different brain atlases (e.g., a2009s, BA exvivo, desikan white, and

DKT).

T2-FLAIR identified WMH. dMRI reflects white matter microstructure by measuring
how water molecules move within tissue. Water molecules show greater directional
coherence and reduced diffusion when fibres are densely packed, with undamaged myelin
and cell membranes. dMRI generates three diffusivity parameters (A1, A2, and A3). Axial
diffusivity (Aax=A1) reflects diffusion along the axonal fibres. In contrast, radial diffusivity
(Arad=(A2+1A3)/2) represents the average diffusion perpendicular to the fibres. FA measures
the directional coherence of water diffusion along axonal fibres, while MD provides an
average of all diffusion directions. dMRI data was also fed into NODDI modelling,32 which

provides estimates of neurite density (intracellular volume fraction, ICVF), extracellular
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water diffusion (isotropic volume fraction, ISOVF), and tract complexity/fanning

(orientation dispersion, OD).

This study focused on structural IDPs, including measures of global and regional
cortical volumes, surface area, thickness, and intensity; CSF volumes; subcortical structure
volumes and intensity; white matter hypo- and hyperintensities; and white matter
microstructure. Among the available IDPs, those that had been pre-adjusted for head size by
the UK Biobank were excluded, as this study applied its own adjustments for imaging
confounds. Additionally, new IDPs for radial diffusivity in white matter tracts were generated
by averaging the diffusivity parameters (A2 and A3), with the original A2 and A3 IDPs
removed. Ultimately, 1,747 IDPs were included for analysis. The complete list of IDPs is

included in Appendix 6.1.

To enhance the robustness of association estimates, a rank-based inverse Gaussian
transformation (quantile normalization) was applied to all IDPs.3% A total of seven image-
related confounds were adjusted in the analysis, including head size (based on the volumetric
scaling from the T1 head image to standard atlas), head motion (mean absolute head motion
from dMRI calculated by Eddy), head position (X, Y, Z brain centre of gravity, and table
position), and imaging centre.3'* These image-related confounds were included as predictors
in a linear regression model with IDPs as the dependent variables. The residuals from these

models were then standardized for use in further analyses.
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Covariates and mediators

Models were adjusted for the same covariates as in Chapters 3-5 to ensure
comparability across analyses, including sex, age (continuous), polynomial terms for age
(age? and age®) to account for nonlinear age effects across outcomes,®'® agexsex to capture
sex-specific patterns,®!® self-reported ethnicity (White and non-White; using the first non-
missing value across all assessments), quintiles of the TDI (computed from national census
data preceding baseline and assigned based on the participant's postcode), education
(primary, secondary, post-secondary non-tertiary, and tertiary), smoking status (never,
previous, current), drinking (< 4 times per week, daily or almost daily), and BMI (normal
[<25 kg/m?], overweight [>25-<30 kg/m?], and obese [>30 kg/m?]). All covariates, except
ethnicity and TDI, were measured at the imaging visit. Detailed definitions and the

corresponding UK Biobank variables for these covariates are provided in Chapter 3.

The rationale for selecting mediators in this study has been detailed in Chapter 3.
Briefly, to ensure the correct temporal sequence with neuroticism preceding the mediators,
mental health conditions (depression, anxiety and stress-related disorders) and vascular
conditions (IHD and hypertension) were selected, given evidence that neuroticism increases
the risk of these conditions without strong evidence for reverse causation.’®>% Additionally,
diabetes was included as a negative control mediator due to its established association with
poor brain health but limited evidence of an association with neuroticism.%?% These
conditions were ascertained through verbal interview and linked hospital inpatient records

preceding the imaging visit, with diagnostic codes detailed in Chapter 3.
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Genetic variants

Genetic associations with neuroticism and IDPs were obtained from the largest
publicly available GWAS of European ancestry available at the time of analysis (December
2024). The GWAS for neuroticism included 240,000 individuals of European ancestry from
the Million Veteran Program cohort, with summary statistics meta-analysed with data from
the UK Biobank and Genetics of Personality Consortium, resulting in a total sample size of
623,482.* The GWAS for IDPs was based on 39,691 UK Biobank participants.?!? For fibre
radial diffusivity IDPs, instrumental variables were selected from the GWAS of the
corresponding fibre’s A2 IDPs. Genetic instruments for neuroticism and IDPs were selected

and harmonized using standard criteria, as detailed in Chapters 3.

Statistical analysis
Observational analyses

Linear regression was used to examine the association between the neuroticism z-
score and each of the 1,747 IDPs, adjusting for all preselected covariates. To account for
multiple testing, Bonferroni corrections were applied, and IDPs meeting the adjusted

significance threshold (p<2.86x10°) were considered for further analyses.

Causal mediation analyses®* were performed to evaluate whether the observed
associations were mediated by preselected health conditions. This approach decomposed the
total effect of neuroticism on IDPs into two components: (1) the average causal mediation

effect (ACME), which quantifies how much the IDP changes due to the health condition,
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while keeping neuroticism constant. Formally, ACME=E[Yam@—Yam@]), where aza*, and
Yam represents the expected outcome if a participant had a neuroticism level a and a disease
history status m (existence or absence of the disease). (2) the average direct effect (ADE),
which measures how much the IDP changes directly due to neuroticism, holding the health

condition status constant. expressed as ADE=E[Yam@+)—Ya*m@v)]).

These estimates were derived from a logistic regression model, where each health
condition was regressed on neuroticism and preselected covariates, and a linear regression
model, where each IDP was regressed on neuroticism, the health condition, and the same
covariates. 95% Cls for the ACME were derived using a quasi-Bayesian Monte Carlo
approach with 1000 simulations. To account for multiple testing, Bonferroni adjustment was
applied to the significance level of the ACME. For ACME that were statistically significant
after Bonferroni correction, the proportion mediated was calculated as the ratio of the ACME

to the total effect.

Mendelian randomisation

Two-sample MR was conducted to investigate bidirectional causal relationships
between neuroticism and IDPs that showed significant observational associations with
neuroticism. The primary MR analysis used the VW method. Sensitivity analyses for
significant IVW associations (uncorrected p<0.05) followed the same procedures as in
Chapters 3 and 5, including MR-Egger, weighted median, MRIap, Steiger directionality test,

Cochran’s Q-statistic for heterogeneity, and Egger intercept for pleiotropy. All statistical
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analyses were conducted in the R software (version 4.2.2) using the TwoSampleMR,?21:222

MRIap,??° and mediation®'® packages.
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6.4 RESULTS

Sample characteristics

The mean age of the 36,901 participants was 64.4 years (SD=7.7), and 51.4% were
female (Table 6.1). Those with higher levels of neuroticism tended to be younger, female,
have lower socioeconomic status, consume less alcohol, and be current smokers.
Additionally, histories of depression, anxiety, and hypertension were more common among
participants with higher neuroticism, while histories of IHD and diabetes were similar across

different levels of neuroticism.

Observational associations with brain structure

Associations between neuroticism scores and brain structure were examined in a
brain-wide study across multiple neuroimaging modalities. Among 1,747 IDPs, 40 showed
significant associations with neuroticism after Bonferroni correction (p<2.86x107°) (Figure
6.2, Appendix 6.1), with the strongest associations observed for regional cortical volume

and surface area, subcortical volumes, and white matter macro- and microstructure.
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Table 6.1: Characteristics of participants

Characteristics @ Overall Neuroticism score tertile
1 (score 0-1) 2 (score 2-4) 3 (score 5-
12)
n 36901 13341 11829 11731
Age (mean (SD)) 64.44 (7.71)  65.47 (7.58) 64.67 (7.64) 63.03(7.72)
Sex (%)
Female 18971 (51.4) 5546 (41.6) 6366 (53.8) 7059 (60.2)
Male 17930 (48.6) 7795 (58.4) 5463 (46.2) 4672 (39.8)
Townsend deprivation index quintile
(%)
1 (Least deprived) 8915 (24.2) 3319 (24.9) 2933 (24.8) 2663 (22.7)
2 8491 (23.0) 3096 (23.2) 2779 (23.5) 2616 (22.3)
3 7680 (20.8) 2805 (21.0) 2422 (20.5) 2453 (20.9)
4 6879 (18.6) 2409 (18.1) 2163 (18.3) 2307 (19.7)
5 (Most deprived) 4936 (13.4) 1712 (12.8) 1532 (13.0) 1692 (14.4)
Education (%)
Primary 2195 (5.9) 769 (5.8) 673 (5.7) 753 (6.4)
Secondary 7001 (19.0) 2239 (16.8) 2194 (18.5) 2568 (21.9)
Post-secondary non-tertiary 4121 (11.2) 1481 (11.1) 1403 (11.9) 1237 (10.5)
Tertiary 23584 (63.9) 8852 (66.4) 7559 (63.9) 7173 (61.1)
Ethnicity (%)
Non-White 1025 (2.8) 427 (3.2) 306 (2.6) 292 (2.5)
White 35876 (97.2) 12914 (96.8) 11523 (97.4) 11439 (97.5)

Body mass index category (%)

Normal (<25 kg/m?) 14839 (40.2) 5172 (38.8) 4940 (41.8) 4727 (40.3)
Overweight (>25-<30 kg/m?) 15255 (41.3) 5789 (43.4) 4810 (40.7) 4656 (39.7)
Obese (>30 kg/m?) 6807 (18.4) 2380 (17.8) 2079 (17.6) 2348 (20.0)
Alcohol intake (%)
Less than 4 times per week 30588 (82.9) 10970 (82.2) 9830 (83.1) 9788 (83.4)
Drinking alcohol daily or almost daily 6313 (17.1) 2371 (17.8) 1999 (16.9) 1943 (16.6)
Smoking (%)
Never 23221 (62.9) 8586 (64.4) 7494 (63.4) 7141 (60.9)
Previous 12436 (33.7) 4343 (32.6) 3944 (33.3) 4149 (35.4)
Current 1244 (3.4) 412 (3.1) 391 (3.3) 441 (3.8)
Disease history (%)°
Depression 3611 (9.8) 441 (3.3) 857 (7.2) 2313 (19.7)
Anxiety and stress disorders 1761 (4.8) 206 (1.5) 403 (3.4) 1152 (9.8)
Ischaemic heart disease 2150 (5.8) 790 (5.9) 701 (5.9) 659 (5.6)
Hypertension 10719 (29.0) 3746 (28.1) 3454 (29.2) 3519 (30.0)
Diabetes 1882 (5.1) 715 (5.4) 549 (4.6) 618 (5.3)

N, number of participants; SD, standard deviation

@ Townsend deprivation index and ethnicity were measured at baseline, other characteristics were measured at the imaging
visit.

b These conditions were ascertained through verbal interview and linked hospital inpatient records preceding the imaging
visit, with diagnostic codes detailed in Chapter 3.

173



Figure 6.2: Brain-wide associations between neuroticism and imaging-derived phenotypes by structural group
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T statistics for the linear regression between neuroticism and brain-wide IDPs. Red dashed line indicates the Bonferroni threshold (1747 tests, p=2.86x10, T statistics=+4.18) and
blue dashed line indicated the False Discovery rate threshold (1747 tests, p=0.007, T statistics=+2.70). Each point represents the estimated t-statistic from a linear regression model
examining the association between neuroticism (z-score) and each of the 1,747 IDPs. Models were adjusted for all preselected covariates (sex, age, age?, age3, agexsex, ethnicity,
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regression coefficients and 95% confidence intervals. FA, fractional anisotropy; ICVF, intracellular volume fraction; ISOVF, isotropic volume fraction; OD, orientation dispersion;
CSF, cerebrospinal fluid.
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For cortical volume, higher neuroticism was most strongly associated with reduced
volume in the frontal lobe (left frontal medial cortex, left subcallosal cortex, and left medial
orbitofrontal cortex) and the bilateral anterior cingulate cortex in the limbic lobe (Table 6.2).
Neuroticism was also associated with increased surface area in the left parahippocampal
gyrus (temporal lobe), and reduced area in the left pericalcarine cortex and calcarine sulcus
(occipital lobe). Conversely, neuroticism showed a negative association with cortical
thickness in the left parahippocampal gyrus. These associations were consistent across IDPs
derived from different segmentation pipelines and were observed bilaterally, though

generally stronger in the left hemisphere (Appendix 6.1).

In subcortical regions, neuroticism was associated with larger volumes of the bilateral

caudate, putamen, and ventral striatum (Table 6.2).

Neuroticism was also associated with markers of poorer white matter macrostructure,
including higher T1 hypointensities and T2 hyperintensities, both of which reached
Bonferroni-corrected significance (Figure 6.2). White matter microstructural metrics
showed the strongest associations with neuroticism across all imaging modalities.
Neuroticism was consistently associated with lower FA, higher diffusivity (MD, Aax, Arad),
lower ICVF and, to a lesser extent, higher ISOVF across multiple tracts (Figure 6.2 and
Figure 6.3), all reflecting a pattern of poorer white matter microstructure. No consistent trend

was observed for OD across tracts.
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Table 6.2: Summary of associations between neuroticism and cortical/subcortical structures after Bonferroni correction
(p<2.9x10%)

Region Structure Hemisphere Structural measures Brain segmentation tools Standardised p SE p
Cortical structure
Temporal Parahippocampal gyrus Left Area Freesurfer DKT 0.028 0.005 4.2x107
Frontal Frontal medial cortex Left Volume FAST -0.027 0.005 5.1x107
Frontal Subcallosal cortex Left Volume FAST -0.024 0.005 6.3x10°®
Temporal Parahippocampal gyrus Left Thickness Freesurfer desikan white —-0.025 0.005 6.8x10°®
Temporal Parahippocampal gyrus Left Thickness Freesurfer DKT —-0.025 0.005 8.0x10°
Temporal Parahippocampal gyrus Left Area Freesurfer desikan pial 0.024 0.005 8.6x10°
Temporal Parahippocampal gyrus Left Area Freesurfer desikan white 0.024 0.005 8.8x10°
Limbic Cingulate gyrus, caudal anterior Left Volume Freesurfer DKT —-0.024 0.005 1.3x10°
Limbic Cingulate cortex, anterior Right Volume Freesurfer a2009s —-0.023 0.005 1.7x10°
Occipital  Pericalcarine cortex Left Area Freesurfer desikan white ~ —0.024 0.006 2.1x10°
Occipital  Calcarine sulcus Left Area Freesurfer a2009s -0.023 0.006 2.2x10°
Frontal Medial orbitofrontal cortex Left Volume Freesurfer DKT -0.023 0.005 2.3x10°
Occipital  Pericalcarine cortex Left Area Freesurfer desikan pial -0.023 0.006 2.3x10°
Occipital  Pericalcarine cortex Left Area Freesurfer DKT -0.023 0.006 2.8x10°
Subcortical structure

Striatum  Caudate Left Volume FAST 0.025 0.005 5.0x10°%
Striatum  Putamen Right Volume FAST 0.024 0.005 7.0x10°
Striatum  Putamen Left Volume FAST 0.024 0.005 8.4x10°
Striatum  Caudate Right Volume FAST 0.024 0.005 9.1x10°
Striatum  Ventral striatum Left Volume FAST 0.021 0.005 2.1x10°

Significant associations between neuroticism and cortical/subcortical structures after Bonferroni correction (1747 tests; p<2.9x10), adjusted for sex, age, age?, age?, agexsex,
ethnicity, Townsend deprivation index, education, smoking status, alcohol consumption, and body mass index. Results were ranked by uncorrected p-values. See Appendix
6.1 for regression coefficients and 95% confidence intervals. FAST, FMRIB’s Automated Segmentation Tool; SE, standard error
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Figure 6.3: Associations between neuroticism and white matter microstructure indices across white matter tract regions
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The most robust findings were localized to the thalamic radiations, with poorer
microstructure in the bilateral posterior thalamic radiation, posterior corona radiata, and
superior corona radiata reaching Bonferroni-corrected significance (Figure 6.3). Additional
Bonferroni-corrected significant associations included increased diffusivity and decreased
ICVF in the right tapetum (commissural fibers), increased diffusivity and ISOVF in the
fornix cres/stria terminalis (limbic system fibers), and increased diffusivity in the external
capsule (association fibers). Patterns were generally similar across hemispheres but tended

to be stronger on the right (Appendix 6.1).

No Bonferroni-significant associations were observed for ventricular volume,

brainstem volume, or brainstem intensity (Figure 6.2).

Mediation by health conditions

Overall, the examined conditions explained a substantial proportion of the
associations with white matter macro- and microstructure, smaller proportions for cortical

and subcortical volumes, and no mediation for cortical surface area or thickness (Figure 6.4).
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Figure 6.4: Total effects of neuroticism on significant imaging-derived phenotypes and
indirect effects mediated by preselected health conditions
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Among the examined conditions, hypertension showed the most consistent mediating
effects across structures. The largest ACME was observed for the Aax in the right external
capsule (ACME=0.008, 95% CI [0.007, 0.010]; proportion mediated=36%; Appendix 6.2).
Other regions with mediation proportions >30% included the MD in the right superior corona
radiata (35%), T1 hypointensities (31%), and T2 hyperintensities (31%). Mediation
proportions for associations with other white matter structures were >15%, while for the right
and left caudate volume, they were 25% and 22%, respectively. For other cortical/subcortical

volumes, mediation proportions were mostly <10%.

Depression did not mediate cortical/subcortical volume but strongly mediated white
matter microstructure, with proportions generally >20%. Notably, it mediated 51% of the
association with MD in the right superior corona radiata (ACME=0.011, 95% CI [0.008,
0.013]), 30% for Aax in the same region, and 32% for MD in the left posterior corona radiata.
Anxiety mediated fewer white matter tracts and with smaller proportions (9% to 24%); it also
mediated associations with caudate volume (15% for the left and 19% for the right). IHD and
diabetes mediated only a few associations with white matter microstructure, with smaller

proportions (2% to 4%).

Genetic associations with brain structure

This study used 132 genetic instruments for neuroticism and between 1 and 24
instruments for each IDP (Appendix 6.3). From the 40 IDPs that showed Bonferroni-
corrected significant associations with neuroticism in the observational analysis, 11 had

significant genetic associations in forward MR (Figure 6.5).
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Figure 6.5: Inverse-variance weighted estimates for the bidirectional Mendelian
randomisation
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@ Only one genome-wide significant and independent SNP identified, but it was not available in the outcome GWAS;

b No SNP remained after harmonization due to all being palindromic with minor allele frequency>0.42 or unknown;

¢No genome-wide significant and independent SNPs identified for use as 1Vs.

IV, instrumental variable; SNP, single nucleotide polymorphism; GWAS, genome-wide association studies; F_DKT,
derived from FreeSurfer DKT atlas; F_w, derived from FreeSurfer Desikan white atlas; F_pial, derived from FreeSurfer
Desikan pial atlas. See Appendix 6.4 and Appendix 6.7 for regression coefficients and 95% confidence intervals.
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Genetically predicted higher neuroticism was associated with a larger volume of the
left caudate (IVW B=0.16, p=0.018; Appendix 6.4), as well as with microstructural
differences in several white matter tracts, including higher Aax in the right external capsule
(B=0.21, p=0.008), and both higher Aax (=0.15, p=0.034) and MD ($=0.15, p=0.024) in the
left posterior corona radiata. These associations were robust across sensitivity analyses
accounting for pleiotropy and sample overlap (Appendix 6.5). Additionally, significant IVW
associations were observed with lower volume of the left anterior cingulate gyrus and higher
WMH. While sensitivity analyses for these associations aligned with the direction of effects
estimated by IVW, potential pleiotropy was detected (all p for Egger intercept<0.05 and p
for MR-Egger>0.05, Appendix 6.6). Steiger test indicated stronger instrument-exposure than
instrument-outcome correlations in all cases, except for the Aax in right external capsule and
left anterior cingulate gyrus volumes, where differences were not statistically significant,

thereby supporting the assumed direction of association.

In reverse MR, genetically predicted larger volume of the bilateral caudate and lower
volume of the left subcallosal cortex were associated with higher neuroticism (Appendix
6.7). However, none of these associations remained significant in sensitivity analyses
accounting for sample overlap, and all showed evidence of pleiotropy (p for Egger
intercept<0.05 or p for MR-Egger>0.05, Appendix 6.5). Genetically predicted larger
thickness of the left parahippocampal gyrus was associated with higher neuroticism (Wald

ratio=0.19, p<10~%), but this finding was based on a single instrumental SNP.
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As Bonferroni adjustment was not applied to the selected IDPs in the MR analyses,

the reported MR associations should be interpreted as nominal.
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6.5 DISCUSSION

In this large study of mid- to older-aged adults, neuroticism was associated with a
broad range of structural brain differences. The most significant associations were observed
in regions implicated in cognitive impairment and dementia, including reduced volume and
thickness in key cortical areas, along with indicators of cerebrovascular burden such as
increased WMH and diffusivity in white matter tracts involved in cognition. White matter
macro- and microstructural differences were largely mediated by depression, anxiety, and
hypertension, whereas cortical and subcortical volume associations were only modestly
mediated by hypertension. MR analyses suggested that these structural differences are more

likely a consequence of high neuroticism rather than a pre-existing vulnerability.

The association between neuroticism and cortical structure aligns with the most
consistent finding from previous studies: reduced volume in the ventromedial prefrontal
cortex (vmPFC).1%8161 This region includes the structures showing the strongest negative
associations in this study—the frontal medial cortex, subcallosal cortex, anterior cingulate
cortex, and medial orbitofrontal cortex—as well as those reported in prior work, such as the
superior and inferior orbitofrontal gyri.!®? Additionally, another study reported negative
associations with the surface area of many of these vmPFC regions.'®® vmPFC is critical for
higher cognition (learning, social cognition, and decision-making)®®3’ and is a

neuroimaging hallmark of frontotemporal dementia.3!8

The vmPFC is closely connected with the hippocampus and parahippocampal

319 structures whose reduced volume and thinning serve as early biomarkers for
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AD 320321 While a previous study reported an association between neuroticism and reduced
parahippocampal volume,*®! this study instead found a pattern of increased surface area but
reduced thickness—consistent with evidence that age-related volume changes in this region
are primarily driven by thinning rather than surface area loss.3?? The parahippocampal gyrus
is located in the temporal lobe, where prior studies have reported reduced volume in
association with neuroticism.'®816! These temporal lobe findings were not replicated in this
study, potentially due to differences in cortical atlases, covariate adjustment, or participant
characteristics. Instead, this study identified a novel negative association between
neuroticism and surface area in the calcarine and pericalcarine cortices—regions previously

reported as affected in patients with AD.3233%4

For subcortical structures, this study observed positive associations between
neuroticism and volumes of the caudate and putamen (which together form the dorsal
striatum) as well as the ventral striatum. These structures were not highlighted in previous
whole-brain studies,**® likely due to insufficient power. The relationship between striatal
volume and brain health remains controversial. While larger striatal volumes have been
linked to better cognitive performance in cross-sectional studies,®?°3% longitudinal data
suggest they predict higher dementia risk,®?’ potentially reflecting early compensatory

changes before broader atrophy emerges.3?

The strongest and most widespread associations were observed in white matter, which
is expected given neuroticism’s established links to vascular conditions such as CVD®! and

VaD.!6 Neuroticism was associated with increased WMH—markers of small vessel disease
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or vascular pathology*®*—consistent with prior findings.!® The most significant
microstructural differences in this analysis were located in the thalamic radiations, consistent
with previous studies reporting differences in fiber tracts connecting thalamic nuclei to the
frontal lobes,**®1"* while adding greater anatomical specificity. Additional associations with
the external capsule, tapetum, and fornix cres/stria terminalis appear novel. These tracts were
vulnerable to vascular brain aging®?® and degenerate early in the progression of AD.233% To
the best of current knowledge, this is the first study to extend beyond conventional dMRI
measures to examine NODDI metrics, which suggest that these diffusivity changes primarily
reflect axonal/dendritic loss (indicated by ICVF) rather than excess extracellular water

(ISOVF) or tract disorganization (OD).3!2

Hypertension mediated both cortical and white matter abnormalities, likely through
mechanisms such as vascular injury, reduced cerebral perfusion, and neuroinflammation, all
of which contribute to neuronal death involving cell bodies, axons, and dendrites.33-34 |n
contrast, depression and anxiety primarily mediated white matter microstructural changes,
but not cortical alterations. This aligns with prior studies showing that polygenic risk for
depression is associated with white matter abnormalities but not cortical structure.®*1:342 A
proposed mechanism involves hyperactivity of the hypothalamus—pituitary—adrenal axis in
depression,®* where glucocorticoid toxicity may preferentially affect axons/dendrites.3*
IHD showed minimal mediation (likely due to low prevalence [5.8%] in the sample of this
study), while diabetes—included as ‘negative control’ given its lack of association with

neuroticism—demonstrated no mediating effects as expected.
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MR analyses provided further support for a link from neuroticism to white matter
microstructural alterations, particularly increased diffusivity and reduced ICVF in the
thalamic radiations. This study also observed bidirectional associations between neuroticism
and caudate volume, though reverse MR analyses suggested potential horizontal pleiotropy,
where genetic variants may influence neuroticism through pathways independent of caudate
volume. For other genetically predicted IDPs, associations with neuroticism were generally
null. However, it may be premature to establish a definitive unidirectional relationship from
neuroticism to brain structures. This is primarily due to the small number of genome-wide
significant instruments currently available for neuroimaging traits, which reduces power to

detect true associations.3#!

Strengths and limitations

At the time of writing, this study is the largest and most comprehensive investigation
of neuroticism’s associations with brain structure, using multimodal neuroimaging metrics
and a hypothesis-free approach. By applying causal mediation analyses and MR, this study
provides the first evidence of potential mediators and directionality, offering new insights
into neuroticism’s biological underpinnings and clinical management. However, while
neuroticism is generally stable across adulthood, the cross-sectional nature of neuroticism
and MRI measurements precludes firm conclusions about temporal sequence, and residual
confounding in observational analyses remains likely. Though this study employed MR to
address these issues, however, the analysis is vulnerable to weak instrument bias: the
neuroticism instruments explain only ~1-2% of trait variance, and many IDPs had very few

genetic instruments. This problem may be exacerbated by sample overlap between the
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neuroticism and IDP GWAS, although the proportion of overlap is relatively small given the
much smaller IDP GWAS sample sizes, and MRlap was applied to mitigate this. Moreover,
the sensitivity analyses indicated heterogeneous SNP-specific estimates and evidence of
directional pleiotropy. Although pleiotropy-robust methods (MR-Egger, weighted median)

were used, these approaches have limited power when instruments are weak.

Conclusion

In conclusion, neuroticism is associated with a broad profile of structural brain
differences indicative of poorer brain health. The most prominent and widespread differences
were observed in white matter macro- and microstructure, which is particularly vulnerable to
vascular injury. This supports the vascular pathways identified in Chapters 3-5 linking
neuroticism to dementia, and extends them to earlier brain structural changes. Additional
findings include reduced frontal volumes and cortical thinning in memory-related regions,
and striatal enlargement. These findings highlight shared biological pathways linking

neuroticism, cognitive function, and dementia risk.
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Chapter 7 Concluding remarks
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7.1 SUMMARY OF MAIN FINDINGS

The overall aim of the work presented in this DPhil thesis was to advance
understanding of the association between neuroticism and the risk of developing dementia.
To achieve this, evidence was combined from a systematic literature search, two large-scale
prospective observational analyses, in-depth investigations of potential underlying pathways
using metabolomics data, and hypothesis-free analyses of multidomain cognitive

performance and brain-wide structural outcomes.

In Chapter 2, findings were presented from a systematic search of the literature on
the associations between neuroticism and incident dementia, cognitive function, and
structural brain outcomes. The literatures indicated that while neuroticism was consistently
associated with an increased risk of dementia, evidence on how this association varies by age
or follow-up duration and on potential underlying pathways remains scarce. For cognitive
function and brain structure, most studies were constrained by small sample sizes and lacked
multi-domain cognitive assessments or brain-wide imaging, limiting hypothesis-free
exploration of specific regions and functions involved. These gaps informed the direction of

the subsequent analyses in this thesis.

In Chapter 3, the relationship between neuroticism and the risk of developing incident
dementia was investigated using data from the UK Biobank cohort. The analysis found that
higher neuroticism was associated with an increased risk of developing incident dementia,
with a particularly strong association observed for VaD. These associations remained

significant over long follow-up periods and were consistent regardless of genetic
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predisposition to dementia. Further investigation revealed that these relationships were
partially mediated by mental and vascular health conditions, and MR analyses suggested a

link from neuroticism to greater WMH burden, a key marker of cerebrovascular disease.

In Chapter 4, the association between neuroticism and dementia risk was further
investigated using the EPIC-Norfolk cohort, which provided a longer follow-up period (>20
years) and enabled analyses spanning both midlife and later life. Findings from these analyses
supported the results from Chapter 3, demonstrating a significant relationship between higher
neuroticism and increased long-term risk for all-cause dementia, AD, and VaD. This
association was present for neuroticism measured in both midlife and later life. Consistent
with the previous chapter, the association was partially mediated by mental and vascular
conditions, and neuroticism was linked to poorer performance across multiple cognitive

domains.

To further understand the biological pathways underlying the association, Chapter 5
examined the relationship between neuroticism, metabolites, and dementia risk in the UK
Biobank. This analysis revealed that higher neuroticism was associated with an unfavorable
metabolic profile, with fatty acid metabolism emerging as particularly relevant to dementia
risk. In particular, lower levels of omega-3 fatty acids, especially DHA, were linked to both
higher neuroticism and an increased risk of incident dementia, particularly VaD. MR
analyses further supported an association between genetically predicted neuroticism and

lower DHA levels, which in turn were related to increased WMH burden.
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Chapter 6 examined associations between neuroticism and structural brain outcomes
to better understand brain vulnerabilities relevant to the neuroticism-dementia association.
Higher neuroticism was associated with adverse structural profiles, including smaller grey
matter volumes in frontal regions and widespread differences in white matter microstructure.
Consistent with findings in Chapters 3 and 4, these associations were partly explained by
mental and vascular conditions previously identified as mediators of dementia risk. MR
further supported a directional association from neuroticism to structural brain differences

rather than the reverse.
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7.2 CONTEXTUALISATION IN CURRENT KNOWLEDGE

Direct association

There is no clinical classification for neuroticism levels, instead, it is conceptualized
as a continuous personality trait.®” Consistent with this, both the UK Biobank (Chapter 3) and
EPIC-Norfolk (Chapter 4) analyses found evidence of a dose-response association, whereby
each increase in neuroticism score corresponded to an increasing risk of dementia, with no
evidence of a threshold effect. To contextualize the findings, neuroticism scores in this thesis
were expressed as SD units (z-scores), indicating how far an individual’s score deviates from
the population average. This approach facilitates comparisons across studies with different
neuroticism measures, but presents results consistently in SD units. In a prior meta-analysis
of prospective studies, each SD increase in neuroticism was associated with a 24% higher
risk of dementia.'% This effect size was larger than those observed in the UK Biobank (11%
per SD) and EPIC-Norfolk (14% per SD). The difference may reflect methodological factors:
the meta-analysis primarily pooled risk estimates from models adjusted only for age, sex,
education, and race/ethnicity, whereas the models in this thesis additionally adjusted for
lifestyle factors. Moreover, most studies in the meta-analysis had follow-up periods shorter
than 10 years, increasing the likelihood that part of the association captured early disease

manifestations.

Directionality and timing

Changes in behaviours characteristic of certain personality traits preceding a

dementia diagnosis have been reported. Two studies that integrated data from multiple
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cohorts used latent growth curve modelling to examine intra-individual trajectories of
personality in people who later developed dementia versus those who remained
dementia-free.3*>3%® These analyses showed that neuroticism tended to increase in the years
preceding a dementia diagnosis, whereas personality remained stable in those without
dementia; however, these studies only covered up to 10 years before diagnosis. In contrast,
a study of 2,046 older adults, with personality measured repeatedly every 1-4 years from the
1980s through 2016, found no evidence of neuroticism change prior to the onset of
dementia.34’ Together, these findings suggest that disease-related changes in personality are
more likely to emerge closer to diagnosis, and that longer follow-up is crucial to better

distinguish long-standing personality traits from early disease manifestations.

This thesis was the first to examine the associations separately over short-term and
long-term follow-up. In UK Biobank, the HR for follow-up <5 years was 1.14 and for 5-10
years was 1.13, both lower than the 24% higher dementia risk reported in the prior meta-
analysis, which was based mostly on studies with mean follow-up <10 years. % This likely
reflects that this relatively young cohort (mean baseline age 64, maximum 69) had few
participants reaching the typical dementia onset age in the earliest years of follow-up. In
EPIC-Norfolk, where baseline ages extended up to 80, the association in the first 15 years
showed a 29% increased risk, a magnitude comparable to that in the prior meta-analysis, and
this was reduced to a 9% increased risk after 20 years of follow-up. This pattern suggests that
although reverse causality may contribute to the strength of early associations, the persistence
of a significant link beyond two decades strengthens confidence in its robustness and

direction.
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In the meta-analysis, the mean baseline age across studies ranged widely from under
60 to over 80 years, yet heterogeneity in the pooled estimates was non-significant.' The
EPIC-Norfolk study was the first to stratify results by life stage and further supports the
absence of age-specific variation in risk. It showed similar associations for participants who
reported neuroticism in their 40s—60s, 60s—70s, and 70s—80s, indicating that the link between
neuroticism and dementia risk is evident from midlife through later life and remains
detectable over long follow-up periods, rather than simply reflecting pre-existing

dementia-related changes.

Interaction with genetic risk

In UK Biobank, a younger cohort, the effect size for neuroticism was larger in
APOE &4 non-carriers, though no significant interaction was detected. In EPIC-Norfolk, with
an older baseline sample and longer follow-up, a significant interaction emerged, with
stronger associations in non-carriers. Similar patterns have been reported for other dementia
risk factors. For example, in a UK Biobank study (mean age 64.1 years; mean follow-up 11.8
years), multimorbidity showed a stronger association with dementia risk in non-carriers;*?
whereas in an older cohort (mean age 75.0 years; mean follow-up 8.4 years), the association
between multimorbidity and dementia risk was significantly stronger in APOE &4 carriers.*
Likewise, in UK Biobank, hypertension showed a stronger association with dementia in
non-carriers despite no interaction;>*° yet in a cohort of functionally intact older adults (mean

age 73.2 years), elevated pulse pressure was more strongly linked to lower AB42/40 plasma

concentrations in APOE g4 carriers.®®! A recent UK Biobank analysis further showed
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APOE &4 modified the association between 22 factors and dementia: for 20 factors (e.g.,
self-rated health, smoking, diet quality, HDL-C, neutrophil count, vitamin D, air pollution),
associations were stronger in non-carriers, whereas only two factors (maternal dementia
history and low C-reactive protein) showed stronger associations in carriers.®® These
findings suggest that in UK Biobank, APOE &4 carriers may already have an elevated
baseline risk, the additional contribution of other factors—such as neuroticism—may appear

proportionally smaller.

The EPIC-Norfolk findings showed a stronger association between neuroticism and
dementia risk in APOE &4 carriers. This is biologically plausible, as the APOE gene encodes
apolipoprotein E, a protein central to lipid transport and metabolism.**®* The common
alleles—e2, €3, and e4—have well-established quantitative effects on lipid and lipoprotein
levels. In particular, the €4 allele is consistently linked to higher plasma total and LDL
cholesterol,®43% and triglycerides,®7*® contributing to an elevated risk of vascular
conditions. Indeed, APOE &4 has been associated with increased risks of hypertension and
IHD.3%%3%0 Gijven that neuroticism is also associated with these vascular risk factors, the two

may interact, amplifying pathways that contribute to dementia risk.

Potential vascular pathway

Multiple lines of evidence from this thesis and previous studies converge to suggest
that vascular pathways may underlie the neuroticism-dementia association. First, both
Chapters 3 and 4 demonstrated that higher neuroticism was associated with an increased risk

of VaD (15-16% increased risk after full adjustment). This is consistent with a previous study
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(mean baseline age 56.4 years; mean follow-up 8.9 years), which reported a 24% higher risk
of incident VaD when adjusting only for age and sex.'® In contrast, a study with a much
younger baseline sample (38-54 years) and an extended 38-year follow-up found no
association.*?” This null finding may reflect limited statistical power due to the small number
of VVaD cases, or the possibility that individuals with high vascular risk at younger ages are

more likely to die from CVD before reaching the age at which VaD typically manifests.

These findings are further supported by structural brain outcomes. WMH burden is
a well-established marker of cerebrovascular injury.''® Consistent with a prior ROI study
linking higher neuroticism to greater WMH burden,*”® both Chapters 3 and 6 demonstrated
that genetically predicted neuroticism was associated with increased WMH, with no evidence
for the reverse direction. In addition, Chapter 6 revealed strong associations between
neuroticism and alterations in white matter microstructure, which were more pronounced
than those observed for grey matter. This pattern aligns with animal models of
cerebrovascular conditions, which show early microstructural changes in white matter (e.g.,
demyelination and axonal damage) while cortical grey matter remains relatively spared at the

same stage, 361362

The role of vascular pathways was further examined using formal mediation
analyses—applied to incident dementia in Chapters 3 and 4, and to structural brain outcomes
in Chapter 6—which indicated that both depression and vascular conditions partially

accounted for the observed associations. Since depression has been shown to causally
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increase CVD risk,% and that cerebrovascular disease may contribute to later-life depressive

syndromes, 3% depression may act as a driver or marker of vascular burden.

Biological mechanisms underlying these findings may involve multiple pathways.
First, high neuroticism increases exposure to stressors and amplifies negative responses to
them,3%* and chronic stress can dysregulate the hypothalamic-pituitary-adrenal axis and
promote inflammation,*® both of which contribute to endothelial dysfunction,
atherosclerosis, hypertension, and CVD through processes such as oxidative stress, altered
lipid metabolism, and insulin resistance.3%®3%” Second, neuroticism is linked to unhealthy
behaviours, including smoking,*® a poorer diet,}®° and lower physical activity,**® which
contribute to dyslipidemia (elevated LDL and triglycerides, reduced HDL). Importantly,
Chapter 5 highlighted a novel link: individuals with higher neuroticism had lower circulating
omega-3 levels, which are known to improve vascular endothelial function and lipid

profiles,37%37! thereby creating an indirect pathway from neuroticism to dementia risk.
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7.3 PUBLIC HEALTH PERSPECTIVES

Neuroticism as a long-term risk indicator

It has been proposed that mental health clinicians could routinely administer brief
five-factor personality inventories, enabling the identification of individuals with high
neuroticism who may benefit from closer monitoring. Such screening could even be delivered
at scale, potentially through inexpensive community-based platforms or internet-based

assessments, to efficiently flag individuals at higher risk.>3

Findings from this thesis show that the association between neuroticism and dementia
risk remains detectable even after more than two decades of follow-up and is consistent
among individuals reporting neuroticism in their 40s—60s, 60s—70s, and 70s-80s. These
results underscore that the influence of neuroticism on dementia risk is not confined to later
life and highlight the importance of identifying high-risk individuals from at least midlife
onward—when preventive interventions have a longer window of opportunity, and many
modifiable dementia risk factors, including those linked to neuroticism (e.g., hypertension),

exert the greatest influence.’

Furthermore, the EPIC-Norfolk study revealed that the association between
neuroticism and dementia risk was stronger among APOE &4 carriers, which raises the
possibility that personality-based risk stratification may be enhanced by incorporating

genetic information.
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Nevertheless, the potential benefits of neuroticism screening must be balanced
against possible harms. Careful consideration of screening thresholds is crucial to avoid
unnecessary anxiety among individuals incorrectly identified as high risk. In addition, it is
important to communicate clearly that neuroticism reflects variation within normal

personality rather than a disorder, to minimize any risk of stigma.>®

Alternative modifiable targets

Direct attempts to modify neuroticism face challenges: clinical interventions, such as
pharmacological treatments'®® and cognitive-behavioural therapy,®® have shown modest
effects on personality traits, but interpretation is complicated because participants all had
psychiatric conditions (depression!® or anxiety!®®) and lacked pre-illness baseline data,
making it unclear whether observed changes reflect true trait modification or a return to pre-
psychopathology levels.®”? Nonclinical approaches, including behavioural and digital
interventions, 110112373374 offer preliminary promise but are limited by small sample sizes,*2
selective samples (e.g., university students),®”33’* and lengthy sessions,'® impacting their

robustness and scalability.

Therefore, a logical next step after risk stratification might be to target modifiable
factors along the pathways linking neuroticism to dementia, rather than attempting to alter
neuroticism itself. This thesis demonstrates that mental and vascular conditions partially
mediate the neuroticism-dementia association and further extends these insights to the
molecular level, identifying lower omega-3 fatty acid levels as being linked to both

neuroticism and dementia risk. These are considered modifiable risk factors because they can
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be effectively influenced through practical and cost-effective interventions. Consequently,
individuals identified with high neuroticism could be offered regular physical and mental
health reviews informed by current evidence linking neuroticism to adverse outcomes. These
reviews might include assessments of depressive symptoms, blood pressure, lipid profiles,
dietary patterns, cognitive performance, and markers of cerebrovascular injury. Those
identified with additional modifiable risks could then receive tailored interventions, such as
psychological support, lifestyle changes (e.g., increased intake of omega-3 fatty acids
through diet or supplements), and cardiovascular management (e.g., antihypertensive
therapy). These provide more direct and scalable strategies for individuals with high

neuroticism to mitigate downstream pathways that contribute to dementia.

Randomized controlled trials are increasingly used to identify preventative targets for
dementia. Hypertension, a potential mediator between neuroticism and dementia, was
targeted in the Systolic Blood Pressure Intervention Trial (SPRINT, N=9,361), which
compared intensive (<120 mm Hg) versus standard (<140 mm Hg) blood pressure
management. Intensive treatment significantly reduced the risk of MCI and a combined
outcome of MCI or probable dementia.>”® Given neuroticism’s multiple downstream
pathways and the multifactorial etiology of dementia, a multimodal approach may be
necessary for optimal prevention. For example, the Finnish Geriatric Intervention Study to
Prevent Cognitive Impairment and Disability (FINGER) was a large randomized controlled
trial (N=1,260) demonstrated that a combination of healthy nutrition, physical exercise,
cognitive training, social engagement, and vascular/metabolic risk management significantly

improved cognition in at-risk older adults.®”® Furthermore, the US Study to Protect Brain
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Health Through Lifestyle Intervention to Reduce Risk (US POINTER) trial (N=2,111) found
that both structured and self-guided multidomain lifestyle programs improved cognition over
2 years, with modest but significant additional benefits in the structured arm.3”” Neuroticism
levels could serve as a useful indicator for trial inclusion, with multimodal strategies adapted

accordingly.

7.4 STRENGTHS AND LIMITATIONS

This thesis examined direct associations in two large, independent cohorts—UK
Biobank and EPIC-Norfolk—capturing both short- and long-term relationships across the
life course. The study design incorporated a comprehensive, standardized cognitive battery,
hypothesis-free metabolomic profiling, and whole-brain structural imaging, making it one of
the largest investigations to date integrating these modalities. Furthermore, this thesis
conducted the first formal mediation analyses to investigate pathways through mental and
vascular conditions and was also the first to apply MR to assess the robustness and
directionality of neuroticism’s associations with dementia, metabolites, and structural brain

outcomes.

This thesis has several limitations, some of which have been discussed in earlier
chapters. These include selection bias in UK Biobank and EPIC-Norfolk, where participants
tend to be healthier, better educated, and less diverse than the general population. Dementia
diagnoses were derived from hospital inpatient data and death records, which often lag
behind initial documentation in primary care or specialist memory clinics,®"® likely missing

milder or earlier-stage cases and showing lower positive predictive value for specific
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dementia subtypes.??” In addition, some UK Biobank participants may not have reached the
typical age of onset for dementia.®”® Furthermore, evolving diagnostic criteria and recording
practices across hospitals and over time—for instance, revisions to the National Institute on
Aging-Alzheimer’s Association framework that increasingly define AD biologically rather
than purely syndromically!”®—introduce heterogeneity and reduce comparability across

studies.

As with any observational study, all observational analyses in this thesis are subject
to residual confounding. Some relevant factors were not fully controlled for because of
limited data availability (e.g., adverse childhood experiences), and measurement error in
selected covariates may also remain. Therefore, these observational analyses cannot establish
causality. However, triangulating the findings with MR analyses provides additional support

for the robustness of the observed associations.

Nevertheless, MR has its own limitations. Current GWAS for AD rely on clinically
diagnosed cases, which are imperfect; some individuals lack sufficient Alzheimer’s
pathology at autopsy, while many show mixed pathologies such as cerebrovascular disease
or Lewy bodies, complicating the specificity of genetic signals.®® For VaD and all-cause
dementia, diagnoses are largely syndromic and pathologically heterogeneous, limiting the
availability and precision of genetic data. In addition, genetic studies often have lower
statistical power compared with large observational studies. Potential biases such as

horizontal pleiotropy and weak instrument bias cannot be fully ruled out.
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7.5 EUTURE DIRECTIONS

Investigating sex-specific associations

Across 21 cohorts comprising 29,850 participants from Africa, Asia, Europe, North
America, Australia and South America, women had a 12% higher risk of developing
dementia than men.'*®® This difference is likely multifactorial. Women may carry a greater
burden of certain social and psychological risk factors, including longer life expectancy,
lower educational attainment in older generations,*! and higher prevalence of depression.>®
In this thesis, UK Biobank and EPIC-Norfolk also showed that women reported higher
neuroticism scores than men, warranting assessment of whether sex differences in dementia

risk are partly driven by differences in neuroticism.

The contribution of established dementia risk factors may also vary by sex. Although
neuroticism showed similar associations with all-cause dementia in men and women in UK
Biobank—consistent with previous research?1122125__sex-specific patterns may still arise in
the timing of risk, interaction with other factors, and underlying pathways. First, vascular and
mental health conditions, which earlier chapters identified as key pathways linking
neuroticism to dementia, tend to intensify during the menopausal transition,338* potentially
heightening vulnerability among women at this stage. Second, genetic susceptibility may
operate differently by sex; for example, APOE &4 confers a greater AD risk in women than
in men,3® underscoring the need for future genotype-by-sex analyses. Third, Alzheimer-
related lipid alterations—such as reduced highly unsaturated fatty acids and increased

saturated lipid species—have been observed predominantly in women,3® raising the
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possibility that metabolic pathways linking neuroticism to dementia may differ between

SEXES.

Extending analyses to diverse populations and contexts

As highlighted in Chapter 2, most prior studies have been conducted in Europe and
other high-income settings with predominantly White populations. The cohorts used in this
thesis—UK Biobank and EPIC-Norfolk—also reflect this demographic composition;
although small numbers of participants from minority ethnic groups were included, these
were underpowered for subgroup analyses. Analyses using genetic data were further
restricted to individuals of European ancestry, and the two-sample MR relied on GWAS

summary statistics derived from European populations.

However, low- and middle-income countries are home to nearly two-thirds of people
living with dementia,®®” and these regions are projected to experience substantial increases
in dementia burden due to population growth, ageing, and a higher prevalence of modifiable
risk factors.* Extending research to non-White populations and under-represented

geographic, economic, and cultural contexts is therefore crucial.

Achieving this will require several steps. First, personality assessments such as
neuroticism scales need to be validated in non-Western contexts, as cultural differences in
emotional expression, reporting styles, and interpretation may influence score validity.38®
Second, GWAS and large-scale biomarker studies—including brain imaging and

metabolomics—should be expanded to include diverse ancestries, given that allele
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frequencies. brain morphology, lipid metabolism, and other biological traits may vary across
populations. Third, reliance on electronic health records for dementia ascertainment may not
be feasible in many low- and middle-income countries; instead, there is a need for detailed,
cross-culturally validated cognitive assessments, clinical interviews, and standardized

dementia classification algorithms.38°

Strengthening temporal inference with early and repeated measurement

This thesis demonstrated that the association between neuroticism and dementia is
evident from midlife through later life. However, because neuroticism typically stabilizes in
young adulthood,® assessing it even earlier could help determine whether the association
extends into early life, further reduce potential reverse-causation bias, and identify
developmental periods that may be especially important for risk stratification and early

prevention.

Earlier measurement of neuroticism would also enable clearer temporal ordering
between the exposure (neuroticism), potential mediators, and dementia outcomes. Repeated
measurements of potential mediators—such as depressive symptoms, blood pressure, and
lipid profiles (including omega-3 fatty acids)—or restricting analyses to incident chronic

conditions rather than baseline histories could improve pathway modeling.

Linking early neuroticism measures to dementia outcomes requires long-term
follow-up. To date, only one study has examined personality before midlife (mean age 15.8

years) with follow-up to a mean age of 69.5 years, reporting protective associations of traits
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such as calmness and maturity with later dementia.?®® However, that cohort has not yet
reached the ages at which most dementia cases occurred (mid-80s), and the cases identified
likely represent a mixture of early- and later-onset disease, which differ in clinical and genetic
profiles.3 Future work could leverage preclinical biomarkers (e.g., CSF levels of Ap and
tau) or examine broader cognitive and brain-aging trajectories, thereby shortening the
follow-up time required to detect meaningful associations. Repeated cognitive and imaging
assessments would allow the modeling of both baseline levels (intercepts) and rates of change
(slopes), helping to determine whether neuroticism is more closely linked to initial

cognitive/brain reserve or to accelerated decline over time.

Broadening pathway discovery through detailed lifestyle data

To uncover additional pathways and identify further modifiable intermediate factors
that could be targeted, it is important to assess a wider range of potential mediators. For
instance, prior evidence links neuroticism to poorer dietary habits, and findings in Chapter 5
suggest a possible link between neuroticism, omega-3 fatty acids, and dementia. This raises
the question of whether diets characterized by unhealthy fatty acid profiles may act as
mediators. However, the dietary data available in UK Biobank are based on a brief
food-frequency touchscreen questionnaire, which is susceptible to misclassification and
coarse categorization of intake levels.®* For example, fish intake was captured only by
simple questions on the number of servings per week, without information on portion size or
specific fish types. By contrast, EPIC-Norfolk employed a validated 130-item
food-frequency questionnaire with detailed portion and frequency information (e.g., six

separate fish/seafood items assessed on a nine-point scale from “never or less than once per
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month” to “more than six times per day”)*®2 making it a valuable resource for examining
dietary pathways. Although both cohorts also include 24-hour dietary recalls that can provide
more accurate intake estimates, these are available only in subsets, limiting power and
potentially introducing selection bias. Large cohorts with detailed, repeated dietary
assessments are needed to better understand the role of diet and inform potential dietary

interventions to reduce dementia risk in individuals with high neuroticism.

Advancing genome-wide association studies for neuroticism

The genetic architecture of neuroticism is highly polygenic, therefore, future GWAS
with much larger sample sizes are needed to generate a larger number of stronger genetic
instruments and thereby improve MR power. Ideally, such GWAS would also provide
summary statistics independent of UK Biobank to minimise sample overlap in two-sample
MR. A further challenge is that large biobanks often rely on brief personality measures—for
example, the Million Veteran Program uses a very brief 10-item Big Five Inventory,’* and
cohorts within the Genetics of Personality Consortium apply heterogeneous measures. Future
work would therefore benefit from standardised, deep personality phenotyping that captures

the full facet structure of neuroticism and allows facet- or item-level GWAS.

In addition, the life-course-specific genetic architecture of neuroticism remains
poorly characterised. Multivariable MR based on age-stratified GWAS of neuroticism would
enable estimation of genetically predicted neuroticism at different developmental stages and
its association with dementia, helping to identify periods of heightened vulnerability and

opportunities for early intervention.
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Finally, neuroticism GWAS in non-European populations remain much smaller,
limiting power and restricting MR to European datasets. Larger ancestry-diverse GWAS and
trans-ethnic MR,3% typically conducted by performing MR within each ancestry group and
comparing effect estimates across populations, will be essential for determining whether

findings generalise beyond European ancestries.
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7.6 CONCLUDING REMARKS

In conclusion, this DPhil thesis strengthens evidence that higher neuroticism is
associated with an increased risk of developing dementia. This association was observed over
long follow-up and across mid- to later life, and was reflected in poorer cognitive
performance and brain structural profiles. These associations appear to operate partly through
modifiable pathways involving vascular and mental health, with downstream molecular
evidence implicating lower omega-3 fatty acid levels. These results improve understanding
of the basic nature of both neuroticism and dementia, and highlight potential public health
implications: neuroticism could help stratify risk to identify individuals who may benefit
from closer monitoring, while practical intervention efforts may focus on modifiable factors
such as hypertension, depression, and diet rather than on personality itself. The findings also
emphasize the need to validate these findings in more diverse populations and to use
longitudinal approaches that more clearly map temporal pathways. Overall, this thesis
supports integrating a psychological dimension into dementia risk assessment, offering

opportunities for more personalized and proactive prevention strategies.
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Appendices

Chapter 3

Appendix 3.1: Raw and transformed distributions of cognitive outcomes in UK Biobank

A 10000 — B
7500 4 10000 1
E E
2 50001 3
O O 5000
25004
0- T T T O
0 5 10
Fluid Intelligence
E — F o0.008
6000+
0.006 1
= Fard
3 40001 E 0.004 1
© a
01 0.000 4

0 5 10 15
Matrix Pattern

o

Density

25

50 75

10.0

Numeric Memory

125

G

ity

Dens

500

1000 1500 2000 2500

TMT-A

0.0025 4
0.0020 1
0.0015 1
0.0010 1

0.0005 4

0.0000 1

o4

10 20 30
SDST

0

2000 4000 6000
TMT-B

SDST, Symbol Digit Substitution Test; PAL, Paired Associate Learning; TMT-A/B, Trail Making Test A and B

240

=)

Count

6000 4

4000 4

2000 4

0.0

25

50 75
PAL



Appendix 3.2: Baseline characteristics of participants by all-cause dementia case

status

Characteristic No dementia Dementia
N 168190 5974
Age (mean (SD)) 64.30 (2.95) 66.01 (2.82)
Female (%) 87488 (52.0) 2827 (47.3)
Townsend deprivation index quintile
1 (Least deprived) 37017 (22.0) 1181 (19.8)
2 37005 (22.0) 1192 (20.0)
3 35121 (20.9) 1135 (19.0)
4 31685 (18.8) 1156 (19.4)
5 (Most deprived) 27362 (16.3) 1310 (21.9)
Education (%)
Primary 42586 (25.3) 2155 (36.1)
Secondary 34973 (20.8) 1155 (19.3)
Post-secondary non-tertiary 23607 (14.0) 722 (12.1)
Tertiary 67024 (39.9) 1942 (32.5)
Ethnic group - White (%) 164207 (97.6) 5804 (97.2)
BMI (%)
Normal (<25 kg/m?) 50072 (29.8) 1786 (29.9)
Overweight (>25-<30 kg/m?) 76288 (45.4) 2595 (43.4)
Obese (>30 kg/m?) 41830 (24.9) 1593 (26.7)
Drinking <4 times weekly (%) 127499 (75.8) 4725 (79.1)
Smoking status (%)
Never 83932 (49.9) 2723 (45.6)
Previous 70420 (41.9) 2698 (45.2)
Current 13838 (8.2) 553 (9.3)
APOE genotypes (%)
APOE &2 carriers 21816 (13.0) 420 (7.0)
APOE £3/¢€3 carriers 98085 (58.3) 2283 (38.2)
APOE &4 carriers 40718 (24.2) 2965 (49.6)
Missing/Ambiguous genotypes? 7571 (4.5) 306 (5.1)
Non-APOE PRS (%)
Low (lowest quintile) 27264 (16.2) 732 (12.3)
Intermediate (quintiles 2 to 4) 81983 (48.7) 2812 (47.1)
High (highest quintile) 27286 (16.2) 1273 (21.3)
Missing 31657 (18.8) 1157 (19.4)
Medical history (%)
Depression 8248 (4.9) 496 (8.3)
Anxiety and stress disorder 2643 (1.6) 157 (2.6)
Hypertension 61527 (36.6) 2811 (47.1)
Ischaemic heart disease 14227 (8.5) 949 (15.9)
Diabetes 11250 (6.7) 833 (13.9)

N, number of participants; SD, standard deviation; BMI, body mass index; PRS, polygenic risk score.
@ APOE €1/€3 and APOE €2/e4 genotypes.
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Appendix 3.3: Sensitivity analyses for the association between neuroticism z-score

and incident dementia

Approach HR (95% CI)

All-cause dementia  AD VaD
Multiple imputation 1.12 (1.10 to 1.15) 1.07(1.03t01.11) 1.16(1.10to 1.22)
Unrestricted baseline age 1.10 (1.08 t0 1.13) 1.05(1.01t01.08) 1.16(1.11t01.22)

HR, hazard ratio; ClI, confidence interval; AD, Alzheimer's disease; VaD, vascular dementia. Sensitivity analyses
include: multiple imputation of missing neuroticism scores and covariates using chained equations, with estimates
pooled across five imputed datasets; and repeating the analysis without restricting baseline age. Hazard ratios represent
the adjusted association per 1-SD increase in neuroticism score, and were derived from Cox proportional hazards
models adjusted for age, sex, education, Townsend deprivation index (quintiles), smoking status, alcohol consumption,
and body mass index.
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Appendix 3.4: Subgroup analyses for the association between neuroticism z-score

and incident dementia

Subgroup

Age

TDI quintile

Education

BMI

Alcohol

Smoking

<65

>65

Female

Male

1 (Least deprived)
2

3

4

5 (Most deprived)
Primary

Secondary

Post-secondary non-
tertiary

Tertiary

Normal

Overweight

Obese

Daily or almost daily
<4 times / week
Never

Previous

Current

Cases / population
1775/ 93861
4199 /80303
2827/90315
3147/ 83849
1181/38198
1192 /38197
1135736256
1156 /32841
1310/ 28672
2155/ 44741
1155/36128
722/24329
1942/ 68966
1786/ 51858
2595/ 78883
1593 /43423
1249/ 41940
4725/ 132224
2723/ 86655
2698 /73118

553714391

1
1
1
1
1
1
1
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1 —
1
1
|
1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

100 105 110 115 120
HR (95% CI)

HR (95% CI)
1.13(1.08 to 1.18)
1.08 (1.05 to 1.12)
111 (1.07 to 1.15)
1.10(1.07 to 1.14)
1.07(1.01 to 1.14)
1.15(1.09 to 1.21)
1.12(1.06 to 1.19)
1.09(1.03 to 1.15)
1.11(1.05 to 1.17)
1,10 (1.05 o 1.14)
1.13(1.07 to 1.20)

1.14 (1.06 to 1.22)

1.10(1.05 to 1.15)
1.06 (1.01to 1.11)
1.12(1.08 to 1.17)
1.15 (1.09 to 1.20)
L11(1.05t0 1.17)
1.11(1.08to 1.14)
1.10(1.06 to 1.14)
1.12(1.08 to 1.16)

1.10(1.01 to 1.20)

p for interaction

0.219

0.875

0.802

0.666

0.065

0.960

0911

HR, hazard ratio; Cl, confidence interval; TDI, Townsend deprivation index; BMI, body mass index. Models were
adjusted for age, sex, education, TDI (quintiles), smoking status, alcohol consumption, and BMI, with follow-up time
as the underlying timescale. Hazard ratios represent the adjusted association per 1-SD increase in neuroticism score
within each subgroup. P-values correspond to Wald tests of interaction assessing heterogeneity in associations across
subgroups. The dashed vertical line marks the reference HR of 1.0.
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Appendix 3.5: Estimated direct and indirect effect sizes of neuroticism z-score with

dementia through prevalent diseases at baseline

Mediator Total effect Direct effect Indirect effect %
(95% CI) (95% CI) (95% CI) Mediated

All-cause dementia

Depression 1.11(1.08t01.14) 1.07(1.04t01.10) 1.04(1.02t01.06) 38.5%
Anxiety and stress-related disorders  1.11 (1.08 to 1.14) 1.10 (1.07t01.13) 1.01(1.00t01.03) 12.8%
Ischaemic heart disease 1.11(1.08t01.14) 1.10(1.07t01.13) 1.01(1.00t01.02) 10.9%
Hypertension 1.11(1.08t01.14) 1.10(1.07t01.13) 1.01(1.00t01.02) 10.4%
Diabetes 1.11(1.08t01.14) 1.10(1.08t01.13) 1.01(1.00t01.02) 6.0%
AD

Depression 1.05(1.01t01.10) 1.03(0.98t01.07) 1.03(1.01t01.05) 51.0%
Anxiety and stress-related disorders 1.06 (1.01t01.10) 1.04 (1.00t01.09) 1.01(0.99t01.03) NA
Ischaemic heart disease 1.05(1.01t01.10) 1.05(1.01t01.09) 1.00(0.99t01.02) NA
Hypertension 1.05(1.01t01.10) 1.05(1.01t01.09) 1.00(0.99t01.02) NA
Diabetes 1.05(1.01t01.10) 1.06 (1.02t01.10) 1.00(0.98t01.01) NA
VaD

Depression 1.15(1.09t01.22) 1.09(1.03t01.16) 1.06(1.02t01.09) 37.5%
Anxiety and stress-related disorders  1.16 (1.10to 1.23) 1.14 (1.08to 1.20) 1.02 (0.99t01.04) NA
Ischaemic heart disease 1.15(1.09t01.22) 1.13(1.07t01.19) 1.02(1.00t01.04) 13.8%
Hypertension 1.15(1.09t01.22) 1.12(1.07t01.18) 1.02(1.00to01.05) 16.3%
Diabetes 1.15(1.08t0 1.21) 1.13(1.08t01.20) 1.01(0.99t01.03) NA

Cl, confidence interval, AD, Alzheimer's disease; VaD, vascular dementia. Estimates are adjusted for age, sex,
ethnicity, education, Townsend deprivation index (quintiles), smoking status, alcohol consumption, and body mass
index. Total, direct, and indirect effects represent hazard ratios per 1-SD increase in neuroticism, estimated using the
counterfactual framework and marginal structural models. The proportion mediated was calculated as the natural
indirect effect divided by the total effect. In cases where the indirect effect was statistically insignificant, the
corresponding proportion mediated was not calculated and is indicated as ‘NA’ (not applicable) in the table.
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Appendix 3.6: Characteristics of the participants included in the cognitive function

analyses

Characteristic Overall Neuroticism score tertile
1 (score0— 2 (score2— 3 (score5-
1) 4) 12)
N 39459 14382 12621 12456
Age ® (mean (SD)) 64.79 (7.75)  65.80 (7.61) 65.01(7.66) 63.39 (7.77)
Female (%) 19761 (50.1) 8586 (59.7) 6006 (47.6) 5169 (41.5)
Townsend deprivation index quintile
(%)
1 (Least deprived) 9551 (24.2)  3620(25.2) 3090 (24.5) 2841 (22.8)
2 9061 (23.0) 3324 (23.1) 2949 (23.4) 2788 (22.4)
3 8219 (20.8) 3007 (20.9)  2625(20.8) 2587 (20.8)
4 7331 (18.6)  2623(18.2) 2292 (18.2) 2416 (19.4)
5 (Most deprived) 5297 (13.4) 1808 (12.6) 1665 (13.2) 1824 (14.6)
Education? (%)
Primary 2486 (6.3) 876 (6.1) 756 (6.0) 854 (6.9)
Secondary 7402 (18.8) 2387 (16.6) 2295 (18.2) 2720 (21.8)
Post-secondary non-tertiary 4414 (11.2) 1620 (11.3) 1492 (11.8) 1302 (10.5)
Tertiary 25157 (63.8) 9499 (66.0) 8078 (64.0) 7580 (60.9)
Ethnic group - White (%) 38376 (97.3) 13931 (96.9) 12294 (97.4) 12151 (97.6)
BMI? (%)
Normal 16582 (42.0) 5782 (40.2) 5518 (43.7) 5282 (42.4)
Overweight 14862 (37.7) 5786 (40.2) 4666 (37.0) 4410 (35.4)
Obese 8015 (20.3) 2814 (19.6) 2437 (19.3) 2764 (22.2)
Drinking <4 times weekly? (%) 32683 (82.8) 11811 (82.1) 10498 (83.2) 10374 (83.3)
Smoking status? (%)
Never 24613 (62.4) 9204 (64.0) 7879 (62.4) 7530 (60.5)
Previous 13504 (34.2) 4735(32.9) 4318(34.2) 4451 (35.7)
Current 1342 (3.4) 443 (3.1) 424 (3.4) 475 (3.8)

N, number of participants; SD, Standard deviation; BMI, body mass index.

@Measured at the imaging assessment.
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Appendix 3.7: Summary of genetic instruments for phenotypes used in Mendelian Randomisation analyses

Phenotype GWAS source GWAS dataset GWAS sample size Nsnp R?
Neuroticism Nagel et al., 2018 UKB, GPC 390,278 91 0.010
AD Kunkle et al., 2019 IGAP 21,982 cases and 41,944 controls 19 0.062
WMH Smith et al., 2021 UKB 21,381 15 0.037

GWAS, genome-wide association studies; UKB, UK Biobank; GPC, Genetics of Personality Consortium; AD, Alzheimer’s disease; IGAP, International Genomics of Alzheimer’s Project; WMH,
white matter hyperintensities; SNP, single nucleotide polymorphism; Nsnp, number of genetic variants used as instrumental variables; R, proportion of variance explained.
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Appendix 3.8: Sensitivity analyses for bidirectional Mendelian randomisation

Exposure Outcome  Nsnp p for Q (IVW) p for Q (MR-Egger) p for Egger intercept RZ?exposure R?outcome p for Steiger

Neuroticism AD 75  0.025 0.040 0.079 0.008 0.002 <0.001
AD Neuroticism 15  <0.001 <0.001 0.774 0.034 <0.001 <0.001
Neuroticism WMH 79  0.109 0.085 0.112 0.009 0.005 <0.001
WMH Neuroticism 11  0.007 0.009 0.565 0.028 <0.001 <0.001

OR, odds ratio; CI, confidence interval; AD, Alzheimer’s disease; WMH, white matter hyperintensities; IVW, inverse-variance weighted; Nsnp, number of single nucleotide polymorphisms
used as genetic instruments; Q, Cochran’s Q-statistic for heterogeneity; R2, proportion of variance explained; Steiger, Steiger directionality test. p for Q and p for Q (MR-Egger) assess
heterogeneity across genetic instruments. p for Egger intercept tests for directional horizontal pleiotropy. R? exposure and Rz outcome indicate the proportion of variance explained by the
genetic instruments for the exposure and outcome, respectively. p for Steiger tests whether the genetic variants explain more variance in the exposure than in the outcome, supporting
correct direction.
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Chapter 4

Appendix 4.1: Distribution of cognitive test scores
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Panels A-G display the distribution of raw scores for each cognitive test across participants included in the analysis: (A) Short Form of the Extended Mental State Examination

(SF-EMSE), (B) Hopkins Verbal Learning Test (HVLT), (C) Cambridge Neuropsychological Test Automated Battery - Paired Associates Learning (CANTAB-PAL), (D)
National Adult Reading Test (NART), (E, F) Verbal Similarities Test (VST), and (G) Paired Words Accuracy (PW-Accuracy).
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Appendix 4.2: Sensitivity analyses for the association between neuroticism z-score and

incident dementia

Approach HR (95% CI)
All-cause dementia ~ AD VaD
Multiple imputation 1.14 (1.10 t0 1.19) 1.15(1.08 t0 1.23) 1.16 (1.07 to 1.26)

Fine-Gray subdistribution model 2 1.08 (1.04t0 1.12) 1.09 (1.03 to 1.16) 1.08 (1.00 to 1.17)
HR, hazard ratio; Cl, confidence interval; AD, Alzheimer's disease; VaD, vascular dementia. The multiple imputation
approach addresses missing exposure and covariate data, with estimates pooled across imputed datasets. The Fine-Gray
subdistribution hazard model accounts for the competing risk of non-dementia death, given the older age structure and long
follow-up in EPIC-Norfolk. Estimates are adjusted for age, sex, education, Townsend deprivation index (quintiles), smoking
status, alcohol consumption, and body mass index.

@ Fine-Gray subdistribution model was fitted in R using the crr function in the cmprsk package.

249



Appendix 4.3: Characteristics of participants included in the analyses of cognitive

outcomes

Characteristic Overall Neuroticism score tertile
1 (score 0-1) 2 (score 2-4) 3 (score 5-12)
N 7446 2531 2470 2445
Age (mean [SD]) 68.20 (8.05) 69.41(8.05) 68.43(7.98) 66.73(7.89)
Female (%) 4112 (55.2) 1095(43.3)  1416(57.3) 1601 (65.5)
Townsend deprivation index quintile (%)
1 (Least deprived) 1860 (25.0) 645 (25.5) 628 (25.4) 587 (24.0)
2 1573 (21.1) 561 (22.2) 495 (20.0) 517 (20.1)
3 1478 (19.8) 514 (20.3) 488 (19.8) 476 (19.5)
4 1284 (17.2) 388 (15.3) 459 (18.6) 437 (17.9)
5 (Most deprived) 1232 (16.5) 417 (16.5) 394 (16.0) 421 (17.2)
Missing 19 (0.3) 6 (0.2) 6(0.2) 7(0.3)
Education (%)
Less than O-level 1866 (25.1) 624 (24.7) 589 (23.8) 653 (26.7)
O-level 902 (12.1) 284 (11.2) 298 (12.1) 320 (13.1)
A-level 3328 (44.7) 1136 (44.9) 1117 (45.2) 1075 (44.0)
Degree 1349 (18.1) 487 (19.2) 465 (18.8) 397 (16.2)
Missing 1 (0.0) 0 (0.0) 1(0.0) 0 (0.0
Body mass index category (%)
Normal 2633 (35.4) 830 (32.8) 931 (37.7) 872 (35.7)
Overweight 2262 (30.4) 878 (34.7) 700 (28.3) 684 (28.0)
Obese 1419 (19.1) 454 (17.9) 461 (18.7) 504 (20.6)
Missing 1132 (15.2) 369 (14.6) 378 (15.3) 385 (15.7)
Alcohol intake (%)
Never 373 (5.0) 133 (5.3) 114 (4.6) 126 (5.2)
Previous 780 (10.5) 264 (10.4) 228 (9.2 288 (11.8)
Current (<14 units/week) 5199 (69.8) 1739 (68.7) 1767 (71.5) 1693 (69.2)
Current (>14 units/week) 822 (11.0) 298 (11.8) 280 (11.3) 244 (10.0)
Missing 272 (3.7) 97 (3.8) 81 (3.3 94 (3.8)
Smoking (%)
Never 3661 (49.2) 1214 (48.0) 1245(50.4) 1202 (49.2)
Previous 3378 (45.4) 1205 (47.6) 1079 (43.7) 1094 (44.7)
Current 302 (4.1) 79 (3.1) 108 (4.4) 115 (4.7)
Missing 105 (1.4) 33(1.3) 38 (1.5) 34 (1.4)

N, number of participants; SD, standard deviation
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Chapter 5

Appendix 5.1: Regression coefficients for linear associations between neuroticism

and metabolites

Outcome i} t p
Monounsaturated Fatty Acids to Total Fatty Acids percentage 0.017 8.401 4,5E-17
Citrate -0.018  -8.139 4.0E-16
Average Diameter for VLDL Particles 0.016 8.070 7.1E-16
Docosahexaenoic Acid to Total Fatty Acids percentage -0.016  —7.658 1.9E-14
Glycine 0.016 7.420 1.2E-13
Linoleic Acid 0.015 7.330 2.3E-13
Total Lipids in Large VLDL 0.014 6.553 5.6E-11
Free Cholesterol in Very Large HDL -0.013 -6.521 7.0E-11
Triglycerides to Phosphoglycerides ratio 0.013 6.503 7.9E-11
Triglycerides in Medium VLDL 0.014 6.495 8.3E-11
Monounsaturated Fatty Acids 0.014 6.432 1.3E-10
Phospholipids to Total Lipids in Very Large HDL percentage -0.013  -6.414 1.4E-10
Triglycerides in VLDL 0.013 6.377 1.8E-10
Concentration of Large VLDL Particles 0.013 6.296 3.1E-10
Phospholipids in Very Large HDL -0.012 —6.257 3.9E-10
Concentration of Very Large VLDL Particles 0.013 6.208 5.4E-10
Triglycerides in Large VLDL 0.013 6.199 5.7E-10
Total Lipids in VLDL 0.013 6.193 5.9e-10
Free Cholesterol in Large VLDL 0.013 6.186 6.2E-10
Average Diameter for HDL Particles -0.011 -6.142 8.2E-10
Omega-6 Fatty Acids 0.013 6.114 9.8E-10
Polyunsaturated Fatty Acids to Monounsaturated Fatty Acids -0.012  —6.093 1.1E-09
ratio

Saturated Fatty Acids to Total Fatty Acids percentage -0.013  -6.057 1.4E-09
Cholesterol in Very Large VLDL 0.013 6.047 1.5E-09
Total Lipids in Very Large VLDL 0.013 6.039 1.6E-09
Omega-3 Fatty Acids to Total Fatty Acids percentage -0.013  -6.012 1.8E-09
Total Lipids in Very Large HDL -0.011  -6.009 1.9E-09
Cholesterol in Large VLDL 0.013 5.994 2.1E-09
Cholesterol in Very Large HDL -0.011  -5.943 2.8E-09
Phospholipids in Large VLDL 0.013 5.938 2.9E-09
Triglycerides in Small VLDL 0.013 5.914 3.3E-09
Total Triglycerides 0.012 5.908 3.5E-09
Phospholipids in Large HDL -0.011  -5.877 4.2E-09
Free Cholesterol in Large HDL -0.011  -5.873 4.3E-09
Cholesteryl Esters in Very Large HDL -0.011  -5.836 5.4E-09
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Total Lipids in Medium VLDL 0.012 5.802 6.6E—09
Phospholipids in VLDL 0.012 5.800 6.7E—09
Total Lipids in Large HDL -0.011  -5.791 7.0E-09
Concentration of Small VLDL Particles 0.012 5.748 9.0E-09
Concentration of Chylomicrons and Extremely Large VLDL 0.012 5.712 1.1E-08
Particles

Cholesterol in Large HDL -0.010 -5.693 1.2E-08
Total Lipids in Small VLDL 0.012 5.661 1.5E-08
Total Lipids in Chylomicrons and Extremely Large VLDL 0.012 5.647 1.6E-08
Cholesteryl Esters to Total Lipids in Very Small VLDL -0.011  -5.644 1.7E-08
percentage

Cholesterol to Total Lipids in Very Small VLDL percentage -0.011  -5.638 1.7E-08
Cholesteryl Esters in Very Large VLDL 0.012 5.618 1.9E-08
Triglycerides to Total Lipids in Very Small VLDL percentage 0.011 5.581 2.4E-08
Cholesteryl Esters in Large HDL -0.010 5571 2.5E-08
Glycoprotein Acetyls 0.012 5.531 3.2E-08
Cholesterol in Chylomicrons and Extremely Large VLDL 0.013 5.499 3.8E-08
Cholesteryl Esters in Large VLDL 0.012 5.474 4.4E-08
Free Cholesterol in VLDL 0.011 5.452 5.0E—08
Triglycerides in Very Large VLDL 0.012 5.443 5.2E-08
Cholesteryl Esters to Total Lipids in Small LDL percentage 0.012 5.412 6.2E-08
Concentration of Large HDL Particles -0.010  -5.366 8.1E-08
Concentration of Medium VLDL Particles 0.011 5.253 1.5E-07
Triglycerides in Small HDL 0.011 5.202 2.0E-07
Concentration of Very Large HDL Particles -0.010 -5.096 3.5E-07
Cholesteryl Esters in Small LDL 0.011 5.088 3.6E-07
Phospholipids to Total Lipids in Small LDL percentage -0.011  -5.053 4 4E-07
Triglycerides in Medium LDL 0.011 5.024 5.1E-07
Cholesteryl Esters in Chylomicrons and Extremely Large VLDL 0.012 5.018 5.2E-07
Triglycerides to Total Lipids in Small HDL percentage 0.010 4.949 7.5E-07
Phospholipids in Medium VLDL 0.010 4,948 7.5E-07
Phospholipids in Small VLDL 0.010 4,921 8.6E-07
Free Cholesterol in Very Large VLDL 0.012 4.890 1.0E-06
Triglycerides in Small LDL 0.011 4.887 1.0E-06
Concentration of VLDL Particles 0.010 4.872 1.1E-06
Omega-6 Fatty Acids to Omega-3 Fatty Acids ratio 0.010 4.849 1.2E-06
Triglycerides to Total Lipids in Medium VLDL percentage 0.009 4.845 1.3E-06
Free Cholesterol to Total Lipids in Medium HDL percentage -0.009  —-4.793 1.6E-06
Free Cholesterol to Total Lipids in Large LDL percentage -0.009  —4.743 2.1E-06
VLDL Cholesterol 0.010 4.732 2.2E-06
Free Cholesterol to Total Lipids in Medium LDL percentage -0.010 —4.729 2.3E—06
Total Fatty Acids 0.010 4.725 2.3E-06
Cholesteryl Esters to Total Lipids in Medium VLDL percentage -0.009 —4.724 2.3E—06
Free Cholesterol in Chylomicrons and Extremely Large VLDL 0.012 4.723 2.3E—06
Cholesteryl Esters to Total Lipids in Large VLDL percentage -0.010 —4.720 2.4E—06
Phospholipids in Very Large VLDL 0.011 4.651 3.3E—06
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Phospholipids to Total Lipids in Small HDL percentage -0.010 —4.650 3.3E-06
Free Cholesterol to Total Lipids in Large HDL percentage -0.009 —4.625 3.8E-06
Polyunsaturated Fatty Acids 0.010 4.616 3.9E-06
Degree of Unsaturation -0.009 —4.615 3.9E-06
Phospholipids to Total Lipids in Large VLDL percentage 0.010 4.590 4.4E-06
Phospholipids in Chylomicrons and Extremely Large VLDL 0.011 4.570 4.9E-06
Total Lipids in Small LDL 0.009 4.493 7.0E-06
Cholesteryl Esters in Medium LDL 0.009 4.486 7.3E-06
Docosahexaenoic Acid -0.009  —4.466 8.0E—06
Free Cholesterol to Total Lipids in IDL percentage -0.010 —4.452 8.5E—06
Free Cholesterol to Total Lipids in Small LDL percentage -0.010 —4.448 8.7E-06
Triglycerides in Chylomicrons and Extremely Large VLDL 0.010 4.440 9.0E-06
Free Cholesterol to Total Lipids in Medium VLDL percentage -0.009 —4.434 9.2E-06
Cholesterol to Total Lipids in Very Large VLDL percentage —0.009 —4.419 9.9E-06
Phospholipids in Medium LDL 0.009 4.384 1.2E-05
Cholesteryl Esters in Small VLDL 0.009 4.382 1.2E-05
Cholesterol in Small LDL 0.009 4.366 1.3E-05
Apolipoprotein B to Apolipoprotein Al ratio 0.009 4.359 1.3E-05
Total Lipids in Medium LDL 0.009 4.344 1.4E-05
Triglycerides in LDL 0.009 4314 1.6E-05
Cholesterol to Total Lipids in Medium VLDL percentage -0.008  —4.295 1.8E-05
Free Cholesterol in HDL —0.008  —4.260 2.0E-05
Cholesterol in Small VLDL 0.009 4.256 2.1E-05
Triglycerides in Very Small VLDL 0.009 4.208 2.6E-05
Free Cholesterol in Medium VLDL 0.009 4.179 2.9E—05
Concentration of Small LDL Particles 0.009 4.164 3.1E-05
Cholesteryl Esters to Total Lipids in Very Large VLDL —0.009 —4.140 3.5E-05
percentage

Linoleic Acid to Total Fatty Acids percentage 0.008 4111 3.9E-05
HDL Cholesterol -0.008  —4.098 4.2E-05
Triglycerides to Total Lipids in Large HDL percentage 0.008 4.090 4.3E-05
Phospholipids to Total Lipids in Very Small VLDL percentage 0.008 4.029 5.6E—05
Cholesteryl Esters in VLDL 0.008 4.027 5.6E—05
Cholesterol in Medium LDL 0.008 4.022 5.8E-05
Cholesteryl Esters in HDL -0.008  —4.020 5.8E-05
Free Cholesterol in Small VLDL 0.008 3.978 7.0E-05
Free Cholesterol to Total Lipids in Very Small VLDL —0.008 —3.946 7.9E-05
percentage

Cholesteryl Esters to Total Lipids in Large LDL percentage 0.009 3.863 1.1E-04
Concentration of LDL Particles 0.008 3.782 1.6E-04
Concentration of Medium LDL Particles 0.008 3.766 1.7E-04
Triglycerides to Total Lipids in Medium HDL percentage 0.008 3.734 1.9E-04
Cholesteryl Esters to Total Lipids in Medium LDL percentage 0.008 3.713 2.0E-04
Free Cholesterol to Total Lipids in Very Large HDL percentage 0.007 3.676 2.4E-04
Triglycerides to Total Lipids in Very Large VLDL percentage 0.008 3.645 2.7TE-04
Free Cholesterol to Total Lipids in Small VLDL percentage -0.007  -3.620 2.9E-04
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Phospholipids in Small LDL 0.008 3.568 3.6E-04
Total Lipids in HDL -0.007  —-3.561 3.7E-04
Cholesterol to Total Lipids in Very Large HDL percentage 0.008 3.550 3.9E-04
Triglycerides to Total Lipids in IDL percentage 0.007 3.541 4.0E-04
Apolipoprotein B 0.007 3.518 4.4E-04
Concentration of Large LDL Particles 0.007 3.488 4.9E-04
Phospholipids in HDL -0.007  —3.483 5.0E-04
Triglycerides in Large LDL 0.007 3.428 6.1E-04
Triglycerides to Total Lipids in Small VLDL percentage 0.007 3.414 6.4E—-04
Cholesterol to Total Lipids in Medium HDL percentage -0.007  —-3.404 6.6E—04
Creatinine -0.006  —3.361 7.8E-04
Free Cholesterol in Medium HDL -0.006  —3.245 1.2E-03
Cholesteryl Esters in LDL 0.007 3.223 1.3E-03
Cholesterol to Total Lipids in Large VLDL percentage —-0.007 -3.184 1.5E-03
Phospholipids to Total Lipids in Medium VLDL percentage —0.006 -3.124 1.8E-03
Cholesterol in Medium HDL -0.006 —-3.078 2.1E-03
Cholesterol to Total Lipids in Small VLDL percentage -0.006  —3.042 2.3E-03
Phospholipids to Total Lipids in Small VLDL percentage -0.006  —3.039 2.4E-03
Concentration of Small HDL Particles 0.007 3.025 2.5E-03
Triglycerides in IDL 0.007 3.002 2.7E-03
Cholesteryl Esters in Medium HDL -0.006  —2.996 2.7E-03
Free Cholesterol to Total Lipids in Small HDL percentage —0.006 —2.985 2.8E-03
Cholesterol to Total Lipids in IDL percentage —0.006 —2.984 2.8E-03
Cholesterol in Medium VLDL 0.006 2.978 2.9E-03
Total Lipids in LDL 0.006 2.953 3.1E-03
Phospholipids in LDL 0.006 2.833 4.6E-03
Glucose -0.006 -2.811 4.9E-03
Total Lipids in Lipoprotein Particles 0.006 2.780 5.4E-03
Triglycerides to Total Lipids in Small LDL percentage 0.006 2.742 6.1E-03
Triglycerides to Total Lipids in Very Large HDL percentage 0.014 2.739 6.2E—03
LDL Cholesterol 0.006 2.682 7.3E-03
Cholesteryl Esters to Total Lipids in Medium HDL percentage -0.006  —2.666 7.7E-03
Concentration of Medium HDL Particles -0.0056  —2.630 8.5E-03
Polyunsaturated Fatty Acids to Total Fatty Acids percentage —0.005 —2.618 8.9E-03
Cholesteryl Esters in Small HDL 0.006 2.605 9.2E-03
Total Cholesterol Minus HDL-C 0.005 2.591 9.6E—03
Acetoacetate —0.006 —2.587 9.7E-03
Cholesterol to Total Lipids in Large HDL percentage -0.005 —2.575 1.0E-02
Saturated Fatty Acids 0.005 2.554 1.1E-02
Valine -0.005 —2.548 1.1E-02
Apolipoprotein Al -0.005 —2.544 1.1E-02
Total Lipids in Small HDL 0.006 2.538 1.1E-02
Total Lipids in Medium HDL -0.005 -2.514 1.2E-02
Free Cholesterol in Medium LDL 0.005 2.450 1.4E-02
Phospholipids to Total Lipids in Medium HDL percentage 0.005 2.415 1.6E-02
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Cholesterol in Small HDL 0.005 2.388 1.7E-02
Triglycerides in HDL 0.005 2.368 1.8E-02
Glutamine 0.005 2.360 1.8E-02
Remnant Cholesterol (Non-HDL, Non-LDL -Cholesterol) 0.005 2.331 2.0E-02
Cholesterol to Total Lipids in Chylomicrons and Extremely -0.005 —2.297 2.2E-02
Large VLDL percentage

Cholesteryl Esters in Large LDL 0.005 2.272 2.3E-02
Triglycerides in Medium HDL 0.005 2.267 2.3E-02
Total Concentration of Branched-Chain Amino Acids —0.005 —2.247 2.5E-02
(Leucine+lsoleucine+Valine)

Phospholipids in Medium HDL -0.005 —2.243 2.5E-02
Omega-3 Fatty Acids -0.005  —2.185 2.9E-02
Cholesteryl Esters to Total Lipids in Small VLDL percentage -0.005 —2.136 3.3E-02
Acetone -0.005 -2.035 4.2E-02
Leucine -0.004 -2.010 4.4E-02
Total Lipids in Large LDL 0.004 1.998 4.6E-02
Tyrosine -0.004  -1.947 5.2E-02
Clinical LDL Cholesterol 0.004 1.946 5.2E-02
Cholesteryl Esters to Total Lipids in Large HDL percentage —-0.004 -1.908 5.6E-02
Phospholipids in Small HDL 0.004 1.836 6.6E-02
Free Cholesterol in Small LDL 0.004 1.833 6.7E-02
Cholesterol in Large LDL 0.004 1.831 6.7E-02
3-Hydroxybutyrate -0.004 -1.825 6.8E—02
Phospholipids to Total Lipids in Large LDL percentage -0.004  -1.807 7.1E-02
Total Free Cholesterol 0.004 1.768 7.7E-02
Phospholipids in Large LDL 0.004 1.755 7.9E-02
Cholesteryl Esters in Medium VLDL 0.004 1.748 8.1E-02
Triglycerides to Total Lipids in Large LDL percentage 0.004 1.747 8.1E-02
Acetate -0.004 -1.713 8.7E-02
Cholesterol to Total Lipids in Medium LDL percentage —-0.003 -1.672 9.4E-02
Phospholipids to Total Lipids in IDL percentage 0.004 1.652 9.8E-02
Free Cholesterol in Small HDL 0.004 1.639 1.0E-01
Free Cholesterol to Total Lipids in Chylomicrons and Extremely —0.004 -1.634 1.0E-01
Large VLDL percentage

Free Cholesterol in IDL —0.003 -1.634 1.0E-01
Sphingomyelins —-0.003 —-1.598 1.1E-01
Cholesteryl Esters to Total Lipids in Chylomicrons and -0.004  -1.542 1.2E-01
Extremely Large VLDL percentage

Cholesteryl Esters to Total Lipids in IDL percentage -0.003 -1.521 1.3E-01
Cholesteryl Esters to Total Lipids in Very Large HDL 0.003 1.476 1.4E-01
percentage

Phospholipids in Very Small VLDL 0.003 1.470 1.4E-01
Triglycerides to Total Lipids in Medium LDL percentage 0.003 1421 1.6E-01
Cholesterol to Total Lipids in Small LDL percentage 0.003 1.419 1.6E-01
Cholesteryl Esters in Very Small VLDL —0.003 —1.405 1.6E-01
Free Cholesterol to Total Lipids in Very Large VLDL -0.003  -1.204 2.3E-01
percentage

Free Cholesterol in LDL 0.002 1.180 24E-01
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Average Diameter for LDL Particles -0.003 -1.176 2.4E-01

Concentration of Very Small VLDL Particles 0.002 1.130 2.6E-01
Phospholipids to Total Lipids in Very Large VLDL percentage 0.003 1.118 2.6E-01
Cholesterol in IDL -0.002 -1.088 2.8E-01
Total Lipids in Very Small VLDL 0.002 1.083 2.8E-01
Free Cholesterol to Total Lipids in Large VLDL percentage 0.002 1.082 2.8E-01
Total Cholesterol 0.002 1.029 3.0E-01
Isoleucine -0.002 -1.016 3.1E-01
Triglycerides in Large HDL -0.002  -0.888 3.7E-01
Cholesteryl Esters in IDL -0.002  -0.887 3.7E-01
Phospholipids to Total Lipids in Large HDL percentage 0.002 0.871 3.8E-01
Concentration of HDL Particles -0.002  -0.856 3.9E-01
Pyruvate -0.002  -0.850 4.0E-01
Total Phospholipids in Lipoprotein Particles 0.002 0.791 4.3E-01
Cholesterol to Total Lipids in Large LDL percentage —0.002 -0.791 4.3E-01
Cholesterol in Very Small VLDL -0.002 -0.787 4.3E-01
Lactate 0.002 0.736 4.6E-01
Concentration of IDL Particles 0.001 0.732 4.6E-01
Total Esterified Cholesterol 0.001 0.727 4.7E-01
Albumin -0.002  -0.723 4.7E-01
Total Cholines 0.001 0.705 4.8E-01
Phosphoglycerides 0.001 0.688 4.9E-01
Triglycerides in Very Large HDL 0.004 0.616 5.4E-01
Total Lipids in IDL -0.001  -0.584 5.6E-01
Free Cholesterol in Very Small VLDL 0.001 0.552 5.8E-01
Phospholipids to Total Lipids in Chylomicrons and Extremely 0.001 0.546 5.8E-01
Large VLDL percentage

Free Cholesterol in Large LDL 0.001 0.515 6.1E-01
Triglycerides to Total Lipids in Chylomicrons and Extremely 0.001 0.501 6.2E-01
Large VLDL percentage

Omega-6 Fatty Acids to Total Fatty Acids percentage —-0.001 —0.454 6.5E-01
Cholesteryl Esters to Total Lipids in Small HDL percentage 0.001 0.448 6.5E-01
Cholesterol to Total Lipids in Small HDL percentage —-0.001 —-0.387 7.0E-01
Phosphatidylcholines 0.001 0.359 7.2E-01
Histidine -0.001  -0.321 7.5E-01
Phenylalanine -0.001 -0.316 7.5E-01
Total Concentration of Lipoprotein Particles -0.001  -0.298 7.7E-01
Phospholipids to Total Lipids in Medium LDL percentage 0.001 0.271 7.9E-01
Alanine 0.001 0.269 7.9E-01
Triglycerides to Total Lipids in Large VLDL percentage 0.001 0.261 7.9E-01
Phospholipids in IDL 0.000 —0.210 8.3E-01

Linear regression coefficients represent associations between neuroticism z-scores and metabolite levels, adjusted for
seX, age, assessment centre, ethnicity, Townsend deprivation index, education, smoking status, alcohol consumption,
body mass index, and medication use.
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Appendix 5.2: Cox regression for the associations between neuroticism-related

metabolites and incident all-cause dementia

Metabolites HR (95% CI) p

Monounsaturated Fatty Acids to Total Fatty Acids percentage 0.96 (0.93t0 1.00) 4.8E—02
Citrate 1.00 (0.97t0 1.03) 9.9E-01
Average Diameter for VLDL Particles 0.89 (0.86t00.92) 1.2E-10
Docosahexaenoic Acid to Total Fatty Acids percentage 0.95(0.92t00.98) 3.8E-03
Glycine 1.03(0.99t01.07) 1.2E-01
Linoleic Acid 0.96 (0.93t0 1.00) 4.1E-02
Total Lipids in Large VLDL 0.93(0.89t00.96) 1.3E-05
Free Cholesterol in Very Large HDL 1.17(1.13t0 1.22) 3.4E-19
Triglycerides to Phosphoglycerides ratio 0.93(0.90t00.97) 1.0E-04
Triglycerides in Medium VLDL 0.91 (0.88t00.95) 3.9E-07
Monounsaturated Fatty Acids 0.96 (0.93t00.99) 2.3E-02
Phospholipids to Total Lipids in Very Large HDL percentage 1.08 (1.04t01.12) 8.6E-05
Triglycerides in VLDL 0.92 (0.89t00.95) 3.8E—06
Concentration of Large VLDL Particles 0.94 (0.91t00.97) 4.6E-04
Phospholipids in Very Large HDL 1.13(1.09t0 1.18) 3.5E-11
Concentration of Very Large VLDL Particles 0.94(0.91t00.97) 6.1E-04
Triglycerides in Large VLDL 0.92 (0.89t00.95) 2.5E-06
Total Lipids in VLDL 0.95(0.91t00.98) 1.3E-03
Free Cholesterol in Large VLDL 0.96 (0.92t00.99) 1.7E-02
Average Diameter for HDL Particles 1.11(1.07to 1.15) 5.6E-08
Omega-6 Fatty Acids 0.96 (0.93t0 1.00) 2.7E-02
Polyunsaturated Fatty Acids to Monounsaturated Fatty Acids ratio 1.02 (0.98t0 1.05) 3.9e-01
Saturated Fatty Acids to Total Fatty Acids percentage 1.06 (1.02t01.09) 5.5E-04
Cholesterol in Very Large VLDL 0.97 (0.94t01.01) 1.1E-01
Total Lipids in Very Large VLDL 0.94 (0.90t0 0.97) 2.4E-04
Omega-3 Fatty Acids to Total Fatty Acids percentage 0.91 (0.88t00.94) 1.9E-08
Total Lipids in Very Large HDL 1.15(1.11t0 1.19) 1.2E-13
Cholesterol in Large VLDL 0.94(0.91t00.98) 1.2E-03
Cholesterol in Very Large HDL 1.15(1.11t0 1.20) 1.8E-14
Phospholipids in Large VLDL 0.96 (0.92t00.99) 1.2E-02
Triglycerides in Small VLDL 0.92 (0.89t00.95) 2.4E-06
Total Triglycerides 0.93(0.90t00.96) 1.9E-05
Phospholipids in Large HDL 1.08 (1.04t01.12) 1.6E-04
Free Cholesterol in Large HDL 1.10(1.06 to 1.14)  5.1E-07
Cholesteryl Esters in Very Large HDL 1.14 (1.10t0 1.19) 1.8E-12
Total Lipids in Medium VLDL 0.95(0.92t00.98) 3.7E-03
Phospholipids in VLDL 0.97 (0.93t0 1.00) 5.9E-02
Total Lipids in Large HDL 1.08 (1.04t01.13) 5.6E-05
Concentration of Small VLDL Particles 0.96 (0.93t0 1.00) 2.5E-02
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Concentration of Chylomicrons and Extremely Large VLDL Particles  0.95(0.92t00.99) 7.3E-03
Cholesterol in Large HDL 1.10(1.05t0 1.14) 2.8E-06
Total Lipids in Small VLDL 0.96 (0.92t00.99) 9.4E-03
Total Lipids in Chylomicrons and Extremely Large VLDL 0.95(0.92t00.99) 8.6E—03
Cholesteryl Esters to Total Lipids in Very Small VLDL percentage 1.09(1.05t01.13) 1.8E-06
Cholesterol to Total Lipids in Very Small VLDL percentage 110 (1.06 to 1.14) 4.9E-07
Cholesteryl Esters in Very Large VLDL 0.98 (0.95t01.02) 3.3E-01
Triglycerides to Total Lipids in Very Small VLDL percentage 0.87 (0.84t00.91) 4.3E-12
Cholesteryl Esters in Large HDL 1.09 (1.05t01.13) 7.0E-06
Glycoprotein Acetyls 0.99 (0.95t01.02) 4.3E-01
Cholesterol in Chylomicrons and Extremely Large VLDL 0.97 (0.94t01.01) 1.4E-01
Cholesteryl Esters in Large VLDL 0.96 (0.93t00.99) 2.5E-02
Free Cholesterol in VLDL 0.98 (0.94t01.01) 1.7E-01
Triglycerides in Very Large VLDL 0.94 (0.90t00.97) 3.4E-04
Cholesteryl Esters to Total Lipids in Small LDL percentage 0.92 (0.89t00.95) 1.2E-07
Concentration of Large HDL Particles 1.09 (1.05t01.13) 1.7E-05
Concentration of Medium VLDL Particles 0.98 (0.94t01.01) 2.1E-01
Triglycerides in Small HDL 0.92 (0.89t00.96) 7.7E—06
Concentration of Very Large HDL Particles 1.14(1.10t0 1.19) 5.0E-13
Cholesteryl Esters in Small LDL 1.01(0.98t01.05) 5.0E-01
Phospholipids to Total Lipids in Small LDL percentage 1.11(1.07t01.14) 1.3E-09
Triglycerides in Medium LDL 0.99 (0.96t01.02) 5.4E-01
Cholesteryl Esters in Chylomicrons and Extremely Large VLDL 0.99 (0.95t01.02) 4.7E-01
Triglycerides to Total Lipids in Small HDL percentage 0.95(0.91t00.98) 3.6E-03
Phospholipids in Medium VLDL 0.98 (0.95t01.02) 3.8e-01
Phospholipids in Small VLDL 0.98 (0.95t01.02) 3.0E-01
Free Cholesterol in Very Large VLDL 0.98 (0.94t01.01) 2.3E-01
Triglycerides in Small LDL 0.99 (0.96t0 1.03) 6.9E-01
Concentration of VLDL Particles 0.99 (0.95t01.02) 4.2E-01
Omega-6 Fatty Acids to Omega-3 Fatty Acids ratio 1.09 (1.05t01.13) 8.7E-07
Triglycerides to Total Lipids in Medium VLDL percentage 0.86 (0.83t00.89) 3.2E-15
Free Cholesterol to Total Lipids in Medium HDL percentage 1.05(1.01t01.09) 1.4E-02
Free Cholesterol to Total Lipids in Large LDL percentage 1.11(1.07to 1.15) 1.5E-08
VLDL Cholesterol 0.99 (0.96 t0 1.03) 6.6E-01
Free Cholesterol to Total Lipids in Medium LDL percentage 1.08(1.04t01.12) 1.8E-05
Total Fatty Acids 0.96 (0.93t0 1.00) 2.9E-02
Cholesteryl Esters to Total Lipids in Medium VLDL percentage 1.12 (1.08t01.16) 4.4E-10
Free Cholesterol in Chylomicrons and Extremely Large VLDL 0.98 (0.94t01.01) 2.0E-01
Cholesteryl Esters to Total Lipids in Large VLDL percentage 1.11(1.07t0 1.15) 2.4E-08
Phospholipids in Very Large VLDL 0.97 (0.93t01.00) 7.2E-02
Phospholipids to Total Lipids in Small HDL percentage 1.00 (0.96t0 1.03) 7.8E-01
Free Cholesterol to Total Lipids in Large HDL percentage 116 (1.11t0 1.20) 1.2E-14
Polyunsaturated Fatty Acids 0.95(0.91t00.98) 1.8E-03
Degree of Unsaturation 0.95(0.92t00.98) 1.2E-03
Phospholipids to Total Lipids in Large VLDL percentage 0.98 (0.95t01.02) 3.4E-01
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Phospholipids in Chylomicrons and Extremely Large VLDL 0.97 (0.94t01.01) 1.8E-01
Total Lipids in Small LDL 1.03(0.99t01.07) 1.2E-01
Cholesteryl Esters in Medium LDL 0.99 (0.95t01.02) 4.8E-01
Docosahexaenoic Acid 0.94 (0.91t00.97) 4.0E-04
Free Cholesterol to Total Lipids in IDL percentage 1.06 (1.03t01.10) 8.8E—05
Free Cholesterol to Total Lipids in Small LDL percentage 1.05(1.02t01.09) 1.7E-03
Triglycerides in Chylomicrons and Extremely Large VLDL 0.96 (0.93t0 1.00) 2.7E-02
Free Cholesterol to Total Lipids in Medium VLDL percentage 1.14(1.10t01.18) 9.5E-13
Cholesterol to Total Lipids in Very Large VLDL percentage 1.11(1.07t01.15) 6.1E-09
Phospholipids in Medium LDL 1.01(0.97t01.04) 7.0E-01
Cholesteryl Esters in Small VLDL 1.00 (0.96t0 1.03) 8.8E-01
Cholesterol in Small LDL 1.02 (0.99t01.06) 2.2E-01
Apolipoprotein B to Apolipoprotein Al ratio 1.04 (1.00t0 1.07) 5.3E-02
Total Lipids in Medium LDL 1.00(0.96t0 1.03) 8.5E-01
Triglycerides in LDL 1.00(0.97t0 1.03) 9.3E-01
Cholesterol to Total Lipids in Medium VLDL percentage 1.13(1.09t01.17) 2.6E-11
Free Cholesterol in HDL 1.05(1.01t01.09) 1.4E-02
Cholesterol in Small VLDL 1.00 (0.96t01.03) 9.2E-01
Triglycerides in Very Small VLDL 0.97 (0.94t0 1.00) 7.1E-02
Free Cholesterol in Medium VLDL 1.00 (0.96t0 1.04) 9.4E-01
Concentration of Small LDL Particles 1.03(1.00t01.07) 9.2E-02
Cholesteryl Esters to Total Lipids in Very Large VLDL percentage 1.10(1.06 to 1.14) 4.0E-07
Linoleic Acid to Total Fatty Acids percentage 1.00(0.96t0 1.03) 9.6E-01
HDL Cholesterol 1.03(0.99t01.07) 1.8E-01
Triglycerides to Total Lipids in Large HDL percentage 0.94 (0.91t00.98) 9.0E-04
Phospholipids to Total Lipids in Very Small VLDL percentage 1.02(0.99t0 1.06) 2.1E-01
Cholesteryl Esters in VLDL 1.01(0.98t0 1.05) 5.3E-01
Cholesterol in Medium LDL 1.00 (0.96t0 1.03) 8.4E-01
Cholesteryl Esters in HDL 1.02 (0.98t01.06) 3.0E-01
Free Cholesterol in Small VLDL 1.01(0.97t01.04) 6.9-01
Free Cholesterol to Total Lipids in Very Small VLDL percentage 1.08 (1.05t01.12) 4.5E-06
Cholesteryl Esters to Total Lipids in Large LDL percentage 0.92 (0.89t00.95) 2.8E-08
Concentration of LDL Particles 1.03(1.00t01.07) 7.1E-02
Concentration of Medium LDL Particles 1.01(0.97t0 1.04) 7.4E-01
Triglycerides to Total Lipids in Medium HDL percentage 0.95(0.92t00.98) 3.5E-03

HR, hazard ratio; ClI, confidence interval. Cox models estimate the hazard ratio for incident all-cause dementia per 1-
SD increase in each metabolite, adjusted for sex, age, assessment centre, ethnicity, Townsend deprivation index,
education, smoking status, alcohol consumption, body mass index, and medication use.
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Appendix 5.3: Estimates of the associations of metabolites with neuroticism and all-cause dementia
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B for metabolites associated with all-cause dementia

B for metabolites associated with neuroticism

Scatter plots show effect estimates from the linear regression between neuroticism and metabolites, and the Cox regression between metabolites and incident all-cause dementia, adjusted
for sex, age, assessment centre, ethnicity, Townsend deprivation index, education, smoking status, alcohol consumption, body mass index, and medication use. Only the 74 metabolites that
reached Bonferroni-adjusted significance (p<0.05) for the association with neuroticism and were also significantly associated with incident all-cause dementia are displayed. DHA,
docosahexaenoic acid; PUFA, polyunsaturated fatty acids; MUFA, monounsaturated fatty acids; VLDL, very-low-density lipoprotein; HDL, high-density lipoprotein; SFA, saturated fatty
acids; LA, linoleic acid; TG, triglycerides; PG, phosphoglycerides; Prefixes ‘XXL ’, XL ’, ‘L ’, ‘M_’, ‘S ’, ‘XS ’ indicate particle sizes. Suffixes * FC’, * PL’, < L’, * C’, * CE’,
* TG’ denote specific lipid types: free cholesterol, phospholipids, total lipids, cholesterol, cholesteryl esters, and triglycerides, respectively. ¢ pct’ indicates lipid-to-total lipid ratio.
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Appendix 5.4: Summary of genetic instruments for phenotypes used in Mendelian Randomisation analyses

Phenotype GWAS source GWAS dataset GWAS sample size Nsnp R?
Neuroticism Nagel et al., 2018 UKB, GPC 390,278 91 0.010
AD Kunkle et al., 2019 IGAP 21,982 cases and 41,944 controls 19 0.062
WMH Smith et al., 2021 UKB 21,381 15 0.037
DHA Borges et al., 2022 UKB 114,999 45 0.070
DHA_pct Borges et al., 2022 UKB 114,999 28 0.050
Omega_3_pct Borges et al., 2022 UKB 114,999 39 0.064
Omega_6_by Omega_3 Borges et al., 2022 UKB 114,999 40 0.062
Unsaturation Borges et al., 2022 UKB 114,999 45 0.070

GWAS, genome-wide association studies; UKB, UK Biobank; GPC, Genetics of Personality Consortium; AD, Alzheimer’s disease; IGAP, International Genomics of Alzheimer’s Project;
WMH, white matter hyperintensities; DHA, docosahexaenoic acid; DHA_pct, docosahexaenoic acid to total fatty acids percentage; Omega_3_pct; omega-3 fatty acids to total fatty acids
percentage; Omega_6_by Omega_3; omega-6 fatty acids to omega-3 fatty acids ratio; Unsaturation; degree of unsaturation; SNP, single nucleotide polymorphism; Nsnp, number of genetic
variants used as instrumental variables; R2, proportion of variance explained.
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Appendix 5.5: Mendelian randomisation analyses between neuroticism, metabolites, and dementia-related outcomes

Exposure Outcome Method Nsnp B SE p
neuroticism DHA MR-Egger 79 -0.712 0.242  0.004
neuroticism DHA Weighted median 79 —0.116 0.052 0.027
neuroticism DHA Inverse-variance weighted 79 -0.125 0.049 0.011
neuroticism DHA MRIap 73 -0.153 0.069 0.027
neuroticism DHA_pct MR-Egger 79 —0.782 0.249 0.002
neuroticism DHA pct Weighted median 79 —-0.207 0.051 <0.001
neuroticism DHA pct Inverse-variance weighted 79 —0.187  0.050 <0.001
neuroticism DHA pct MRIap 73 —-0.222 0.072 0.002
neuroticism Omega 3 pct MR-Egger 79 —-0.723 0.233 0.003
neuroticism Omega_3 pct Weighted median 79 —-0.109 0.051 0.032
neuroticism Omega_3 pct Inverse-variance weighted 79 —-0.129 0.047 0.007
neuroticism Omega_3 pct MRlap 73 —-0.154 0.066 0.020
neuroticism Omega 6 by Omega 3 MR-Egger 79 0.654 0.225 0.005
neuroticism Omega 6 by Omega 3 Weighted median 79 0.020 0.047 0.665
neuroticism Omega 6 by Omega_3 Inverse-variance weighted 79 0.093 0.046 0.042
neuroticism Omega 6 by Omega 3 MRIap 73 0.112 0.061 0.067
neuroticism Unsaturation MR-Egger 79 —-0.523 0.232 0.027
neuroticism Unsaturation Weighted median 79 —-0.200 0.050 <0.001
neuroticism Unsaturation Inverse-variance weighted 79 —-0.136 0.046 0.003
neuroticism Unsaturation MRIap 73 —-0.159 0.065 0.015
DHA AD MR-Egger 32 —0.069 0.191 0.719
DHA AD Weighted median 32 0.038 0.051 0.456
DHA AD Inverse-variance weighted 32 0.116 0.140 0.408
DHA pct AD MR-Egger 20 0.318 0.502 0.535
DHA pct AD Weighted median 20 0.056 0.075 0.455
DHA pct AD Inverse-variance weighted 20 —0.144 0.342 0.675
Omega_3_pct AD MR-Egger 28 —0.236 0.104 0.032
Omega 3 pct AD Weighted median 28 —0.041 0.090 0.648
Omega_3 pct AD Inverse-variance weighted 28 —-0.026 0.071 0.713
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Omega 6 by Omega_3 AD MR-Egger 30 0.059 0.114 0.612
Omega 6 by Omega_ 3 AD Weighted median 30 —-0.066 0.089 0.458
Omega 6 by Omega 3 AD Inverse-variance weighted 30 —-0.037 0.069 0.592
Unsaturation AD MR-Egger 37 0.141 0.252 0.581
Unsaturation AD Weighted median 37 0.018 0.071 0.801
Unsaturation AD Inverse-variance weighted 37 0.158 0.161 0.325
DHA pct WMH MR-Egger 24 —0.086  0.074 0.258
DHA pct WMH Weighted median 24 -0.119 0.049 0.014
DHA pct WMH Inverse-variance weighted 24 —-0.060 0.048 0.208
DHA pct WMH MRlap 20 —0.107  0.040 0.008
DHA WMH MR-Egger 39 —0.120  0.048 0.017
DHA WMH Weighted median 39 —-0.109 0.033 0.001
DHA WMH Inverse-variance weighted 39 -0.075 0.034 0.030
DHA WMH MRlap 33 —0.083  0.039 0.033
Omega_3 pct WMH MR-Egger 33 —0.069 0.050 0.179
Omega_3 pct WMH Weighted median 33 —0.065 0.040 0.109
Omega_3 pct WMH Inverse-variance weighted 33 —-0.057 0.035 0.106
Omega_3 pct WMH MRlap 26 —0.065 0.052 0.216
Omega 6 by Omega_3 WMH MR-Egger 35 0.020 0.139 0.886
Omega 6 by Omega 3 WMH Weighted median 35 0.053 0.054 0.330
Omega 6 by Omega_3 WMH Inverse-variance weighted 35 0.082 0.082 0.319
Omega 6 by Omega_ 3 WMH MRlap 27 0.081 0.033 0.015
Unsaturation WMH MR-Egger 43 —0.098 0.059 0.107
Unsaturation WMH Weighted median 43 —-0.104 0.048 0.029
Unsaturation WMH Inverse-variance weighted 43 —0.048 0.038 0.204
Unsaturation WMH MRIap 31 —0.052 0.030 0.081

DHA, docosahexaenoic acid; DHA_pct, docosahexaenoic acid to total fatty acids percentage; Omega_3_pct; omega-3 fatty acids to total fatty acids percentage;
Omega_6_by_Omega_3; omega-6 fatty acids to omega-3 fatty acids ratio; Unsaturation; degree of unsaturation; AD; Alzheimer’s disease; WMH; white matter

hyperintensities; Nsnp, number of single nucleotide polymorphisms used as genetic instruments; SE, standard error.
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Appendix 5.6: Sensitivity analyses for Mendelian randomisation

Exposure Outcome p for Q p for Q (MR- p for Egger R? R? p for
(IVW) Egger) intercept exposure outcome  Steiger
neuroticism DHA <0.001 <0.001 0.016 0.009 0.002 <0.001
neuroticism DHA pct <0.001 <0.001 0.017 0.009 0.002 <0.001
neuroticism Omega_3 pct <0.001 <0.001 0.011 0.009 0.002 <0.001
neuroticism Omega 6 by Ome <0.001 <0.001 0.013 0.009 0.002 <0.001
a3
neuroticism %Jr?saturation <0.001 <0.001 0.092 0.009 0.002 <0.001
DHA AD <0.001 <0.001 0.170 0.035 0.006 <0.001
DHA pct AD <0.001 <0.001 0.231 0.020 0.009 <0.001
Omega_3_pct AD 0.088 0.270 0.017 0.031 0.001 <0.001
Omega_6 by Ome AD 0.100 0.110 0.301 0.034 0.001 <0.001
a_3
£EJnsaturation AD <0.001 <0.001 0.929 0.036 0.006 <0.001
DHA pct WMH 0.038 0.030 0.650 0.024 0.002 <0.001
DHA WMH 0.006 0.009 0.191 0.039 0.003 <0.001
Omega_3_pct WMH 0.042 0.034 0.727 0.041 0.002 <0.001
Omega_6 by Ome WMH <0.001 <0.001 0.587 0.037 0.008 <0.001
a_3
%nsaturation WMH 0.053 0.057 0.284 0.039 0.003 <0.001

DHA, docosahexaenoic acid; DHA_pct, docosahexaenoic acid to total fatty acids percentage; Omega_3_pct; omega-3 fatty acids to total fatty acids percentage;
Omega_6_by _Omega_3; omega-6 fatty acids to omega-3 fatty acids ratio; Unsaturation; degree of unsaturation; AD; Alzheimer’s disease; WMH; white matter
hyperintensities; VW, inverse-variance weighted; Q, Cochran’s Q-statistic for heterogeneity; R2, proportion of variance explained; Steiger, Steiger directionality test.
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Appendix 5.7: Leave-one-out analyses applied to metabolites with significant inverse-variance weighted associations
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Chapter 6

Appendix 6.1: Associations between neuroticism and 1,747 IDPs estimated in a linear

regression model

Outcome Category  Model/atlas B t p
Mean radial diffusivity in posterior thalamic radiation ~ Thalamic ~ dMRI 0.028 5459 4.8E-08
(right) radiations  diffusivity
Mean FA in posterior thalamic radiation (right) Thalamic ~ dMRI FA —0.028 -5.395 6.9E-08
radiations
Mean axial diffusivity in posterior corona radiata Thalamic ~ dMRI 0.027 5.187 2.2E-07
(left) radiations  diffusivity
Avrea of Parahippocampal Gyrus (left) Temporal  Freesurfer 0.028 5.061 4.2E-07
DKT
Volume of grey matter in Frontal Medial Cortex (left)  Frontal FAST -0.027 -5.024 5.1E-07
Mean FA in posterior thalamic radiation (left) Thalamic ~ dMRI FA -0.026 -4.921 8.7E-07
radiations
Mean ICVF in posterior thalamic radiation (right) Thalamic ~ dMRI ICVF —0.026 —-4.917 8.8E-07
radiations
Mean radial diffusivity in posterior thalamic radiation =~ Thalamic ~ dMRI 0.025 4912 9.1E-07
(left) radiations  diffusivity
Volume of WMhypointensities (whole brain) NA Freesurfer 0.023 4821 1.4E-06
ASEG
Mean axial diffusivity in posterior corona radiata Thalamic ~ dMRI 0.023 4715 2.4E-06
(right) radiations  diffusivity
Total volume of white matter hyperintensities (from NA FLAIR 0.022 4581 4.7E-06
T1 and T2_FLAIR images)
Volume of grey matter in Caudate (left) Striatum FAST 0.025 4564 5.0E-06
Mean MD in fornix cres+stria terminalis (right) Limbic dMRI 0.023 4564 5.1E-06
system diffusivity
fibres
Mean ISOVF in fornix cres+stria terminalis (right) Limbic dMRI 0.023 4524  6.1E-06
system ISOVF
fibres
Mean MD in tapetum (right) Commissu  dMRI 0.023 4518 6.3E-06
ral fibres diffusivity
Volume of grey matter in Subcallosal Cortex (left) Frontal FAST —0.024 —4515 6.3E-06
Mean MD in posterior thalamic radiation (right) Thalamic ~ dMRI 0.024 4513 6.4E-06
radiations  diffusivity
thickness of Parahippocampal Gyrus (left) Temporal  Freesurfer —0.025 —4.500 6.8E-06
desikan
white
Volume of grey matter in Putamen (right) Striatum FAST 0.024 4494  7.0E-06
Mean ICVF in posterior thalamic radiation (left) Thalamic ~ dMRI ICVF —-0.024 —4.489 7.2E-06
radiations
thickness of Parahippocampal Gyrus (left) Temporal  Freesurfer —-0.025 —4.467  8.0E-06
DKT
Volume of grey matter in Putamen (left) Striatum FAST 0.024 4.454  8.5E-06
Avrea of Parahippocampal Gyrus (left) Temporal  Freesurfer 0.024 4451  8.6E—06
desikan pial
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Area of Parahippocampal Gyrus (left) Temporal  Freesurfer 0.024 4.446  8.8E-06
desikan
white
Mean ICVF in tapetum (right) Commissu  dMRI ICVF —0.024 —4.440 9.0E-06
ral fibres
Volume of grey matter in Caudate (right) Striatum FAST 0.024 4439 9.1E-06
Mean OD in posterior corona radiata (left) Thalamic ~ dMRI OD —0.024 —-4.403 1.1E-05
radiations
Mean axial diffusivity in tapetum (right) Commissu  dMRI 0.023 4379  1.2E-05
ral fibres diffusivity
Mean MD in posterior corona radiata (left) Thalamic  dMRI 0.023 4362 1.3E-05
radiations  diffusivity
Volume of caudalAntcingulate (left) Limbic Freesurfer —0.024 -4.357 1.3E-05
DKT
Mean axial diffusivity in superior corona radiata Thalamic  dMRI 0.023 4340 1.4E-05
(right) radiations  diffusivity
Volume of GScingulAnt (right) Limbic Freesurfer -0.023 -4.303 1.7E-05
a2009s
Mean axial diffusivity in external capsule (right) Associatio dMRI 0.022 4278  1.9E-05
n fibres diffusivity
Mean MD in superior corona radiata (right) Thalamic ~ dMRI 0.021 4.262  2.0E-05
radiations  diffusivity
Avrea of Pericalcarine cortex (left) Occipital Freesurfer —-0.024 -4.260 2.1E-05
desikan
white
Volume of grey matter in Ventral Striatum (left) Striatum FAST 0.021 4257  2.1E-05
Avrea of Scalcarine (left) Occipital Freesurfer -0.023 -4.245  2.2E-05
a2009s
Volume of Medorbitofrontal (left) Frontal Freesurfer —-0.023 -4.239  2.3E-05
DKT
Avrea of Pericalcarine cortex (left) Occipital Freesurfer -0.023 -4.230 2.3E-05
desikan pial
Avrea of Pericalcarine cortex (left) Occipital Freesurfer —0.023 —-4.190 2.8E-05
DKT
Mean MD in superior cerebellar peduncle (left) Brainstem  dMRI 0.023 4174  3.0E-05
fibres diffusivity
Volume of grey matter in Paracingulate Gyrus (right)  Limbic FAST —0.021 —4.142  3.5E-05
Volume of Scalcarine (left) Occipital Freesurfer —-0.023 -4.122  3.8E-05
a2009s
Mean radial diffusivity in fornix cres+stria terminalis ~ Limbic dMRI 0.020 4119 3.8E-05
(right) system diffusivity
fibres
Mean axial diffusivity in body of corpus callosumon ~ Commissu  dMRI 0.022 4.096 4.2E-05
FA skeleton ral fibres diffusivity
Mean MD in superior corona radiata (left) Thalamic ~ dMRI 0.020 4.089 4.3E-05
radiations  diffusivity
Mean radial diffusivity in tapetum (right) Commissu  dMRI 0.021 4.075 4.6E-05
ral fibres diffusivity
Volume of Medorbitofrontal (right) Frontal Freesurfer —0.022 —4.062 4.9E-05
desikan
white
Mean MD in posterior corona radiata (right) Thalamic ~ dMRI 0.021 4.061 4.9E-05
radiations  diffusivity
Mean MD in posterior thalamic radiation (left) Thalamic ~ dMRI 0.021 4.032 5.5E-05
radiations  diffusivity
Mean axial diffusivity in superior longitudinal Associatio dMRI 0.021 4.016 5.9E-05
fasciculus (right) n fibres diffusivity
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Volume of grey matter in Occipital Pole (left) Occipital ~ FAST -0.021  —4.012 6.0E-05
Volume of GScingulMidAnt (left) Limbic Freesurfer —0.022 —4.004 6.2E-05
a2009s
Volume of Pericalcarine cortex (left) Occipital Freesurfer -0.022 -3.983 6.8E-05
desikan
white
thickness of Gsubcallosal (left) Frontal Freesurfer —0.022 -3.973 7.1E-05
a2009s
Mean MD in body of corpus callosum on FA skeleton  Commissu  dMRI 0.020 3973 7.1E-05
ral fibres diffusivity
Mean OD in cerebral peduncle (right) Brainstem dMRI OD 0.021 3.964 7.4E-05
fibres
Volume of Scalcarine (right) Occipital Freesurfer —0.022 -3.956  7.6E-05
a2009s
Mean axial diffusivity in retrolenticular part of Internal dMRI 0.021 3.931 8.5E-05
internal capsule (right) capsule diffusivity
Mean OD in posterior corona radiata (right) Thalamic  dMRI OD -0.021 -3.928 8.6E-05
radiations
Volume of Pericalcarine cortex (left) Occipital Freesurfer —-0.022 -3.924 8.7E-05
DKT
Area of Brodmann Area V1 (left) Occipital Freesurfer -0.022 -3.919 8.9E-05
BA exvivo
Avrea of Scalcarine (right) Occipital Freesurfer -0.022 -3.906 9.4E-05
a2009s
Area of Medorbitofrontal (right) Frontal Freesurfer -0.021 -3.894  9.9E-05
desikan pial
Mean radial diffusivity in superior cerebellar Brainstem  dMRI 0.021 3.889 1.0E-04
peduncle (left) fibres diffusivity
Mean ICVF in tapetum (left) Commissu  dMRI ICVF -0.021 -3.879 1.1E-04
ral fibres
Volume of Grectus (right) Frontal Freesurfer -0.021 -3.878 1.1E-04
a2009s
Mean axial diffusivity in fornix cres+stria terminalis Limbic dMRI 0.021 3872 1.1E-04
(right) system diffusivity
fibres
Volume of VA (left) Thalamus  Freesurfer 0.021 3835 1.3E-04
subsegment
ation
Mean radial diffusivity in superior corona radiata Thalamic ~ dMRI 0.019 3.813 14E-04
(left) radiations  diffusivity
Volume of grey matter in Frontal Medial Cortex Frontal FAST —0.020 —3.745 1.8E-04
(right)
Mean ICVF in splenium of corpus callosum on FA Commissu  dMRI ICVF —0.020 -3.744 1.8E-04
skeleton ral fibres
Volume of caudate (left) Striatum FIRST 0.020 3.738 19E-04
Area of Brodmann Area V1 (right) Occipital Freesurfer —0.021 -3.736 1.9e-04
BA exvivo
Mean OD in cerebral peduncle (left) Brainstem dMRI OD 0.020 3.733  19E-04
fibres
Mean axial diffusivity in external capsule (left) Associatio dMRI 0.019 3.724  2.0E-04
n fibres diffusivity
Volume of Gprecentral (left) Frontal Freesurfer —-0.019 -3.719 2.0E-04
a2009s
Grey-white contrast in Inferior Frontal Gyrus, pars Frontal Freesurfer —0.018 -3.690 2.2E-04
opercularis (right) desikan gw
Volume of Paralaminarnucleus (left) Amygdala  Freesurfer 0.020 3.677 24E-04
subsegment
ation
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thickness of SoctempmedLingual (left) Temporal  Freesurfer —-0.020 -3.674 24E-04
a2009s
Mean MD in superior fronto-occipital fasciculus Associatio dMRI 0.018 3.672 24E-04
(left) n fibres diffusivity
Volume of grey matter in Paracingulate Gyrus (left) Limbic FAST -0.019 -3.654 2.6E-04
Mean ICVF in superior longitudinal fasciculus (left) Associatio dMRI ICVF —-0.019 -3.648 2.6E-04
n fibres
Grey-white contrast in Inferior Frontal Gyrus, pars Frontal Freesurfer —0.018 -3.636 2.8E-04
triangularis (right) desikan gw
Area of GScingulMidAnt (left) Limbic Freesurfer —-0.020 -3.621 2.9E-04
a2009s
Volume of LSg (right) Thalamus  Freesurfer 0.019 3.613 3.0E-04
subsegment
ation
Mean intensity of Accumbensarea (left) Striatum Freesurfer -0.019 -3.608 3.1E-04
ASEG
Mean MD in superior fronto-occipital fasciculus Associatio dMRI 0.018 3.597 3.2E-04
(right) n fibres diffusivity
Avrea of Pericalcarine cortex (right) Occipital Freesurfer —-0.020 —3.584 3.4E-04
DKT
Avrea of SoctempmedLingual (left) Temporal  Freesurfer 0.019 3.564 3.7E-04
a2009s
Mean MD in posterior limb of internal capsule (right) Internal dMRI 0.018 3.564 3.7E-04
capsule diffusivity
Mean axial diffusivity in fornix on FA skeleton Limbic dMRI 0.017 3.547 3.9E-04
system diffusivity
fibres
Area of GScingulAnt (right) Limbic Freesurfer -0.019 -3.545 3.9E-04
a2009s
Mean axial diffusivity in superior fronto-occipital Associatio  dMRI 0.018 3.545 3.9E-04
fasciculus (left) n fibres diffusivity
Mean radial diffusivity in superior cerebellar Brainstem  dMRI 0.019 3542 4.0E-04
peduncle (right) fibres diffusivity
Volume of grey matter in Precentral Gyrus (right) Frontal FAST —0.018 —3.483 5.0E-04
Mean MD in retrolenticular part of internal capsule Internal dMRI 0.019 3477 5.1E-04
(right) capsule diffusivity
Area of Cuneal Cortex (left) Occipital Freesurfer —0.019 —3.476 5.1E-04
desikan pial
Area of Cuneal Cortex (left) Occipital Freesurfer —0.019 —3.472 5.2E-04
desikan
white
Volume of Brodmann Area V1 (left) Occipital Freesurfer -0.019 -3.464 5.3E-04
BA exvivo
Mean radial diffusivity in posterior corona radiata Thalamic ~ dMRI 0.018 3.464 5.3E-04
(left) radiations  diffusivity
Mean MD in superior longitudinal fasciculus (right) Associatio  dMRI 0.018 3.459 54E-04
n fibres diffusivity
Volume of Pericalcarine cortex (right) Occipital Freesurfer -0.019 —3.445 5.7E-04
DKT
Mean MD in anterior limb of internal capsule (right) Internal dMRI 0.017 3.445 5.7E-04
capsule diffusivity
Volume of ventricular CSF NA FAST 0.016 3.443 58E-04
Volume of Gprecuneus (right) Occipital Freesurfer 0.018 3439 59E-04
a2009s
Volume of grey matter in Frontal Operculum Cortex Insular FAST —-0.018 —3.435 5.9E-04

(left)
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Area of Pericalcarine cortex (right) Occipital Freesurfer -0.019 -3.432 6.0E-04
desikan
white
Volume of Sparietooccipital (left) Occipital Freesurfer —-0.019 -3.431 6.0E-04
a2009s
Mean ICVF in superior fronto-occipital fasciculus Associatio dMRI ICVF -0.017 -3.430 6.0E-04
(left) n fibres
Mean ISOVF in anterior limb of internal capsule Internal dMRI 0.018 3425 6.2E-04
(right) capsule ISOVF
Volume of GScingulMidPost (right) Limbic Freesurfer —-0.019 -3.423 6.2E-04
a2009s
Mean ICVF in superior fronto-occipital fasciculus Associatio dMRI ICVF -0.017 -3.410 6.5E-04
(right) n fibres
Volume of Caudate (left) Striatum Freesurfer 0.019 3403 6.7E-04
ASEG
Mean radial diffusivity in superior fronto-occipital Associatio dMRI 0.017 3.399 6.8E-04
fasciculus (left) n fibres diffusivity
Volume of grey matter in Precentral Gyrus (left) Frontal FAST -0.017 -3.396 6.8E-04
Mean FA in superior cerebellar peduncle (right) Brainstem  dMRI FA —0.019 -3.392 6.9E-04
fibres
Volume of grey matter in Vermis X Cerebellum Cerebellu  FAST 0.018 3379 7.3E-04
m
Mean MD in superior longitudinal fasciculus (left) Associatio  dMRI 0.018 3.368 7.6E-04
n fibres diffusivity
Volume of Cuneal Cortex (left) Occipital Freesurfer —-0.018 -3.362 7.8E-04
DKT
Volume of presubiculumbody (left) Hippocam  Freesurfer 0.017 3361 7.8E-04
pus subsegment
ation
Avrea of GScingulMidPost (right) Limbic Freesurfer -0.018 -3.356 7.9E-04
a2009s
Volume of Caudate (right) Striatum Freesurfer 0.019 3.349 8.1E-04
ASEG
Volume of GScingulAnt (left) Limbic Freesurfer —0.018 —3.342 8.3E04
a2009s
Volume of grey matter in Ventral Striatum (right) Striatum FAST 0.017 3.339 8.4E-04
Area of Cuneal Cortex (left) Occipital Freesurfer —0.018 —3.338 8.5E-04
DKT
Avrea of Pericalcarine cortex (right) Occipital Freesurfer —0.018 —3.330 8.7E-04
desikan pial
Mean radial diffusivity in superior fronto-occipital Associatio dMRI 0.016 3.325 8.9E-04
fasciculus (right) n fibres diffusivity
Volume of Medorbitofrontal (left) Frontal Freesurfer —-0.018 -3.315 9.2E-04
desikan
white
Mean FA in medial lemniscus (right) Brainstem  dMRI FA —0.018 —3.315 9.2E-04
fibres
Volume of Paralaminarnucleus (right) Amygdala  Freesurfer 0.018 3311 9.3E-04
subsegment
ation
thickness of Spericallosal (left) Limbic Freesurfer —-0.018 -3.310 9.3E-04
a2009s
Mean MD in splenium of corpus callosum on FA Commissu  dMRI 0.017 3.302 9.6E-04
skeleton ral fibres diffusivity
thickness of Insular Cortex (left) Insular Freesurfer —-0.018 -3.299 9.7E-04
desikan
white
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Volume of presubiculumhead (right) Hippocam  Freesurfer 0.017 3.295 9.9E-04
pus subsegment
ation
Avrea of Gecuneus (left) Occipital Freesurfer —0.018 -3.280 1.0E-03
a2009s
thickness of Medorbitofrontal (left) Frontal Freesurfer -0.018 -3.279  1.0E-03
DKT
Volume of Cuneal Cortex (left) Occipital Freesurfer -0.018 -3.268 1.1E-03
desikan
white
Volume of Pericalcarine cortex (right) Occipital Freesurfer —0.018 -3.260 1.1E-03
desikan
white
Mean MD in superior cerebellar peduncle (right) Brainstem  dMRI 0.018 3241 1.2E-03
fibres diffusivity
Mean intensity of choroidplexus (left) NA Freesurfer —0.016 -3.239 1.2E-03
ASEG
Mean ISOVF in fornix on FA skeleton Limbic dMRI 0.015 3.229 1.2E-03
system ISOVF
fibres
Mean radial diffusivity in tapetum (left) Commissu  dMRI 0.017 3.226  1.3E-03
ral fibres diffusivity
Volume of Ssubparietal (right) Parietal Freesurfer 0.018 3.218 1.3E-03
a2009s
Mean ICVF in superior corona radiata (left) Thalamic ~ dMRI ICVF -0.017 -3.214 1.3E-03
radiations
Avrea of Parahippocampal Gyrus (right) Temporal  Freesurfer 0.018 3.214 1.3E-03
desikan pial
Grey-white contrast in Precentral Gyrus (left) Frontal Freesurfer -0.017 -3.213 1.3E-03
desikan gw
Mean axial diffusivity in superior corona radiata (left) Thalamic ~ dMRI 0.017 3211 1.3E-03
radiations  diffusivity
Mean OD in superior corona radiata (right) Thalamic  dMRI OD -0.017 -3.192 1.4E-03
radiations
Avrea of Gfrontmiddle (right) Frontal Freesurfer —0.018 -3.188 1.4E-03
a2009s
Mean ICVF in medial lemniscus (right) Brainstem  dMRI ICVF —-0.017 —3.183 1.5E-03
fibres
thickness of Scircularinsulainf (left) Insular Freesurfer —-0.017 -3.170  1.5E-03
a2009s
Volume of Brodmann Area 4a (left) Frontal Freesurfer —-0.017 -3.170  1.5E-03
BA exvivo
Mean ICVF in superior cerebellar peduncle (left) Brainstem  dMRI ICVF —-0.017 -3.169 1.5E-03
fibres
Mean MD in fornix on FA skeleton Limbic dMRI 0.015 3.165 1.6E-03
system diffusivity
fibres
thickness of GStransvfrontopol (left) Frontal Freesurfer -0.017 -3.158  1.6E-03
a2009s
Mean ICVF in sagittal stratum (left) Associatio dMRI ICVF —-0.017 -3.149 1.6E-03
n fibres
thickness of Grectus (left) Frontal Freesurfer —-0.017 -3.136 1.7E-03
a2009s
Volume of LateralVentricle (left) NA Freesurfer 0.016 3.133 1.7E-03
ASEG
thickness of Sparietooccipital (left) Occipital Freesurfer —-0.017 -3.131 1.7E-03
a2009s
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Volume of Basalnucleus (left) Amygdala  Freesurfer 0.016 3.123 1.8E-03
subsegment
ation
Mean radial diffusivity in anterior corona radiata Thalamic ~ dMRI 0.015 3.121 1.8E-03
(left) radiations  diffusivity
Volume of LD (left) Thalamus  Freesurfer -0.017 -3.120 1.8E-03
subsegment
ation
Mean FA in tapetum (right) Commissu  dMRI FA —-0.017 -3.119 1.8E-03
ral fibres
Mean axial diffusivity in superior longitudinal Associatio dMRI 0.017 3.113 1.9E-03
fasciculus (left) n fibres diffusivity
Mean radial diffusivity in superior corona radiata Thalamic  dMRI 0.016 3.111 1.9E-03
(right) radiations  diffusivity
Mean axial diffusivity in superior fronto-occipital Associatio dMRI 0.016 3.108 1.9E-03
fasciculus (right) n fibres diffusivity
thickness of Lateral orbitofrontal cortex (left) Frontal Freesurfer -0.017 -3.108 1.9-03
DKT
Mean radial diffusivity in anterior limb of internal Internal dMRI 0.016 3.106 1.9E-03
capsule (right) capsule diffusivity
thickness of Insular Cortex (left) Insular Freesurfer -0.017 -3.093 2.0E-03
DKT
Mean radial diffusivity in posterior corona radiata Thalamic ~ dMRI 0.016 3.093 2.0E-03
(right) radiations  diffusivity
Volume of parasubiculum (right) Hippocam  Freesurfer 0.017 3.090 2.0E-03
pus subsegment
ation
Mean MD in external capsule (right) Associatio dMRI 0.015 3.072 2.1E-03
n fibres diffusivity
Mean ICVF in posterior corona radiata (left) Thalamic ~ dMRI ICVF —-0.016 -3.068 2.2E-03
radiations
Volume of peripheral cortical grey matter NA FAST -0.013 -3.066 2.2E-03
Mean radial diffusivity in medial lemniscus (right) Brainstem  dMRI 0.017 3.059 2.2E-03
fibres diffusivity
Mean ISOVF in posterior corona radiata (right) Thalamic ~ dMRI 0.016 3.048 2.3E-03
radiations  ISOVF
Mean ICVF in superior corona radiata (right) Thalamic ~ dMRI ICVF —0.016 -3.042 2.4E-03
radiations
thickness of GlnslgScentins (left) Insular Freesurfer -0.017 -3.040 2.4E-03
a2009s
Mean ISOVF in posterior limb of internal capsule Internal dMRI 0.016 3.035 2.4E-03
(right) capsule ISOVF
thickness of rostralAntcingulate (left) Limbic Freesurfer -0.017 -3.032 2.4E-03
DKT
Mean FA in tapetum (left) Commissu  dMRI FA -0.017 -3.030 2.5E-03
ral fibres
Mean OD in external capsule (left) Associatio dMRI OD —-0.017 —3.008 2.6E-03
n fibres
Grey-white contrast in Inferior Frontal Gyrus, pars Frontal Freesurfer —-0.015 -3.006 2.7E-03
opercularis (left) desikan gw
Volume of Brodmann Area V1 (right) Occipital Freesurfer —-0.017 -3.004 2.7E-03
BA exvivo
Volume of white matter NA FAST 0.016 2999 2.7E-03
Mean FA in superior cerebellar peduncle (left) Brainstem  dMRI FA -0.016 -2.997 2.7E-03
fibres
Mean FA in anterior corona radiata (left) Thalamic  dMRI FA —-0.015 —2.988 2.8E-03
radiations

272



Mean MD in tapetum (left) Commissu  dMRI 0.016 2983 2.9E-03
ral fibres diffusivity
Volume of Insular Cortex (left) Insular Freesurfer —0.016 —2.980 2.9E-03
desikan
white
Area of Postcentral Gyrus (left) Parietal Freesurfer -0.016 -2.979  2.9E-03
desikan pial
Mean ICVF in superior longitudinal fasciculus (right) ~ Associatio dMRI ICVF -0.016 -2.977 2.9E-03
n fibres
Volume of Brodmann Area 44 (left) Frontal Freesurfer —0.016 —2.973  3.0E-03
BA exvivo
Grey-white contrast in Precentral Gyrus (right) Frontal Freesurfer -0.015 -2.970  3.0E-03
desikan gw
thickness of Medorbitofrontal (left) Frontal Freesurfer -0.016 -2.969  3.0E-03
desikan
white
thickness of rostralAntcingulate (left) Limbic Freesurfer —-0.016 -2.966 3.0E-03
desikan
white
Mean radial diffusivity in fornix cres+stria terminalis ~ Limbic dMRI 0.014 2961 3.1E-03
(left) system diffusivity
fibres
Mean radial diffusivity in fornix on FA skeleton Limbic dMRI 0.014 2959  3.1E-03
system diffusivity
fibres
Volume of CerebralWhiteMatter (right) NA Freesurfer 0.015 2958 3.1E-03
ASEG
Volume of Sparietooccipital (right) Occipital Freesurfer —-0.016 —2.955 3.1E-03
a2009s
Mean FA in medial lemniscus (left) Brainstem  dMRI FA —0.016 —2.954  3.1E-03
fibres
Volume of Pallidum (left) Pallidum Freesurfer 0.016 2945 3.2E-03
ASEG
Volume of Precentral Gyrus (left) Frontal Freesurfer —-0.016 -2.942  3.3E-03
DKT
Grey-white contrast in Paracentral lobule (right) Frontal Freesurfer —-0.015 -2.939 3.3E-03
desikan gw
thickness of GScingulMidPost (left) Limbic Freesurfer —0.016 —2.934 3.3E-03
a2009s
Grey-white contrast in Frontal Medial Cortex, caudal ~ Frontal Freesurfer —-0.015 -2.930 3.4E-03
(left) desikan gw
Volume of Medorbitofrontal (right) Frontal Freesurfer —0.016 -2.923  3.5E-03
DKT
Mean radial diffusivity in body of corpus callosum on  Commissu  dMRI 0.015 2922 3.5E-03
FA skeleton ral fibres diffusivity
Volume of rostralAntcingulate (left) Limbic Freesurfer —-0.016 -2.920 3.5E-03
DKT
Avrea of Ssubparietal (right) Parietal Freesurfer 0.016 2914  3.6E-03
a2009s
Volume of VAmc (left) Thalamus  Freesurfer 0.016 2913 3.6E-03
subsegment
ation
Volume of Precentral Gyrus (left) Frontal Freesurfer —-0.015 -2.909 3.6E-03
desikan
white
Area of Gpostcentral (left) Parietal Freesurfer —0.016 —2.888  3.9E-03
a2009s
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Volume of Frontal Pole (left) Frontal Freesurfer -0.016 -2.879  4.0E-03
desikan
white
Mean intensity of CCPosterior (whole brain) NA Freesurfer —0.015 —2.874  4.0E-03
ASEG
Volume of LatFisantVertical (left) NA Freesurfer -0.016 -2.874 4.1E-03
a2009s
Mean FA in sagittal stratum (right) Associatio dMRI FA -0.016 -2.872 4.1E-03
n fibres
Volume of VentricleChoroid (whole brain) NA Freesurfer 0.014 2.867 4.1E-03
ASEG
Volume of grey matter in Hippocampus (left) Hippocam FAST 0.015 2.863 4.2E-03
pus
Volume of Grectus (left) Frontal Freesurfer -0.016 -2.862 4.2E-03
a2009s
Mean ICVF in posterior corona radiata (right) Thalamic ~ dMRI ICVF —0.015 —2.855 4.3E-03
radiations
Volume of Gfrontmiddle (right) Frontal Freesurfer -0.015 -2.854  4.3E-03
a2009s
Mean ICVF in body of corpus callosum on FA Commissu  dMRI ICVF -0.016 -2.841 45E-03
skeleton ral fibres
thickness of Superior Parietal Lobule (right) Parietal Freesurfer 0.015 2835 4.6E-03
desikan
white
Avrea of caudalAntcingulate (left) Limbic Freesurfer -0.016 -2.835 4.6E-03
DKT
Volume of Cortex (left) NA Freesurfer -0.014 -2.816 4.9E-03
ASEG
Grey-white contrast in Frontal Medial Cortex, caudal ~ Frontal Freesurfer —-0.014 -2.811 4.9E-03
(right) desikan gw
Volume of caudate (right) Striatum FIRST 0.015 2.807 5.0E-03
Volume of VLa (left) Thalamus  Freesurfer 0.015 2.807 5.0E-03
subsegment
ation
Mean axial diffusivity in anterior limb of internal Internal dMRI 0.014 2.796  5.2E-03
capsule (right) capsule diffusivity
Volume of Gcuneus (left) Occipital Freesurfer —-0.015 -2.791 5.3E-03
a2009s
Mean ISOVF in posterior corona radiata (left) Thalamic ~ dMRI 0.015 2790 5.3E-03
radiations  ISOVF
Volume of grey matter in Temporal Occipital Temporal  FAST 0.015 2771  5.6E-03
Fusiform Cortex (left)
Mean radial diffusivity in posterior limb of internal Internal dMRI 0.015 2.768 5.6E-03
capsule (right) capsule diffusivity
Avrea of Sparietooccipital (right) Occipital Freesurfer —-0.015 —2.767  5.7E-03
a2009s
Mean ISOVF in external capsule (right) Associatio  dMRI 0.015 2.760 5.8E-03
n fibres ISOVF
Mean MD in fornix cres+stria terminalis (left) Limbic dMRI 0.014 2.752  5.9E-03
system diffusivity
fibres
Volume of CAlbody (left) Hippocam  Freesurfer -0.014 -2.752  5.9E-03
pus subsegment
ation
Area of Postcentral Gyrus (left) Parietal Freesurfer —-0.015 —2.751  5.9E-03
desikan
white
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Mean OD in retrolenticular part of internal capsule Internal dMRI OD —-0.015 -2.749  6.0E-03

(right) capsule
Volume of InfLatVent (left) NA Freesurfer 0.014 2.736  6.2E-03
ASEG
thickness of Superior Parietal Lobule (right) Parietal Freesurfer 0.014 2717 6.6E-03
DKT
Mean FA in sagittal stratum (left) Associatio dMRI FA -0.015 -2.708  6.8E-03
n fibres
Avrea of Frontal Medial Cortex, caudal (right) Frontal Freesurfer —0.015 —2.703  6.9E-03
desikan
white
Mean radial diffusivity in superior longitudinal Associatio dMRI 0.014 2.700 6.9E-03
fasciculus (left) n fibres diffusivity
Mean axial diffusivity in splenium of corpus Commissu  dMRI 0.014 2.698 7.0E-03
callosum on FA skeleton ral fibres diffusivity
Mean intensity of CCMidAnt (whole brain) NA Freesurfer —0.015 —2.698 7.0E-03
ASEG
Volume of Brodmann Area 4p (left) Frontal Freesurfer -0.015 -2.681 7.4E-03
BA exvivo
Avrea of Postcentral Gyrus (left) Parietal Freesurfer -0.015 -2.678 7.4E-03
DKT
Volume of grey matter in Hippocampus (right) Hippocam FAST 0.014 2.676  7.5E-03
pus
Avrea of Frontal Medial Cortex, caudal (right) Frontal Freesurfer -0.015 -2.667 7.7E-03
DKT
Volume of LD (right) Thalamus  Freesurfer -0.015 -2.666  7.7E-03
subsegment
ation
Avrea of Parahippocampal Gyrus (right) Temporal  Freesurfer 0.015 2.663 7.7E-03
desikan
white
Avrea of Cingulate Gyrus, isthmus (left) Limbic Freesurfer 0.015 2.660 7.8E-03
desikan pial
Volume of CAlhead (right) Hippocam  Freesurfer 0.014 2.659 7.8E-03
pus subsegment
ation
Volume of CerebralWhiteMatter (left) NA Freesurfer 0.014 2.656  7.9E-03
ASEG
Mean ISOVF in tapetum (right) Commissu  dMRI 0.014 2649 8.1E-03
ral fibres ISOVF
Avrea of Brodmann Area V2 (left) Occipital Freesurfer —-0.014 —2.647 8.1E-03
BA exvivo
Area of Gprecuneus (left) Occipital Freesurfer 0.014 2.630 8.5E-03
a2009s
Mean ICVF in sagittal stratum (right) Associatio dMRI ICVF —-0.014 —2.621 8.8E-03
n fibres
thickness of GoctempmedParahip (left) Temporal  Freesurfer —-0.014 —-2.618 8.8E-03
a2009s
Mean radial diffusivity in sagittal stratum (right) Associatio dMRI 0.014 2.617 8.9E-03
n fibres diffusivity
Mean MD in genu of corpus callosum on FA skeleton ~Commissu dMRI 0.013 2.608 9.1E-03
ral fibres diffusivity
Avrea of Inferior Parietal Lobule (left) Parietal Freesurfer —-0.014 —2.597  9.4E-03
desikan pial
Mean intensity of Amygdala (right) Amygdala  Freesurfer 0.014 2597  9.4E-03
ASEG
Mean radial diffusivity in sagittal stratum (left) Associatio dMRI 0.014 2594  9.5E-03

n fibres diffusivity
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Volume of MDm (left) Thalamus  Freesurfer -0.013 -2.592 9.6E-03
subsegment
ation
Volume of Wholeamygdala (left) Amygdala  Freesurfer 0.013 2591 9.6E-03
subsegment
ation
Volume of CM (right) Thalamus  Freesurfer 0.014 2591 9.6E-03
subsegment
ation
Volume of PuM (left) Thalamus  Freesurfer —-0.014 —2.588 9.7E-03
subsegment
ation
Mean axial diffusivity in cerebral peduncle (left) Brainstem  dMRI -0.014 -2.584 9.8E-03
fibres diffusivity
Mean radial diffusivity in anterior corona radiata Thalamic  dMRI 0.013 2583 9.8E-03
(right) radiations  diffusivity
Mean OD in fornix on FA skeleton Limbic dMRI OD 0.013 2582 9.8E-03
system
fibres
Volume of GStransvfrontopol (left) Frontal Freesurfer -0.014 -2.572 1.0E-02
a2009s
Area of Frontal Pole (left) Frontal Freesurfer —-0.014 -2.559 1.1E-02
desikan pial
Area of SocmiddleLunatus (left) Occipital Freesurfer -0.014 -2.557 1.1E-02
a2009s
Volume of Pallidum (right) Pallidum Freesurfer 0.014 2556 1.1E-02
ASEG
Mean radial diffusivity in splenium of corpus Commissu  dMRI 0.014 2550 1.1E-02
callosum on FA skeleton ral fibres diffusivity
Mean axial diffusivity in cingulum cingulate gyrus Limbic dMRI 0.014 2544  1.1E-02
(left) system diffusivity
fibres
Mean MD in medial lemniscus (right) Brainstem  dMRI 0.014 2531 1.1E-02
fibres diffusivity
thickness of SocmiddleLunatus (left) Occipital Freesurfer 0.014 2531 1.1E-02
a2009s
Volume of GlInslgScentins (left) Insular Freesurfer -0.014 -2.527 1.1E-02
22009s
Grey-white contrast in Paracentral lobule (left) Frontal Freesurfer —-0.013 -2.526 1.2E-02
desikan gw
Area of Parahippocampal Gyrus (right) Temporal  Freesurfer 0.014 2521  1.2E-02
DKT
Volume of Gsubcallosal (left) Frontal Freesurfer -0.014 -2.517  1.2E-02
a2009s
Mean ISOVF in body of corpus callosum on FA Commissu  dMRI 0.013 2514  1.2E-02
skeleton ral fibres ISOVF
Mean MD in anterior corona radiata (left) Thalamic ~ dMRI 0.013 2508 1.2E-02
radiations  diffusivity
Volume of CAlbody (right) Hippocam  Freesurfer -0.013 -2.508 1.2E-02
pus subsegment
ation
Mean FA in anterior corona radiata (right) Thalamic  dMRI FA —-0.013 -2.503 1.2E-02
radiations
Area of Superior Frontal Gyrus (right) Frontal Freesurfer -0.014 -2501 1.2E-02
desikan
white
Area of Precentral Gyrus (left) Frontal Freesurfer —-0.014 —2.494  1.3E-02
desikan pial
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thickness of Grectus (right) Frontal Freesurfer -0.014 -2.493 1.3E-02
a2009s
Mean ISOVF in superior fronto-occipital fasciculus Associatio dMRI 0.013 2493 1.3E-02
(left) n fibres ISOVF
Mean ISOVF in superior corona radiata (left) Thalamic  dMRI 0.013 2491 1.3E-02
radiations  ISOVF
Volume of subiculumhead (right) Hippocam  Freesurfer 0.013 2491 1.3E-02
pus subsegment
ation
Mean axial diffusivity in cerebral peduncle (right) Brainstem  dMRI —-0.014 —2.489 1.3E-02
fibres diffusivity
Area of Superior Frontal Gyrus (right) Frontal Freesurfer -0.014 -2.488 1.3E-02
desikan pial
Volume of LSg (left) Thalamus  Freesurfer 0.013 2488 1.3E-02
subsegment
ation
Grey-white contrast in Pericalcarine cortex (right) Occipital Freesurfer 0.013 2480 1.3E-02
desikan gw
Volume of Hippocampaltail (left) Hippocam  Freesurfer 0.013 2480 1.3E-02
pus subsegment
ation
Volume of Wholehippocampalhead (right) Hippocam  Freesurfer 0.012 2480 1.3E-02
pus subsegment
ation
thickness of SorbitalHShaped (left) Frontal Freesurfer -0.014 -2.475 1.3E-02
a2009s
Volume of choroidplexus (left) NA Freesurfer 0.012 2473 1.3E-02
ASEG
Volume of Centralnucleus (left) Amygdala  Freesurfer 0.013 2471  1.3E-02
subsegment
ation
Avrea of Goctemplatfusifor (right) Temporal  Freesurfer -0.014 -2.471 1.3E-02
a2009s
Mean ICVF in cerebral peduncle (right) Brainstem  dMRI ICVF 0.013 2470 1.4E-02
fibres
Volume of LateralVentricle (right) NA Freesurfer 0.012 2469  14E-02
ASEG
Volume of Gparietalsup (right) Parietal Freesurfer 0.013 2468 1.4E-02
a2009s
Mean ISOVF in superior cerebellar peduncle (left) Brainstem  dMRI 0.013 2467 1.4E-02
fibres ISOVF
Volume of grey matter in Juxtapositional Lobule Frontal FAST -0.013 -2.464 1.4E-02
Cortex (formerly Supplementary Motor Cortex)
(right)
Mean intensity of WMhypointensities (whole brain) NA Freesurfer 0.013 2461 1.4E-02
ASEG
Mean MD in posterior limb of internal capsule (left) Internal dMRI 0.013 2452  14E-02
capsule diffusivity
Volume of Insular Cortex (left) Insular Freesurfer -0.013 -2.451  1.4E-02
DKT
Area of Brodmann Area 3b (left) Parietal Freesurfer —-0.013 —2.446  1.4E-02
BA exvivo
Area of Frontal Medial Cortex, caudal (right) Frontal Freesurfer -0.013 -2.438 1.5E-02
desikan pial
Volume of Frontal Medial Cortex, caudal (right) Frontal Freesurfer —-0.013 -2.433 1.5E-02
desikan
white
Mean axial diffusivity in genu of corpus callosumon ~ Commissu  dMRI 0.013 2432  15E-02
FA skeleton ral fibres diffusivity
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Volume of Sfrontinf (left) Frontal Freesurfer -0.013 -2.428 1.5E-02
a2009s
Mean intensity of Hippocampus (right) Hippocam  Freesurfer 0.013 2427  15E-02
pus ASEG
thickness of LatFisantVertical (left) NA Freesurfer -0.013 -2.420 1.6E-02
a2009s
Volume of grey matter in Intracalcarine Cortex (left) ~ Occipital ~ FAST -0.013  —2.420 1.6E-02
Grey-white contrast in Superior Frontal Gyrus (left) Frontal Freesurfer —-0.011 —2.415 1.6E-02
desikan gw
Mean radial diffusivity in superior longitudinal Associatio dMRI 0.013 2415 1.6E-02
fasciculus (right) n fibres diffusivity
Volume of grey matter in Frontal Pole (left) Frontal FAST —-0.012 —2.413  1.6E-02
Volume of Inferior Frontal Gyrus, pars triangularis Frontal Freesurfer -0.013 -2.411 1.6E-02
(left) desikan
white
Mean FA in superior fronto-occipital fasciculus Associatio dMRI FA -0.013 —2.408 1.6E-02
(right) n fibres
Volume of Inferior Parietal Lobule (left) Parietal Freesurfer —-0.013 -2.400 1.6E-02
DKT
Mean ISOVF in superior cerebellar peduncle (right) Brainstem  dMRI 0.013 2400 1.6E-02
fibres ISOVF
Volume of Putamen (right) Striatum Freesurfer 0.013 2.398 1.6E-02
ASEG
Grey-white contrast in Superior Frontal Gyrus (right)  Frontal Freesurfer -0.011 -2.398 1.7E-02
desikan gw
Grey-white contrast in Parahippocampal Gyrus (left) ~ Temporal ~ Freesurfer -0.013 -2.396 1.7E-02
desikan gw
Mean ISOVF in fornix cres+stria terminalis (left) Limbic dMRI 0.013 2395 1.7E-02
system ISOVF
fibres
Mean MD in external capsule (left) Associatio  dMRI 0.012 2392 1.7E-02
n fibres diffusivity
Area of SintermprimJensen (right) Parietal Freesurfer —-0.013 -2.391 1.7E-02
a2009s
Mean ICVF in medial lemniscus (left) Brainstem  dMRI ICVF —0.013 -2.389 1.7E-02
fibres
thickness of Cingulate Gyrus, posterior (left) Limbic Freesurfer —-0.013 -2.386 1.7E-02
DKT
thickness of Cingulate Gyrus, isthmus (left) Limbic Freesurfer —-0.013 -2.386 1.7E-02
DKT
Volume of LP (left) Thalamus  Freesurfer —-0.013 -2.380 1.7E-02
subsegment
ation
Mean axial diffusivity in posterior limb of internal Internal dMRI 0.013 2373 1.8E-02
capsule (right) capsule diffusivity
Mean OD in superior fronto-occipital fasciculus (left) ~ Associatio dMRI OD —-0.013 -2.371 1.8E-02
n fibres
Area of TotalSurface (left) NA Freesurfer -0.012 -2.367 1.8E-02
desikan pial
Volume of Pc (left) Thalamus  Freesurfer 0.012 2.367 1.8E-02
subsegment
ation
Area of Sfrontinf (left) Frontal Freesurfer -0.013 -2.365 1.8E-02
a2009s
Volume of Frontal Medial Cortex, caudal (right) Frontal Freesurfer -0.013 -2.364 1.8E-02
DKT
Volume of SubCortGray (whole brain) NA Freesurfer 0.012 2.363 1.8E-02
ASEG
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Mean radial diffusivity in retrolenticular part of Internal dMRI 0.013 2.356  1.8E-02
internal capsule (right) capsule diffusivity
Volume of grey matter in Temporal Fusiform Cortex, Temporal = FAST —-0.012 —2.355  1.9E-02
anterior division (left)
Volume of presubiculumhead (left) Hippocam  Freesurfer 0.012 2.348  1.9E-02
pus subsegment
ation
Mean radial diffusivity in medial lemniscus (left) Brainstem  dMRI 0.013 2.348  1.9E-02
fibres diffusivity
Volume of Inferior Frontal Gyrus, pars opercularis Frontal Freesurfer —0.013 —2.347  1.9E-02
(left) desikan
white
thickness of caudal Antcingulate (left) Limbic Freesurfer -0.013 -2.347  1.9E-02
DKT
thickness of Gparietalsup (right) Parietal Freesurfer 0.012 2.342  19E-02
a2009s
Area of SoctempmedLingual (right) Temporal  Freesurfer 0.013 2.334  2.0E-02
a2009s
Volume of Inferior Parietal Lobule (left) Parietal Freesurfer -0.013 -2.330 2.0E-02
desikan
white
Area of Fusiform Gyrus (left) Occipital Freesurfer -0.013 -2.330 2.0E-02
desikan pial
Avrea of Inferior Parietal Lobule (left) Parietal Freesurfer —-0.013 -2.330 2.0E-02
DKT
thickness of Lateral orbitofrontal cortex (left) Frontal Freesurfer -0.013 -2.324  2.0E-02
desikan
white
Volume of Paracentral lobule (left) Frontal Freesurfer -0.012 -2.318  2.0E-02
DKT
Mean ISOVF in anterior corona radiata (left) Thalamic ~ dMRI 0.013 2316 2.1E-02
radiations  ISOVF
Volume of grey matter in Frontal Pole (right) Frontal FAST —-0.012 -2.311  2.1E-02
Mean ISOVF in sagittal stratum (left) Associatio  dMRI —-0.013 -2.308 2.1E-02
n fibres ISOVF
thickness of Cingulate Gyrus, isthmus (left) Limbic Freesurfer —-0.013 -2.308 2.1E-02
22009s
thickness of Goccipitalsup (right) Occipital Freesurfer 0.013 2305 2.1E-02
a2009s
thickness of Sfrontmiddle (left) Frontal Freesurfer -0.012 -2.305 2.1E-02
a2009s
Volume of Sorbitalmedolfact (left) Frontal Freesurfer —-0.013 —2.300 2.1E-02
a2009s
Area of Brodmann Area 4p (left) Frontal Freesurfer —-0.013 —2.298  2.2E-02
BA exvivo
Mean axial diffusivity in tapetum (left) Commissu  dMRI 0.012 2294  2.2E-02
ral fibres diffusivity
Volume of grey matter in Pallidum (left) Pallidum FAST 0.012 2.289 2.2E-02
Area of Sparietooccipital (left) Occipital Freesurfer -0.013 —2.287  2.2E-02
a2009s
Avrea of Inferior Parietal Lobule (left) Parietal Freesurfer —-0.013 —2.286  2.2E-02
desikan
white
Area of Scentral (left) Frontal Freesurfer -0.013 —2.286  2.2E-02
a2009s
Volume of parasubiculum (left) Hippocam  Freesurfer 0.013 2286  2.2E-02
pus subsegment
ation
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Mean OD in external capsule (right) Associatio dMRI OD -0.012 -2.274  2.3E-02
n fibres
thickness of Cingulate Gyrus, posterior (left) Limbic Freesurfer —-0.012 —2.274  2.3E-02
desikan
white
Volume of Cortamygdaloidtransitio (left) Amygdala  Freesurfer 0.012 2.264  2.4E-02
subsegment
ation
Volume of 3rdVentricle (whole brain) NA Freesurfer 0.011 2.259  2.4E-02
ASEG
Avrea of Spericallosal (right) Limbic Freesurfer 0.012 2.254  2.4E-02
a2009s
Volume of Scircularinsulasup (right) Insular Freesurfer -0.012 —2.248  2.5E-02
a2009s
Volume of grey matter in Postcentral Gyrus (left) Parietal FAST —-0.012 —2.248  2.5E-02
Volume of Inferior Frontal Gyrus, pars triangularis Frontal Freesurfer -0.012 -2.241  2.5E-02
(left) DKT
Mean FA in cerebral peduncle (right) Brainstem  dMRI FA -0.012 -2.239 2.5E-02
fibres
Mean MD in sagittal stratum (right) Associatio dMRI 0.012 2239 25E-02
n fibres diffusivity
Avrea of Brodmann Area 1 (left) Parietal Freesurfer -0.012 -2.234  2.5E-02
BA exvivo
Volume of grey matter in Subcallosal Cortex (right) Frontal FAST -0.012 -2.234  2.5E-02
Volume of GScingulMidPost (left) Limbic Freesurfer -0.012 -2.232  2.6E-02
a2009s
thickness of GScingulMidAnt (left) Limbic Freesurfer -0.012 -2.232  2.6E-02
a2009s
Area of GSsubcentral (right) Frontal Freesurfer -0.012 —2.229  2.6E-02
a2009s
Mean ISOVF in retrolenticular part of internal Internal dMRI 0.012 2225 2.6E-02
capsule (right) capsule ISOVF
thickness of GtempsupPlanpolar (left) Temporal  Freesurfer —0.012 —2.222  2.6E-02
a2009s
Mean axial diffusivity in posterior limb of internal Internal dMRI 0.012 2216  2.7E-02
capsule (left) capsule diffusivity
Mean radial diffusivity in external capsule (right) Associatio  dMRI 0.011 2212 2.7E-02
n fibres diffusivity
Volume of SintermprimJensen (right) Parietal Freesurfer —0.012 -2.211  2.7E-02
a2009s
Volume of grey matter in Middle Frontal Gyrus Frontal FAST -0.012 -2.211  2.7E-02
(right)
Mean FA in fornix cres+stria terminalis (left) Limbic dMRI FA —-0.011 —2.208 2.7E-02
system
fibres
Volume of Brodmann Area 44 (right) Frontal Freesurfer —0.012 —2.205 2.7E-02
BA exvivo
Volume of CL (left) Thalamus  Freesurfer -0.012 -2.204  2.8E-02
subsegment
ation
Volume of Fusiform Gyrus (left) Occipital Freesurfer —-0.012 —2.202  2.8E-02
desikan
white
Grey-white contrast in rostral Antcingulate (left) Limbic Freesurfer -0.011 -2.201  2.8E-02
desikan gw
Mean MD in anterior corona radiata (right) Thalamic ~ dMRI 0.011 2195 2.8E-02
radiations  diffusivity
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Volume of Pt (right) Thalamus  Freesurfer 0.012 2193 2.8E-02
subsegment
ation
Mean ISOVF in uncinate fasciculus (right) Associatio dMRI 0.012 2.189  2.9E-02
n fibres ISOVF
Area of Gcuneus (right) Occipital Freesurfer -0.012 -2.188  2.9E-02
a2009s
Volume of MGN (left) Thalamus  Freesurfer -0.012 -2.187  2.9E-02
subsegment
ation
Area of Sorbitalmedolfact (left) Frontal Freesurfer —-0.012 —2.186  2.9E-02
a2009s
Mean FA in corticospinal tract (left) Brainstem  dMRI FA -0.012 -2.185 2.9E-02
fibres
thickness of Frontal Pole (left) Frontal Freesurfer —-0.012 -2.179  2.9E-02
desikan
white
Volume of Gfrontmiddle (left) Frontal Freesurfer -0.011 -2.175 3.0E-02
a2009s
Avrea of Scircularinsulainf (left) Insular Freesurfer 0.012 2174  3.0E-02
a2009s
Mean FA in fornix cres+stria terminalis (right) Limbic dMRI FA —-0.011 -2.173  3.0E-02
system
fibres
Mean FA in superior fronto-occipital fasciculus (left) ~ Associatio dMRI FA -0.011 -2.173  3.0E-02
n fibres
Volume of choroidplexus (right) NA Freesurfer 0.011 2172 3.0E-02
ASEG
Volume of Brodmann Area V2 (left) Occipital Freesurfer —-0.012 —2.170  3.0E-02
BA exvivo
Volume of CA3body (left) Hippocam  Freesurfer -0.012 -2.169 3.0E-02
pus subsegment
ation
Volume of Inferior Frontal Gyrus, pars opercularis Frontal Freesurfer —-0.012 -2.167  3.0E-02
(left) DKT
Volume of Paracentral lobule (left) Frontal Freesurfer -0.012 -2.161  3.1E-02
desikan
white
Mean FA in anterior limb of internal capsule (right) Internal dMRI FA —-0.012 -2.159  3.1E-02
capsule
Volume of Centralnucleus (right) Amygdala  Freesurfer 0.012 2157  3.1E-02
subsegment
ation
Volume of LGN (left) Thalamus  Freesurfer —-0.011 -2.157  3.1E-02
subsegment
ation
Area of Brodmann Area 44 (left) Frontal Freesurfer —-0.012 -2.151  3.1E-02
BA exvivo
Volume of Gcuneus (right) Occipital Freesurfer -0.012 -2.148  3.2E-02
a2009s
Mean intensity of Putamen (left) Striatum Freesurfer —-0.012 —2.147  3.2E-02
ASEG
Volume of PuL (right) Thalamus  Freesurfer 0.012 2147  3.2E-02
subsegment
ation
thickness of Stemporaltransverse (right) Temporal  Freesurfer 0.012 2146  3.2E-02
a2009s

281



Volume of Cuneal Cortex (right) Occipital Freesurfer -0.012 -2.143  3.2E-02
desikan
white
Mean FA in superior corona radiata (left) Thalamic ~ dMRI FA —-0.011 —2.143  3.2E-02
radiations
Volume of subiculumbody (right) Hippocam  Freesurfer 0.011 2141  3.2E-02
pus subsegment
ation
Volume of VAmc (right) Thalamus  Freesurfer 0.011 2141  3.2E-02
subsegment
ation
Area of GSsubcentral (left) Frontal Freesurfer -0.012 -2.137  3.3E-02
a2009s
Mean OD in anterior limb of internal capsule (left) Internal dMRI OD -0.012 -2.128  3.3E-02
capsule
Area of Gprecuneus (right) Occipital Freesurfer 0.012 2126  3.4E-02
a2009s
Avrea of Cuneal Cortex (right) Occipital Freesurfer -0.012 -2.125 3.4E-02
DKT
Mean MD in sagittal stratum (left) Associatio  dMRI 0.011 2123 3.4E-02
n fibres diffusivity
Volume of Cuneal Cortex (right) Occipital Freesurfer -0.012 -2.116  3.4E-02
DKT
Volume of Lateralnucleus (left) Amygdala  Freesurfer 0.011 2112 3.5E-02
subsegment
ation
Grey-white contrast in Inferior Frontal Gyrus, pars Frontal Freesurfer -0.011 -2.106  3.5E-02
triangularis (left) desikan gw
Mean OD in inferior cerebellar peduncle (left) Brainstem  dMRI OD 0.011 2.106  3.5E-02
fibres
Volume of Postcentral Gyrus (left) Parietal Freesurfer -0.011 -2.105 3.5E-02
desikan
white
Volume of Brodmann Area 45 (left) Frontal Freesurfer —-0.011 —2.104  3.5E-02
BA exvivo
Mean ISOVF in superior corona radiata (right) Thalamic ~ dMRI 0.011 2.103 3.5E-02
radiations  ISOVF
Mean axial diffusivity in cingulum cingulate gyrus Limbic dMRI 0.012 2.100 3.6E-02
(right) system diffusivity
fibres
Volume of Postcentral Gyrus (left) Parietal Freesurfer -0.011 -2.092 3.6E-02
DKT
Area of LatFisantVertical (left) NA Freesurfer -0.012 -2.091 3.7E-02
a2009s
Volume of Sfrontinf (right) Frontal Freesurfer —-0.011 -2.091 3.7E-02
a2009s
Area of Cingulate Gyrus, posterior (right) Limbic Freesurfer -0.011 -2.089  3.7E-02
DKT
Volume of Scentral (left) Frontal Freesurfer -0.012 -2.089  3.7E-02
a2009s
Mean intensity of Accumbensarea (right) Striatum Freesurfer —-0.011 —2.085 3.7E-02
ASEG
VVolume of molecularlayerHPhead (right) Hippocam  Freesurfer 0.011 2.080 3.8E-02
pus subsegment
ation
Area of GScingulAnt (left) Limbic Freesurfer —-0.011 -2.079  3.8E-02
a2009s
Area of Superior Frontal Gyrus (right) Frontal Freesurfer —-0.011 —2.074  3.8E-02
DKT
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Volume of subiculumhead (left) Hippocam  Freesurfer 0.011 2.071 3.8E-02
pus subsegment
ation
Mean radial diffusivity in genu of corpus callosumon  Commissu  dMRI 0.011 2.070 3.8E-02
FA skeleton ral fibres diffusivity
Mean FA in body of corpus callosum on FA skeleton =~ Commissu  dMRI FA -0.011 -2.067 3.9E-02
ral fibres
Volume of CSF (whole brain) NA Freesurfer 0.011 2.058 4.0E-02
ASEG
Volume of VA (right) Thalamus  Freesurfer 0.011 2.058 4.0E-02
subsegment
ation
Volume of 4thVentricle (whole brain) NA Freesurfer 0.011 2.055 4.0E-02
ASEG
Volume of Gpostcentral (left) Parietal Freesurfer —-0.011 —2.054  4.0E-02
a2009s
Mean FA in corticospinal tract (right) Brainstem  dMRI FA —-0.011 —2.047  4.1E-02
fibres
thickness of Scircularinsulainf (right) Insular Freesurfer -0.011 -2.042 4.1E-02
a2009s
Volume of Superior Frontal Gyrus (right) Frontal Freesurfer -0.011 -2.042 4.1E-02
DKT
thickness of Perirhinal cortex (left) Temporal  Freesurfer —-0.011 —2.040 4.1E-02
BA exvivo
Volume of grey matter in Cuneal Cortex (right) Occipital FAST -0.011 -2.038 4.2E-02
Area of Medorbitofrontal (left) Frontal Freesurfer -0.011 -2.038  4.2E-02
desikan pial
Volume of rostral Antcingulate (left) Limbic Freesurfer -0.011 -2.038 4.2E-02
desikan
white
Volume of Midbrain (whole brain) NA Freesurfer 0.011 2.036 4.2E-02
subsegment
ation
Volume of GSoccipitalinf (left) Occipital Freesurfer 0.011 2.033 4.2E-02
a2009s
Volume of Cingulate Gyrus, posterior (right) Limbic Freesurfer —-0.011 —2.031 4.2E-02
DKT
Volume of Ssubparietal (left) Parietal Freesurfer 0.011 2.031 4.2E-02
a2009s
thickness of Scircularinsulaant (left) Insular Freesurfer -0.011 -2.024  4.3E-02
a2009s
thickness of GSparacentral (left) Frontal Freesurfer —-0.011 —2.024  4.3E-02
a2009s
Area of Cuneal Cortex (right) Occipital Freesurfer -0.011 -2.021 4.3E-02
desikan
white
Mean OD in superior longitudinal fasciculus (right) Associatio dMRI OD —-0.011 -2.019 4.4E-02
n fibres
Volume of grey matter in Temporal Pole (right) Temporal  FAST —-0.011 —2.007  4.5E-02
Mean axial diffusivity in superior cerebellar peduncle  Brainstem  dMRI 0.011 2.003 4.5E-02
(left) fibres diffusivity
thickness of rostral Antcingulate (right) Limbic Freesurfer —-0.011 -1.994  4.6E-02
DKT
Mean MD in anterior limb of internal capsule (left) Internal dMRI 0.010 1994 4.6E-02
capsule diffusivity
thickness of SintraparietPtrans (right) Parietal Freesurfer 0.011 1.994 4.6E-02
a2009s
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Volume of grey matter NA FAST —-0.009 -1.991 4.6E-02
Mean OD in inferior cerebellar peduncle (right) Brainstem  dMRI OD 0.011 1991 4.7E-02
fibres
Area of TotalSurface (right) NA Freesurfer —-0.010 -1.988 4.7E-02
desikan pial

Volume of Precentral Gyrus (right) Frontal Freesurfer —-0.011 -1.986 4.7E-02
DKT

thickness of Medorbitofrontal (right) Frontal Freesurfer —-0.011 -1.984 4.7E-02
desikan
white

Volume of Poletemporal (left) Temporal  Freesurfer -0.011 -1.984 4.7E-02
a2009s

Area of Gorbital (left) Frontal Freesurfer 0.011 1979 4.8E-02
a2009s

Volume of grey matter in Amygdala (left) Amygdala FAST 0.010 1973  4.9E-02

Volume of Frontal Medial Cortex, rostral (right) Frontal Freesurfer —-0.010 -1.972  4.9-02
desikan
white

Avrea of Cingulate Gyrus, posterior (right) Limbic Freesurfer -0.011 -1967 4.9E-02
desikan pial

Avrea of Inferior Frontal Gyrus, pars triangularis (left)  Frontal Freesurfer -0.011 -1.964 5.0E-02
desikan pial

Avrea of Inferior Frontal Gyrus, pars orbitalis (right) Frontal Freesurfer 0.011 1961 5.0E-02
desikan
white

thickness of caudalAntcingulate (left) Limbic Freesurfer -0.011 -1959 5.0E-02
a2009s

thickness of Soctemplat (left) Temporal  Freesurfer 0.011 1.958 5.0E-02
a2009s

Mean ICVF in superior cerebellar peduncle (right) Brainstem  dMRI ICVF —-0.011 -1.955 5.1E-02

fibres

thickness of Scircularinsulasup (left) Insular Freesurfer —0.010 -1.952 5.1E-02
a2009s

Mean ISOVF in genu of corpus callosum on FA Commissu  dMRI 0.010 1951 5.1E-02

skeleton ral fibres ISOVF

Volume of Precentral Gyrus (right) Frontal Freesurfer -0.010 -1.944 5.2E-02
desikan
white

Volume of grey matter in Brain-Stem NA FAST 0.010 1939 5.3E-02

Mean ICVF in genu of corpus callosum on FA Commissu  dMRI ICVF —0.010 -1.937 5.3E-02

skeleton ral fibres

Area of Ssubparietal (left) Parietal Freesurfer 0.011 1937 5.3E-02
22009s

Avrea of Poleoccipital (right) Occipital Freesurfer —-0.011 -1.936 5.3E-02
a2009s

Volume of GfrontinfTriangul (right) Frontal Freesurfer —-0.011 -1.934 5.3E-02
a2009s

Volume of Ginsularshort (left) Insular Freesurfer —-0.011 -1.933  5.3E-02
a2009s

Volume of Cingulate Gyrus, posterior (right) Limbic Freesurfer —-0.011 -1.932 5.3E-02
desikan
white

Area of Cuneal Cortex (right) Occipital Freesurfer -0.011 -1.924 5.4E-02
desikan pial

Mean ISOVF in anterior corona radiata (right) Thalamic ~ dMRI 0.011 1.923 5.5E-02

radiations  ISOVF
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Area of GSfrontomargin (right) Frontal Freesurfer 0.010 1920 5.5E-02
a2009s
Avrea of Superior Temporal Gyrus (left) Temporal  Freesurfer 0.011 1915 5.5E-02
desikan pial
Grey-white contrast in Supramarginal Gyrus (left) Parietal Freesurfer -0.010 -1.915 5.5E-02
desikan gw
thickness of Inferior Frontal Gyrus, pars opercularis Frontal Freesurfer —-0.010 -1.914 5.6E-02
(left) desikan
white
Volume of Superior Parietal Lobule (right) Parietal Freesurfer 0.010 1914 5.6E-02
desikan
white
Mean intensity of CCCentral (whole brain) NA Freesurfer —-0.010 -1.911 5.6E-02
ASEG
Grey-white contrast in Supramarginal Gyrus (right) Parietal Freesurfer —0.010 -1.906 5.7E-02
desikan gw
Volume of Gprecuneus (left) Occipital Freesurfer 0.010 1904 5.7E-02
a2009s
thickness of Gprecentral (left) Frontal Freesurfer -0.010 -1902 5.7E-02
a2009s
thickness of LatFispost (left) NA Freesurfer —-0.010 -1.901 5.7E-02
a2009s
Area of Cingulate Gyrus, posterior (right) Limbic Freesurfer —-0.010 -1.896 5.8E-02
desikan
white
thickness of Gorbital (left) Frontal Freesurfer -0.010 -1.896 5.8E-02
a2009s
Mean ISOVF in superior fronto-occipital fasciculus Associatio dMRI 0.010 1.892 5.9E-02
(right) n fibres ISOVF
thickness of GSoccipitalinf (left) Occipital Freesurfer 0.010 1.890 5.9-02
a2009s
thickness of Inferior Frontal Gyrus, pars triangularis Frontal Freesurfer -0.010 -1.890 5.9-02
(left) DKT
Mean MD in cingulum cingulate gyrus (left) Limbic dMRI 0.010 1.888 5.9E-02
system diffusivity
fibres
Avrea of Entorhinal cortex (right) Temporal  Freesurfer 0.010 1.887 5.9E-02
desikan pial
Mean radial diffusivity in anterior limb of internal Internal dMRI 0.010 1.885 5.9E-02
capsule (left) capsule diffusivity
Volume of GfrontinfOpercular (left) Frontal Freesurfer —-0.010 -1.884  6.0E-02
a2009s
Mean FA in inferior cerebellar peduncle (left) Brainstem  dMRI FA —0.010 -1.880 6.0E-02
fibres
thickness of rostral Antcingulate (right) Limbic Freesurfer —0.010 -1.878 6.0E-02
desikan
white
Volume of pallidum (left) Pallidum FIRST 0.010 1877 6.1E-02
Volume of Fusiform Gyrus (left) Occipital Freesurfer —0.010 -1.871 6.1E-02
DKT
Mean FA in fornix on FA skeleton Limbic dMRI FA —0.009 -1.869  6.2E-02
system
fibres
Volume of Superior Parietal Lobule (right) Parietal Freesurfer 0.010 1.867 6.2E-02
DKT
Area of Brodmann Area V2 (right) Occipital Freesurfer —-0.010 -1.867 6.2E-02
BA exvivo
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Volume of grey matter in \VV Cerebellum (right) Cerebellu  FAST 0.010 1.867 6.2E-02
m
Mean axial diffusivity in anterior limb of internal Internal dMRI 0.009 1.864 6.2E-02
capsule (left) capsule diffusivity
Volume of SCP (whole brain) NA Freesurfer 0.010 1.862 6.3E-02
subsegment
ation
Volume of Goctemplatfusifor (right) Temporal  Freesurfer -0.010 -1.862 6.3E-02
a2009s
thickness of Brodmann Area 4a (left) Frontal Freesurfer —0.010 -1.862 6.3E-02
BA exvivo
Volume of presubiculumbody (right) Hippocam  Freesurfer 0.009 1.854  6.4E-02
pus subsegment
ation
Volume of Frontal Medial Cortex, caudal (left) Frontal Freesurfer —0.010 -1.850 6.4E-02
DKT
Grey-white contrast in Lingual Gyrus (right) Occipital Freesurfer 0.010 1.849  6.5E-02
desikan gw
thickness of Precentral Gyrus (left) Frontal Freesurfer -0.010 -1.848 6.5E-02
desikan
white
Area of Lingual Gyrus (left) Occipital Freesurfer —-0.010 -1.845 6.5E-02
desikan pial
Volume of Insular Cortex (right) Insular Freesurfer —0.010 -1.843  6.5E-02
desikan
white
Mean FA in inferior cerebellar peduncle (right) Brainstem  dMRI FA -0.010 -1.841 6.6E-02
fibres
thickness of Precentral Gyrus (left) Frontal Freesurfer —-0.010 -1.836  6.6E-02
DKT
thickness of Sfrontmiddle (right) Frontal Freesurfer -0.010 -1.835 6.6E-02
a2009s
Volume of LP (right) Thalamus  Freesurfer —0.010 -1.835 6.6E-02
subsegment
ation
thickness of Sfrontinf (right) Frontal Freesurfer —-0.010 -1.835 6.6E-02
a2009s
thickness of Frontal Medial Cortex, rostral (right) Frontal Freesurfer —0.010 -1.834 6.7E-02
desikan
white
Volume of grey matter in Central Opercular Cortex Insular FAST —-0.009 -1.833 6.7E-02
(right)
Area of Inferior Temporal Gyrus (left) Temporal  Freesurfer —-0.010 -1.832 6.7E-02
DKT
Volume of grey matter in Temporal Pole (left) Temporal  FAST —0.010 -1.831 6.7E-02
thickness of Fusiform Gyrus (left) Occipital Freesurfer -0.010 -1.825 6.8E-02
DKT
Volume of grey matter in Inferior Frontal Gyrus, pars ~ Frontal FAST —0.010 -1.825 6.8E-02
triangularis (left)
Avrea of Inferior Temporal Gyrus (left) Temporal  Freesurfer —0.010 -1.825 6.8E-02
desikan
white
Volume of Goccipitalmiddle (left) Occipital Freesurfer -0.010 -1.825 6.8E-02
a2009s
Area of TotalSurface (left) NA Freesurfer —0.010 -1.823  6.8E-02
desikan
white
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Volume of TotalGray (whole brain) NA Freesurfer —-0.009 -1.823  6.8E-02
ASEG
Volume of Wholehippocampus (right) Hippocam  Freesurfer 0.009 1822 6.8E-02
pus subsegment
ation
Area of Lingual Gyrus (left) Occipital Freesurfer -0.010 -1.818 6.9E-02
DKT
Area of GoctempmedLingual (left) Occipital Freesurfer -0.010 -1.815  7.0E-02
a2009s
Area of Cingulate Gyrus, isthmus (left) Limbic Freesurfer 0.010 1812 7.0E-02
DKT
Mean intensity of InfLatVent (left) NA Freesurfer —-0.009 -1.809  7.0E-02
ASEG
Area of Frontal Medial Cortex, caudal (left) Frontal Freesurfer —-0.010 -1.809 7.1E-02
desikan
white
Avrea of Perirhinal cortex (right) Temporal  Freesurfer 0.010 1808 7.1E-02
BA exvivo
Volume of OpticChiasm (whole brain) NA Freesurfer 0.010 1.805 7.1E-02
ASEG
Volume of Sorbitalmedolfact (right) Frontal Freesurfer —-0.010 -1.802 7.1E-02
a2009s
Volume of Scircularinsulasup (left) Insular Freesurfer —-0.010 -1.802 7.2E-02
a2009s
Grey-white contrast in Inferior Frontal Gyrus, pars Frontal Freesurfer —-0.009 -1.801 7.2E-02
orbitalis (right) desikan gw
Volume of Goctemplatfusifor (left) Temporal  Freesurfer —-0.010 -1.795  7.3E-02
a2009s
Mean intensity of Putamen (right) Striatum Freesurfer —-0.010 -1.794  7.3E-02
ASEG
Volume of Brodmann Area 4a (right) Frontal Freesurfer -0.010 -1.790 7.3E-02
BA exvivo
thickness of Fusiform Gyrus (left) Occipital Freesurfer -0.010 -1.789  7.4E-02
a2009s
Mean OD in posterior limb of internal capsule (left) Internal dMRI OD —-0.010 -1.785  7.4E-02
capsule
Volume of SocmiddleLunatus (left) Occipital Freesurfer —0.010 -1.785  7.4E-02
a2009s
Volume of subiculumbody (left) Hippocam  Freesurfer 0.009 1.783  7.5E-02
pus subsegment
ation
Volume of Basalnucleus (right) Amygdala  Freesurfer 0.009 1.781  7.5E-02
subsegment
ation
Volume of VLa (right) Thalamus  Freesurfer 0.010 1.780 7.5E-02
subsegment
ation
Volume of PuA (right) Thalamus  Freesurfer 0.010 1774  7.6E-02
subsegment
ation
thickness of Gprecuneus (right) Occipital Freesurfer 0.009 1.773  7.6E-02
a2009s
Mean MD in uncinate fasciculus (right) Associatio dMRI 0.009 1.772  7.6E-02
n fibres diffusivity
Mean ICVF in retrolenticular part of internal capsule  Internal dMRI ICVF —-0.010 -1.771  7.7E-02
(right) capsule
Area of Cingulate Gyrus, isthmus (left) Limbic Freesurfer 0.010 1.766  7.7E-02
desikan
white

287



thickness of Frontal Medial Cortex, rostral (left) Frontal Freesurfer —-0.009 -1.763  7.8E-02
desikan
white
Volume of Lingual Gyrus (left) Occipital Freesurfer —0.010 -1.762  7.8E-02
desikan
white
Volume of grey matter in Inferior Temporal Gyrus, Temporal  FAST -0.010 -1.762  7.8E-02
posterior division (right)
Volume of grey matter in Inferior Frontal Gyrus, pars  Frontal FAST —0.009 -1.760  7.8E-02
opercularis (right)
Volume of GfrontinfTriangul (left) Frontal Freesurfer —0.010 -1.759  7.9E-02
a2009s
Area of Inferior Frontal Gyrus, pars opercularis (left)  Frontal Freesurfer —-0.010 -1.756  7.9E-02
desikan
white
thickness of Poleoccipital (right) Occipital Freesurfer 0.010 1.755  7.9E-02
a2009s
Mean FA in genu of corpus callosum on FA skeleton ~ Commissu  dMRI FA -0.009 -1.753  8.0E-02
ral fibres
Avrea of Frontal Medial Cortex, caudal (left) Frontal Freesurfer -0.010 -1.748  8.1E-02
DKT
Avrea of Inferior Frontal Gyrus, pars opercularis (left)  Frontal Freesurfer —-0.010 -1.748  8.1E-02
DKT
Volume of caudalAntcingulate (left) Limbic Freesurfer —-0.010 -1.747  8.1E-02
desikan
white
thickness of Lateral Occipital Cortex (right) Occipital Freesurfer 0.010 1.747  8.1E-02
DKT
Area of Precentral Gyrus (left) Frontal Freesurfer —-0.010 -1.746  8.1E-02
DKT
Volume of HATA (left) Hippocam  Freesurfer 0.009 1746  8.1E-02
pus subsegment
ation
Volume of grey matter in Juxtapositional Lobule Frontal FAST —-0.009 -1.744  8.1E-02
Cortex (formerly Supplementary Motor Cortex) (left)
Volume of GSsubcentral (left) Frontal Freesurfer —-0.009 -1.743  8.1E-02
a2009s
Volume of LatFisantHorizont (left) NA Freesurfer —0.010 -1.742  8.2E-02
a2009s
Area of Soctemplat (left) Temporal  Freesurfer -0.010 -1.741  8.2E-02
a2009s
Mean ISOVF in cingulum hippocampus (right) Limbic dMRI 0.010 1736 8.3E-02
system ISOVF
fibres
Avrea of Inferior Frontal Gyrus, pars triangularis (left)  Frontal Freesurfer —0.010 -1.736  8.3E-02
DKT
thickness of GSfrontomargin (right) Frontal Freesurfer —-0.010 -1.732  8.3E-02
a2009s
Volume of grey matter in Lingual Gyrus (left) Occipital FAST 0.009 1732  8.3E-02
Volume of Putamen (left) Striatum Freesurfer 0.009 1.730 8.4E-02
ASEG
Avrea of Perirhinal cortex (left) Temporal  Freesurfer 0.009 1.721  8.5E-02
BA exvivo
Mean MD in retrolenticular part of internal capsule Internal dMRI 0.009 1.719 8.6E-02
(left) capsule diffusivity
Volume of Lingual Gyrus (left) Occipital Freesurfer —-0.009 -1.718 8.6E-02
DKT
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Mean OD in superior corona radiata (left) Thalamic  dMRI OD —-0.009 -1.717  8.6E-02
radiations
Avrea of GoctempmedParahip (right) Temporal  Freesurfer 0.009 1713 8.7E-02
a2009s
Mean radial diffusivity in uncinate fasciculus (right) Associatio dMRI 0.009 1710 8.7E-02
n fibres diffusivity
Mean MD in medial lemniscus (left) Brainstem  dMRI 0.009 1.709 8.8E-02
fibres diffusivity
Avrea of Lingual Gyrus (left) Occipital Freesurfer —0.009 -1.708  8.8E-02
desikan
white
Mean axial diffusivity in retrolenticular part of Internal dMRI 0.009 1.706 8.8E-02
internal capsule (left) capsule diffusivity
Volume of fimbria (left) Hippocam  Freesurfer 0.009 1.705 8.8E-02
pus subsegment
ation
Area of Frontal Medial Cortex, rostral (right) Frontal Freesurfer —-0.009 -1.705 8.8E-02
desikan pial
Mean ICVF in posterior limb of internal capsule (left) Internal dMRI ICVF —-0.009 -1.705 8.8E-02
capsule
Volume of CAlhead (left) Hippocam  Freesurfer 0.009 1.704 8.8E-02
pus subsegment
ation
Volume of Superior Frontal Gyrus (right) Frontal Freesurfer —-0.009 -1.702  8.9E-02
desikan
white
Mean radial diffusivity in corticospinal tract (right) Brainstem  dMRI 0.009 1.698 8.9E-02
fibres diffusivity
Volume of Middle Temporal Gyrus (left) Temporal  Freesurfer —-0.009 -1.693 9.1E-02
DKT
Volume of Frontal Medial Cortex, caudal (left) Frontal Freesurfer —-0.009 -1.692 9.1E-02
desikan
white
Avrea of Inferior Frontal Gyrus, pars triangularis (left)  Frontal Freesurfer —0.009 -1.692 9.1E-02
desikan
white
Mean intensity of LateralVentricle (left) NA Freesurfer —-0.009 -1.691 9.1E-02
ASEG
Volume of Wholehippocampus (left) Hippocam  Freesurfer 0.008 1.690 9.1E-02
pus subsegment
ation
thickness of Spostcentral (right) Parietal Freesurfer 0.009 1.689 9.1E-02
a2009s
Grey-white contrast in Postcentral Gyrus (left) Parietal Freesurfer —0.009 -1.685 9.2E-02
desikan gw
Area of GfrontinfTriangul (right) Frontal Freesurfer —0.009 -1.683 9.2E-02
a2009s
Volume of AccessBasalnucleus (left) Amygdala  Freesurfer 0.008 1.679 9.3E-02
subsegment
ation
Volume of Brodmann Area 6 (left) Frontal Freesurfer —0.009 -1.674 9.4E-02
BA exvivo
Area of Goccipitalmiddle (left) Occipital Freesurfer —-0.009 -1.674 9.4E-02
a2009s
Grey-white contrast in Inferior Parietal Lobule (left) Parietal Freesurfer —-0.008 -1.670  9.5E-02
desikan gw
Mean FA in cingulum hippocampus (left) Limbic dMRI FA 0.009 1.670 9.5E-02
system
fibres
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thickness of Middle Temporal Gyrus (left) Temporal  Freesurfer —-0.009 -1.669  9.5E-02
desikan
white
Volume of grey matter in Planum Temporale (right) Temporal ~ FAST —0.009 -1.667  9.6E-02
thickness of Brodmann Area 45 (left) Frontal Freesurfer —-0.009 -1.662 9.7E-02
BA exvivo
thickness of GSfrontomargin (left) Frontal Freesurfer —0.009 -1.660 9.7E-02
a2009s
thickness of Precentral Gyrus (right) Frontal Freesurfer —-0.009 -1.660 9.7E-02
desikan
white
Avrea of Inferior Frontal Gyrus, pars opercularis (left)  Frontal Freesurfer —0.009 -1.659 9.7E-02
desikan pial
Avrea of LatFispost (left) NA Freesurfer 0.009 1658 9.7E-02
a2009s
Mean MD in cingulum cingulate gyrus (right) Limbic dMRI 0.009 1.658 9.7E-02
system diffusivity
fibres
Area of Brodmann Area 44 (right) Frontal Freesurfer —0.009 -1.657 9.7E-02
BA exvivo
Volume of Pul (left) Thalamus  Freesurfer —-0.009 -1.655 9.8E-02
subsegment
ation
Mean FA in splenium of corpus callosum on FA Commissu  dMRI FA -0.009 -1.654 9.8E-02
skeleton ral fibres
Area of TotalSurface (right) NA Freesurfer —-0.009 -1.649  9.9E-02
desikan
white
Volume of grey matter in Thalamus (right) Thalamus  FAST 0.009 1.648 9.9E-02
thickness of Cingulate Gyrus, isthmus (right) Limbic Freesurfer —-0.009 -1.648 9.9E-02
desikan
white
Volume of Wholehippocampalhead (left) Hippocam  Freesurfer 0.008 1.647 9.9E-02
pus subsegment
ation
Mean OD in medial lemniscus (left) Brainstem  dMRI OD 0.009 1.646 1.0E-01
fibres
Area of Gparietalsup (right) Parietal Freesurfer 0.009 1.646 1.0E-01
a2009s
Volume of Spericallosal (left) Limbic Freesurfer —0.009 -1.646 1.0E-01
22009s
Mean OD in cingulum cingulate gyrus (left) Limbic dMRI OD —0.009 -1.644 1.0E-01
system
fibres
Area of Gprecentral (left) Frontal Freesurfer —0.009 -1.634 1.0E-01
a2009s
Mean MD in corticospinal tract (right) Brainstem  dMRI 0.009 1.633 1.0E-01
fibres diffusivity
Mean ICVF in external capsule (left) Associatio dMRI ICVF —0.008 -1.629 1.0E-01
n fibres
Mean ICVF in anterior limb of internal capsule (left)  Internal dMRI ICVF —0.008 -1.628 1.0E-01
capsule
Volume of Middle Temporal Gyrus (left) Temporal  Freesurfer —0.009 -1.627 1.0E-01
desikan
white
Volume of Frontal Medial Cortex, rostral (left) Frontal Freesurfer —-0.009 -1.625 1.0E-01
desikan
white

290



Area of Gfrontmiddle (left) Frontal Freesurfer —-0.009 -1.624 1.0E-01
a2009s
Grey-white contrast in Frontal Medial Cortex, rostral ~ Frontal Freesurfer —0.008 -1.623 1.0E-01
(right) desikan gw
thickness of Insular Cortex (right) Insular Freesurfer —-0.009 -1.619 1.1E-01
DKT
Volume of Brodmann Area 3a (left) Parietal Freesurfer —-0.009 -1.617 1.1E-01
BA exvivo
Volume of Scollattransvant (left) Temporal  Freesurfer —0.009 -1.614 1.1E-01
a2009s
Mean ISOVF in anterior limb of internal capsule Internal dMRI 0.009 1613 1.1E-01
(left) capsule ISOVF
Volume of GoctempmedLingual (left) Occipital Freesurfer —-0.009 -1.613 1.1E-01
a2009s
Area of Sfrontinf (right) Frontal Freesurfer —0.009 -1.611 1.1E-01
a2009s
Volume of grey matter in Planum Polare (left) Temporal  FAST 0.008 1605 1.1E-01
thickness of Lateral Occipital Cortex (left) Occipital Freesurfer 0.009 1.602 1.1E-01
DKT
Volume of Gsubcallosal (right) Frontal Freesurfer —-0.009 -1.600 1.1E-01
a2009s
Mean axial diffusivity in fornix cres+stria terminalis Limbic dMRI 0.009 1598 1.1E-01
(left) system diffusivity
fibres
Area of Brodmann Area 45 (left) Frontal Freesurfer —0.009 -1.594 1.1E-01
BA exvivo
Mean ISOVF in external capsule (left) Associatio dMRI 0.009 1590 1.1E-01
n fibres ISOVF
Mean intensity of Pallidum (left) Pallidum Freesurfer -0.009 -1590 1.1E-01
ASEG
thickness of Precentral Gyrus (right) Frontal Freesurfer —-0.008 -1587 1.1E-01
DKT
thickness of Middle Temporal Gyrus (left) Temporal  Freesurfer —-0.009 -1585 1.1E-01
DKT
thickness of Inferior Frontal Gyrus, pars opercularis Frontal Freesurfer —0.008 -1585 1.1E-01
(left) DKT
Volume of MDm (right) Thalamus  Freesurfer —0.008 -1.585 1.1E-01
subsegment
ation
Mean ISOVF in uncinate fasciculus (left) Associatio  dMRI 0.009 1585 1.1E-01
n fibres ISOVF
thickness of Inferior Frontal Gyrus, pars triangularis Frontal Freesurfer —0.008 -1585 1.1E-01
(left) desikan
white
Volume of Lateral orbitofrontal cortex (right) Frontal Freesurfer —-0.008 -1582 1.1E-01
DKT
thickness of Lateral Occipital Cortex (left) Occipital Freesurfer 0.009 1580 1.1E-01
desikan
white
thickness of Lateral Occipital Cortex (right) Occipital Freesurfer 0.009 1574 1.2E-01
desikan
white
Volume of brain stem+4th ventricle NA FIRST 0.009 1574 12E-01
Volume of VVPL (right) Thalamus  Freesurfer 0.009 1570 12E-01
subsegment
ation
Mean ICVF in anterior corona radiata (left) Thalamic ~ dMRI ICVF —0.008 -1568 1.2E-01
radiations
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Grey-white contrast in Transverse temporal gyrus Temporal  Freesurfer —-0.009 -1564 1.2E-01
(right) desikan gw
thickness of Entorhinal cortex (left) Temporal  Freesurfer —0.009 -1563 1.2E-01
BA exvivo
Area of Grectus (right) Frontal Freesurfer —-0.009 -1562 1.2E-01
a2009s
thickness of Stemporalsup (right) Temporal  Freesurfer —-0.008 -1559 1.2E-01
a2009s
Area of PreCuneal Cortex (left) Occipital Freesurfer 0.009 1554 1.2E-01
desikan pial
Grey-white contrast in Cingulate Gyrus, isthmus Limbic Freesurfer —-0.008 -1552 1.2E-01
(left) desikan gw
Area of Gtemporalinf (left) Temporal  Freesurfer —-0.008 -1550 1.2E-01
a2009s
Volume of GSparacentral (left) Frontal Freesurfer —0.008 -1.548 1.2E-01
a2009s
Mean ISOVF in cingulum cingulate gyrus (right) Limbic dMRI 0.009 1548 12E-01
system ISOVF
fibres
Volume of grey matter in Middle Frontal Gyrus (left)  Frontal FAST —-0.008 -1547 12E-01
Area of GoctempmedLingual (right) Occipital Freesurfer -0.009 -1546 1.2E-01
a2009s
Avrea of Precentral Gyrus (right) Frontal Freesurfer -0.009 -1543 1.2E-01
desikan pial
Volume of Parahippocampal Gyrus (right) Temporal  Freesurfer 0.008 1541 1.2E-01
desikan
white
thickness of Banks superior temporal sulcus (left) Temporal  Freesurfer —-0.008 -1541 12E-01
a2009s
thickness of Frontal Medial Cortex, rostral (left) Frontal Freesurfer —-0.008 -1539 1.2E-01
DKT
thickness of Cingulate Gyrus, isthmus (right) Limbic Freesurfer —-0.008 -1539 1.2E-01
DKT
Area of Medorbitofrontal (left) Frontal Freesurfer —0.008 -1536 1.2E-01
DKT
Volume of grey matter in Temporal Fusiform Cortex, Temporal = FAST —0.008 -1535 1.2E-01
anterior division (right)
Grey-white contrast in Transverse temporal gyrus Temporal  Freesurfer —-0.008 -1534 1.3E-01
(left) desikan gw
thickness of Stemporalsup (left) Temporal  Freesurfer —0.008 -1532 1.3E-01
a2009s
Volume of CM (left) Thalamus  Freesurfer 0.008 1532 13E-01
subsegment
ation
Mean ICVF in fornix cres+stria terminalis (left) Limbic dMRI ICVF —0.008 -1531 1.3E-01
system
fibres
Area of Sorbitalmedolfact (right) Frontal Freesurfer —0.008 -1.528 1.3E-01
a2009s
Area of Lingual Gyrus (right) Occipital Freesurfer —0.008 -1.524 13E-01
desikan
white
Area of Frontal Medial Cortex, caudal (left) Frontal Freesurfer —0.008 -1522 1.3E-01
desikan pial
Volume of Ssuborbital (right) Frontal Freesurfer —0.008 -1520 1.3E-01
a2009s
thickness of Superior Parietal Lobule (left) Parietal Freesurfer 0.008 1519 1.3E-01
DKT
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Area of Brodmann Area 3a (right) Parietal Freesurfer —-0.008 -1518 1.3E-01
BA exvivo
thickness of Scollattransvant (right) Temporal  Freesurfer —0.008 -1513 13E-01
a2009s
Area of Fusiform Gyrus (right) Occipital Freesurfer —-0.008 -1512 1.3E-01
desikan pial
Volume of grey matter in Vermis VIlib Cerebellum Cerebellu  FAST 0.008 1507 1.3E-01
m
Area of GoctempmedParahip (left) Temporal  Freesurfer 0.008 1507 1.3E-01
a2009s
thickness of Spericallosal (right) Limbic Freesurfer —-0.008 -1506 1.3E-01
a2009s
thickness of Brodmann Area 4a (right) Frontal Freesurfer —-0.008 -1505 1.3E-01
BA exvivo
Volume of Frontal Medial Cortex, rostral (right) Frontal Freesurfer —0.008 -1503 1.3E-01
DKT
Area of Precentral Gyrus (left) Frontal Freesurfer —-0.008 -1503 1.3E-01
desikan
white
Volume of Gprecentral (right) Frontal Freesurfer —-0.008 -1.496 1.3E-01
a2009s
Mean OD in anterior corona radiata (left) Thalamic  dMRI OD 0.008 1496 1.3E-01
radiations
Avrea of Sprecentralinfpart (left) Frontal Freesurfer —-0.008 -1.494 1.4E-01
a2009s
Avrea of GeingulPostventral (right) Limbic Freesurfer —-0.008 -1.493 1.4E-01
a2009s
thickness of Gprecentral (right) Frontal Freesurfer —-0.008 -1.490 1.4E-01
a2009s
Volume of Brodmann Area 1 (left) Parietal Freesurfer -0.008 -1.488 1.4E-01
BA exvivo
Grey-white contrast in Superior Parietal Lobule (left)  Parietal Freesurfer —-0.008 -1.488 1.4E-01
desikan gw
thickness of Sprecentralinfpart (right) Frontal Freesurfer —-0.008 -1.477 14E-01
a2009s
thickness of Stemporalinf (left) Temporal  Freesurfer —0.008 -1.476 14E-01
a2009s
Grey-white contrast in Lateral orbitofrontal cortex Frontal Freesurfer —0.007 -1.474 14E-01
(left) desikan gw
Volume of Fusiform Gyrus (right) Occipital Freesurfer —-0.008 -1.473 14E-01
DKT
Volume of Scollattransvpost (right) Temporal  Freesurfer 0.008 1473 1.4E-01
a2009s
Volume of grey matter in Parahippocampal Gyrus, Temporal  FAST —0.008 -1.469 14E-01
anterior division (right)
Mean ICVF in pontine crossing tract on FA skeleton Brainstem  dMRI ICVF —0.008 -1.468 1.4E-01
fibres
Volume of Frontal Medial Cortex, rostral (left) Frontal Freesurfer —-0.008 -1.467 1.4E-01
DKT
Volume of Lateral orbitofrontal cortex (right) Frontal Freesurfer —0.008 -1.466 1.4E-01
desikan
white
Mean FA in pontine crossing tract on FA skeleton Brainstem  dMRI FA —0.008 -1.463 1.4E-01
fibres
thickness of Scircularinsulaant (right) Insular Freesurfer —0.008 -1.461 1.4E-01
a2009s
Mean FA in posterior limb of internal capsule (right)  Internal dMRI FA —0.008 -1.461 1.4E-01
capsule
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Volume of grey matter in Superior Parietal Lobule Parietal FAST —-0.008 -1.461 14E-01
(right)
Volume of Superior Frontal Gyrus (left) Frontal Freesurfer —0.008 -1.458 1.4E-01
desikan
white
Area of Brodmann Area 4a (left) Frontal Freesurfer —-0.008 -1.457 14E-01
BA exvivo
Mean ICVF in cerebral peduncle (left) Brainstem  dMRI ICVF 0.008 1.457 15E-01
fibres
thickness of Superior Temporal Gyrus (left) Temporal  Freesurfer —0.008 -1.457 15E-01
DKT
Volume of GfrontinfOpercular (right) Frontal Freesurfer —-0.008 -1.457 15E-01
a2009s
Volume of Gtemporalmiddle (left) Temporal  Freesurfer —-0.008 -1.455 15E-01
a2009s
Mean FA in posterior corona radiata (left) Thalamic ~ dMRI FA —0.008 -1.453 15E-01
radiations
thickness of Sorbitalmedolfact (left) Frontal Freesurfer -0.008 -1.453 15E-01
a2009s
Volume of LGN (right) Thalamus  Freesurfer -0.007 -1.452 15E-01
subsegment
ation
Volume of Brodmann Area 3b (left) Parietal Freesurfer —-0.008 -1.451 15E-01
BA exvivo
Mean ISOVF in cingulum cingulate gyrus (left) Limbic dMRI 0.008 1.447 15E-01
system ISOVF
fibres
Volume of HATA (right) Hippocam  Freesurfer 0.008 1.447 15E-01
pus subsegment
ation
thickness of GfrontinfTriangul (left) Frontal Freesurfer —-0.008 -1.446 15E-01
a2009s
Volume of GoctempmedParahip (right) Temporal  Freesurfer 0.008 1446  1.5E-01
a2009s
Volume of SoctempmedLingual (right) Temporal  Freesurfer 0.008 1.445 15E-01
a2009s
Mean ICVF in external capsule (right) Associatio dMRI ICVF —0.007 -1.445 15E-01
n fibres
thickness of SocmiddleLunatus (right) Occipital Freesurfer 0.008 1441 15E-01
a2009s
Mean ICVF in anterior corona radiata (right) Thalamic ~ dMRI ICVF —0.007 -1.440 15E-01
radiations
Mean ICVF in retrolenticular part of internal capsule  Internal dMRI ICVF —0.008 -1.438 15E-01
(left) capsule
thickness of PreCuneal Cortex (left) Occipital Freesurfer —0.008 -1.437 15E-01
desikan
white
Avrea of rostral Antcingulate (left) Limbic Freesurfer —-0.008 -1.436 15E-01
desikan pial
thickness of Lateral orbitofrontal cortex (right) Frontal Freesurfer —0.008 -1.435 15E-01
DKT
thickness of Brodmann Area 4p (left) Frontal Freesurfer —0.008 -1.435 15E-01
BA exvivo
Mean OD in cingulum cingulate gyrus (right) Limbic dMRI OD —0.008 -1.433 15E-01
system
fibres
Mean axial diffusivity in posterior thalamic radiation ~ Thalamic ~ dMRI 0.008 1432 15E-01
(right) radiations  diffusivity
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Mean OD in splenium of corpus callosum on FA Commissu  dMRI OD —-0.008 -1.432 15E-01
skeleton ral fibres
Volume of Amygdala (left) Amygdala  Freesurfer 0.007 1428 1.5E-01
ASEG
Volume of Pons (whole brain) NA Freesurfer 0.008 1.427 15E-01
subsegment
ation
Grey-white contrast in Postcentral Gyrus (right) Parietal Freesurfer —-0.008 -1.424 15E-01
desikan gw
Mean FA in superior longitudinal fasciculus (left) Associatio dMRI FA —0.008 -1.420 1.6E-01
n fibres
thickness of Brodmann Area 44 (left) Frontal Freesurfer —-0.008 -1.414 1.6E-01
BA exvivo
Volume of Cingulate Gyrus, isthmus (left) Limbic Freesurfer 0.008 1414 1.6E-01
DKT
Grey-white contrast in Inferior Frontal Gyrus, pars Frontal Freesurfer —0.007 -1.410 1.6E-01
orbitalis (left) desikan gw
Mean radial diffusivity in cerebral peduncle (right) Brainstem  dMRI 0.008 1.409 1.6E-01
fibres diffusivity
Area of Brodmann Area 6 (right) Frontal Freesurfer —-0.008 -1.408 1.6E-01
BA exvivo
Volume of Cortex (right) NA Freesurfer —0.007 -1.407 1.6E-01
ASEG
Volume of Inferior Frontal Gyrus, pars orbitalis Frontal Freesurfer 0.007 1.406 1.6E-01
(right) desikan
white
Volume of grey matter in VI Cerebellum (left) Cerebellu  FAST 0.007 1.404 1.6E-01
m
Volume of Cingulate Gyrus, isthmus (left) Limbic Freesurfer 0.008 1403 1.6E-01
desikan
white
thickness of Parahippocampal Gyrus (right) Temporal  Freesurfer —-0.008 -1.403 1.6E-01
desikan
white
Volume of grey matter in Middle Temporal Gyrus, Temporal  FAST —0.007 -1.399 1.6E-01
posterior division (right)
Volume of Inferior Temporal Gyrus (left) Temporal  Freesurfer —0.008 -1.398 1.6e-01
DKT
Mean axial diffusivity in medial lemniscus (right) Brainstem  dMRI 0.008 1.397 1.6E-01
fibres diffusivity
Area of Paracentral lobule (left) Frontal Freesurfer —-0.008 -1.397 1.6E-01
desikan pial
Area of Lingual Gyrus (right) Occipital Freesurfer —0.008 -1.395 1.6E-01
DKT
Volume of VLp (left) Thalamus  Freesurfer 0.008 1395 1.6E-01
subsegment
ation
Volume of Gtemporalinf (left) Temporal  Freesurfer —-0.008 -1.394 1.6E-01
a2009s
thickness of Cuneal Cortex (left) Occipital Freesurfer —0.008 -1.393 1.6e-01
DKT
Mean radial diffusivity in external capsule (left) Associatio dMRI 0.007 1.393 1.6E-01
n fibres diffusivity
Volume of Wholebrainstem (whole brain) NA Freesurfer 0.008 1.393 1.6E-01
subsegment
ation
Area of Brodmann Area V5 (right) Occipital Freesurfer —0.008 -1.389 1.6e-01
BA exvivo
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Volume of Brodmann Area 4p (right) Frontal Freesurfer —-0.008 -1.388 1.7E-01
BA exvivo
Volume of grey matter in Lateral Occipital Cortex, Occipital FAST —0.007 -1.387 1.7E-01
superior division (left)
thickness of Ginsularshort (right) Insular Freesurfer —-0.008 -1.386 1.7E-01
a2009s
thickness of GfrontinfOpercular (left) Frontal Freesurfer -0.007 -1.386 1.7E-01
a2009s
thickness of Brodmann Area 2 (right) Parietal Freesurfer 0.007 1384 1.7E-01
BA exvivo
Grey-white contrast in PreCuneal Cortex (left) Occipital Freesurfer —-0.007 -1.383 1.7E-01
desikan gw
Volume of Goccipitalsup (right) Occipital Freesurfer 0.008 1381 1.7E-01
a2009s
Mean ISOVF in corticospinal tract (right) Brainstem  dMRI 0.008 1376 1.7E-01
fibres ISOVF
Area of PreCuneal Cortex (left) Occipital Freesurfer 0.008 1376 1.7E-01
DKT
Volume of Parahippocampal Gyrus (right) Temporal  Freesurfer 0.007 1375 1.7E-01
DKT
Area of Entorhinal cortex (right) Temporal  Freesurfer 0.008 1374 17E-01
BA exvivo
Volume of grey matter in Lateral Occipital Cortex, Occipital FAST 0.007 1373 1.7E-01
superior division (right)
Mean OD in medial lemniscus (right) Brainstem dMRI OD 0.007 1373 17E-01
fibres
Area of GSoccipitalinf (left) Occipital Freesurfer 0.008 1371  1.7E-01
a2009s
Volume of VM (left) Thalamus  Freesurfer 0.008 1371  1.7E-01
subsegment
ation
thickness of Paracentral lobule (left) Frontal Freesurfer -0.007 -1.367 1.7E-01
desikan
white
Mean axial diffusivity in corticospinal tract (right) Brainstem  dMRI 0.007 1.366 1.7E-01
fibres diffusivity
Volume of grey matter in Middle Temporal Gyrus, Temporal  FAST —0.007 -1.366 1.7E-01
anterior division (right)
Area of Superior Temporal Gyrus (left) Temporal  Freesurfer 0.007 1364 1.7E-01
desikan
white
Area of Fusiform Gyrus (right) Occipital Freesurfer -0.007 -1.355 1.8E-01
DKT
Volume of pallidum (right) Pallidum FIRST 0.007 1353 1.8E-01
Volume of Sprecentralinfpart (right) Frontal Freesurfer —0.007 -1.353 1.8E-01
a2009s
Area of GfrontinfOpercular (left) Frontal Freesurfer —0.007 -1.352 1.8E-01
a2009s
Volume of Brodmann Area 45 (right) Frontal Freesurfer —0.007 -1.351 1.8E-01
BA exvivo
Mean axial diffusivity in posterior thalamic radiation ~ Thalamic ~ dMRI 0.007 1351 18E-01
(left) radiations  diffusivity
thickness of Sprecentralinfpart (left) Frontal Freesurfer —0.007 -1.349 1.8E-01
a2009s
Mean intensity of OpticChiasm (whole brain) NA Freesurfer —0.007 -1.346 1.8E-01
ASEG
thickness of Brodmann Area 3a (left) Parietal Freesurfer —-0.007 -1.344 1.8E-01
BA exvivo
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Volume of Brodmann Area 6 (right) Frontal Freesurfer —-0.007 -1.344 1.8E-01
BA exvivo
thickness of Sprecentralsuppart (right) Frontal Freesurfer —0.007 -1.340 1.8E-01
a2009s
Mean ICVF in anterior limb of internal capsule Internal dMRI ICVF -0.007 -1.336 1.8E-01
(right) capsule
thickness of GtempsupGTtransv (right) Temporal  Freesurfer 0.007 1329 1.8E-01
a2009s
thickness of SoctempmedLingual (right) Temporal  Freesurfer —0.007 -1.324 19E-01
a2009s
thickness of Brodmann Area 6 (left) Frontal Freesurfer —-0.007 -1.321 1.9E-01
BA exvivo
thickness of Frontal Medial Cortex, rostral (right) Frontal Freesurfer —-0.007 -1.318 1.9e-01
DKT
Mean ISOVF in cerebral peduncle (right) Brainstem  dMRI 0.007 1317 19E-01
fibres ISOVF
Area of SocmiddleLunatus (right) Occipital Freesurfer -0.007 -1.317 1.9E-01
a2009s
thickness of Parahippocampal Gyrus (right) Temporal  Freesurfer -0.007 -1316 1.9E-01
DKT
Avrea of caudal Antcingulate (right) Limbic Freesurfer 0.007 1.307 1.9E-01
desikan
white
Volume of VM (right) Thalamus  Freesurfer 0.007 1.307 1.9E-01
subsegment
ation
Volume of SoctempmedLingual (left) Temporal  Freesurfer 0.007 1.306 1.9E-01
a2009s
thickness of Socsuptransversal (left) Occipital Freesurfer 0.007 1305 1.9E-01
a2009s
thickness of Paracentral lobule (left) Frontal Freesurfer -0.007 -1.304 1.9E-01
DKT
thickness of PreCuneal Cortex (right) Occipital Freesurfer 0.007 1.304 19E-01
DKT
Volume of CCMidPosterior (whole brain) NA Freesurfer —0.007 -1.303 1.9E-01
ASEG
Volume of grey matter in Middle Temporal Gyrus, Temporal  FAST —0.007 -1.300 1.9e-01
anterior division (left)
Area of Medorbitofrontal (right) Frontal Freesurfer —0.007 -1.300 1.9e-01
desikan
white
Area of Cingulate Gyrus, isthmus (right) Limbic Freesurfer 0.007 1.297 19E-01
DKT
Volume of Lateral orbitofrontal cortex (left) Frontal Freesurfer —0.007 -1.291 2.0E-01
DKT
Area of Cingulate Gyrus, isthmus (right) Limbic Freesurfer 0.007 1.291 2.0E-01
desikan pial
Mean ISOVF in tapetum (left) Commissu  dMRI 0.007 1.290 2.0E-01
ral fibres ISOVF
Volume of Inferior Frontal Gyrus, pars opercularis Frontal Freesurfer —0.007 -1.289 2.0E-01
(right) DKT
Area of Scircularinsulasup (right) Insular Freesurfer —-0.007 -1.287 2.0E-01
a2009s
Volume of AV (right) Thalamus  Freesurfer —0.007 -1.286 2.0E-01
subsegment
ation
Mean FA in anterior limb of internal capsule (left) Internal dMRI FA —0.007 -1.283 2.0E-01
capsule
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Mean axial diffusivity in inferior cerebellar peduncle  Brainstem  dMRI —-0.007 -1.281 2.0E-01

(left) fibres diffusivity

Volume of Gtemporalinf (right) Temporal  Freesurfer —0.007 -1.276  2.0E-01
a2009s

thickness of Superior Frontal Gyrus (left) Frontal Freesurfer —-0.006 -1.271 2.0E-01
DKT

Area of Socsuptransversal (left) Occipital Freesurfer -0.007 -1.266 2.1E-01
a2009s

thickness of Brodmann Area 4p (right) Frontal Freesurfer —0.007 -1.264 2.1E-01
BA exvivo

Volume of thalamus (right) Thalamus  FIRST —-0.006 -1.259 2.1E-01

Volume of Wholeamygdala (right) Amygdala  Freesurfer 0.006 1256 2.1E-01
subsegment
ation

Volume of Cingulate Gyrus, posterior (left) Limbic Freesurfer —-0.007 -1.254 2.1E-01
DKT

Avrea of Superior Frontal Gyrus (left) Frontal Freesurfer -0.007 -1253 2.1E-01
desikan pial

thickness of GSsubcentral (right) Frontal Freesurfer 0.007 1252 2.1E-01
a2009s

Area of Brodmann Area 3a (left) Parietal Freesurfer -0.007 -1252 2.1E-01
BA exvivo

Avrea of GeingulPostdorsal (right) Limbic Freesurfer -0.007 -1249 2.1E-01
a2009s

Volume of Sprecentralinfpart (left) Frontal Freesurfer -0.007 -1.249 2.1E-01
a2009s

Volume of SorbitalHShaped (left) Frontal Freesurfer -0.007 -1.247 2.1E-01
a2009s

Mean OD in superior fronto-occipital fasciculus Associatio dMRI OD -0.007 -1.247 2.1E-01

(right) n fibres

Grey-white contrast in Medorbitofrontal (left) Frontal Freesurfer —-0.006 -1.247 2.1E-01
desikan gw

thickness of LatFispost (right) NA Freesurfer -0.007 -1.247 2.1E-01
a2009s

Mean radial diffusivity in posterior limb of internal Internal dMRI 0.007 1.244 2.1E-01

capsule (left) capsule diffusivity

Mean MD in cerebral peduncle (left) Brainstem  dMRI -0.007 -1.243 2.1E-01

fibres diffusivity

thickness of Scircularinsulasup (right) Insular Freesurfer -0.007 -1.243 2.1E-01
a2009s

Volume of PuL (left) Thalamus  Freesurfer 0.007 1242 2.1E-01
subsegment
ation

Area of Superior Temporal Gyrus (left) Temporal  Freesurfer 0.007 1.242 2.1E-01
DKT

Avrea of Lateral orbitofrontal cortex (right) Frontal Freesurfer —0.007 -1.240 2.1E-01
desikan pial

Volume of Stemporalsup (left) Temporal  Freesurfer —0.007 -1.239 2.2E-01
a2009s

Volume of PreCuneal Cortex (right) Occipital Freesurfer 0.007 1.236 2.2E-01
desikan
white

Mean OD in tapetum (right) Commissu  dMRI OD —0.007 -1.232 2.2E-01

ral fibres

Volume of PreCuneal Cortex (right) Occipital Freesurfer 0.007 1232 2.2E-01
DKT

thickness of Goctemplatfusifor (left) Temporal  Freesurfer —-0.007 -1.231 2.2E-01
a2009s
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Area of GparietinfAngular (right) Parietal Freesurfer —-0.007 -1.231 2.2E-01
a2009s

thickness of Ginsularshort (left) Insular Freesurfer —0.007 -1.230 2.2E-01
a2009s

thickness of GtempsupPlantempo (right) Temporal  Freesurfer 0.007 1229 2.2E-01
a2009s

Volume of GtempsupLateral (left) Temporal  Freesurfer 0.007 1.227 2.2E-01
a2009s

Grey-white contrast in rostralAntcingulate (right) Limbic Freesurfer —0.006 -1.226 2.2E-01
desikan gw

thickness of Perirhinal cortex (right) Temporal  Freesurfer —-0.007 -1.226 2.2E-01
BA exvivo

Volume of grey matter in Postcentral Gyrus (right) Parietal FAST —-0.006 -1.225 2.2E-01

Area of SintraparietPtrans (left) Parietal Freesurfer —0.007 -1.224 22E-01
a2009s

Volume of Insular Cortex (right) Insular Freesurfer -0.007 -1.219 2.2E-01
DKT

thickness of Global thickness (left) NA Freesurfer —0.006 -1.219 2.2E-01
a2009s

Grey-white contrast in Parahippocampal Gyrus Temporal  Freesurfer —0.006 -1.217 2.2E-01

(right) desikan gw

Avrea of Goctemplatfusifor (left) Temporal  Freesurfer -0.007 -1217 2.2E-01
a2009s

thickness of Entorhinal cortex (right) Temporal  Freesurfer —0.007 -1.215 2.2E-01
BA exvivo

Avrea of caudal Antcingulate (right) Limbic Freesurfer 0.007 1.208 2.3E-01
DKT

Avrea of caudalAntcingulate (right) Limbic Freesurfer 0.007 1205 2.3E-01
desikan pial

Avrea of Paracentral lobule (right) Frontal Freesurfer -0.007 -1.205 2.3E-01
desikan pial

thickness of GStransvfrontopol (right) Frontal Freesurfer —-0.006 -1.204 2.3E-01
a2009s

Mean radial diffusivity in retrolenticular part of Internal dMRI 0.007 1.203 2.3E-01

internal capsule (left) capsule diffusivity

Volume of grey matter in X Cerebellum (right) Cerebellu  FAST 0.006 1.200 2.3E-01

m

Volume of Brodmann Area V5 (right) Occipital Freesurfer —0.007 -1.200 2.3E-01
BA exvivo

Volume of grey matter in Superior Temporal Gyrus, Temporal  FAST —0.006 -1.195 2.3E-01

anterior division (right)

Area of Soctemplat (right) Temporal  Freesurfer —0.007 -1.190 2.3e-01
a2009s

Volume of caudal Antcingulate (right) Limbic Freesurfer 0.007 1.189 2.3E-01
desikan
white

Mean radial diffusivity in corticospinal tract (left) Brainstem  dMRI 0.007 1.188 2.3E-01

fibres diffusivity

Volume of Entorhinal cortex (left) Temporal  Freesurfer 0.007 1183 24E-01
DKT

thickness of Postcentral Gyrus (right) Parietal Freesurfer 0.006 1.181 2.4E-01
DKT

thickness of GoctempmedLingual (right) Occipital Freesurfer 0.007 1.178 2.4E-01
a2009s

Volume of grey matter in Cuneal Cortex (left) Occipital FAST —-0.006 -1.177 2.4E-01

Avrea of Lateral Occipital Cortex (left) Occipital Freesurfer —0.006 -1.174 24E-01
desikan pial
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thickness of Superior Frontal Gyrus (left) Frontal Freesurfer —-0.006 -1.172 24E-01
desikan
white
thickness of Superior Parietal Lobule (left) Parietal Freesurfer 0.006 1172 2.4E-01
desikan
white
Volume of grey matter in Supramarginal Gyrus, Parietal FAST —-0.006 -1.171 24E-01
posterior division (right)
Volume of grey matter in Central Opercular Cortex Insular FAST —0.006 -1.170 24E-01
(left)
Grey-white contrast in Cingulate Gyrus, posterior Limbic Freesurfer 0.006 1166 2.4E-01
(right) desikan gw
Volume of Inferior Temporal Gyrus (left) Temporal  Freesurfer —-0.006 -1.164 24E-01
desikan
white
Volume of Fusiform Gyrus (right) Occipital Freesurfer —0.006 -1.162 25E-01
desikan
white
Avrea of Transverse temporal gyrus (right) Temporal  Freesurfer —-0.006 -1.162 25E-01
desikan pial
Avrea of Inferior Temporal Gyrus (left) Temporal  Freesurfer —0.006 -1.160 2.5E-01
desikan pial
Area of Gtemporalinf (right) Temporal  Freesurfer —0.006 -1.160 2.5E-01
a2009s
Volume of Socsuptransversal (right) Occipital Freesurfer 0.006 1156 2.5E-01
a2009s
Mean OD in superior longitudinal fasciculus (left) Associatio dMRI OD —-0.006 -1.153 2.5E-01
n fibres
Volume of Hippocampaltail (right) Hippocam  Freesurfer 0.006 1152 2.5E-01
pus subsegment
ation
Avrea of Scircularinsulasup (left) Insular Freesurfer —-0.006 -1.152 2.5E-01
a2009s
Mean ISOVF in sagittal stratum (right) Associatio dMRI —-0.006 -1.151 2.5E-01
n fibres ISOVF
thickness of Stemporalinf (right) Temporal  Freesurfer —0.006 -1.150 2.5E-01
a2009s
Volume of grey matter in Inferior Frontal Gyrus, pars  Frontal FAST —0.006 -1.148 2.5E-01
opercularis (left)
Volume of GtempsupPlantempo (left) Temporal  Freesurfer 0.006 1.147  2.5E-01
a2009s
thickness of PreCuneal Cortex (right) Occipital Freesurfer 0.006 1.147  2.5E-01
desikan
white
Area of GSparacentral (left) Frontal Freesurfer 0.006 1.146 2.5E-01
a2009s
Volume of grey matter in Vermis VIlla Cerebellum Cerebellu  FAST 0.006 1146 2.5E-01
m
thickness of Stemporaltransverse (left) Temporal  Freesurfer —-0.006 -1.145 25E-01
a2009s
Area of PreCuneal Cortex (left) Occipital Freesurfer 0.006 1.145 25E-01
desikan
white
thickness of Insular Cortex (right) Insular Freesurfer —-0.006 -1.145 25E-01
desikan
white
thickness of PreCuneal Cortex (left) Occipital Freesurfer —0.006 -1.145 25E-01
DKT
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Volume of Corticalnucleus (left) Amygdala  Freesurfer —-0.006 -1.144 25E-01
subsegment
ation
Area of Frontal Medial Cortex, rostral (left) Frontal Freesurfer —0.006 -1.143 25E-01
desikan pial
thickness of Lateral orbitofrontal cortex (right) Frontal Freesurfer —-0.006 -1.142 25E-01
desikan
white
Volume of Ginsularshort (right) Insular Freesurfer —0.006 -1.140 25E-01
a2009s
Area of GfrontinfTriangul (left) Frontal Freesurfer —0.006 -1.138 2.6E-01
a2009s
Area of Socsuptransversal (right) Occipital Freesurfer 0.006 1.135 2.6E-01
a2009s
thickness of Medorbitofrontal (right) Frontal Freesurfer —0.006 -1.132 2.6E-01
DKT
Mean FA in uncinate fasciculus (right) Associatio dMRI FA —0.006 -1.131 2.6E-01
n fibres
Mean radial diffusivity in inferior cerebellar peduncle ~ Brainstem  dMRI 0.006 1127 2.6E-01
(left) fibres diffusivity
thickness of GScingulAnt (left) Limbic Freesurfer —0.006 -1.125 2.6E-01
a2009s
Volume of grey matter in Intracalcarine Cortex Occipital FAST —-0.006 -1.121  2.6E-01
(right)
Mean axial diffusivity in superior cerebellar peduncle ~ Brainstem  dMRI 0.006 1120 2.6E-01
(right) fibres diffusivity
Volume of grey matter in Thalamus (left) Thalamus  FAST 0.006 1.120 2.6E-01
Avrea of Fusiform Gyrus (right) Occipital Freesurfer —-0.006 -1.118 2.6E-01
desikan
white
Volume of grey matter in Superior Frontal Gyrus Frontal FAST —0.006 -1.118 2.6E-01
(right)
Volume of SintraparietPtrans (left) Parietal Freesurfer —-0.006 -1.117 2.6E-01
22009s
Area of GSfrontomargin (left) Frontal Freesurfer 0.006 1117 2.6E-01
a2009s
thickness of GfrontinfOrbital (right) Frontal Freesurfer 0.006 1116 2.6E-01
a2009s
Volume of GparietinfAngular (left) Parietal Freesurfer —-0.006 -1.114 2.7E-01
a2009s
thickness of GoctempmedParahip (right) Temporal  Freesurfer —0.006 -1.114 2.7E-01
22009s
Mean ISOVF in cingulum hippocampus (left) Limbic dMRI 0.006 1114 2.7E-01
system ISOVF
fibres
Area of GparietinfAngular (left) Parietal Freesurfer —0.006 -1.112 27E-01
a2009s
Mean axial diffusivity in pontine crossing tract on FA  Brainstem  dMRI 0.006 1111  2.7E-01
skeleton fibres diffusivity
Volume of CCMidAnt (whole brain) NA Freesurfer 0.006 1110 2.7E-01
ASEG
Mean radial diffusivity in cingulum hippocampus Limbic dMRI —0.006 -1.109 2.7E-01
(left) system diffusivity
fibres
Volume of grey matter in Pallidum (right) Pallidum FAST 0.006 1.106 2.7E-01
thickness of Brodmann Area V2 (right) Occipital Freesurfer 0.006 1105 2.7E-01
BA exvivo

301



Volume of Gfrontsup (left) Frontal Freesurfer —-0.006 -1.103 2.7E-01
a2009s
thickness of Lingual Gyrus (right) Occipital Freesurfer 0.006 1101 2.7E-01
desikan
white
Volume of grey matter in Insular Cortex (left) Insular FAST —-0.006 -1.100 2.7E-01
Grey-white contrast in Entorhinal cortex (right) Temporal  Freesurfer —0.006 -1.100 2.7E-01
desikan gw
Area of ScingulMarginalis (left) Frontal Freesurfer 0.006 1.100 2.7E-01
a2009s
Mean radial diffusivity in inferior cerebellar peduncle  Brainstem  dMRI 0.006 1.097 27E-01
(right) fibres diffusivity
Volume of grey matter in Vermis VIIb Cerebellum Cerebellu  FAST 0.006 1.097 2.7E-01
m
Volume of GSsubcentral (right) Frontal Freesurfer —-0.006 -1.096 2.7E-01
a2009s
Mean MD in pontine crossing tract on FA skeleton Brainstem  dMRI 0.006 1.094 27E-01
fibres diffusivity
Volume of grey matter in Insular Cortex (right) Insular FAST —0.006 -1.093 2.7E-01
Volume of grey matter in Cingulate Gyrus, posterior ~ Limbic FAST 0.006 1.090 2.8E-01
division (right)
Area of Cingulate Gyrus, isthmus (right) Limbic Freesurfer 0.006 1.089 2.8E-01
desikan
white
Volume of Scircularinsulaant (left) Insular Freesurfer —-0.006 -1.089 2.8E-01
a2009s
thickness of GtempsupLateral (right) Temporal  Freesurfer 0.006 1.086 2.8e-01
a2009s
Volume of Hippocampus (right) Hippocam  Freesurfer 0.005 1.082 2.8E-01
pus ASEG
Mean axial diffusivity in anterior corona radiata (left)  Thalamic ~ dMRI 0.006 1.080 2.8e-01
radiations  diffusivity
Volume of Poletemporal (right) Temporal  Freesurfer 0.006 1.078 2.8E-01
a2009s
Mean OD in pontine crossing tract on FA skeleton Brainstem  dMRI OD —0.006 -1.078 2.8E-01
fibres
Area of GScingulMidAnt (right) Limbic Freesurfer —0.006 -1.078 2.8E-01
a2009s
Mean radial diffusivity in pontine crossing tract on Brainstem  dMRI 0.006 1.077 2.8E-01
FA skeleton fibres diffusivity
thickness of GcingulPostdorsal (left) Limbic Freesurfer —-0.006 -1.077 2.8E-01
a2009s
Grey-white contrast in Banks superior temporal Temporal  Freesurfer —-0.006 -1.076  2.8E-01
sulcus (left) desikan gw
thickness of Scentral (left) Frontal Freesurfer —0.006 -1.076  2.8E-01
22009s
Volume of thalamus (left) Thalamus ~ FIRST -0.005  -1.073 28E-01
Area of Poletemporal (left) Temporal  Freesurfer —0.006 -1.073 2.8E-01
a2009s
thickness of Sorbitalmedolfact (right) Frontal Freesurfer —-0.006 -1.072 2.8E-01
a2009s
Area of Medorbitofrontal (right) Frontal Freesurfer —-0.006 -1.071 2.8E-01
DKT
Avrea of Inferior Frontal Gyrus, pars orbitalis (right) Frontal Freesurfer 0.006 1.070 2.8E-01
desikan pial
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Volume of CA3head (left) Hippocam  Freesurfer —-0.006 -1.069 2.9E-01
pus subsegment

ation

Volume of GfrontinfOrbital (right) Frontal Freesurfer 0.006 1.066 2.9E-01
a2009s

thickness of Gsubcallosal (right) Frontal Freesurfer —-0.006 -1.062 2.9e-01
a2009s

Volume of Inferior Frontal Gyrus, pars triangularis Frontal Freesurfer —-0.006 -1.059 2.9E-01

(right) desikan
white

Volume of AntamygdaloidareA (left) Amygdala  Freesurfer 0.006 1.053 29E-01
subsegment
ation

Volume of GparietinfAngular (right) Parietal Freesurfer —-0.006 -1.053 2.9e-01
a2009s

Avrea of Lateral Occipital Cortex (left) Occipital Freesurfer —0.006 -1.053 2.9E-01
DKT

Volume of Entorhinal cortex (right) Temporal  Freesurfer 0.006 1.052 2.9E-01
DKT

thickness of Lingual Gyrus (right) Occipital Freesurfer 0.006 1.052 2.9E-01
DKT

Volume of grey matter in Heschls Gyrus (includes Temporal  FAST —-0.005 -1.052 2.9e-01

H1 and H2) (left)

thickness of Brodmann Area 44 (right) Frontal Freesurfer —0.006 -1.050 2.9e-01
BA exvivo

Avrea of Sorbitallateral (left) Frontal Freesurfer 0.006 1.048 2.9E-01
a2009s

Volume of VLp (right) Thalamus  Freesurfer 0.006 1.047 3.0E-01
subsegment
ation

Volume of Transverse temporal gyrus (left) Temporal  Freesurfer 0.006 1.047 3.0E-01
DKT

Mean ISOVF in superior longitudinal fasciculus Associatio  dMRI 0.006 1.043 3.0E-01

(right) n fibres ISOVF

thickness of Entorhinal cortex (right) Temporal  Freesurfer —0.006 -1.041  3.0E-01
desikan
white

Volume of Wholethalamus (right) Thalamus  Freesurfer 0.005 1.041 3.0e-01
subsegment
ation

thickness of Goccipitalsup (left) Occipital Freesurfer 0.006 1.039 3.0E-01
a2009s

Avrea of rostralAntcingulate (right) Limbic Freesurfer 0.006 1.039 3.0E-01
desikan pial

Grey-white contrast in Cuneal Cortex (right) Occipital Freesurfer —0.006 -1.038 3.0E-01
desikan gw

Volume of Soctemplat (left) Temporal  Freesurfer —-0.006 -1.038 3.0E-01
a2009s

thickness of Cuneal Cortex (right) Occipital Freesurfer —-0.006 -1.037 3.0E-01
desikan
white

Area of Gtemporalmiddle (left) Temporal  Freesurfer —0.006 -1.036 3.0E-01
a2009s

thickness of Superior Temporal Gyrus (left) Temporal  Freesurfer —-0.005 -1.036 3.0E-01
desikan
white

Mean OD in anterior corona radiata (right) Thalamic  dMRI OD 0.006 1.033 3.0e-01

radiations
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Area of Inferior Frontal Gyrus, pars orbitalis (right) Frontal Freesurfer 0.006 1.033 3.0E-01
DKT

Mean axial diffusivity in inferior cerebellar peduncle ~ Brainstem dMRI —0.006 -1.032 3.0E-01

(right) fibres diffusivity

Volume of Inferior Frontal Gyrus, pars opercularis Frontal Freesurfer —-0.006 -1.030 3.0E-01

(right) desikan
white

Area of Banks superior temporal sulcus (right) Temporal  Freesurfer —-0.006 -1.028 3.0E-01
desikan
white

thickness of GeingulPostventral (left) Limbic Freesurfer —0.006 -1.025 3.1E-01
a2009s

Area of GfrontinfOpercular (right) Frontal Freesurfer —-0.006 -1.023 3.1E-01
a2009s

Avrea of Supramarginal Gyrus (right) Parietal Freesurfer —0.006 -1.022 3.1E-01
desikan pial

Avrea of caudalAntcingulate (left) Limbic Freesurfer —0.006 -1.022 3.1E-01
desikan
white

Mean intensity of InfLatVent (right) NA Freesurfer 0.006 1.022 3.1E-01
ASEG

Area of Lateral Occipital Cortex (right) Occipital Freesurfer —0.006 -1.020 3.1E-01
desikan
white

Avrea of GtempsupPlanpolar (left) Temporal  Freesurfer 0.006 1.017 3.1E-01
a2009s

Avrea of Precentral Gyrus (right) Frontal Freesurfer —-0.006 -1.016 3.1E-01
DKT

Volume of Cingulate Gyrus, isthmus (right) Limbic Freesurfer 0.006 1.015 3.1E-01
DKT

Volume of Lateral orbitofrontal cortex (left) Frontal Freesurfer —-0.005 -1.013 3.1E-01
desikan
white

Grey-white contrast in Middle Temporal Gyrus Temporal  Freesurfer —-0.005 -1.011 3.1E-01

(right) desikan gw

Volume of Accumbensarea (right) Striatum Freesurfer —-0.005 -1.010 3.1E-01
ASEG

Volume of CerebellumWhiteMatter (right) Cerebellu  Freesurfer 0.005 1.009 3.1E-01

m ASEG

Volume of grey matter in Frontal Operculum Cortex Insular FAST —-0.005 -1.009 3.1E-01

(right)

Grey-white contrast in Middle Temporal Gyrus (left)  Temporal  Freesurfer —-0.005 -1.008 3.1E-01
desikan gw

Area of Brodmann Area 45 (right) Frontal Freesurfer —0.006 -1.004 3.2E-01
BA exvivo

Volume of Stemporalinf (left) Temporal  Freesurfer —-0.005 -1.002 3.2E-01
a2009s

Area of Transverse temporal gyrus (right) Temporal  Freesurfer —-0.005 -1.002 3.2E-01
DKT

Volume of Superior Frontal Gyrus (left) Frontal Freesurfer —0.005 -0.998 3.2E-01
DKT

thickness of Ssubparietal (right) Parietal Freesurfer 0.005 0.996 3.2E-01
a2009s

Area of Stemporaltransverse (right) Temporal  Freesurfer —-0.006 -0.994 3.2E-01
a2009s

Avrea of Spericallosal (left) Limbic Freesurfer 0.005 0.992 3.2E-01
a2009s

Area of Ssuborbital (left) Frontal Freesurfer 0.005 0.991 3.2E-01
a2009s
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Mean FA in cingulum cingulate gyrus (left) Limbic dMRI FA 0.005 0.989 3.2E-01
system
fibres
Mean FA in cerebral peduncle (left) Brainstem  dMRI FA —0.005 -0.989 3.2E-01
fibres
thickness of Transverse temporal gyrus (right) Temporal  Freesurfer 0.005 0.988 3.2E-01
desikan
white
Mean ISOVF in medial lemniscus (right) Brainstem  dMRI 0.005 0.988 3.2E-01
fibres ISOVF
Avrea of caudalAntcingulate (left) Limbic Freesurfer —0.005 -0.987 3.2E-01
desikan pial
Area of Inferior Frontal Gyrus, pars triangularis Frontal Freesurfer —-0.005 -0.987 3.2E-01
(right) desikan pial
Volume of Inferior Frontal Gyrus, pars orbitalis Frontal Freesurfer 0.005 0.985 3.2E-01
(right) DKT
Volume of Scentral (right) Frontal Freesurfer —-0.005 -0.985 3.2E-01
a2009s
thickness of Scollattransvpost (left) Temporal  Freesurfer 0.005 0981 3.3E-01
a2009s
Area of Scentral (right) Frontal Freesurfer —-0.005 -0.980 3.3E-01
a2009s
Mean OD in genu of corpus callosum on FA skeleton ~ Commissu  dMRI OD 0.005 0.980 3.3E-01
ral fibres
thickness of Spostcentral (left) Parietal Freesurfer 0.005 0979 3.3E-01
a2009s
Avrea of Sprecentralinfpart (right) Frontal Freesurfer —-0.005 -0.978 3.3E-01
a2009s
Mean axial diffusivity in anterior corona radiata Thalamic ~ dMRI 0.005 0977 3.3E-01
(right) radiations  diffusivity
Avrea of Lateral Occipital Cortex (left) Occipital Freesurfer —-0.005 -0.977 3.3E-01
desikan
white
Mean ICVF in cingulum hippocampus (left) Limbic dMRI ICVF 0.005 0.976 3.3E-01
system
fibres
Area of Entorhinal cortex (left) Temporal  Freesurfer 0.005 0975 3.3E-01
desikan pial
Mean OD in cingulum hippocampus (right) Limbic dMRI OD 0.005 0975 3.3E-01
system
fibres
Mean intensity of Caudate (right) Striatum Freesurfer —0.005 -0.974 3.3E-01
ASEG
Mean FA in cingulum cingulate gyrus (right) Limbic dMRI FA 0.005 0.973 3.3E-01
system
fibres
Avrea of Frontal Medial Cortex, rostral (right) Frontal Freesurfer —0.005 -0.968 3.3E-01
DKT
Volume of rostralAntcingulate (right) Limbic Freesurfer —-0.005 -0.967 3.3E-01
DKT
Mean intensity of CCMidPosterior (whole brain) NA Freesurfer —0.005 -0.967 3.3E-01
ASEG
thickness of Postcentral Gyrus (right) Parietal Freesurfer 0.005 0.966 3.3E-01
desikan
white
Grey-white contrast in Superior Temporal Gyrus Temporal  Freesurfer —0.005 -0.964 3.4E-01
(left) desikan gw
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Volume of Transverse temporal gyrus (left) Temporal  Freesurfer 0.005 0.959 34E-01
desikan
white

thickness of Sfrontsup (left) Frontal Freesurfer —0.005 —0.955 3.4E-01
a2009s

thickness of Gfrontmiddle (left) Frontal Freesurfer —-0.005 -0.953 3.4E-01
a2009s

Volume of Paracentral lobule (right) Frontal Freesurfer —-0.005 -0.949 34E-01
desikan
white

Avrea of Lingual Gyrus (right) Occipital Freesurfer —0.005 -0.947 3.4E-01
desikan pial

Volume of Cingulate Gyrus, posterior (left) Limbic Freesurfer —-0.005 -0.947 3.4E-01
desikan
white

Avrea of Lateral Occipital Cortex (right) Occipital Freesurfer —0.005 —0.945 3.4E-01
DKT

Area of Brodmann Area 2 (left) Parietal Freesurfer —-0.005 -0.945 3.4E-01
BA exvivo

Volume of Supramarginal Gyrus (right) Parietal Freesurfer —-0.005 -0.944  3.5E-01
DKT

Volume of ScingulMarginalis (left) Frontal Freesurfer 0.005 0.944 35E-01
a2009s

Area of Brodmann Area V5 (left) Occipital Freesurfer —-0.005 -0.944 3.5E-01
BA exvivo

Avrea of Inferior Frontal Gyrus, pars orbitalis (left) Frontal Freesurfer 0.005 0.943 3.5E-01
desikan
white

Avrea of rostralAntcingulate (left) Limbic Freesurfer —-0.005 -0.941 3.5E-01
DKT

Mean intensity of Caudate (left) Striatum Freesurfer —-0.005 -0.938 3.5E-01
ASEG

thickness of GScingulMidPost (right) Limbic Freesurfer —0.005 -0.938 3.5E-01
a2009s

Avrea of LatFisantHorizont (left) NA Freesurfer —0.005 -0.935 3.5E-01
a2009s

Avrea of Inferior Temporal Gyrus (right) Temporal  Freesurfer —0.005 -0.934 35E-01
desikan
white

Volume of Brodmann Area V5 (left) Occipital Freesurfer —0.005 -0.933 3.5E-01
BA exvivo

Mean OD in tapetum (left) Commissu  dMRI OD —0.005 -0.932 35E-01

ral fibres

thickness of Gtemporalmiddle (left) Temporal  Freesurfer —0.005 -0.932 3.5E-01
a2009s

thickness of Gparietalsup (left) Parietal Freesurfer 0.005 0.932 35E-01
a2009s

Volume of Scollattransvant (right) Temporal  Freesurfer —-0.005 -0.931 3.5E-01
a2009s

thickness of Transverse temporal gyrus (right) Temporal  Freesurfer 0.005 0.930 3.5E-01
DKT

Avrea of Ginsularshort (left) Insular Freesurfer —0.005 -0.930 3.5E-01
a2009s

thickness of Gorbital (right) Frontal Freesurfer —-0.005 -0.930 3.5E-01
a2009s

Volume of Supramarginal Gyrus (right) Parietal Freesurfer —0.005 -0.929 3.5E-01
desikan
white
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Volume of caudalAntcingulate (right) Limbic Freesurfer 0.005 0.929 35E-01
DKT

Volume of Sfrontmiddle (left) Frontal Freesurfer —0.005 -0.928 3.5E-01
a2009s

Mean ISOVF in splenium of corpus callosum on FA Commissu  dMRI 0.005 0.927 3.5E-01

skeleton ral fibres ISOVF

Volume of putamen (right) Striatum FIRST 0.005 0.926 3.5E-01

Volume of hippocampus (right) Hippocam FIRST 0.005 0.925 3.6E-01

pus

thickness of Lingual Gyrus (left) Occipital Freesurfer —-0.005 -0.924 3.6E-01
desikan
white

Mean ISOVF in posterior limb of internal capsule Internal dMRI 0.005 0.920 3.6E-01

(left) capsule ISOVF

Mean FA in retrolenticular part of internal capsule Internal dMRI FA —-0.005 -0.918 3.6E-01

(right) capsule

Volume of GcingulPostdorsal (left) Limbic Freesurfer 0.005 0917 3.6E-01
a2009s

Volume of grey matter in Occipital Pole (right) Occipital FAST —-0.005 -0.916  3.6E-01

Volume of BrainStem (whole brain) NA Freesurfer 0.005 0916 3.6E-01
ASEG

Area of Supramarginal Gyrus (right) Parietal Freesurfer —-0.005 -0.914 3.6E-01
DKT

Volume of Banks superior temporal sulcus (left) Temporal  Freesurfer —-0.005 -0.909 3.6E-01
desikan
white

Avrea of Inferior Frontal Gyrus, pars opercularis Frontal Freesurfer —-0.005 -0.909 3.6E-01

(right) desikan
white

thickness of Sorbitallateral (left) Frontal Freesurfer —-0.005 -0.908 3.6E-01
a2009s

Volume of grey matter in Occipital Fusiform Gyrus Occipital FAST —0.005 —0.908 3.6E-01

(left)

thickness of Cuneal Cortex (left) Occipital Freesurfer —0.005 -0.907 3.6E-01
a2009s

Volume of GStransvfrontopol (right) Frontal Freesurfer —-0.005 -0.906 3.6E-01
a2009s

Volume of accumbens (right) Striatum FIRST —0.005 -0.905 3.7E-01

Mean FA in superior longitudinal fasciculus (right) Associatio dMRI FA —-0.005 -0.904 3.7E-01

n fibres

Volume of grey matter in Middle Temporal Gyrus, Temporal  FAST 0.005 0.903 3.7E-01

temporooccipital part (right)

Avrea of Inferior Frontal Gyrus, pars opercularis Frontal Freesurfer —0.005 -0.902 3.7E-01

(right) DKT

Mean radial diffusivity in middle cerebellar peduncle ~ Brainstem  dMRI —0.005 -0.902 3.7E-01

on FA skeleton fibres diffusivity

Area of Middle Temporal Gyrus (left) Temporal  Freesurfer —0.005 -0.899 3.7E-01
DKT

Area of Stemporalinf (right) Temporal  Freesurfer 0.005 0.896 3.7E-01
a2009s

thickness of Superior Frontal Gyrus (right) Frontal Freesurfer 0.005 0.892 3.7E-01
desikan
white

Area of Supramarginal Gyrus (right) Parietal Freesurfer —0.005 -0.891 3.7E-01
desikan
white
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Grey-white contrast in Frontal Medial Cortex, rostral ~ Frontal Freesurfer —-0.004 -0.888 3.7E-01
(left) desikan gw
Volume of grey matter in X Cerebellum (right) Cerebellu  FAST 0.005 0.888 3.7E-01
m
Mean FA in posterior corona radiata (right) Thalamic  dMRI FA —-0.005 -0.888 3.7E-01
radiations
thickness of GfrontinfOrbital (left) Frontal Freesurfer 0.005 0.884 3.8E-01
a2009s
Area of GeingulPostdorsal (left) Limbic Freesurfer 0.005 0.884 3.8E-01
a2009s
Area of Transverse temporal gyrus (left) Temporal  Freesurfer 0.005 0.884 3.8E-01
desikan pial
Mean intensity of Pallidum (right) Pallidum Freesurfer —-0.005 -0.883 3.8E-01
ASEG
Mean ICVF in posterior limb of internal capsule Internal dMRI ICVF —0.005 -0.883 3.8E-01
(right) capsule
Volume of amygdala (left) Amygdala FIRST 0.005 0.882 3.8E-01
Volume of Inferior Temporal Gyrus (right) Temporal  Freesurfer —-0.005 -0.880 3.8E-01
desikan
white
Volume of grey matter in Superior Temporal Gyrus, Temporal ~ FAST —-0.005 -0.875 3.8E-01
posterior division (right)
Avrea of GtempsupPlantempo (left) Temporal  Freesurfer 0.005 0.874 3.8E-01
a2009s
thickness of Gfrontsup (right) Frontal Freesurfer 0.004 0.873 3.8E-01
a2009s
Area of Superior Parietal Lobule (right) Parietal Freesurfer 0.005 0.872 3.8E-01
DKT
thickness of ScingulMarginalis (right) Frontal Freesurfer 0.005 0.866 3.9e-01
a2009s
thickness of GfrontinfOpercular (right) Frontal Freesurfer —-0.005 -0.865 3.9E-01
a2009s
Area of Stemporalinf (left) Temporal  Freesurfer —-0.005 -0.862 3.9E-01
a2009s
thickness of Cingulate Gyrus, posterior (right) Limbic Freesurfer —0.005 -0.859 3.9e-01
desikan
white
thickness of Soctemplat (right) Temporal  Freesurfer 0.005 0.856  3.9E-01
a2009s
Area of Frontal Medial Cortex, rostral (right) Frontal Freesurfer —0.005 —0.855 3.9e-01
desikan
white
Area of Scollattransvpost (right) Temporal  Freesurfer 0.005 0.852 3.9e-01
a2009s
Volume of LatFispost (left) NA Freesurfer 0.005 0.851 3.9E-01
a2009s
Volume of Entorhinal cortex (right) Temporal  Freesurfer 0.005 0.851 3.9e-01
BA exvivo
Avrea of rostralAntcingulate (right) Limbic Freesurfer 0.005 0.849 4.0E-01
desikan
white
Grey-white contrast in PreCuneal Cortex (right) Occipital Freesurfer —-0.004 -0.847 4.0E-01
desikan gw
Volume of Lateralnucleus (right) Amygdala  Freesurfer 0.004 0.847 4.0E-01
subsegment
ation
Mean OD in anterior limb of internal capsule (right) Internal dMRI OD —0.005 —0.846 4.0E-01
capsule
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Volume of SocmiddleLunatus (right) Occipital Freesurfer —-0.005 -0.846  4.0E-01
a2009s
thickness of Middle Temporal Gyrus (right) Temporal  Freesurfer —0.005 -0.844 4.0E-01
desikan
white
Area of Inferior Frontal Gyrus, pars triangularis Frontal Freesurfer —-0.005 -0.842 4.0E-01
(right) DKT
Area of Inferior Frontal Gyrus, pars triangularis Frontal Freesurfer —-0.005 -0.842 4.0E-01
(right) desikan
white
Mean ICVF in uncinate fasciculus (right) Associatio dMRI ICVF —0.004 -0.841 4.0E-01
n fibres
thickness of GtempsupGTtransv (left) Temporal  Freesurfer 0.005 0.840 4.0E-01
a2009s
thickness of Brodmann Area V5 (left) Occipital Freesurfer 0.005 0.839 4.0E-01
BA exvivo
Volume of grey matter in IX Cerebellum (left) Cerebellu  FAST 0.004 0.839 4.0E-01
m
thickness of Ssuborbital (left) Frontal Freesurfer —-0.005 -0.838 4.0E-01
a2009s
Avrea of Insular Cortex (left) Insular Freesurfer —0.005 —0.838 4.0E-01
desikan
white
Area of Supramarginal Gyrus (left) Parietal Freesurfer 0.005 0.837 4.0E-01
desikan pial
Volume of grey matter in Inferior Temporal Gyrus, Temporal ~ FAST —-0.005 -0.837 4.0E-01
temporooccipital part (left)
thickness of GSoccipitalinf (right) Occipital Freesurfer 0.005 0.836 4.0E-01
a2009s
Volume of Hippocampus (left) Hippocam  Freesurfer 0.004 0.836  4.0E-01
pus ASEG
Avrea of Banks superior temporal sulcus (left) Temporal  Freesurfer —-0.005 -0.836 4.0E-01
desikan
white
thickness of Cuneal Cortex (right) Occipital Freesurfer —-0.005 -0.832 4.1E-01
DKT
Avrea of Precentral Gyrus (right) Frontal Freesurfer —0.005 -0.831 4.1E-01
desikan
white
thickness of Poletemporal (left) Temporal  Freesurfer —-0.005 -0.829 4.1E-01
a2009s
Volume of grey matter in Amygdala (right) Amygdala FAST 0.004 0.828 4.1E-01
Volume of grey matter in Cingulate Gyrus, posterior Limbic FAST 0.004 0.823 4.1E-01
division (left)
Volume of Amygdala (right) Amygdala  Freesurfer 0.004 0.820 4.1E-01
ASEG
Volume of Inferior Frontal Gyrus, pars triangularis Frontal Freesurfer —0.004 -0.819 4.1E-01
(right) DKT
Volume of Pt (left) Thalamus  Freesurfer 0.004 0.816 4.1E-01
subsegment
ation
thickness of Inferior Frontal Gyrus, pars opercularis Frontal Freesurfer —-0.004 -0.814 4.2E-01
(right) DKT
Volume of Brodmann Area 3a (right) Parietal Freesurfer —0.004 -0.810 4.2E-01
BA exvivo
Area of Ssuborbital (right) Frontal Freesurfer —-0.004 -0.809 4.2E-01
a2009s
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Mean MD in corticospinal tract (left) Brainstem  dMRI 0.004 0.808 4.2E-01
fibres diffusivity
Mean OD in posterior thalamic radiation (right) Thalamic  dMRI OD 0.004 0.807 4.2E-01
radiations
Area of SorbitalHShaped (left) Frontal Freesurfer 0.004 0.807 4.2E-01
a2009s
thickness of Middle Temporal Gyrus (right) Temporal  Freesurfer —-0.004 -0.804 4.2E-01
DKT
thickness of SintraparietPtrans (left) Parietal Freesurfer 0.004 0.799 42E-01
a2009s
Grey-white contrast in Fusiform Gyrus (left) Occipital Freesurfer —-0.004 -0.798 4.2E-01
desikan gw
Grey-white contrast in Superior Temporal Gyrus Temporal  Freesurfer —-0.004 -0.797 4.3E-01
(right) desikan gw
Volume of grey matter in Temporal Occipital Temporal  FAST —0.004 -0.796 4.3E-01
Fusiform Cortex (right)
Volume of Corticalnucleus (right) Amygdala  Freesurfer —-0.004 -0.795 4.3E-01
subsegment
ation
thickness of Cingulate Gyrus, posterior (right) Limbic Freesurfer —-0.004 -0.792 4.3E-01
DKT
Area of Supramarginal Gyrus (left) Parietal Freesurfer 0.004 0.792 4.3E-01
DKT
Volume of Stemporalsup (right) Temporal  Freesurfer —-0.004 -0.792 4.3E-01
a2009s
Volume of VentralDC (left) Thalamus  Freesurfer 0.004 0.788 4.3E-01
ASEG
Volume of LatFispost (right) NA Freesurfer —0.004 -0.788 4.3E-01
a2009s
thickness of GtempsupLateral (left) Temporal  Freesurfer 0.004 0.788 4.3E-01
a2009s
thickness of Sfrontsup (right) Frontal Freesurfer —-0.004 -0.784  4.3E-01
a2009s
Area of Medorbitofrontal (left) Frontal Freesurfer -0.004 -0.778 4.4E-01
desikan
white
Volume of Entorhinal cortex (right) Temporal  Freesurfer 0.004 0.777 4.4E-01
desikan
white
Volume of Stemporaltransverse (left) Temporal  Freesurfer -0.004 -0.776  4.4E-01
a2009s
Avrea of Transverse temporal gyrus (left) Temporal  Freesurfer 0.004 0.774  4.4E-01
DKT
Mean ISOVF in posterior thalamic radiation (left) Thalamic ~ dMRI 0.004 0.770 4.4E-01
radiations  ISOVF
Volume of Sorbitallateral (left) Frontal Freesurfer 0.004 0.768 4.4E-01
a2009s
thickness of ScingulMarginalis (left) Frontal Freesurfer —0.004 -0.768 4.4E-01
a2009s
Avrea of Postcentral Gyrus (right) Parietal Freesurfer —0.004 -0.766  4.4E-01
desikan pial
Volume of Socsuptransversal (left) Occipital Freesurfer —-0.004 -0.765 4.4E-01
a2009s
Area of Brodmann Area 6 (left) Frontal Freesurfer —-0.004 -0.763  4.5E-01
BA exvivo
thickness of Lingual Gyrus (left) Occipital Freesurfer —0.004 -0.762  4.5E-01
DKT
thickness of Gfrontsup (left) Frontal Freesurfer —-0.004 -0.759  4.5E-01
a2009s
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Volume of Perirhinal cortex (right) Temporal  Freesurfer 0.004 0.758 4.5E-01
BA exvivo
Volume of Scircularinsulainf (right) Insular Freesurfer —0.004 -0.752  45E-01
a2009s
Area of Middle Temporal Gyrus (left) Temporal  Freesurfer —-0.004 -0.751 45E-01
desikan pial
Volume of molecularlayerHPhead (left) Hippocam  Freesurfer 0.004 0.751 4.5E-01
pus subsegment
ation
Avrea of Inferior Frontal Gyrus, pars opercularis Frontal Freesurfer —0.004 -0.747 45E-01
(right) desikan pial
Volume of AccessBasalnucleus (right) Amygdala  Freesurfer 0.004 0.747 45E-01
subsegment
ation
Avrea of Lateral orbitofrontal cortex (left) Frontal Freesurfer 0.004 0.747 4.6E-01
DKT
Area of Soccipitalant (left) Occipital Freesurfer —-0.004 -0.746  4.6E-01
a2009s
Avrea of Inferior Frontal Gyrus, pars orbitalis (left) Frontal Freesurfer 0.004 0.746  4.6E-01
desikan pial
Volume of PreCuneal Cortex (left) Occipital Freesurfer 0.004 0.746  4.6E-01
DKT
Mean intensity of CCAnt (whole brain) NA Freesurfer 0.004 0.743 4.6E-01
ASEG
Avrea of Entorhinal cortex (right) Temporal  Freesurfer 0.004 0.743 4.6E-01
DKT
Volume of Superior Temporal Gyrus (left) Temporal  Freesurfer 0.004 0.742 4.6E-01
desikan
white
Area of Middle Temporal Gyrus (left) Temporal  Freesurfer —-0.004 -0.736  4.6E-01
desikan
white
Grey-white contrast in Insular Cortex (right) Insular Freesurfer 0.004 0.736  4.6E-01
desikan gw
Mean OD in posterior thalamic radiation (left) Thalamic  dMRI OD 0.004 0.732 4.6E-01
radiations
Mean axial diffusivity in sagittal stratum (right) Associatio  dMRI 0.004 0.732 4.6E-01
n fibres diffusivity
Mean axial diffusivity in uncinate fasciculus (left) Associatio  dMRI —0.004 -0.728 4.7E-01
n fibres diffusivity
Area of Poleoccipital (left) Occipital Freesurfer -0.004 -0.728 4.7E-01
a2009s
Volume of GtempsupGTtransv (left) Temporal  Freesurfer 0.004 0.723 4.7E-01
a2009s
thickness of Brodmann Area 2 (left) Parietal Freesurfer 0.004 0.720 4.7E-01
BA exvivo
Mean ISOVF in corticospinal tract (left) Brainstem  dMRI 0.004 0.716  4.7E-01
fibres ISOVF
Area of Entorhinal cortex (right) Temporal  Freesurfer 0.004 0.715 4.7E-01
desikan
white
Area of Frontal Pole (right) Frontal Freesurfer 0.004 0.713 4.8E-01
desikan
white
Volume of PuA (left) Thalamus  Freesurfer —-0.004 -0.713 4.8E-01
subsegment
ation
Volume of grey matter in Supramarginal Gyrus, Parietal FAST 0.004 0.713 4.8E-01

anterior division (right)

311



Volume of grey matter in Inferior Temporal Gyrus, Temporal  FAST 0.004 0.712 4.8E-01
posterior division (left)
thickness of Inferior Frontal Gyrus, pars orbitalis Frontal Freesurfer —0.004 -0.711 4.8E-01
(left) desikan
white
Area of Transverse temporal gyrus (right) Temporal  Freesurfer —-0.004 -0.709 4.8E-01
desikan
white
Mean ISOVF in medial lemniscus (left) Brainstem  dMRI 0.004 0.706  4.8E-01
fibres ISOVF
Volume of Paracentral lobule (right) Frontal Freesurfer —0.004 -0.705 4.8E-01
DKT
Area of Sfrontsup (left) Frontal Freesurfer 0.004 0.705 4.8E-01
a2009s
Area of Gfrontsup (right) Frontal Freesurfer —0.004 -0.704 4.8E-01
a2009s
Volume of CL (right) Thalamus  Freesurfer —0.004 -0.703 4.8E-01
subsegment
ation
thickness of Gpostcentral (right) Parietal Freesurfer 0.004 0.700 4.8E-01
a2009s
Volume of grey matter in Vermis Crus Il Cerebellum  Cerebellu ~ FAST —0.004 -0.700 4.8E-01
m
Volume of GScingulMidAnt (right) Limbic Freesurfer —0.004 -0.700 4.8E-01
a2009s
Grey-white contrast in Inferior Parietal Lobule (right)  Parietal Freesurfer —-0.004 -0.696 4.9E-01
desikan gw
Volume of ThalamusProper (left) Thalamus  Freesurfer —-0.003 -0.695 4.9e-01
ASEG
Volume of CA4body (left) Hippocam  Freesurfer —0.004 -0.695 4.9E-01
pus subsegment
ation
Mean OD in uncinate fasciculus (right) Associatio dMRI OD 0.004 0.694 49E-01
n fibres
thickness of Goctemplatfusifor (right) Temporal  Freesurfer 0.004 0.694 4.9E-01
a2009s
Mean intensity of 3rdVentricle (whole brain) NA Freesurfer —0.003 -0.693 4.9E-01
ASEG
Volume of Cingulate Gyrus, isthmus (right) Limbic Freesurfer 0.004 0.693 4.9E-01
desikan
white
Volume of grey matter in Parietal Operculum Cortex  Insular FAST —-0.004 -0.692 4.9e-01
(right)
Area of Stemporalsup (left) Temporal  Freesurfer —0.004 -0.692 4.9E-01
a2009s
thickness of GSsubcentral (left) Frontal Freesurfer 0.004 0.692 4.9E-01
a2009s
Area of PreCuneal Cortex (right) Occipital Freesurfer 0.004 0.691 4.9E-01
desikan pial
Area of Goccipitalmiddle (right) Occipital Freesurfer —0.004 -0.690 4.9e-01
a2009s
Mean OD in retrolenticular part of internal capsule Internal dMRI OD —0.004 -0.689 4.9e-01
(left) capsule
Area of Paracentral lobule (right) Frontal Freesurfer —-0.004 -0.686 4.9-01
desikan
white
Volume of CeM (left) Thalamus  Freesurfer 0.004 0.686 4.9e-01
subsegment
ation
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thickness of Brodmann Area 45 (right) Frontal Freesurfer —-0.004 -0.684 4.9E-01
BA exvivo
Avrea of Entorhinal cortex (left) Temporal  Freesurfer —0.004 -0.683 4.9E-01
desikan
white
Avrea of Scircularinsulainf (right) Insular Freesurfer 0.004 0.682 5.0E-01
a2009s
Volume of CA3head (right) Hippocam  Freesurfer —-0.004 -0.681 5.0E-01
pus subsegment
ation
Avrea of SintermprimJensen (left) Parietal Freesurfer 0.004 0.679 5.0E-01
a2009s
Mean ISOVF in middle cerebellar peduncle on FA Brainstem  dMRI —-0.004 -0.679 5.0E-01
skeleton fibres ISOVF
Avrea of Superior Frontal Gyrus (left) Frontal Freesurfer —0.004 -0.678 5.0E-01
desikan
white
Volume of Brodmann Area 2 (right) Parietal Freesurfer 0.004 0.677 5.0E-01
BA exvivo
Avrea of SorbitalHShaped (right) Frontal Freesurfer 0.004 0.677 5.0E-01
a2009s
Area of Inferior Temporal Gyrus (right) Temporal  Freesurfer —0.004 -0.676 5.0E-01
DKT
Volume of Soccipitalant (left) Occipital Freesurfer —-0.004 -0.675 5.0E-01
a2009s
Volume of Wholehippocampalbody (left) Hippocam  Freesurfer 0.003 0.672 5.0E-01
pus subsegment
ation
thickness of GcingulPostventral (right) Limbic Freesurfer 0.004 0.671 5.0E-01
a2009s
thickness of Scentral (right) Frontal Freesurfer —-0.004 -0.670 5.0E-01
a2009s
Area of Goccipitalsup (left) Occipital Freesurfer —0.004 —0.667 5.0E-01
a2009s
Volume of GCMLDGhead (left) Hippocam  Freesurfer 0.003 0.666 5.1E-01
pus subsegment
ation
Volume of Inferior Parietal Lobule (right) Parietal Freesurfer —0.004 -0.666 5.1E-01
DKT
thickness of Inferior Frontal Gyrus, pars triangularis Frontal Freesurfer —0.004 -0.662 5.1E-01
(right) DKT
thickness of Gcuneus (right) Occipital Freesurfer —-0.004 -0.662 5.1E-01
a2009s
Volume of grey matter in Angular Gyrus (right) Parietal FAST —0.004 -0.662 5.1E-01
thickness of Inferior Frontal Gyrus, pars triangularis Frontal Freesurfer —0.004 -0.662 5.1E-01
(right) desikan
white
thickness of Scollattransvant (left) Temporal  Freesurfer —0.004 -0.660 5.1E-01
a2009s
Mean OD in corticospinal tract (right) Brainstem dMRI OD 0.004 0.656 5.1E-01
fibres
Volume of Gorbital (right) Frontal Freesurfer —-0.004 -0.656 5.1E-01
a2009s
Volume of Pf (right) Thalamus  Freesurfer 0.004 0.655 5.1E-01
subsegment
ation
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Area of Paracentral lobule (left) Frontal Freesurfer —-0.004 -0.654 5.1E-01
desikan
white
Volume of grey matter in I-1V Cerebellum (right) Cerebellu  FAST 0.003 0.652 5.1E-01
m
Volume of Inferior Temporal Gyrus (right) Temporal  Freesurfer —-0.004 -0.651 5.1E-01
DKT
Volume of SintraparietPtrans (right) Parietal Freesurfer 0.004 0.651 5.2E-01
a2009s
Area of GtempsupPlanpolar (right) Temporal  Freesurfer —0.004 -0.649 5.2E-01
a2009s
thickness of Socsuptransversal (right) Occipital Freesurfer 0.004 0.649 52E-01
a2009s
Area of Postcentral Gyrus (right) Parietal Freesurfer —-0.004 -0.644 5.2E-01
DKT
Avrea of Frontal Medial Cortex, rostral (left) Frontal Freesurfer —0.004 -0.644 52E-01
DKT
thickness of Inferior Frontal Gyrus, pars opercularis Frontal Freesurfer —-0.003 -0.643 5.2E-01
(right) desikan
white
Volume of Inferior Frontal Gyrus, pars orbitalis (left)  Frontal Freesurfer 0.003 0.641 52E-01
DKT
thickness of GcingulPostdorsal (right) Limbic Freesurfer 0.003 0.640 5.2E-01
a2009s
Volume of grey matter in Lateral Occipital Cortex, Occipital FAST —-0.003 -0.639 5.2E-01
inferior division (right)
Volume of molecularlayerHPbody (left) Hippocam  Freesurfer 0.003 0.639 5.2E-01
pus subsegment
ation
Volume of Soccipitalant (right) Occipital Freesurfer —-0.004 -0.638 5.2E-01
a2009s
Grey-white contrast in Cuneal Cortex (left) Occipital Freesurfer —-0.003 -0.638 5.2E-01
desikan gw
Mean FA in retrolenticular part of internal capsule Internal dMRI FA —0.003 -0.634 5.3E-01
(left) capsule
thickness of Gprecuneus (left) Occipital Freesurfer —-0.003 -0.631 5.3E-01
a2009s
Area of GlnslgScentins (left) Insular Freesurfer —0.003 -0.630 5.3E-01
22009s
Area of Superior Parietal Lobule (right) Parietal Freesurfer 0.003 0.629 5.3E-01
desikan
white
Mean intensity of LateralVentricle (right) NA Freesurfer —0.003 -0.626  5.3E-01
ASEG
Avrea of Inferior Temporal Gyrus (right) Temporal  Freesurfer —0.003 -0.626  5.3E-01
desikan pial
thickness of Poleoccipital (left) Occipital Freesurfer 0.003 0.624 5.3E-01
a2009s
Area of Paracentral lobule (left) Frontal Freesurfer —0.003 -0.619 5.4E-01
DKT
Mean FA in superior corona radiata (right) Thalamic  dMRI FA —0.003 -0.615 5.4E-01
radiations
Grey-white contrast in Fusiform Gyrus (right) Occipital Freesurfer 0.003 0.614 5.4E-01
desikan gw
Volume of grey matter in Precuneous Cortex (left) Parietal FAST —0.003 -0.609 5.4E-01
Volume of Stemporalinf (right) Temporal  Freesurfer 0.003 0.603 5.5E-01
a2009s

314



thickness of Pericalcarine cortex (right) Occipital Freesurfer —-0.003 -0.602 5.5E-01
DKT
Volume of grey matter in Vermis X Cerebellum Cerebellu  FAST 0.003 0.600 5.5E-01
m
Area of Supramarginal Gyrus (left) Parietal Freesurfer 0.003 0.600 5.5E-01
desikan
white
Mean ICVF in fornix on FA skeleton Limbic dMRI ICVF —0.003 —0.598 5.5E-01
system
fibres
Area of ScingulMarginalis (right) Frontal Freesurfer —0.003 -0.597 55E-01
a2009s
Area of Postcentral Gyrus (right) Parietal Freesurfer —-0.003 -0.596 5.5E-01
desikan
white
thickness of Pericalcarine cortex (right) Occipital Freesurfer —0.003 -0.596 5.5E-01
desikan
white
Volume of Superior Temporal Gyrus (right) Temporal  Freesurfer 0.003 0.595 5.5E-01
DKT
Volume of LatFisantVertical (right) NA Freesurfer —-0.003 -0.594 55E-01
a2009s
Mean MD in cingulum hippocampus (left) Limbic dMRI —-0.003 -0.594 55E-01
system diffusivity
fibres
Volume of CerebellumCortex (right) Cerebellu  Freesurfer —-0.003 -0.594 55E-01
m ASEG
Volume of MGN (right) Thalamus  Freesurfer 0.003 0592 55E-01
subsegment
ation
Volume of Gparietalsup (left) Parietal Freesurfer 0.003 0.587 5.6E-01
a2009s
Grey-white contrast in Superior Parietal Lobule Parietal Freesurfer —0.003 —0.587 5.6E-01
(right) desikan gw
Avrea of GlnslgScentins (right) Insular Freesurfer 0.003 0.584 5.6E-01
a2009s
Volume of Gorbital (left) Frontal Freesurfer 0.003 0.584 5.6E-01
22009s
Volume of grey matter in Planum Polare (right) Temporal  FAST —0.003 -0.583 5.6E-01
Avrea of Inferior Parietal Lobule (right) Parietal Freesurfer —-0.003 -0.581 5.6E-01
desikan pial
thickness of Scollattransvpost (right) Temporal  Freesurfer —0.003 -0.577 5.6E-01
a2009s
Volume of Banks superior temporal sulcus (right) Temporal  Freesurfer —-0.003 -0.577 5.6E-01
desikan
white
Area of Frontal Medial Cortex, rostral (left) Frontal Freesurfer —0.003 -0.577 5.6E-01
desikan
white
Area of Grectus (left) Frontal Freesurfer —0.003 -0.576  5.6E-01
a2009s
Mean MD in middle cerebellar peduncle on FA Brainstem  dMRI —0.003 -0.575 5.7E-01
skeleton fibres diffusivity
Volume of Supramarginal Gyrus (left) Parietal Freesurfer 0.003 0.572 5.7E-01
desikan
white
Volume of grey matter in Planum Temporale (left) Temporal ~ FAST —0.003 -0.571 5.7E-01
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Volume of Spericallosal (right) Limbic Freesurfer 0.003 0.567 5.7E-01

a2009s
Volume of grey matter in Vllla Cerebellum (right) Cerebellu  FAST —0.003 -0.567 5.7E-01
m
Grey-white contrast in Entorhinal cortex (left) Temporal  Freesurfer —-0.003 -0.566 5.7E-01
desikan gw
Mean OD in uncinate fasciculus (left) Associatio dMRI OD 0.003 0.566 5.7E-01
n fibres
Volume of Scircularinsulaant (right) Insular Freesurfer —0.003 -0.562 5.7E-01
a2009s
Grey-white contrast in caudalAntcingulate (left) Limbic Freesurfer —-0.003 -0.559 5.8E-01
desikan gw
Volume of Supramarginal Gyrus (left) Parietal Freesurfer 0.003 0.557 5.8E-01
DKT
Area of Banks superior temporal sulcus (right) Temporal  Freesurfer —0.003 -0.556 5.8E-01
desikan pial
Volume of Entorhinal cortex (left) Temporal  Freesurfer 0.003 0.555 5.8E-01
desikan
white
Avrea of Sorbitallateral (right) Frontal Freesurfer 0.003 0.554 5.8E-01
a2009s
Volume of grey matter in Superior Parietal Lobule Parietal FAST —-0.003 -0.549 5.8E-01
(left)
Avrea of Scircularinsulaant (left) Insular Freesurfer —-0.003 -0.548 5.8E-01
a2009s
Volume of Mednucleus (right) Amygdala  Freesurfer 0.003 0539 59E-01
subsegment
ation
Volume of SintermprimJensen (left) Parietal Freesurfer 0.003 0.539 59E-01
a2009s
thickness of SintermprimJensen (right) Parietal Freesurfer 0.003 0.538 5.9E-01
a2009s
thickness of GoctempmedLingual (left) Occipital Freesurfer —-0.003 -0.535 5.9e-01
a2009s
Mean MD in cerebral peduncle (right) Brainstem  dMRI —0.003 -0.535 5.9-01
fibres diffusivity
Volume of grey matter in Crus | Cerebellum (left) Cerebellu  FAST —0.003 -0.535 5.9e-01
m
Area of Transverse temporal gyrus (left) Temporal  Freesurfer 0.003 0.534 59E-01
desikan
white
thickness of Frontal Medial Cortex, caudal (right) Frontal Freesurfer —-0.003 -0.534 5.9e-01
DKT
Area of GtempsupGTtransv (right) Temporal  Freesurfer —0.003 -0.532 5.9e-01
22009s
Volume of grey matter in Superior Temporal Gyrus, Temporal  FAST 0.003 0.532 6.0E-01
posterior division (left)
Volume of grey matter in Precuneous Cortex (right) Parietal FAST —-0.003 -0.530 6.0E-01
thickness of Frontal Medial Cortex, caudal (right) Frontal Freesurfer —0.003 -0.529  6.0E-01
desikan
white
Volume of Cortamygdaloidtransitio (right) Amygdala  Freesurfer 0.003 0.528 6.0E-01
subsegment
ation
Avrea of Inferior Parietal Lobule (right) Parietal Freesurfer —0.003 -0.528 6.0E-01
DKT
Mean ISOVF in inferior cerebellar peduncle (right) Brainstem  dMRI 0.003 0.527 6.0E-01
fibres ISOVF
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Volume of PreCuneal Cortex (left) Occipital Freesurfer 0.003 0.527 6.0E-01
desikan
white
thickness of Entorhinal cortex (right) Temporal  Freesurfer —0.003 -0.525 6.0E-01
DKT
Volume of Goccipitalmiddle (right) Occipital Freesurfer —-0.003 -0.524 6.0E-01
a2009s
Area of Fusiform Gyrus (left) Occipital Freesurfer —-0.003 -0.521 6.0E-01
desikan
white
thickness of Superior Temporal Gyrus (right) Temporal  Freesurfer 0.003 0.520 6.0E-01
desikan
white
Area of Insular Cortex (left) Insular Freesurfer —-0.003 -0.518 6.0E-01
DKT
thickness of Brodmann Area 3b (right) Parietal Freesurfer 0.003 0.518 6.0E-01
BA exvivo
Volume of hippocampalfissure (right) Hippocam  Freesurfer 0.003 0.518 6.0E-01
pus subsegment
ation
Mean FA in middle cerebellar peduncle on FA Brainstem  dMRI FA 0.003 0.517 6.0E-01
skeleton fibres
Grey-white contrast in Lateral Occipital Cortex (left)  Occipital Freesurfer —-0.003 -0.517 6.1E-01
desikan gw
Volume of grey matter in Lingual Gyrus (right) Occipital FAST 0.003 0516 6.1E-01
Volume of Wholehippocampalbody (right) Hippocam  Freesurfer 0.003 0.516  6.1E-01
pus subsegment
ation
Volume of Brodmann Area 2 (left) Parietal Freesurfer —-0.003 -0.516 6.1E-01
BA exvivo
Mean intensity of BrainStem (whole brain) NA Freesurfer —-0.003 -0.515 6.1E-01
ASEG
thickness of Inferior Frontal Gyrus, pars orbitalis Frontal Freesurfer 0.003 0.513 6.1E-01
(left) DKT
Area of Lateral Occipital Cortex (right) Occipital Freesurfer —0.003 -0.509 6.1E-01
desikan pial
Volume of Superior Parietal Lobule (left) Parietal Freesurfer 0.003 0.504 6.1E-01
DKT
Mean FA in external capsule (left) Associatio dMRI FA 0.003 0.503 6.1E-01
n fibres
Volume of Inferior Parietal Lobule (right) Parietal Freesurfer —0.003 -0.501 6.2E-01
desikan
white
Volume of CCCentral (whole brain) NA Freesurfer —-0.003 -0.500 6.2E-01
ASEG
Area of GtempsupLateral (left) Temporal  Freesurfer 0.003 0.498 6.2E-01
a2009s
Volume of ScingulMarginalis (right) Frontal Freesurfer —0.003 -0.497 6.2E-01
a2009s
Area of Paracentral lobule (right) Frontal Freesurfer —-0.003 -0.496 6.2E-01
DKT
Mean ICVF in inferior cerebellar peduncle (left) Brainstem  dMRI ICVF 0.003 0.493 6.2E-01
fibres
Volume of grey matter in Angular Gyrus (left) Parietal FAST 0.003 0.492 6.2E-01
thickness of Brodmann Area 3b (left) Parietal Freesurfer 0.003 0.492 6.2E-01
BA exvivo
Grey-white contrast in Lateral orbitofrontal cortex Frontal Freesurfer —0.002 -0.491 6.2E-01
(right) desikan gw
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thickness of Frontal Medial Cortex, caudal (left) Frontal Freesurfer —-0.003 -0.490 6.2E-01
DKT
Area of GfrontinfOrbital (right) Frontal Freesurfer 0.003 0490 6.2E-01
a2009s
thickness of LatFisantHorizont (left) NA Freesurfer —-0.003 -0.488 6.3E-01
a2009s
thickness of LatFisantVertical (right) NA Freesurfer —-0.003 -0.486 6.3E-01
a2009s
Mean OD in sagittal stratum (left) Associatio dMRI OD —0.003 -0.486 6.3E-01
n fibres
Volume of Brodmann Area V2 (right) Occipital Freesurfer —-0.003 -0.484 6.3E-01
BA exvivo
Volume of MV(Re) (left) Thalamus  Freesurfer —-0.003 -0.483 6.3E-01
subsegment
ation
Avrea of Lateral orbitofrontal cortex (right) Frontal Freesurfer —0.003 -0.483 6.3E-01
desikan
white
thickness of Scalcarine (right) Occipital Freesurfer —-0.003 -0.482 6.3E-01
a2009s
Volume of Brodmann Area 1 (right) Parietal Freesurfer —-0.003 -0.480 6.3E-01
BA exvivo
Mean ICVF in cingulum hippocampus (right) Limbic dMRI ICVF 0.003 0479 6.3E-01
system
fibres
thickness of Brodmann Area 6 (right) Frontal Freesurfer -0.002 -0.478 6.3E-01
BA exvivo
Volume of grey matter in Heschls Gyrus (includes Temporal ~ FAST —-0.002 -0.478  6.3E-01
H1 and H2) (right)
Grey-white contrast in Temporal pole (right) Temporal  Freesurfer 0.002 0477  6.3E-01
desikan gw
Mean intensity of Hippocampus (left) Hippocam  Freesurfer —-0.003 -0.476  6.3E-01
pus ASEG
Volume of grey matter in VI Cerebellum (right) Cerebellu  FAST 0.002 0474 6.4E-01
m
Avrea of GtempsupLateral (right) Temporal  Freesurfer —-0.003 -0.474  6.4E-01
a2009s
Volume of CA4head (right) Hippocam  Freesurfer 0.002 0470 6.4E-01
pus subsegment
ation
Volume of Poleoccipital (left) Occipital Freesurfer —-0.003 -0.468 6.4E-01
a2009s
thickness of Sparietooccipital (right) Occipital Freesurfer —0.003 -0.467 6.4E-01
a2009s
Volume of grey matter in Parahippocampal Gyrus, Temporal  FAST —0.002 -0.465 6.4E-01
posterior division (right)
Volume of grey matter in VVIlb Cerebellum (right) Cerebellu  FAST —-0.002 -0.465 6.4E-01
m
Area of Ginsularshort (right) Insular Freesurfer 0.003 0.461 6.4E-01
a2009s
Volume of GoctempmedParahip (left) Temporal  Freesurfer 0.003 0.461 6.4E-01
a2009s
Volume of amygdala (right) Amygdala FIRST 0.003 0.461 6.4E-01
Mean intensity of CerebellumWhiteMatter (right) Cerebellu  Freesurfer —0.003 -0.461 6.5E-01
m ASEG
Area of Scollattransvant (left) Temporal  Freesurfer —-0.003 -0.460 6.5E-01
a2009s
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Area of Superior Parietal Lobule (left) Parietal Freesurfer —-0.003 -0.460 6.5E-01
desikan pial
Volume of grey matter in Supracalcarine Cortex Occipital FAST —0.002 —0.457 6.5E-01
(right)
Mean ISOVF in inferior cerebellar peduncle (left) Brainstem  dMRI 0.002 0.455 6.5E-01
fibres ISOVF
Volume of grey matter in Inferior Temporal Gyrus, Temporal  FAST 0.002 0.452 6.5E-01
anterior division (left)
Volume of Inferior Frontal Gyrus, pars orbitalis (left)  Frontal Freesurfer 0.002 0.452 6.5E-01
desikan
white
Area of LatFisantHorizont (right) NA Freesurfer —-0.002 -0.450 6.5E-01
a2009s
Mean axial diffusivity in uncinate fasciculus (right) Associatio  dMRI 0.002 0.447 6.5E-01
n fibres diffusivity
Volume of grey matter in Crus | Cerebellum (right) Cerebellu  FAST —0.002 —0.446  6.6E-01
m
Volume of Spostcentral (left) Parietal Freesurfer 0.002 0.441 6.6E-01
a2009s
Avrea of GScingulMidPost (left) Limbic Freesurfer -0.002 -0.441 6.6E-01
a2009s
Avrea of Insular Cortex (right) Insular Freesurfer 0.002 0.439 6.6E-01
DKT
Mean OD in posterior limb of internal capsule (right)  Internal dMRI OD -0.002 -0.436  6.6E-01
capsule
thickness of GparietinfSupramar (right) Parietal Freesurfer 0.002 0.436  6.6E-01
a2009s
Grey-white contrast in Cingulate Gyrus, posterior Limbic Freesurfer —-0.002 -0.435 6.6E-01
(left) desikan gw
thickness of Goccipitalmiddle (left) Occipital Freesurfer 0.002 0.434 6.6E-01
a2009s
Mean intensity of ThalamusProper (right) Thalamus  Freesurfer -0.002 -0.434  6.6E-01
ASEG
thickness of GfrontinfTriangul (right) Frontal Freesurfer —0.002 -0.434 6.6E-01
a2009s
Area of Brodmann Area 1 (right) Parietal Freesurfer —0.002 -0.433 6.6E-01
BA exvivo
Area of Entorhinal cortex (left) Temporal  Freesurfer 0.002 0431 6.7E-01
BA exvivo
thickness of Brodmann Area V1 (left) Occipital Freesurfer —0.002 -0.431 6.7E-01
BA exvivo
Avrea of rostralAntcingulate (left) Limbic Freesurfer —0.002 -0.429 6.7E-01
desikan
white
Area of Brodmann Area 4p (right) Frontal Freesurfer —0.002 -0.429 6.7E-01
BA exvivo
thickness of Sorbitallateral (right) Frontal Freesurfer —-0.002 -0.424 6.7E-01
a2009s
thickness of Goccipitalmiddle (right) Occipital Freesurfer 0.002 0423 6.7E-01
a2009s
Volume of grey matter in Supramarginal Gyrus, Parietal FAST 0.002 0423 6.7E-01
posterior division (left)
thickness of Soccipitalant (left) Occipital Freesurfer 0.002 0422 6.7E-01
a2009s
thickness of GtempsupPlanpolar (right) Temporal  Freesurfer —0.002 -0.421 6.7E-01
a2009s
thickness of Inferior Temporal Gyrus (left) Temporal  Freesurfer 0.002 0420 6.7E-01
a2009s
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Volume of Gfrontsup (right) Frontal Freesurfer —-0.002 -0.419 6.8E-01

a2009s
Avrea of Gfrontsup (left) Frontal Freesurfer —0.002 -0.419 6.8E-01
a2009s
Volume of PuM (right) Thalamus  Freesurfer 0.002 0419 6.8E-01
subsegment
ation
Mean axial diffusivity in cingulum hippocampus Limbic dMRI 0.002 0.418 6.8E-01
(left) system diffusivity
fibres
Volume of accumbens (left) Striatum FIRST 0.002 0.416 6.8E-01
Mean intensity of Amygdala (left) Amygdala  Freesurfer 0.002 0.414 6.8E-01
ASEG
Volume of Sfrontsup (left) Frontal Freesurfer 0.002 0.413 6.8E-01
a2009s
Volume of GCMLDGbody (right) Hippocam  Freesurfer 0.002 0.413 6.8E-01
pus subsegment
ation
Volume of MV(Re) (right) Thalamus  Freesurfer —0.002 -0.411 6.8E-01
subsegment
ation
Avrea of Gparietalsup (left) Parietal Freesurfer 0.002 0.411 6.8E-01
a2009s
Volume of grey matter in Cingulate Gyrus, anterior Limbic FAST -0.002 -0.410 6.8E-01
division (left)
Area of GSparacentral (right) Frontal Freesurfer 0.002 0.409 6.8E-01
a2009s
thickness of Frontal Pole (right) Frontal Freesurfer -0.002 -0.406 6.8E-01
desikan
white
Volume of putamen (left) Striatum FIRST 0.002 0.404 6.9-01
Avrea of Inferior Parietal Lobule (right) Parietal Freesurfer —0.002 -0.403 6.9e-01
desikan
white
Mean axial diffusivity in medial lemniscus (left) Brainstem  dMRI 0.002 0.401 6.9e-01
fibres diffusivity
Volume of GCMLDGhead (right) Hippocam  Freesurfer 0.002 0.398 6.9e-01
pus subsegment
ation
thickness of Frontal Medial Cortex, caudal (left) Frontal Freesurfer —0.002 -0.396 6.9e-01
22009s
Volume of GtempsupLateral (right) Temporal  Freesurfer 0.002 0.394 6.9e-01
a2009s
Volume of CA3body (right) Hippocam  Freesurfer —-0.002 -0.391 7.0E-01
pus subsegment
ation
Mean axial diffusivity in sagittal stratum (left) Associatio  dMRI 0.002 0.391 7.0E-01
n fibres diffusivity
thickness of GparietinfAngular (right) Parietal Freesurfer 0.002 0.389 7.0E-01
a2009s
Volume of Medulla (whole brain) NA Freesurfer —0.002 —0.388  7.0E-01
subsegment
ation
Mean ISOVF in cerebral peduncle (left) Brainstem  dMRI —0.002 -0.385  7.0E-01
fibres ISOVF
Area of Brodmann Area 3b (right) Parietal Freesurfer —-0.002 -0.383  7.0E-01
BA exvivo
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Volume of grey matter in Parahippocampal Gyrus, Temporal  FAST —-0.002 -0.383 7.0E-01
anterior division (left)
Grey-white contrast in Cingulate Gyrus, isthmus Limbic Freesurfer —0.002 -0.383 7.0E-01
(right) desikan gw
Area of Sprecentralsuppart (left) Frontal Freesurfer 0.002 0.378 7.1E-01
a2009s
Volume of grey matter in Middle Temporal Gyrus, Temporal  FAST —-0.002 -0.377 7.1E-01
posterior division (left)
Area of GStransvfrontopol (left) Frontal Freesurfer —0.002 -0.375 7.1E-01
a2009s
Mean intensity of CerebellumWhiteMatter (left) Cerebellu  Freesurfer —-0.002 -0.373 7.1E-01
m ASEG
Volume of Transverse temporal gyrus (right) Temporal  Freesurfer —-0.002 -0.371 7.1E-01
DKT
thickness of Supramarginal Gyrus (left) Parietal Freesurfer —0.002 -0.369 7.1E-01
DKT
thickness of Fusiform Gyrus (right) Occipital Freesurfer —-0.002 -0.368  7.1E-01
DKT
Volume of GtempsupPlanpolar (right) Temporal  Freesurfer -0.002 -0.367 7.1E-01
a2009s
Mean FA in uncinate fasciculus (left) Associatio dMRI FA —-0.002 -0.366 7.1E-01
n fibres
Area of GeingulPostventral (left) Limbic Freesurfer —-0.002 -0.366  7.1E-01
a2009s
Volume of grey matter in I-1V Cerebellum (left) Cerebellu  FAST -0.002 -0.365 7.2E-01
m
thickness of Fusiform Gyrus (right) Occipital Freesurfer —-0.002 -0.364 7.2E-01
desikan
white
thickness of Entorhinal cortex (left) Temporal  Freesurfer 0.002 0.363 7.2E-01
DKT
Volume of GSfrontomargin (right) Frontal Freesurfer 0.002 0.362 7.2E-01
a2009s
Volume of Superior Temporal Gyrus (right) Temporal  Freesurfer 0.002 0.361 7.2E-01
desikan
white
Area of Gsubcallosal (right) Frontal Freesurfer —0.002 -0.360 7.2E-01
a2009s
Volume of CA4head (left) Hippocam  Freesurfer 0.002 0.360 7.2E-01
pus subsegment
ation
Volume of Pf (left) Thalamus  Freesurfer 0.002 0.357 7.2E-01
subsegment
ation
Volume of MDI (left) Thalamus  Freesurfer 0.002 0.357 7.2E-01
subsegment
ation
Mean OD in superior cerebellar peduncle (left) Brainstem dMRI OD —-0.002 -0.353 7.2E-01
fibres
thickness of Brodmann Area V5 (right) Occipital Freesurfer 0.002 0.352 7.2E-01
BA exvivo
Volume of grey matter in Supramarginal Gyrus, Parietal FAST —0.002 -0.350 7.3E-01
anterior division (left)
Area of Fusiform Gyrus (left) Occipital Freesurfer —-0.002 -0.350 7.3E-01
DKT
Grey-white contrast in Pericalcarine cortex (left) Occipital Freesurfer 0.002 0.348 7.3E-01
desikan gw
Volume of Middle Temporal Gyrus (right) Temporal  Freesurfer —0.002 -0.346  7.3E-01
DKT
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Volume of rostral Antcingulate (right) Limbic Freesurfer 0.002 0.345 7.3E-01
desikan
white
Avrea of Superior Temporal Gyrus (right) Temporal  Freesurfer 0.002 0.345 7.3E-01
desikan pial
Area of Cingulate Gyrus, posterior (left) Limbic Freesurfer 0.002 0.342 7.3E-01
desikan
white
Mean OD in fornix cres+stria terminalis (left) Limbic dMRI OD 0.002 0.339 7.3E-01
system
fibres
Area of Insular Cortex (right) Insular Freesurfer —-0.002 -0.338 7.4E-01
desikan
white
thickness of Pericalcarine cortex (left) Occipital Freesurfer —-0.002 -0.337 7.4E-01
DKT
Volume of grey matter in Superior Temporal Gyrus, Temporal ~ FAST 0.002 0.337 7.4E-01
anterior division (left)
Volume of Postcentral Gyrus (right) Parietal Freesurfer 0.002 0.337 7.4E-01
DKT
Volume of Stemporaltransverse (right) Temporal  Freesurfer 0.002 0.335 7.4E-01
a2009s
Volume of Sfrontmiddle (right) Frontal Freesurfer —0.002 -0.335 7.4E-01
a2009s
Volume of Soctemplat (right) Temporal  Freesurfer -0.002 -0.335 7.4E-01
a2009s
Volume of Goccipitalsup (left) Occipital Freesurfer -0.002 -0.334 7.4E-01
a2009s
Mean ISOVF in pontine crossing tract on FA Brainstem  dMRI 0.002 0.333 7.4E-01
skeleton fibres ISOVF
Mean OD in superior cerebellar peduncle (right) Brainstem  dMRI OD 0.002 0.332 7.4E-01
fibres
Area of Banks superior temporal sulcus (left) Temporal  Freesurfer 0.002 0.331 7.4E-01
desikan pial
Mean OD in cingulum hippocampus (left) Limbic dMRI OD —0.002 -0.329 7.4E-01
system
fibres
Mean radial diffusivity in cerebral peduncle (left) Brainstem  dMRI 0.002 0.326 7.4E-01
fibres diffusivity
Mean MD in inferior cerebellar peduncle (right) Brainstem  dMRI 0.002 0.325 7.4E-01
fibres diffusivity
Volume of grey matter in VV Cerebellum (left) Cerebellu  FAST 0.002 0.323 7.5E-01
m
thickness of Soccipitalant (right) Occipital Freesurfer —0.002 -0.322 7.5E-01
a2009s
thickness of Sfrontinf (left) Frontal Freesurfer —0.002 -0.321 7.5E-01
a2009s
Area of Sfrontsup (right) Frontal Freesurfer —-0.002 -0.316  7.5E-01
a2009s
Area of Superior Parietal Lobule (left) Parietal Freesurfer —0.002 -0.316  7.5E-01
desikan
white
Volume of Superior Temporal Gyrus (left) Temporal  Freesurfer 0.002 0.310 7.6E-01
DKT
Mean OD in corticospinal tract (left) Brainstem dMRI OD 0.002 0.310 7.6E-01
fibres
Area of Gorbital (right) Frontal Freesurfer 0.002 0.307 7.6E-01
a2009s
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Volume of grey matter in X Cerebellum (left) Cerebellu  FAST 0.002 0.307 7.6E-01
m
Grey-white contrast in Lateral Occipital Cortex Occipital Freesurfer 0.002 0.301 7.6E-01
(right) desikan gw
Volume of CeM (right) Thalamus  Freesurfer 0.002 0.298 7.7E-01
subsegment
ation
Mean intensity of CerebellumCortex (left) Cerebellu  Freesurfer —-0.002 -0.296 7.7E-01
m ASEG
Area of Entorhinal cortex (left) Temporal  Freesurfer —0.002 -0.295 7.7E-01
DKT
Area of GfrontinfOrbital (left) Frontal Freesurfer —-0.002 -0.295 7.7E-01
a2009s
thickness of Gcuneus (left) Occipital Freesurfer —-0.002 -0.294 7.7E-01
a2009s
thickness of Pericalcarine cortex (left) Occipital Freesurfer —0.002 -0.293 7.7E-01
desikan
white
Volume of grey matter in Cingulate Gyrus, anterior Limbic FAST 0.002 0.292 7.7E-01
division (right)
Volume of Accumbensarea (left) Striatum Freesurfer 0.001 0.292 7.7E-01
ASEG
thickness of Superior Temporal Gyrus (right) Temporal  Freesurfer 0.002 0.290 7.7E-01
DKT
Volume of GSoccipitalinf (right) Occipital Freesurfer 0.002 0.290 7.7E-01
a2009s
Grey-white contrast in Inferior Temporal Gyrus (left)  Temporal ~ Freesurfer —-0.001 -0.290 7.7E-01
desikan gw
thickness of Transverse temporal gyrus (left) Temporal  Freesurfer 0.002 0.288 7.7E-01
DKT
Avrea of Superior Parietal Lobule (right) Parietal Freesurfer 0.002 0.286 7.8E-01
desikan pial
thickness of Postcentral Gyrus (left) Parietal Freesurfer 0.002 0.284 7.8E-01
desikan
white
thickness of Postcentral Gyrus (left) Parietal Freesurfer 0.002 0.283 7.8E-01
DKT
thickness of Inferior Temporal Gyrus (right) Temporal  Freesurfer —0.002 -0.283 7.8E-01
DKT
Area of Superior Temporal Gyrus (right) Temporal  Freesurfer —-0.002 -0.283 7.8E-01
DKT
Area of Gtemporalmiddle (right) Temporal  Freesurfer 0.002 0.281 7.8E-01
a2009s
Area of Stemporaltransverse (left) Temporal  Freesurfer —0.002 -0.281 7.8E-01
22009s
thickness of Transverse temporal gyrus (left) Temporal  Freesurfer 0.002 0.280 7.8E-01
desikan
white
Mean radial diffusivity in cingulum cingulate gyrus Limbic dMRI 0.001 0.280 7.8E-01
(left) system diffusivity
fibres
Grey-white contrast in Frontal Pole (right) Frontal Freesurfer 0.001 0.278 7.8E-01
desikan gw
Mean ICVF in uncinate fasciculus (left) Associatio dMRI ICVF 0.001 0.276  7.8E-01
n fibres
Mean ICVF in corticospinal tract (left) Brainstem  dMRI ICVF 0.002 0.275 7.8E-01
fibres
Mean axial diffusivity in corticospinal tract (left) Brainstem  dMRI 0.002 0.275 7.8E-01
fibres diffusivity
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Mean MD in inferior cerebellar peduncle (left) Brainstem  dMRI 0.001 0.274 7.8E-01
fibres diffusivity
Avrea of Lateral orbitofrontal cortex (left) Frontal Freesurfer 0.001 0.273 7.8E-01
desikan pial
Volume of MDI (right) Thalamus  Freesurfer —-0.001 -0.272  7.9e-01
subsegment
ation
Volume of fimbria (right) Hippocam  Freesurfer 0.001 0.272 7.9E-01
pus subsegment
ation
Mean MD in uncinate fasciculus (left) Associatio dMRI —0.001 -0.270  7.9e-01
n fibres diffusivity
thickness of SorbitalHShaped (right) Frontal Freesurfer —-0.001 -0.270  7.9e-01
a2009s
Volume of grey matter in VIlIb Cerebellum (left) Cerebellu  FAST —0.001 -0.270  7.9e-01
m
Area of Frontal Pole (left) Frontal Freesurfer 0.001 0.269 7.9e-01
desikan
white
thickness of Inferior Temporal Gyrus (left) Temporal  Freesurfer 0.001 0.269 7.9e-01
DKT
Volume of Middle Temporal Gyrus (right) Temporal  Freesurfer —0.001 -0.268 7.9E-01
desikan
white
Volume of SorbitalHShaped (right) Frontal Freesurfer -0.001 -0.268 7.9e-01
a2009s
thickness of Inferior Frontal Gyrus, pars orbitalis Frontal Freesurfer 0.001 0.267 7.9e-01
(right) DKT
thickness of Gtemporalinf (left) Temporal  Freesurfer 0.001 0.266  7.9e-01
a2009s
Volume of GeingulPostventral (left) Limbic Freesurfer —-0.001 -0.265 7.9-01
a2009s
Mean ICVF in middle cerebellar peduncle on FA Brainstem dMRI ICVF 0.001 0.265 7.9e-01
skeleton fibres
Volume of GeingulPostdorsal (right) Limbic Freesurfer —-0.001 -0.264 7.9e-01
a2009s
Mean ICVF in fornix cres+stria terminalis (right) Limbic dMRI ICVF —0.001 -0.262 7.9E-01
system
fibres
Area of SintraparietPtrans (right) Parietal Freesurfer —0.001 -0.262 7.9E-01
a2009s
thickness of Ssubparietal (left) Parietal Freesurfer —-0.001 -0.259  8.0E-01
a2009s
Volume of GparietinfSupramar (left) Parietal Freesurfer —0.001 —0.258 8.0E-01
a2009s
Volume of grey matter in Inferior Temporal Gyrus, Temporal ~ FAST 0.001 0.256  8.0E-01
anterior division (right)
Volume of Lingual Gyrus (right) Occipital Freesurfer —-0.001 -0.256  8.0E-01
desikan
white
Area of Middle Temporal Gyrus (right) Temporal  Freesurfer 0.001 0.256  8.0E-01
desikan pial
Volume of grey matter in Middle Temporal Gyrus, Temporal  FAST —-0.001 -0.255 8.0E-01
temporooccipital part (left)
Volume of CCPosterior (whole brain) NA Freesurfer —-0.001 -0.255 8.0E-01
ASEG
Area of Sfrontmiddle (left) Frontal Freesurfer —0.001 —0.255 8.0E-01
a2009s
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Volume of hippocampalfissure (left) Hippocam  Freesurfer —-0.001 -0.254 8.0E-01
pus subsegment
ation
Volume of Lateral Occipital Cortex (right) Occipital Freesurfer 0.001 0.252 8.0E-01
DKT
Mean ICVF in cingulum cingulate gyrus (right) Limbic dMRI ICVF —-0.001 -0.252 8.0E-01
system
fibres
Volume of Lateral Occipital Cortex (left) Occipital Freesurfer —0.001 —0.250 8.0E-01
DKT
Volume of GoctempmedLingual (right) Occipital Freesurfer —0.001 -0.249 8.0E-01
a2009s
thickness of Inferior Temporal Gyrus (right) Temporal  Freesurfer —-0.001 -0.248 8.0E-01
desikan
white
Volume of Sprecentralsuppart (right) Frontal Freesurfer —0.001 -0.244 8.1E-01
a2009s
Avrea of Goccipitalsup (right) Occipital Freesurfer 0.001 0.243 8.1E-01
a2009s
Volume of VVPL (left) Thalamus  Freesurfer 0.001 0.242 8.1E-01
subsegment
ation
Volume of CCAnt (whole brain) NA Freesurfer —0.001 -0.242 8.1E-01
ASEG
thickness of Sprecentralsuppart (left) Frontal Freesurfer -0.001 -0.241 8.1E-01
a2009s
Volume of Sorbitallateral (right) Frontal Freesurfer -0.001 -0.239 8.1E-01
a2009s
thickness of GScingulAnt (right) Limbic Freesurfer —0.001 -0.238 8.1E-01
a2009s
Volume of grey matter in Frontal Orbital Cortex (left)  Frontal FAST —-0.001 -0.238 8.1E-01
Mean ISOVF in retrolenticular part of internal Internal dMRI 0.001 0.238 8.1E-01
capsule (left) capsule ISOVF
Volume of GlnslgScentins (right) Insular Freesurfer 0.001 0.237 8.1E-01
a2009s
thickness of Inferior Parietal Lobule (left) Parietal Freesurfer 0.001 0.237 8.1E-01
22009s
Area of Lateral orbitofrontal cortex (right) Frontal Freesurfer —-0.001 -0.237 8.1E-01
DKT
Area of Stemporalsup (right) Temporal  Freesurfer —-0.001 -0.235 8.1E-01
a2009s
Volume of Lateral Occipital Cortex (left) Occipital Freesurfer —0.001 -0.235 8.1E-01
desikan
white
thickness of Paracentral lobule (right) Frontal Freesurfer 0.001 0.233 8.2E-01
DKT
Volume of GtempsupPlantempo (right) Temporal  Freesurfer 0.001 0.231 8.2E-01
a2009s
Volume of Pc (right) Thalamus  Freesurfer 0.001 0.231 8.2E-01
subsegment
ation
Avrea of Scircularinsulaant (right) Insular Freesurfer —-0.001 -0.230 8.2E-01
a2009s
Volume of Gpostcentral (right) Parietal Freesurfer 0.001 0.229 8.2E-01
a2009s
thickness of Supramarginal Gyrus (right) Parietal Freesurfer 0.001 0.229 8.2E-01
desikan
white
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Grey-white contrast in Insular Cortex (left) Insular Freesurfer —-0.001 -0.228 8.2E-01
desikan gw
thickness of Gtemporalinf (right) Temporal  Freesurfer —0.001 -0.226 8.2E-01
a2009s
Volume of molecularlayerHPbody (right) Hippocam  Freesurfer 0.001 0.224 8.2E-01
pus subsegment
ation
Volume of VentralDC (right) Thalamus  Freesurfer 0.001 0.224 8.2E-01
ASEG
Avrea of rostralAntcingulate (right) Limbic Freesurfer —0.001 -0.224 8.2E-01
DKT
Mean ICVF in cingulum cingulate gyrus (left) Limbic dMRI ICVF —-0.001 -0.221 8.3E-01
system
fibres
Area of Cingulate Gyrus, posterior (left) Limbic Freesurfer 0.001 0.220 8.3E-01
DKT
Volume of Parahippocampal Gyrus (left) Temporal  Freesurfer 0.001 0.218 8.3E-01
DKT
Volume of Mednucleus (left) Amygdala  Freesurfer -0.001 -0.218 8.3E-01
subsegment
ation
Area of Soccipitalant (right) Occipital Freesurfer —-0.001 -0.215 8.3E-01
a2009s
Area of Middle Temporal Gyrus (right) Temporal  Freesurfer 0.001 0.215 8.3E-01
desikan
white
Mean intensity of choroidplexus (right) NA Freesurfer -0.001 -0.214 8.3E-01
ASEG
Area of Scollattransvpost (left) Temporal  Freesurfer 0.001 0.213 8.3E-01
a2009s
Volume of Perirhinal cortex (left) Temporal  Freesurfer 0.001 0.213 8.3E-01
BA exvivo
Mean ISOVF in superior longitudinal fasciculus (left) ~ Associatio dMRI 0.001 0.213 8.3E-01
n fibres ISOVF
thickness of Superior Frontal Gyrus (right) Frontal Freesurfer 0.001 0.212 8.3E-01
DKT
Mean axial diffusivity in cingulum hippocampus Limbic dMRI —0.001 —0.208 8.4E-01
(right) system diffusivity
fibres
Volume of GSfrontomargin (left) Frontal Freesurfer —-0.001 -0.206 8.4E-01
a2009s
Area of Superior Frontal Gyrus (left) Frontal Freesurfer —-0.001 -0.206 8.4E-01
DKT
Mean intensity of 4thVentricle (whole brain) NA Freesurfer —0.001 —0.205 8.4E-01
ASEG
Volume of Sprecentralsuppart (left) Frontal Freesurfer 0.001 0.205 8.4E-01
a2009s
Volume of GtempsupPlanpolar (left) Temporal  Freesurfer —-0.001 -0.204 8.4E-01
a2009s
Mean ICVF in inferior cerebellar peduncle (right) Brainstem  dMRI ICVF 0.001 0.204 8.4E-01
fibres
Volume of Lingual Gyrus (right) Occipital Freesurfer —0.001 —0.203 8.4E-01
DKT
Mean FA in cingulum hippocampus (right) Limbic dMRI FA 0.001 0.202 8.4E-01
system
fibres
thickness of Paracentral lobule (right) Frontal Freesurfer 0.001 0.199 8.4E-01
desikan
white
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Area of Inferior Frontal Gyrus, pars orbitalis (left) Frontal Freesurfer 0.001 0.199 8.4E-01
DKT
Avrea of LatFispost (right) NA Freesurfer —0.001 -0.198 8.4E-01
a2009s
thickness of Supramarginal Gyrus (left) Parietal Freesurfer —-0.001 -0.195 8.5E-01
desikan
white
thickness of GScingulMidAnt (right) Limbic Freesurfer —-0.001 -0.193 8.5E-01
a2009s
Grey-white contrast in caudalAntcingulate (right) Limbic Freesurfer —0.001 -0.193 8.5E-01
desikan gw
Mean intensity of CSF (whole brain) NA Freesurfer —-0.001 -0.193 8.5E-01
ASEG
Volume of grey matter in Superior Frontal Gyrus Frontal FAST —-0.001 -0.188 8.5E-01
(left)
Mean radial diffusivity in cingulum cingulate gyrus Limbic dMRI 0.001 0.185 8.5E-01
(right) system diffusivity
fibres
thickness of Gpostcentral (left) Parietal Freesurfer 0.001 0.184 8.5E-01
a2009s
Volume of AntamygdaloidareA (right) Amygdala  Freesurfer 0.001 0.181 8.6E-01
subsegment
ation
Volume of Brodmann Area 3b (right) Parietal Freesurfer 0.001 0.181 8.6E-01
BA exvivo
Volume of Parahippocampal Gyrus (left) Temporal  Freesurfer —-0.001 -0.180 8.6E-01
desikan
white
thickness of Poletemporal (right) Temporal  Freesurfer 0.001 0.180 8.6E-01
a2009s
Mean ISOVF in posterior thalamic radiation (right) Thalamic ~ dMRI —-0.001 -0.179 8.6E-01
radiations  ISOVF
Grey-white contrast in Lingual Gyrus (left) Occipital Freesurfer —0.001 -0.178 8.6E-01
desikan gw
Area of Sprecentralsuppart (right) Frontal Freesurfer —-0.001 -0.178 8.6E-01
a2009s
Volume of Transverse temporal gyrus (right) Temporal  Freesurfer —0.001 -0.178 8.6E-01
desikan
white
Area of PreCuneal Cortex (right) Occipital Freesurfer 0.001 0.176  8.6E-01
desikan
white
Volume of Wholethalamus (left) Thalamus  Freesurfer —-0.001 -0.176  8.6E-01
subsegment
ation
Avrea of Cingulate Gyrus, posterior (left) Limbic Freesurfer 0.001 0.176  8.6E-01
desikan pial
Area of Spostcentral (left) Parietal Freesurfer —-0.001 -0.173  8.6E-01
a2009s
thickness of Brodmann Area 1 (right) Parietal Freesurfer 0.001 0.173 8.6E-01
BA exvivo
thickness of Gfrontmiddle (right) Frontal Freesurfer —0.001 -0.169 8.7E-01
a2009s
Mean FA in posterior limb of internal capsule (left) Internal dMRI FA —-0.001 -0.169 8.7E-01
capsule
thickness of Entorhinal cortex (left) Temporal  Freesurfer 0.001 0.169 8.7E-01
a2009s
Mean ICVF in corticospinal tract (right) Brainstem  dMRI ICVF 0.001 0.166 8.7E-01
fibres
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Volume of grey matter in VIlb Cerebellum (left) Cerebellu  FAST —-0.001 -0.165 8.7E-01
m
Mean OD in middle cerebellar peduncle on FA Brainstem  dMRI OD 0.001 0.165 8.7E-01
skeleton fibres
Area of Spostcentral (right) Parietal Freesurfer —-0.001 -0.161 8.7E-01
a2009s
Volume of grey matter in Temporal Fusiform Cortex, ~Temporal = FAST —-0.001 -0.161 8.7E-01
posterior division (right)
Volume of Postcentral Gyrus (right) Parietal Freesurfer 0.001 0.161 8.7E-01
desikan
white
Mean OD in fornix cres+stria terminalis (right) Limbic dMRI OD 0.001 0.160 8.7E-01
system
fibres
thickness of Global thickness (right) NA Freesurfer 0.001 0.159 8.7E-01
desikan
white
Avrea of GtempsupGTtransv (left) Temporal  Freesurfer 0.001 0.158 8.7E-01
a2009s
Avrea of PreCuneal Cortex (right) Occipital Freesurfer 0.001 0.152 8.8E-01
DKT
Volume of grey matter in Temporal Fusiform Cortex, Temporal = FAST 0.001 0.149 8.8E-01
posterior division (left)
Area of Gpostcentral (right) Parietal Freesurfer —-0.001 -0.148 8.8E-01
a2009s
Volume of GparietinfSupramar (right) Parietal Freesurfer 0.001 0.148 8.8E-01
a2009s
thickness of caudalAntcingulate (right) Limbic Freesurfer —-0.001 -0.147 8.8E-01
DKT
thickness of Brodmann Area 1 (left) Parietal Freesurfer 0.001 0.147 8.8E-01
BA exvivo
Area of Brodmann Area 4a (right) Frontal Freesurfer 0.001 0.146 8.8E-01
BA exvivo
Mean OD in body of corpus callosum on FA skeleton ~ Commissu dMRI OD —-0.001 -0.146  8.8E-01
ral fibres
Mean MD in cingulum hippocampus (right) Limbic dMRI —0.001 -0.145 8.8E-01
system diffusivity
fibres
thickness of caudalAntcingulate (right) Limbic Freesurfer —0.001 -0.145 8.8E-01
desikan
white
thickness of Supramarginal Gyrus (right) Parietal Freesurfer 0.001 0.142 8.9E-01
DKT
thickness of GSparacentral (right) Frontal Freesurfer —0.001 -0.141 8.9e-01
a2009s
Mean intensity of VentralDC (right) Thalamus  Freesurfer 0.001 0.140 8.9E-01
ASEG
Volume of grey matter in Inferior Frontal Gyrus, pars ~ Frontal FAST 0.001 0.139 8.9E-01
triangularis (right)
Avrea of Lateral orbitofrontal cortex (left) Frontal Freesurfer 0.001 0.139 8.9E-01
desikan
white
Area of Gsubcallosal (left) Frontal Freesurfer —-0.001 -0.138  8.9e-01
a2009s
Volume of Poleoccipital (right) Occipital Freesurfer -0.001 -0.138 8.9E-01
a2009s
thickness of Ssuborbital (right) Frontal Freesurfer 0.001 0.137 8.9E-01
a2009s
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Volume of Frontal Pole (right) Frontal Freesurfer —-0.001 -0.137 8.9e-01
desikan
white
Area of Gprecentral (right) Frontal Freesurfer —0.001 -0.135 8.9E-01
a2009s
Volume of grey matter in Parietal Operculum Cortex  Insular FAST —-0.001 -0.131 9.0E-01
(left)
Volume of Ssuborbital (left) Frontal Freesurfer 0.001 0.131 9.0E-01
a2009s
thickness of Scalcarine (left) Occipital Freesurfer —0.001 —0.130 9.0E-01
a2009s
Mean radial diffusivity in uncinate fasciculus (left) Associatio dMRI 0.001 0.129 9.0E-01
n fibres diffusivity
Volume of grey matter in VVI11b Cerebellum (right) Cerebellu  FAST —-0.001 -0.129 9.0E-01
m
Volume of Entorhinal cortex (left) Temporal  Freesurfer 0.001 0.129 9.0E-01
BA exvivo
Avrea of Middle Temporal Gyrus (right) Temporal  Freesurfer 0.001 0.128 9.0E-01
DKT
Volume of InfLatVent (right) NA Freesurfer 0.001 0.127 9.0E-01
ASEG
Grey-white contrast in Frontal Pole (left) Frontal Freesurfer —-0.001 -0.127  9.0E-01
desikan gw
Avrea of Poletemporal (right) Temporal  Freesurfer 0.001 0.127 9.0E-01
a2009s
Volume of grey matter in VIlla Cerebellum (left) Cerebellu  FAST -0.001 -0.127  9.0E-01
m
Area of GSoccipitalinf (right) Occipital Freesurfer —-0.001 -0.126  9.0E-01
a2009s
Volume of GeingulPostventral (right) Limbic Freesurfer —-0.001 -0.126  9.0E-01
a2009s
Mean FA in external capsule (right) Associatio dMRI FA —-0.001 -0.124  9.0E-01
n fibres
Area of GparietinfSupramar (right) Parietal Freesurfer 0.001 0.122 9.0E-01
a2009s
Volume of Spostcentral (right) Parietal Freesurfer 0.001 0.121  9.0E-01
a2009s
Mean intensity of CerebellumCortex (right) Cerebellu  Freesurfer —0.001 -0.120 9.0E-01
m ASEG
Volume of Scircularinsulainf (left) Insular Freesurfer 0.001 0.116 9.1E-01
a2009s
thickness of GparietinfSupramar (left) Parietal Freesurfer 0.001 0.112 9.1E-01
a2009s
Volume of GtempsupGTtransv (right) Temporal  Freesurfer 0.001 0.108 9.1E-01
a2009s
Volume of GSparacentral (right) Frontal Freesurfer 0.001 0.106 9.2E-01
a2009s
Mean axial diffusivity in middle cerebellar peduncle Brainstem  dMRI 0.001 0.105 9.2E-01
on FA skeleton fibres diffusivity
Volume of grey matter in Vermis Crus | Cerebellum Cerebellu  FAST —0.001 -0.105 9.2E-01
m
Volume of AV (left) Thalamus  Freesurfer —-0.001 -0.104 9.2E-01
subsegment
ation
Mean OD in sagittal stratum (right) Associatio dMRI OD 0.001 0.103 9.2E-01
n fibres
Mean radial diffusivity in cingulum hippocampus Limbic dMRI —0.001 -0.100 9.2E-01
(right) system diffusivity
fibres
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Volume of CA4body (right) Hippocam  Freesurfer 0.001 0.098 9.2E-01
pus subsegment
ation
thickness of LatFisantHorizont (right) NA Freesurfer —0.001 -0.097 9.2E-01
a2009s
thickness of Inferior Parietal Lobule (left) Parietal Freesurfer 0.001 0.097 9.2E-01
DKT
Volume of Scollattransvpost (left) Temporal  Freesurfer —-0.001 -0.097 9.2E-01
a2009s
Volume of grey matter in Vermis VI Cerebellum Cerebellu  FAST 0.000 0.094 9.2E-01
m
Volume of CerebellumWhiteMatter (left) Cerebellu  Freesurfer 0.000 -0.088 9.3E-01
m ASEG
thickness of Banks superior temporal sulcus (right) Temporal  Freesurfer 0.000 -0.086 9.3E-01
desikan
white
thickness of Inferior Parietal Lobule (right) Parietal Freesurfer 0.000 -0.083 9.3E-01
DKT
Volume of Gtemporalmiddle (right) Temporal  Freesurfer 0.000 -0.081 9.4E-01
a2009s
Area of GStransvfrontopol (right) Frontal Freesurfer 0.000 0.077 9.4E-01
a2009s
Grey-white contrast in Temporal pole (left) Temporal  Freesurfer 0.000 -0.069 9.4E-01
desikan gw
thickness of Brodmann Area 3a (right) Parietal Freesurfer 0.000 0.064 9.5E-01
BA exvivo
Area of GparietinfSupramar (left) Parietal Freesurfer 0.000 -0.063  9.5E-01
a2009s
Volume of Superior Parietal Lobule (left) Parietal Freesurfer 0.000 0.063 9.5E-01
desikan
white
Volume of grey matter in Lateral Occipital Cortex, Occipital FAST 0.000 0.059 9.5E-01
inferior division (left)
Volume of GCMLDGbody (left) Hippocam  Freesurfer 0.000 -0.057 9.5E-01
pus subsegment
ation
Volume of Sfrontsup (right) Frontal Freesurfer 0.000 -0.057 9.5E-01
a2009s
Volume of Lateral Occipital Cortex (right) Occipital Freesurfer 0.000 0.057 9.5E-01
desikan
white
Volume of grey matter in Crus Il Cerebellum (right) Cerebellu  FAST 0.000 -0.056 9.6E-01
m
thickness of GtempsupPlantempo (left) Temporal  Freesurfer 0.000 —0.055 9.6E-01
a2009s
Area of Superior Temporal Gyrus (right) Temporal  Freesurfer 0.000 -0.053 9.6E-01
desikan
white
thickness of GlnslgScentins (right) Insular Freesurfer 0.000 -0.051 9.6E-01
a2009s
Grey-white contrast in Medorbitofrontal (right) Frontal Freesurfer 0.000 0.043 9.7E-01
desikan gw
Area of Scollattransvant (right) Temporal  Freesurfer 0.000 -0.042 9.7E-01
a2009s
Volume of CerebellumCortex (left) Cerebellu  Freesurfer 0.000 0.041 9.7E-01
m ASEG
Volume of grey matter in Parahippocampal Gyrus, Temporal  FAST 0.000 —0.040 9.7E-01

posterior division (left)
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thickness of Brodmann Area V1 (right) Occipital Freesurfer 0.000 -0.040 9.7E-01
BA exvivo

Avrea of LatFisantVertical (right) NA Freesurfer 0.000 -0.039 9.7E-01
a2009s

Volume of Pul (right) Thalamus  Freesurfer 0.000 0.039 9.7E-01
subsegment
ation

Volume of LatFisantHorizont (right) NA Freesurfer 0.000 -0.038 9.7E-01
a2009s

thickness of Gtemporalmiddle (right) Temporal  Freesurfer 0.000 -0.037 9.7E-01
a2009s

Grey-white contrast in Inferior Temporal Gyrus Temporal  Freesurfer 0.000 0.037 9.7E-01

(right) desikan gw

Volume of grey matter in Inferior Temporal Gyrus, Temporal  FAST 0.000 0.037 9.7E-01

temporooccipital part (right)

Volume of ThalamusProper (right) Thalamus  Freesurfer 0.000 0.037 9.7E-01
ASEG

Grey-white contrast in Banks superior temporal Temporal  Freesurfer 0.000 0.036 9.7E-01

sulcus (right) desikan gw

Volume of grey matter in Supracalcarine Cortex (left)  Occipital FAST 0.000 -0.034 9.7E-01

thickness of GparietinfAngular (left) Parietal Freesurfer 0.000 -0.032 9.7E-01
a2009s

Volume of GfrontinfOrbital (left) Frontal Freesurfer 0.000 0.029 9.8E-01
a2009s

Volume of grey matter in Crus Il Cerebellum (left) Cerebellu  FAST 0.000 -0.021 9.8E-01

m

Area of Brodmann Area 2 (right) Parietal Freesurfer 0.000 0.019 9.9E-01
BA exvivo

Avrea of GtempsupPlantempo (right) Temporal  Freesurfer 0.000 -0.015 9.9-01
a2009s

Volume of hippocampus (left) Hippocam  FIRST 0.000 -0.012 9.9E-01

pus

thickness of Inferior Parietal Lobule (right) Parietal Freesurfer 0.000 0.011 9.9e-01
desikan
white

Volume of grey matter in Occipital Fusiform Gyrus Occipital FAST 0.000 -0.011 9.9e-01

(right)

Mean intensity of ThalamusProper (left) Thalamus  Freesurfer 0.000 -0.009 9.9E-01
ASEG

Volume of grey matter in Frontal Orbital Cortex Frontal FAST 0.000 —0.008 9.9e-01

(right)

thickness of SintermprimJensen (left) Parietal Freesurfer 0.000 —0.007 9.9e-01
a2009s

Mean intensity of VentralDC (left) Thalamus  Freesurfer 0.000 -0.007  9.9e-01
ASEG

Area of Sfrontmiddle (right) Frontal Freesurfer 0.000 —0.006  1.0E+00
a2009s

Area of Superior Parietal Lobule (left) Parietal Freesurfer 0.000 0.006  1.0E+00
DKT

Avrea of Frontal Pole (right) Frontal Freesurfer 0.000 -0.005 1.0E+00
desikan pial

thickness of Brodmann Area V2 (left) Occipital Freesurfer 0.000 0.003  1.0E+00
BA exvivo

thickness of Inferior Frontal Gyrus, pars orbitalis Frontal Freesurfer 0.000 —0.001  1.0E+00

(right) desikan
white
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Linear regression models estimated the association between neuroticism z-scores and each IDP, adjusting for sex, age and
polynomial age terms, agexsex, ethnicity, Townsend deprivation index, education, smoking status, alcohol consumption,
and body mass index.
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Appendix 6.2: Mediation analyses

Model/atlas Description Mediator Parameter  Estimate p

FAST Volume of grey matter in Left anxiety and stress ACME 0.004 <0.001
Caudate related disorders

FAST Volume of grey matter in Left anxiety and stress ADE 0.021 <0.001
Caudate related disorders

FAST Volume of grey matter in Left anxiety and stress Total 0.025 <0.001
Caudate related disorders Effect

FAST Volume of grey matter in Left anxiety and stress Prop. 0.153 <0.001
Caudate related disorders Mediated

FAST Volume of grey matter in Right anxiety and stress ACME 0.005 <0.001
Caudate related disorders

FAST Volume of grey matter in Right anxiety and stress ADE 0.019 <0.001
Caudate related disorders

FAST Volume of grey matter in Right anxiety and stress Total 0.024 <0.001
Caudate related disorders Effect

FAST Volume of grey matter in Right anxiety and stress Prop. 0.192 <0.001
Caudate related disorders Mediated

FAST Volume of grey matter in Left Frontal  anxiety and stress ACME -0.001 0.274
Medial Cortex related disorders

FAST Volume of grey matter in Left Frontal — anxiety and stress ADE —0.026 <0.001
Medial Cortex related disorders

FAST Volume of grey matter in Left Frontal  anxiety and stress Total -0.027 <0.001
Medial Cortex related disorders Effect

FAST Volume of grey matter in Left Frontal — anxiety and stress Prop. 0.046 0.274
Medial Cortex related disorders Mediated

FAST Volume of grey matter in Left anxiety and stress ACME 0.003 <0.001
Putamen related disorders

FAST Volume of grey matter in Left anxiety and stress ADE 0.021 <0.001
Putamen related disorders

FAST Volume of grey matter in Left anxiety and stress Total 0.024 <0.001
Putamen related disorders Effect

FAST Volume of grey matter in Left anxiety and stress Prop. 0.135 <0.001
Putamen related disorders Mediated

FAST Volume of grey matter in Right anxiety and stress ACME 0.003 0.01
Putamen related disorders

FAST Volume of grey matter in Right anxiety and stress ADE 0.021 <0.001
Putamen related disorders

FAST Volume of grey matter in Right anxiety and stress Total 0.024 <0.001
Putamen related disorders Effect

FAST Volume of grey matter in Right anxiety and stress Prop. 0.121 0.01
Putamen related disorders Mediated

FAST Volume of grey matter in Left anxiety and stress ACME —0.001 0.186
Subcallosal Cortex related disorders

FAST Volume of grey matter in Left anxiety and stress ADE —0.022 <0.001
Subcallosal Cortex related disorders

FAST Volume of grey matter in Left anxiety and stress Total -0.024 <0.001
Subcallosal Cortex related disorders Effect

FAST Volume of grey matter in Left anxiety and stress Prop. 0.061 0.186
Subcallosal Cortex related disorders Mediated

FAST Volume of grey matter in Left Ventral —anxiety and stress ACME 0.002 0.068
Striatum related disorders

FAST Volume of grey matter in Left Ventral —anxiety and stress ADE 0.019 <0.001
Striatum related disorders

FAST Volume of grey matter in Left Ventral —anxiety and stress Total 0.021 <0.001
Striatum related disorders Effect
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FAST Volume of grey matter in Left Ventral anxiety and stress Prop. 0.089 0.068
Striatum related disorders Mediated

FLAIR Total volume of white matter anxiety and stress ACME 0.003 0.002
hyperintensities (from T1 and related disorders
T2_FLAIR images)

FLAIR Total volume of white matter anxiety and stress ADE 0.020 <0.001
hyperintensities (from T1 and related disorders
T2_FLAIR images)

FLAIR Total volume of white matter anxiety and stress Total 0.022 <0.001
hyperintensities (from T1 and related disorders Effect
T2_FLAIR images)

FLAIR Total volume of white matter anxiety and stress Prop. 0.127 0.002
hyperintensities (from T1 and related disorders Mediated
T2_FLAIR images)

dMRI Mean axial diffusivity in external anxiety and stress ACME 0.005 <0.001
capsule (right) related disorders

dMRI Mean axial diffusivity in external anxiety and stress ADE 0.017 <0.001
capsule (right) related disorders

dMRI Mean axial diffusivity in external anxiety and stress Total 0.022 <0.001
capsule (right) related disorders Effect

dMRI Mean axial diffusivity in external anxiety and stress Prop. 0.240 <0.001
capsule (right) related disorders Mediated

dMRI Mean ISOVF in fornix cres+stria anxiety and stress ACME 0.001 0.194
terminalis (right) related disorders

dMRI Mean ISOVF in fornix cres+stria anxiety and stress ADE 0.022 <0.001
terminalis (right) related disorders

dMRI Mean ISOVF in fornix cres+stria anxiety and stress Total 0.023 <0.001
terminalis (right) related disorders Effect

dMRI Mean ISOVF in fornix cres+stria anxiety and stress Prop. 0.059 0.194
terminalis (right) related disorders Mediated

dMRI Mean MD in fornix cres+stria anxiety and stress ACME 0.002 0.016
terminalis (right) related disorders

dMRI Mean MD in fornix cres+stria anxiety and stress ADE 0.020 0.002
terminalis (right) related disorders

dMRI Mean MD in fornix cres+stria anxiety and stress Total 0.023 <0.001
terminalis (right) related disorders Effect

dMRI Mean MD in fornix cres+stria anxiety and stress Prop. 0.108 0.016
terminalis (right) related disorders Mediated

dMRI Mean axial diffusivity in posterior anxiety and stress ACME 0.004 <0.001
corona radiata (left) related disorders

dMRI Mean axial diffusivity in posterior anxiety and stress ADE 0.023 <0.001
corona radiata (left) related disorders

dMRI Mean axial diffusivity in posterior anxiety and stress Total 0.026 <0.001
corona radiata (left) related disorders Effect

dMRI Mean axial diffusivity in posterior anxiety and stress Prop. 0.146 <0.001
corona radiata (left) related disorders Mediated

dMRI Mean MD in posterior corona radiata  anxiety and stress ACME 0.004 <0.001
(left) related disorders

dMRI Mean MD in posterior corona radiata  anxiety and stress ADE 0.019 <0.001
(left) related disorders

dMRI Mean MD in posterior corona radiata  anxiety and stress Total 0.023 <0.001
(left) related disorders Effect

dMRI Mean MD in posterior corona radiata  anxiety and stress Prop. 0.187 <0.001
(left) related disorders Mediated

dMRI Mean OD in posterior corona radiata ~ anxiety and stress ACME —0.002 0.086
(left) related disorders

dMRI Mean OD in posterior corona radiata  anxiety and stress ADE -0.022 <0.001

(left)

related disorders
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dMRI Mean OD in posterior corona radiata  anxiety and stress Total —0.024 <0.001
(left) related disorders Effect

dMRI Mean OD in posterior corona radiata  anxiety and stress Prop. 0.078 0.086
(left) related disorders Mediated

dMRI Mean axial diffusivity in posterior anxiety and stress ACME 0.004 <0.001
corona radiata (right) related disorders

dMRI Mean axial diffusivity in posterior anxiety and stress ADE 0.019 <0.001
corona radiata (right) related disorders

dMRI Mean axial diffusivity in posterior anxiety and stress Total 0.023 <0.001
corona radiata (right) related disorders Effect

dMRI Mean axial diffusivity in posterior anxiety and stress Prop. 0.177 <0.001
corona radiata (right) related disorders Mediated

dMRI Mean FA in posterior thalamic anxiety and stress ACME —0.003 0.004
radiation (left) related disorders

dMRI Mean FA in posterior thalamic anxiety and stress ADE —0.023 <0.001
radiation (left) related disorders

dMRI Mean FA in posterior thalamic anxiety and stress Total —0.026 <0.001
radiation (left) related disorders Effect

dMRI Mean FA in posterior thalamic anxiety and stress Prop. 0.118 0.004
radiation (left) related disorders Mediated

dMRI Mean ICVF in posterior thalamic anxiety and stress ACME —0.003 0.022
radiation (left) related disorders

dMRI Mean ICVF in posterior thalamic anxiety and stress ADE —0.021 <0.001
radiation (left) related disorders

dMRI Mean ICVF in posterior thalamic anxiety and stress Total -0.024 <0.001
radiation (left) related disorders Effect

dMRI Mean ICVF in posterior thalamic anxiety and stress Prop. 0.109 0.022
radiation (left) related disorders Mediated

dMRI Mean radial diffusivity in posterior anxiety and stress ACME 0.003 0.002
thalamic radiation (left) related disorders

dMRI Mean radial diffusivity in posterior anxiety and stress ADE 0.022 <0.001
thalamic radiation (left) related disorders

dMRI Mean radial diffusivity in posterior anxiety and stress Total 0.025 <0.001
thalamic radiation (left) related disorders Effect

dMRI Mean radial diffusivity in posterior anxiety and stress Prop. 0.123 0.002
thalamic radiation (left) related disorders Mediated

dMRI Mean FA in posterior thalamic anxiety and stress ACME —0.003 0.01
radiation (right) related disorders

dMRI Mean FA in posterior thalamic anxiety and stress ADE —0.026 <0.001
radiation (right) related disorders

dMRI Mean FA in posterior thalamic anxiety and stress Total —0.028 <0.001
radiation (right) related disorders Effect

dMRI Mean FA in posterior thalamic anxiety and stress Prop. 0.093 0.01
radiation (right) related disorders Mediated

dMRI Mean ICVF in posterior thalamic anxiety and stress ACME —0.003 0.006
radiation (right) related disorders

dMRI Mean ICVF in posterior thalamic anxiety and stress ADE —0.023 <0.001
radiation (right) related disorders

dMRI Mean ICVF in posterior thalamic anxiety and stress Total -0.026 <0.001
radiation (right) related disorders Effect

dMRI Mean ICVF in posterior thalamic anxiety and stress Prop. 0.130 0.006
radiation (right) related disorders Mediated

dMRI Mean radial diffusivity in posterior anxiety and stress ACME 0.003 0.002
thalamic radiation (right) related disorders

dMRI Mean radial diffusivity in posterior anxiety and stress ADE 0.025 <0.001
thalamic radiation (right) related disorders

dMRI Mean radial diffusivity in posterior anxiety and stress Total 0.028 <0.001
thalamic radiation (right) related disorders Effect
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dMRI Mean radial diffusivity in posterior anxiety and stress Prop. 0.118 0.002
thalamic radiation (right) related disorders Mediated
dMRI Mean MD in posterior thalamic anxiety and stress ACME 0.003 <0.001
radiation (right) related disorders
dMRI Mean MD in posterior thalamic anxiety and stress ADE 0.021 <0.001
radiation (right) related disorders
dMRI Mean MD in posterior thalamic anxiety and stress Total 0.024 <0.001
radiation (right) related disorders Effect
dMRI Mean MD in posterior thalamic anxiety and stress Prop. 0.132 <0.001
radiation (right) related disorders Mediated
dMRI Mean axial diffusivity in superior anxiety and stress ACME 0.004 <0.001
corona radiata (right) related disorders
dMRI Mean axial diffusivity in superior anxiety and stress ADE 0.019 <0.001
corona radiata (right) related disorders
dMRI Mean axial diffusivity in superior anxiety and stress Total 0.022 <0.001
corona radiata (right) related disorders Effect
dMRI Mean axial diffusivity in superior anxiety and stress Prop. 0.160 <0.001
corona radiata (right) related disorders Mediated
dMRI Mean MD in superior corona radiata anxiety and stress ACME 0.005 <0.001
(right) related disorders
dMRI Mean MD in superior corona radiata anxiety and stress ADE 0.017 0.002
(right) related disorders
dMRI Mean MD in superior corona radiata anxiety and stress Total 0.021 <0.001
(right) related disorders Effect
dMRI Mean MD in superior corona radiata anxiety and stress Prop. 0.221 <0.001
(right) related disorders Mediated
dMRI Mean ICVF in tapetum (right) anxiety and stress ACME —0.002 0.018
related disorders
dMRI Mean ICVF in tapetum (right) anxiety and stress ADE —0.021 <0.001
related disorders
dMRI Mean ICVF in tapetum (right) anxiety and stress Total -0.024 <0.001
related disorders Effect
dMRI Mean ICVF in tapetum (right) anxiety and stress Prop. 0.103 0.018
related disorders Mediated
dMRI Mean axial diffusivity in tapetum anxiety and stress ACME 0.001 0.364
(right) related disorders
dMRI Mean axial diffusivity in tapetum anxiety and stress ADE 0.021 <0.001
(right) related disorders
dMRI Mean axial diffusivity in tapetum anxiety and stress Total 0.022 <0.001
(right) related disorders Effect
dMRI Mean axial diffusivity in tapetum anxiety and stress Prop. 0.042 0.364
(right) related disorders Mediated
dMRI Mean MD in tapetum (right) anxiety and stress ACME 0.002 0.074
related disorders
dMRI Mean MD in tapetum (right) anxiety and stress ADE 0.021 <0.001
related disorders
dMRI Mean MD in tapetum (right) anxiety and stress Total 0.023 <0.001
related disorders Effect
dMRI Mean MD in tapetum (right) anxiety and stress Prop. 0.083 0.074
related disorders Mediated
Freesurfer Area of Calcarine sulcus (left) anxiety and stress ACME —-0.002 0.08
a2009s related disorders
Freesurfer Area of Calcarine sulcus (left) anxiety and stress ADE -0.022 <0.001
a2009s related disorders
Freesurfer Avrea of Calcarine sulcus (left) anxiety and stress Total -0.024 <0.001
a2009s related disorders Effect
Freesurfer Area of Calcarine sulcus (left) anxiety and stress Prop. 0.082 0.08
a2009s related disorders Mediated
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Freesurfer Volume of Cingulate Cortex, anterior  anxiety and stress ACME —-0.002 0.032
a2009s (right) related disorders

Freesurfer Volume of Cingulate Cortex, anterior  anxiety and stress ADE —0.021 <0.001
a2009s (right) related disorders

Freesurfer Volume of Cingulate Cortex, anterior  anxiety and stress Total —0.023 <0.001
a2009s (right) related disorders Effect

Freesurfer Volume of Cingulate Cortex, anterior  anxiety and stress Prop. 0.097 0.032
a2009s (right) related disorders Mediated

Freesurfer Volume of WM-hypointensities anxiety and stress ACME 0.003 0.006
ASEG related disorders

Freesurfer Volume of WM-hypointensities anxiety and stress ADE 0.020 <0.001
ASEG related disorders

Freesurfer Volume of WM-hypointensities anxiety and stress Total 0.023 <0.001
ASEG related disorders Effect

Freesurfer Volume of WM-hypointensities anxiety and stress Prop. 0.133 0.006
ASEG related disorders Mediated

Freesurfer Area of Parahippocampal Gyrus (left)  anxiety and stress ACME —0.001 0.598
DKT related disorders

Freesurfer Area of Parahippocampal Gyrus (left)  anxiety and stress ADE 0.028 <0.001
DKT related disorders

Freesurfer Area of Parahippocampal Gyrus (left)  anxiety and stress Total 0.028 <0.001
DKT related disorders Effect

Freesurfer Area of Parahippocampal Gyrus (left)  anxiety and stress Prop. —0.021 0.598
DKT related disorders Mediated

Freesurfer Area of Pericalcarine cortex (left) anxiety and stress ACME —-0.002 0.09
DKT related disorders

Freesurfer Avrea of Pericalcarine cortex (left) anxiety and stress ADE -0.021 <0.001
DKT related disorders

Freesurfer Avrea of Pericalcarine cortex (left) anxiety and stress Total -0.023 <0.001
DKT related disorders Effect

Freesurfer Area of Pericalcarine cortex (left) anxiety and stress Prop. 0.087 0.09
DKT related disorders Mediated

Freesurfer Mean thickness of Parahippocampal anxiety and stress ACME —0.001 0.536
DKT Gyrus (left) related disorders

Freesurfer Mean thickness of Parahippocampal anxiety and stress ADE -0.024 <0.001
DKT Gyrus (left) related disorders

Freesurfer Mean thickness of Parahippocampal anxiety and stress Total -0.025 <0.001
DKT Gyrus (left) related disorders Effect

Freesurfer Mean thickness of Parahippocampal anxiety and stress Prop. 0.029 0.536
DKT Gyrus (left) related disorders Mediated

Freesurfer Volume of Cingulate Gyrus, caudal anxiety and stress ACME -0.002 0.184
DKT anterior (left) related disorders

Freesurfer Volume of Cingulate Gyrus, caudal anxiety and stress ADE -0.022 <0.001
DKT anterior (left) related disorders

Freesurfer Volume of Cingulate Gyrus, caudal anxiety and stress Total -0.024 <0.001
DKT anterior (left) related disorders Effect

Freesurfer Volume of Cingulate Gyrus, caudal anxiety and stress Prop. 0.063 0.184
DKT anterior (left) related disorders Mediated

Freesurfer Volume of Medial Orbitofrontal anxiety and stress ACME 0.000 0.722
DKT Cortex (left) related disorders

Freesurfer Volume of Medial Orbitofrontal anxiety and stress ADE —0.022 <0.001
DKT Cortex (left) related disorders

Freesurfer Volume of Medial Orbitofrontal anxiety and stress Total -0.023 <0.001
DKT Cortex (left) related disorders Effect

Freesurfer Volume of Medial Orbitofrontal anxiety and stress Prop. 0.016 0.722
DKT Cortex (left) related disorders Mediated

Freesurfer Area of Parahippocampal Gyrus (left) — anxiety and stress ACME 0.000 0.916
desikan pial related disorders
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Freesurfer Avrea of Parahippocampal Gyrus (left)  anxiety and stress ADE 0.024 <0.001

desikan pial related disorders

Freesurfer Area of Parahippocampal Gyrus (left)  anxiety and stress Total 0.024 <0.001

desikan pial related disorders Effect

Freesurfer Area of Parahippocampal Gyrus (left)  anxiety and stress Prop. 0.004 0.916

desikan pial related disorders Mediated

Freesurfer Avrea of Pericalcarine cortex (left) anxiety and stress ACME -0.002 0.126

desikan pial related disorders

Freesurfer Area of Pericalcarine cortex (left) anxiety and stress ADE —0.022 <0.001

desikan pial related disorders

Freesurfer Avrea of Pericalcarine cortex (left) anxiety and stress Total —0.024 <0.001

desikan pial related disorders Effect

Freesurfer Avrea of Pericalcarine cortex (left) anxiety and stress Prop. 0.074 0.126

desikan pial related disorders Mediated

Freesurfer Area of Parahippocampal Gyrus (left)  anxiety and stress ACME —0.001 0.52

desikan white related disorders

Freesurfer Area of Parahippocampal Gyrus (left)  anxiety and stress ADE 0.025 <0.001

desikan white related disorders

Freesurfer Area of Parahippocampal Gyrus (left)  anxiety and stress Total 0.024 <0.001

desikan white related disorders Effect

Freesurfer Area of Parahippocampal Gyrus (left)  anxiety and stress Prop. —0.025 0.52

desikan white related disorders Mediated

Freesurfer Avrea of Pericalcarine cortex (left) anxiety and stress ACME —-0.002 0.09

desikan white related disorders

Freesurfer Area of Pericalcarine cortex (left) anxiety and stress ADE -0.022 <0.001

desikan white related disorders

Freesurfer Avrea of Pericalcarine cortex (left) anxiety and stress Total -0.023 <0.001

desikan white related disorders Effect

Freesurfer Avrea of Pericalcarine cortex (left) anxiety and stress Prop. 0.083 0.09

desikan white related disorders Mediated

Freesurfer Mean thickness of Parahippocampal anxiety and stress ACME —0.001 0.496

a2009s Gyrus (left) related disorders

Freesurfer Mean thickness of Parahippocampal anxiety and stress ADE -0.024 <0.001

a2009s Gyrus (left) related disorders

Freesurfer Mean thickness of Parahippocampal anxiety and stress Total -0.025 <0.001

a2009s Gyrus (left) related disorders Effect

Freesurfer Mean thickness of Parahippocampal anxiety and stress Prop. 0.032 0.496

a2009s Gyrus (left) related disorders Mediated

FAST Volume of grey matter in Left depression ACME 0.004 0.006
Caudate

FAST Volume of grey matter in Left depression ADE 0.020 <0.001
Caudate

FAST Volume of grey matter in Left depression Total 0.025 <0.001
Caudate Effect

FAST Volume of grey matter in Left depression Prop. 0.177 0.006
Caudate Mediated

FAST Volume of grey matter in Right depression ACME 0.004 0.004
Caudate

FAST Volume of grey matter in Right depression ADE 0.020 <0.001
Caudate

FAST Volume of grey matter in Right depression Total 0.024 <0.001
Caudate Effect

FAST Volume of grey matter in Right depression Prop. 0.175 0.004
Caudate Mediated

FAST Volume of grey matter in Left Frontal  depression ACME —0.003 0.012
Medial Cortex

FAST Volume of grey matter in Left Frontal  depression ADE —0.024 <0.001

Medial Cortex

338



FAST Volume of grey matter in Left Frontal ~ depression Total —0.027 <0.001
Medial Cortex Effect

FAST Volume of grey matter in Left Frontal  depression Prop. 0.116 0.012
Medial Cortex Mediated

FAST Volume of grey matter in Left depression ACME 0.003 0.05
Putamen

FAST Volume of grey matter in Left depression ADE 0.022 <0.001
Putamen

FAST Volume of grey matter in Left depression Total 0.025 <0.001
Putamen Effect

FAST Volume of grey matter in Left depression Prop. 0.113 0.05
Putamen Mediated

FAST Volume of grey matter in Right depression ACME 0.002 0.12
Putamen

FAST Volume of grey matter in Right depression ADE 0.022 <0.001
Putamen

FAST Volume of grey matter in Right depression Total 0.025 <0.001
Putamen Effect

FAST Volume of grey matter in Right depression Prop. 0.091 0.12
Putamen Mediated

FAST Volume of grey matter in Left depression ACME —0.002 0.168
Subcallosal Cortex

FAST Volume of grey matter in Left depression ADE -0.022 <0.001
Subcallosal Cortex

FAST Volume of grey matter in Left depression Total -0.024 <0.001
Subcallosal Cortex Effect

FAST Volume of grey matter in Left depression Prop. 0.079 0.168
Subcallosal Cortex Mediated

FAST Volume of grey matter in Left Ventral  depression ACME -0.001 0.322
Striatum

FAST Volume of grey matter in Left Ventral ~ depression ADE 0.023 <0.001
Striatum

FAST Volume of grey matter in Left Ventral ~ depression Total 0.021 <0.001
Striatum Effect

FAST Volume of grey matter in Left Ventral — depression Prop. —0.068 0.322
Striatum Mediated

FLAIR Total volume of white matter depression ACME 0.004 0.006
hyperintensities (from T1 and
T2_FLAIR images)

FLAIR Total volume of white matter depression ADE 0.019 <0.001
hyperintensities (from T1 and
T2_FLAIR images)

FLAIR Total volume of white matter depression Total 0.022 <0.001
hyperintensities (from T1 and Effect
T2_FLAIR images)

FLAIR Total volume of white matter depression Prop. 0.161 0.006
hyperintensities (from T1 and Mediated
T2_FLAIR images)

dMRI Mean axial diffusivity in external depression ACME 0.006 <0.001
capsule (right)

dMRI Mean axial diffusivity in external depression ADE 0.016  0.002
capsule (right)

dMRI Mean axial diffusivity in external depression Total 0.022 <0.001
capsule (right) Effect

dMRI Mean axial diffusivity in external depression Prop. 0.285 <0.001
capsule (right) Mediated

dMRI Mean ISOVF in fornix cres+stria depression ACME 0.004 0.016

terminalis (right)
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dMRI Mean ISOVF in fornix cres+stria depression ADE 0.020 <0.001
terminalis (right)

dMRI Mean ISOVF in fornix cres+stria depression Total 0.023 <0.001
terminalis (right) Effect

dMRI Mean ISOVF in fornix cres+stria depression Prop. 0.150 0.016
terminalis (right) Mediated

dMRI Mean MD in fornix cres+stria depression ACME 0.007 <0.001
terminalis (right)

dMRI Mean MD in fornix cres+stria depression ADE 0.016 <0.001
terminalis (right)

dMRI Mean MD in fornix cres+stria depression Total 0.023 <0.001
terminalis (right) Effect

dMRI Mean MD in fornix cres+stria depression Prop. 0.294 <0.001
terminalis (right) Mediated

dMRI Mean axial diffusivity in posterior depression ACME 0.006 <0.001
corona radiata (left)

dMRI Mean axial diffusivity in posterior depression ADE 0.021 <0.001
corona radiata (left)

dMRI Mean axial diffusivity in posterior depression Total 0.027 <0.001
corona radiata (left) Effect

dMRI Mean axial diffusivity in posterior depression Prop. 0.227 <0.001
corona radiata (left) Mediated

dMRI Mean MD in posterior corona radiata  depression ACME 0.007 <0.001
(left)

dMRI Mean MD in posterior corona radiata  depression ADE 0.015 0.002
(left)

dMRI Mean MD in posterior corona radiata  depression Total 0.022 <0.001
(left) Effect

dMRI Mean MD in posterior corona radiata ~ depression Prop. 0.318 <0.001
(left) Mediated

dMRI Mean OD in posterior corona radiata ~ depression ACME -0.002 0.192
(left)

dMRI Mean OD in posterior corona radiata ~ depression ADE —0.022 <0.001
(left)

dMRI Mean OD in posterior corona radiata ~ depression Total —0.024 <0.001
(left) Effect

dMRI Mean OD in posterior corona radiata ~ depression Prop. 0.077 0.192
(left) Mediated

dMRI Mean axial diffusivity in posterior depression ACME 0.006 <0.001
corona radiata (right)

dMRI Mean axial diffusivity in posterior depression ADE 0.017 <0.001
corona radiata (right)

dMRI Mean axial diffusivity in posterior depression Total 0.023 <0.001
corona radiata (right) Effect

dMRI Mean axial diffusivity in posterior depression Prop. 0.278 <0.001
corona radiata (right) Mediated

dMRI Mean FA in posterior thalamic depression ACME —0.007 <0.001
radiation (left)

dMRI Mean FA in posterior thalamic depression ADE -0.019 <0.001
radiation (left)

dMRI Mean FA in posterior thalamic depression Total —0.026 <0.001
radiation (left) Effect

dMRI Mean FA in posterior thalamic depression Prop. 0.256 <0.001
radiation (left) Mediated

dMRI Mean ICVF in posterior thalamic depression ACME —-0.005 <0.001
radiation (left)

dMRI Mean ICVF in posterior thalamic depression ADE —0.019 <0.001

radiation (left)
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dMRI Mean ICVF in posterior thalamic depression Total —0.024 <0.001
radiation (left) Effect

dMRI Mean ICVF in posterior thalamic depression Prop. 0.205 <0.001
radiation (left) Mediated

dMRI Mean radial diffusivity in posterior depression ACME 0.006 <0.001
thalamic radiation (left)

dMRI Mean radial diffusivity in posterior depression ADE 0.019 <0.001
thalamic radiation (left)

dMRI Mean radial diffusivity in posterior depression Total 0.025 <0.001
thalamic radiation (left) Effect

dMRI Mean radial diffusivity in posterior depression Prop. 0.251 <0.001
thalamic radiation (left) Mediated

dMRI Mean FA in posterior thalamic depression ACME —0.007 <0.001
radiation (right)

dMRI Mean FA in posterior thalamic depression ADE —0.021 <0.001
radiation (right)

dMRI Mean FA in posterior thalamic depression Total —0.028 <0.001
radiation (right) Effect

dMRI Mean FA in posterior thalamic depression Prop. 0.253 <0.001
radiation (right) Mediated

dMRI Mean ICVF in posterior thalamic depression ACME —0.006 <0.001
radiation (right)

dMRI Mean ICVF in posterior thalamic depression ADE —0.020 <0.001
radiation (right)

dMRI Mean ICVF in posterior thalamic depression Total -0.026 <0.001
radiation (right) Effect

dMRI Mean ICVF in posterior thalamic depression Prop. 0.231 <0.001
radiation (right) Mediated

dMRI Mean radial diffusivity in posterior depression ACME 0.007 <0.001
thalamic radiation (right)

dMRI Mean radial diffusivity in posterior depression ADE 0.021 <0.001
thalamic radiation (right)

dMRI Mean radial diffusivity in posterior depression Total 0.028 <0.001
thalamic radiation (right) Effect

dMRI Mean radial diffusivity in posterior depression Prop. 0.265 <0.001
thalamic radiation (right) Mediated

dMRI Mean MD in posterior thalamic depression ACME 0.006 <0.001
radiation (right)

dMRI Mean MD in posterior thalamic depression ADE 0.018 <0.001
radiation (right)

dMRI Mean MD in posterior thalamic depression Total 0.024 <0.001
radiation (right) Effect

dMRI Mean MD in posterior thalamic depression Prop. 0.260 <0.001
radiation (right) Mediated

dMRI Mean axial diffusivity in superior depression ACME 0.007 <0.001
corona radiata (right)

dMRI Mean axial diffusivity in superior depression ADE 0.016 0.004
corona radiata (right)

dMRI Mean axial diffusivity in superior depression Total 0.022 <0.001
corona radiata (right) Effect

dMRI Mean axial diffusivity in superior depression Prop. 0.304 <0.001
corona radiata (right) Mediated

dMRI Mean MD in superior corona radiata depression ACME 0.011 <0.001
(right)

dMRI Mean MD in superior corona radiata depression ADE 0.011 0.036
(right)

dMRI Mean MD in superior corona radiata depression Total 0.021 <0.001
(right) Effect
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dMRI Mean MD in superior corona radiata depression Prop. 0.510 <0.001
(right) Mediated
dMRI Mean ICVF in tapetum (right) depression ACME —0.003 0.028
dMRI Mean ICVF in tapetum (right) depression ADE -0.021 <0.001
dMRI Mean ICVF in tapetum (right) depression Total —0.024 <0.001
Effect
dMRI Mean ICVF in tapetum (right) depression Prop. 0.135 0.028
Mediated
dMRI Mean axial diffusivity in tapetum depression ACME 0.002 0.138
(right)
dMRI Mean axial diffusivity in tapetum depression ADE 0.021 <0.001
(right)
dMRI Mean axial diffusivity in tapetum depression Total 0.023 <0.001
(right) Effect
dMRI Mean axial diffusivity in tapetum depression Prop. 0.091 0.138
(right) Mediated
dMRI Mean MD in tapetum (right) depression ACME 0.003 0.034
dMRI Mean MD in tapetum (right) depression ADE 0.021 <0.001
dMRI Mean MD in tapetum (right) depression Total 0.023 <0.001
Effect
dMRI Mean MD in tapetum (right) depression Prop. 0.121 0.034
Mediated
Freesurfer Area of Calcarine sulcus (left) depression ACME 0.000 0.984
a2009s
Freesurfer Area of Calcarine sulcus (left) depression ADE -0.023 <0.001
a2009s
Freesurfer Area of Calcarine sulcus (left) depression Total -0.023 <0.001
a2009s Effect
Freesurfer Area of Calcarine sulcus (left) depression Prop. 0.002 0.984
a2009s Mediated
Freesurfer Volume of Cingulate Cortex, anterior  depression ACME 0.000 0.884
a2009s (right)
Freesurfer Volume of Cingulate Cortex, anterior  depression ADE -0.023 <0.001
a2009s (right)
Freesurfer Volume of Cingulate Cortex, anterior  depression Total -0.023 <0.001
a2009s (right) Effect
Freesurfer Volume of Cingulate Cortex, anterior  depression Prop. 0.010 0.884
a2009s (right) Mediated
Freesurfer Volume of WM-hypointensities depression ACME 0.005 <0.001
ASEG
Freesurfer Volume of WM-hypointensities depression ADE 0.018 <0.001
ASEG
Freesurfer Volume of WM-hypointensities depression Total 0.023 <0.001
ASEG Effect
Freesurfer Volume of WM-hypointensities depression Prop. 0.208 <0.001
ASEG Mediated
Freesurfer Area of Parahippocampal Gyrus (left)  depression ACME —0.005 <0.001
DKT
Freesurfer Area of Parahippocampal Gyrus (left)  depression ADE 0.033 <0.001
DKT
Freesurfer Avrea of Parahippocampal Gyrus (left)  depression Total 0.028 <0.001
DKT Effect
Freesurfer Area of Parahippocampal Gyrus (left)  depression Prop. -0.194 <0.001
DKT Mediated
Freesurfer Avrea of Pericalcarine cortex (left) depression ACME 0.000 0.7
DKT
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Freesurfer Avrea of Pericalcarine cortex (left) depression ADE —0.023 <0.001
DKT

Freesurfer Area of Pericalcarine cortex (left) depression Total —0.023 <0.001
DKT Effect

Freesurfer Avrea of Pericalcarine cortex (left) depression Prop. 0.020 0.7
DKT Mediated

Freesurfer Mean thickness of Parahippocampal depression ACME 0.001 0.702
DKT Gyrus (left)

Freesurfer Mean thickness of Parahippocampal depression ADE —0.025 <0.001
DKT Gyrus (left)

Freesurfer Mean thickness of Parahippocampal depression Total —0.024 <0.001
DKT Gyrus (left) Effect

Freesurfer Mean thickness of Parahippocampal depression Prop. -0.024 0.702
DKT Gyrus (left) Mediated

Freesurfer Volume of Cingulate Gyrus, caudal depression ACME 0.000 0.744
DKT anterior (left)

Freesurfer Volume of Cingulate Gyrus, caudal depression ADE -0.024 <0.001
DKT anterior (left)

Freesurfer Volume of Cingulate Gyrus, caudal depression Total -0.024 <0.001
DKT anterior (left) Effect

Freesurfer Volume of Cingulate Gyrus, caudal depression Prop. -0.023 0.744
DKT anterior (left) Mediated

Freesurfer Volume of Medial Orbitofrontal depression ACME —0.003 0.032
DKT Cortex (left)

Freesurfer Volume of Medial Orbitofrontal depression ADE -0.020 <0.001
DKT Cortex (left)

Freesurfer Volume of Medial Orbitofrontal depression Total -0.023 <0.001
DKT Cortex (left) Effect

Freesurfer Volume of Medial Orbitofrontal depression Prop. 0.124 0.032
DKT Cortex (left) Mediated

Freesurfer Area of Parahippocampal Gyrus (left)  depression ACME —-0.003 0.028
desikan pial

Freesurfer Area of Parahippocampal Gyrus (left)  depression ADE 0.028 <0.001
desikan pial

Freesurfer Area of Parahippocampal Gyrus (left)  depression Total 0.024 <0.001
desikan pial Effect

Freesurfer Avrea of Parahippocampal Gyrus (left)  depression Prop. —0.124 0.028
desikan pial Mediated

Freesurfer Avrea of Pericalcarine cortex (left) depression ACME 0.000 0.968
desikan pial

Freesurfer Avrea of Pericalcarine cortex (left) depression ADE -0.023 <0.001
desikan pial

Freesurfer Avrea of Pericalcarine cortex (left) depression Total -0.023 <0.001
desikan pial Effect

Freesurfer Avrea of Pericalcarine cortex (left) depression Prop. —0.002 0.968
desikan pial Mediated

Freesurfer Area of Parahippocampal Gyrus (left)  depression ACME —0.005 <0.001
desikan white

Freesurfer Avrea of Parahippocampal Gyrus (left)  depression ADE 0.029 <0.001
desikan white

Freesurfer Area of Parahippocampal Gyrus (left)  depression Total 0.024 <0.001
desikan white Effect

Freesurfer Area of Parahippocampal Gyrus (left)  depression Prop. -0.192 <0.001
desikan white Mediated

Freesurfer Avrea of Pericalcarine cortex (left) depression ACME —0.001 0.756
desikan white

Freesurfer Avrea of Pericalcarine cortex (left) depression ADE -0.023 <0.001

desikan white

343



Freesurfer Avrea of Pericalcarine cortex (left) depression Total —0.024 <0.001

desikan white Effect

Freesurfer Area of Pericalcarine cortex (left) depression Prop. 0.022 0.756

desikan white Mediated

Freesurfer Mean thickness of Parahippocampal depression ACME 0.001 0.684

a2009s Gyrus (left)

Freesurfer Mean thickness of Parahippocampal depression ADE —0.026 <0.001

a2009s Gyrus (left)

Freesurfer Mean thickness of Parahippocampal depression Total —0.025 <0.001

a2009s Gyrus (left) Effect

Freesurfer Mean thickness of Parahippocampal depression Prop. -0.027 0.684

a2009s Gyrus (left) Mediated

FAST Volume of grey matter in Left diabetes ACME 0.000 0.384
Caudate

FAST Volume of grey matter in Left diabetes ADE 0.025 <0.001
Caudate

FAST Volume of grey matter in Left diabetes Total 0.025 <0.001
Caudate Effect

FAST Volume of grey matter in Left diabetes Prop. 0.003 0.384
Caudate Mediated

FAST Volume of grey matter in Right diabetes ACME 0.000 0.288
Caudate

FAST Volume of grey matter in Right diabetes ADE 0.024 <0.001
Caudate

FAST Volume of grey matter in Right diabetes Total 0.024 <0.001
Caudate Effect

FAST Volume of grey matter in Right diabetes Prop. 0.003 0.288
Caudate Mediated

FAST Volume of grey matter in Left Frontal ~ diabetes ACME 0.000 0.002
Medial Cortex

FAST Volume of grey matter in Left Frontal ~ diabetes ADE -0.026 <0.001
Medial Cortex

FAST Volume of grey matter in Left Frontal ~ diabetes Total —0.027 <0.001
Medial Cortex Effect

FAST Volume of grey matter in Left Frontal ~ diabetes Prop. 0.015 0.002
Medial Cortex Mediated

FAST Volume of grey matter in Left diabetes ACME —0.001 0.002
Putamen

FAST Volume of grey matter in Left diabetes ADE 0.025 <0.001
Putamen

FAST Volume of grey matter in Left diabetes Total 0.024 <0.001
Putamen Effect

FAST Volume of grey matter in Left diabetes Prop. —0.029 0.002
Putamen Mediated

FAST Volume of grey matter in Right diabetes ACME —0.001 <0.001
Putamen

FAST Volume of grey matter in Right diabetes ADE 0.025 <0.001
Putamen

FAST Volume of grey matter in Right diabetes Total 0.024 <0.001
Putamen Effect

FAST Volume of grey matter in Right diabetes Prop. —0.031 <0.001
Putamen Mediated

FAST Volume of grey matter in Left diabetes ACME —0.001 0.004
Subcallosal Cortex

FAST Volume of grey matter in Left diabetes ADE -0.023 <0.001
Subcallosal Cortex

FAST Volume of grey matter in Left diabetes Total -0.024 <0.001
Subcallosal Cortex Effect
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FAST Volume of grey matter in Left diabetes Prop. 0.024 0.004
Subcallosal Cortex Mediated

FAST Volume of grey matter in Left Ventral  diabetes ACME —0.001 <0.001
Striatum

FAST Volume of grey matter in Left Ventral diabetes ADE 0.022 <0.001
Striatum

FAST Volume of grey matter in Left Ventral diabetes Total 0.021 <0.001
Striatum Effect

FAST Volume of grey matter in Left Ventral  diabetes Prop. —0.048 <0.001
Striatum Mediated

FLAIR Total volume of white matter diabetes ACME 0.001 0.002
hyperintensities (from T1 and
T2_FLAIR images)

FLAIR Total volume of white matter diabetes ADE 0.021 <0.001
hyperintensities (from T1 and
T2_FLAIR images)

FLAIR Total volume of white matter diabetes Total 0.022 <0.001
hyperintensities (from T1 and Effect
T2_FLAIR images)

FLAIR Total volume of white matter diabetes Prop. 0.034 0.002
hyperintensities (from T1 and Mediated
T2_FLAIR images)

dMRI Mean axial diffusivity in external diabetes ACME 0.001 <0.001
capsule (right)

dMRI Mean axial diffusivity in external diabetes ADE 0.022 <0.001
capsule (right)

dMRI Mean axial diffusivity in external diabetes Total 0.022 <0.001
capsule (right) Effect

dMRI Mean axial diffusivity in external diabetes Prop. 0.023 <0.001
capsule (right) Mediated

dMRI Mean ISOVF in fornix cres+stria diabetes ACME 0.001 0.006
terminalis (right)

dMRI Mean ISOVF in fornix cres+stria diabetes ADE 0.022 <0.001
terminalis (right)

dMRI Mean ISOVF in fornix cres+stria diabetes Total 0.023 <0.001
terminalis (right) Effect

dMRI Mean ISOVF in fornix cres+stria diabetes Prop. 0.035 0.006
terminalis (right) Mediated

dMRI Mean MD in fornix cres+stria diabetes ACME 0.001 <0.001
terminalis (right)

dMRI Mean MD in fornix cres+stria diabetes ADE 0.022 <0.001
terminalis (right)

dMRI Mean MD in fornix cres+stria diabetes Total 0.023 <0.001
terminalis (right) Effect

dMRI Mean MD in fornix cres+stria diabetes Prop. 0.038 <0.001
terminalis (right) Mediated

dMRI Mean axial diffusivity in posterior diabetes ACME 0.001 0.004
corona radiata (left)

dMRI Mean axial diffusivity in posterior diabetes ADE 0.026 <0.001
corona radiata (left)

dMRI Mean axial diffusivity in posterior diabetes Total 0.027 <0.001
corona radiata (left) Effect

dMRI Mean axial diffusivity in posterior diabetes Prop. 0.023 0.004
corona radiata (left) Mediated

dMRI Mean MD in posterior corona radiata  diabetes ACME 0.001 0.004
(left)

dMRI Mean MD in posterior corona radiata  diabetes ADE 0.022 <0.001

(left)
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dMRI Mean MD in posterior corona radiata  diabetes Total 0.022 <0.001
(left) Effect

dMRI Mean MD in posterior corona radiata  diabetes Prop. 0.027 0.004
(left) Mediated

dMRI Mean OD in posterior corona radiata  diabetes ACME 0.000 0.004
(left)

dMRI Mean OD in posterior corona radiata  diabetes ADE —0.024 <0.001
(left)

dMRI Mean OD in posterior corona radiata  diabetes Total —0.024 <0.001
(left) Effect

dMRI Mean OD in posterior corona radiata  diabetes Prop. 0.013 0.004
(left) Mediated

dMRI Mean axial diffusivity in posterior diabetes ACME 0.001 0.002
corona radiata (right)

dMRI Mean axial diffusivity in posterior diabetes ADE 0.023 <0.001
corona radiata (right)

dMRI Mean axial diffusivity in posterior diabetes Total 0.023 <0.001
corona radiata (right) Effect

dMRI Mean axial diffusivity in posterior diabetes Prop. 0.029 0.002
corona radiata (right) Mediated

dMRI Mean FA in posterior thalamic diabetes ACME —0.001 0.01
radiation (left)

dMRI Mean FA in posterior thalamic diabetes ADE —0.025 <0.001
radiation (left)

dMRI Mean FA in posterior thalamic diabetes Total -0.026 <0.001
radiation (left) Effect

dMRI Mean FA in posterior thalamic diabetes Prop. 0.032 0.01
radiation (left) Mediated

dMRI Mean ICVF in posterior thalamic diabetes ACME —0.001 0.004
radiation (left)

dMRI Mean ICVF in posterior thalamic diabetes ADE -0.024 <0.001
radiation (left)

dMRI Mean ICVF in posterior thalamic diabetes Total —0.024 <0.001
radiation (left) Effect

dMRI Mean ICVF in posterior thalamic diabetes Prop. 0.023 0.004
radiation (left) Mediated

dMRI Mean radial diffusivity in posterior diabetes ACME 0.001 <0.001
thalamic radiation (left)

dMRI Mean radial diffusivity in posterior diabetes ADE 0.025 <0.001
thalamic radiation (left)

dMRI Mean radial diffusivity in posterior diabetes Total 0.026 <0.001
thalamic radiation (left) Effect

dMRI Mean radial diffusivity in posterior diabetes Prop. 0.026 <0.001
thalamic radiation (left) Mediated

dMRI Mean FA in posterior thalamic diabetes ACME —0.001 0.004
radiation (right)

dMRI Mean FA in posterior thalamic diabetes ADE —0.027 <0.001
radiation (right)

dMRI Mean FA in posterior thalamic diabetes Total -0.028 <0.001
radiation (right) Effect

dMRI Mean FA in posterior thalamic diabetes Prop. 0.032 0.004
radiation (right) Mediated

dMRI Mean ICVF in posterior thalamic diabetes ACME —0.001 0.002
radiation (right)

dMRI Mean ICVF in posterior thalamic diabetes ADE -0.026 <0.001
radiation (right)

dMRI Mean ICVF in posterior thalamic diabetes Total —0.027 <0.001
radiation (right) Effect
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dMRI Mean ICVF in posterior thalamic diabetes Prop. 0.020 0.002
radiation (right) Mediated
dMRI Mean radial diffusivity in posterior diabetes ACME 0.001 0.002
thalamic radiation (right)
dMRI Mean radial diffusivity in posterior diabetes ADE 0.027 <0.001
thalamic radiation (right)
dMRI Mean radial diffusivity in posterior diabetes Total 0.028 <0.001
thalamic radiation (right) Effect
dMRI Mean radial diffusivity in posterior diabetes Prop. 0.025 0.002
thalamic radiation (right) Mediated
dMRI Mean MD in posterior thalamic diabetes ACME 0.000 <0.001
radiation (right)
dMRI Mean MD in posterior thalamic diabetes ADE 0.023 <0.001
radiation (right)
dMRI Mean MD in posterior thalamic diabetes Total 0.024 <0.001
radiation (right) Effect
dMRI Mean MD in posterior thalamic diabetes Prop. 0.015 <0.001
radiation (right) Mediated
dMRI Mean axial diffusivity in superior diabetes ACME 0.001 0.002
corona radiata (right)
dMRI Mean axial diffusivity in superior diabetes ADE 0.022 0.002
corona radiata (right)
dMRI Mean axial diffusivity in superior diabetes Total 0.022 <0.001
corona radiata (right) Effect
dMRI Mean axial diffusivity in superior diabetes Prop. 0.028 0.002
corona radiata (right) Mediated
dMRI Mean MD in superior corona radiata diabetes ACME 0.001 0.004
(right)
dMRI Mean MD in superior corona radiata diabetes ADE 0.021 <0.001
(right)
dMRI Mean MD in superior corona radiata diabetes Total 0.021 <0.001
(right) Effect
dMRI Mean MD in superior corona radiata diabetes Prop. 0.033 0.004
(right) Mediated
dMRI Mean ICVF in tapetum (right) diabetes ACME 0.000 <0.001
dMRI Mean ICVF in tapetum (right) diabetes ADE —0.023 <0.001
dMRI Mean ICVF in tapetum (right) diabetes Total -0.024 <0.001
Effect
dMRI Mean ICVF in tapetum (right) diabetes Prop. 0.017 <0.001
Mediated
dMRI Mean axial diffusivity in tapetum diabetes ACME 0.001 <0.001
(right)
dMRI Mean axial diffusivity in tapetum diabetes ADE 0.022 <0.001
(right)
dMRI Mean axial diffusivity in tapetum diabetes Total 0.022 <0.001
(right) Effect
dMRI Mean axial diffusivity in tapetum diabetes Prop. 0.027 <0.001
(right) Mediated
dMRI Mean MD in tapetum (right) diabetes ACME 0.001 0.002
dMRI Mean MD in tapetum (right) diabetes ADE 0.023 <0.001
dMRI Mean MD in tapetum (right) diabetes Total 0.023 <0.001
Effect
dMRI Mean MD in tapetum (right) diabetes Prop. 0.027 0.002
Mediated
Freesurfer Area of Calcarine sulcus (left) diabetes ACME 0.000 0.412
a2009s
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Freesurfer Avrea of Calcarine sulcus (left) diabetes ADE —0.024 <0.001
a2009s

Freesurfer Area of Calcarine sulcus (left) diabetes Total —0.024 <0.001
a2009s Effect

Freesurfer Avrea of Calcarine sulcus (left) diabetes Prop. 0.003 0.412
a2009s Mediated

Freesurfer Volume of Cingulate Cortex, anterior  diabetes ACME 0.000 0.05
a2009s (right)

Freesurfer Volume of Cingulate Cortex, anterior  diabetes ADE —0.023 <0.001
a2009s (right)

Freesurfer Volume of Cingulate Cortex, anterior  diabetes Total —0.023 <0.001
a2009s (right) Effect

Freesurfer Volume of Cingulate Cortex, anterior  diabetes Prop. 0.006 0.05
a2009s (right) Mediated

Freesurfer Volume of WM-hypointensities diabetes ACME 0.001 0.004
ASEG

Freesurfer Volume of WM-hypointensities diabetes ADE 0.022 <0.001
ASEG

Freesurfer Volume of WM-hypointensities diabetes Total 0.023 <0.001
ASEG Effect

Freesurfer Volume of WM-hypointensities diabetes Prop. 0.034 0.004
ASEG Mediated

Freesurfer Avrea of Parahippocampal Gyrus (left)  diabetes ACME 0.000 0.05
DKT

Freesurfer Area of Parahippocampal Gyrus (left)  diabetes ADE 0.028 <0.001
DKT

Freesurfer Area of Parahippocampal Gyrus (left)  diabetes Total 0.028 <0.001
DKT Effect

Freesurfer Area of Parahippocampal Gyrus (left)  diabetes Prop. —0.005 0.05
DKT Mediated

Freesurfer Area of Pericalcarine cortex (left) diabetes ACME 0.000 0.056
DKT

Freesurfer Avrea of Pericalcarine cortex (left) diabetes ADE -0.023 <0.001
DKT

Freesurfer Avrea of Pericalcarine cortex (left) diabetes Total -0.023 <0.001
DKT Effect

Freesurfer Avrea of Pericalcarine cortex (left) diabetes Prop. 0.006 0.056
DKT Mediated

Freesurfer Mean thickness of Parahippocampal diabetes ACME 0.000 0.1124
DKT Gyrus (left)

Freesurfer Mean thickness of Parahippocampal diabetes ADE -0.024 <0.001
DKT Gyrus (left)

Freesurfer Mean thickness of Parahippocampal diabetes Total -0.024 <0.001
DKT Gyrus (left) Effect

Freesurfer Mean thickness of Parahippocampal diabetes Prop. 0.005 0.114
DKT Gyrus (left) Mediated

Freesurfer Volume of Cingulate Gyrus, caudal diabetes ACME 0.000 0.56
DKT anterior (left)

Freesurfer Volume of Cingulate Gyrus, caudal diabetes ADE -0.023 <0.001
DKT anterior (left)

Freesurfer Volume of Cingulate Gyrus, caudal diabetes Total -0.023 <0.001
DKT anterior (left) Effect

Freesurfer Volume of Cingulate Gyrus, caudal diabetes Prop. 0.002 0.56
DKT anterior (left) Mediated

Freesurfer Volume of Medial Orbitofrontal diabetes ACME 0.000 0.006
DKT Cortex (left)

Freesurfer Volume of Medial Orbitofrontal diabetes ADE —0.022 <0.001
DKT Cortex (left)
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Freesurfer Volume of Medial Orbitofrontal diabetes Total -0.023 <0.001

DKT Cortex (left) Effect

Freesurfer Volume of Medial Orbitofrontal diabetes Prop. 0.021 0.006

DKT Cortex (left) Mediated

Freesurfer Area of Parahippocampal Gyrus (left)  diabetes ACME 0.000 0.144

desikan pial

Freesurfer Avrea of Parahippocampal Gyrus (left)  diabetes ADE 0.025 <0.001

desikan pial

Freesurfer Area of Parahippocampal Gyrus (left)  diabetes Total 0.025 <0.001

desikan pial Effect

Freesurfer Avrea of Parahippocampal Gyrus (left)  diabetes Prop. -0.005 0.144

desikan pial Mediated

Freesurfer Avrea of Pericalcarine cortex (left) diabetes ACME 0.000 0.622

desikan pial

Freesurfer Area of Pericalcarine cortex (left) diabetes ADE —0.023 <0.001

desikan pial

Freesurfer Avrea of Pericalcarine cortex (left) diabetes Total -0.023 <0.001

desikan pial Effect

Freesurfer Area of Pericalcarine cortex (left) diabetes Prop. 0.002 0.622

desikan pial Mediated

Freesurfer Area of Parahippocampal Gyrus (left)  diabetes ACME 0.000 0.078

desikan white

Freesurfer Avrea of Parahippocampal Gyrus (left)  diabetes ADE 0.025 <0.001

desikan white

Freesurfer Area of Parahippocampal Gyrus (left)  diabetes Total 0.025 <0.001

desikan white Effect

Freesurfer Avrea of Parahippocampal Gyrus (left)  diabetes Prop. —0.006 0.078

desikan white Mediated

Freesurfer Avrea of Pericalcarine cortex (left) diabetes ACME 0.000 0.136

desikan white

Freesurfer Area of Pericalcarine cortex (left) diabetes ADE -0.023 <0.001

desikan white

Freesurfer Avrea of Pericalcarine cortex (left) diabetes Total -0.023 <0.001

desikan white Effect

Freesurfer Avrea of Pericalcarine cortex (left) diabetes Prop. 0.005 0.136

desikan white Mediated

Freesurfer Mean thickness of Parahippocampal diabetes ACME 0.000 0.1

a2009s Gyrus (left)

Freesurfer Mean thickness of Parahippocampal diabetes ADE -0.024 <0.001

a2009s Gyrus (left)

Freesurfer Mean thickness of Parahippocampal diabetes Total -0.025 <0.001

a2009s Gyrus (left) Effect

Freesurfer Mean thickness of Parahippocampal diabetes Prop. 0.005 0.1

a2009s Gyrus (left) Mediated

FAST Volume of grey matter in Left hypertension ACME 0.006 <0.001
Caudate

FAST Volume of grey matter in Left hypertension ADE 0.019 <0.001
Caudate

FAST Volume of grey matter in Left hypertension Total 0.025 <0.001
Caudate Effect

FAST Volume of grey matter in Left hypertension Prop. 0.223 <0.001
Caudate Mediated

FAST Volume of grey matter in Right hypertension ACME 0.006 <0.001
Caudate

FAST Volume of grey matter in Right hypertension ADE 0.018 <0.001
Caudate

FAST Volume of grey matter in Right hypertension Total 0.024 <0.001
Caudate Effect
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FAST Volume of grey matter in Right hypertension Prop. 0.246 <0.001
Caudate Mediated

FAST Volume of grey matter in Left Frontal  hypertension ACME —0.002 <0.001
Medial Cortex

FAST Volume of grey matter in Left Frontal  hypertension ADE —0.025 <0.001
Medial Cortex

FAST Volume of grey matter in Left Frontal  hypertension Total —0.027 <0.001
Medial Cortex Effect

FAST Volume of grey matter in Left Frontal  hypertension Prop. 0.077 <0.001
Medial Cortex Mediated

FAST Volume of grey matter in Left hypertension ACME 0.003 <0.001
Putamen

FAST Volume of grey matter in Left hypertension ADE 0.022 <0.001
Putamen

FAST Volume of grey matter in Left hypertension Total 0.024 <0.001
Putamen Effect

FAST Volume of grey matter in Left hypertension Prop. 0.113 <0.001
Putamen Mediated

FAST Volume of grey matter in Right hypertension ACME 0.002 <0.001
Putamen

FAST Volume of grey matter in Right hypertension ADE 0.022 <0.001
Putamen

FAST Volume of grey matter in Right hypertension Total 0.024 <0.001
Putamen Effect

FAST Volume of grey matter in Right hypertension Prop. 0.078 <0.001
Putamen Mediated

FAST Volume of grey matter in Left hypertension ACME —0.002 <0.001
Subcallosal Cortex

FAST Volume of grey matter in Left hypertension ADE —0.021 <0.001
Subcallosal Cortex

FAST Volume of grey matter in Left hypertension Total -0.024 <0.001
Subcallosal Cortex Effect

FAST Volume of grey matter in Left hypertension Prop. 0.101 <0.001
Subcallosal Cortex Mediated

FAST Volume of grey matter in Left Ventral hypertension ACME —0.002 <0.001
Striatum

FAST Volume of grey matter in Left Ventral hypertension ADE 0.024 <0.001
Striatum

FAST Volume of grey matter in Left Ventral hypertension Total 0.021 0.002
Striatum Effect

FAST Volume of grey matter in Left Ventral hypertension Prop. -0.112  0.002
Striatum Mediated

FLAIR Total volume of white matter hypertension ACME 0.007 <0.001
hyperintensities (from T1 and
T2_FLAIR images)

FLAIR Total volume of white matter hypertension ADE 0.015 0.002
hyperintensities (from T1 and
T2_FLAIR images)

FLAIR Total volume of white matter hypertension Total 0.022 <0.001
hyperintensities (from T1 and Effect
T2_FLAIR images)

FLAIR Total volume of white matter hypertension Prop. 0.309 <0.001
hyperintensities (from T1 and Mediated
T2_FLAIR images)

dMRI Mean axial diffusivity in external hypertension ACME 0.008 <0.001
capsule (right)

dMRI Mean axial diffusivity in external hypertension ADE 0.014 0.002

capsule (right)
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dMRI Mean axial diffusivity in external hypertension Total 0.022 <0.001
capsule (right) Effect

dMRI Mean axial diffusivity in external hypertension Prop. 0.364 <0.001
capsule (right) Mediated

dMRI Mean ISOVF in fornix cres+stria hypertension ACME 0.003 <0.001
terminalis (right)

dMRI Mean ISOVF in fornix cres+stria hypertension ADE 0.020 <0.001
terminalis (right)

dMRI Mean ISOVF in fornix cres+stria hypertension Total 0.023 <0.001
terminalis (right) Effect

dMRI Mean ISOVF in fornix cres+stria hypertension Prop. 0.140 <0.001
terminalis (right) Mediated

dMRI Mean MD in fornix cres+stria hypertension ACME 0.004 <0.001
terminalis (right)

dMRI Mean MD in fornix cres+stria hypertension ADE 0.019 <0.001
terminalis (right)

dMRI Mean MD in fornix cres+stria hypertension Total 0.023 <0.001
terminalis (right) Effect

dMRI Mean MD in fornix cres+stria hypertension Prop. 0.183 <0.001
terminalis (right) Mediated

dMRI Mean axial diffusivity in posterior hypertension ACME 0.006 <0.001
corona radiata (left)

dMRI Mean axial diffusivity in posterior hypertension ADE 0.020 <0.001
corona radiata (left)

dMRI Mean axial diffusivity in posterior hypertension Total 0.027 <0.001
corona radiata (left) Effect

dMRI Mean axial diffusivity in posterior hypertension Prop. 0.236 <0.001
corona radiata (left) Mediated

dMRI Mean MD in posterior corona radiata  hypertension ACME 0.007 <0.001
(left)

dMRI Mean MD in posterior corona radiata  hypertension ADE 0.016 0.006
(left)

dMRI Mean MD in posterior corona radiata  hypertension Total 0.023 <0.001
(left) Effect

dMRI Mean MD in posterior corona radiata  hypertension Prop. 0.287 <0.001
(left) Mediated

dMRI Mean OD in posterior corona radiata ~ hypertension ACME —-0.003 <0.001
(left)

dMRI Mean OD in posterior corona radiata ~ hypertension ADE -0.020 <0.001
(left)

dMRI Mean OD in posterior corona radiata  hypertension Total -0.024 <0.001
(left) Effect

dMRI Mean OD in posterior corona radiata ~ hypertension Prop. 0.145 <0.001
(left) Mediated

dMRI Mean axial diffusivity in posterior hypertension ACME 0.006 <0.001
corona radiata (right)

dMRI Mean axial diffusivity in posterior hypertension ADE 0.017 0.002
corona radiata (right)

dMRI Mean axial diffusivity in posterior hypertension Total 0.024 <0.001
corona radiata (right) Effect

dMRI Mean axial diffusivity in posterior hypertension Prop. 0.262 <0.001
corona radiata (right) Mediated

dMRI Mean FA in posterior thalamic hypertension ACME —0.006 <0.001
radiation (left)

dMRI Mean FA in posterior thalamic hypertension ADE -0.020 <0.001
radiation (left)

dMRI Mean FA in posterior thalamic hypertension Total -0.026 <0.001
radiation (left) Effect
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dMRI Mean FA in posterior thalamic hypertension Prop. 0.235 <0.001
radiation (left) Mediated

dMRI Mean ICVF in posterior thalamic hypertension ACME —0.005 <0.001
radiation (left)

dMRI Mean ICVF in posterior thalamic hypertension ADE -0.019 <0.001
radiation (left)

dMRI Mean ICVF in posterior thalamic hypertension Total —0.024 <0.001
radiation (left) Effect

dMRI Mean ICVF in posterior thalamic hypertension Prop. 0.201 <0.001
radiation (left) Mediated

dMRI Mean radial diffusivity in posterior hypertension ACME 0.006 <0.001
thalamic radiation (left)

dMRI Mean radial diffusivity in posterior hypertension ADE 0.019 <0.001
thalamic radiation (left)

dMRI Mean radial diffusivity in posterior hypertension Total 0.026 <0.001
thalamic radiation (left) Effect

dMRI Mean radial diffusivity in posterior hypertension Prop. 0.255 <0.001
thalamic radiation (left) Mediated

dMRI Mean FA in posterior thalamic hypertension ACME —0.006 <0.001
radiation (right)

dMRI Mean FA in posterior thalamic hypertension ADE —0.022 <0.001
radiation (right)

dMRI Mean FA in posterior thalamic hypertension Total -0.028 <0.001
radiation (right) Effect

dMRI Mean FA in posterior thalamic hypertension Prop. 0.207 <0.001
radiation (right) Mediated

dMRI Mean ICVF in posterior thalamic hypertension ACME —0.004 <0.001
radiation (right)

dMRI Mean ICVF in posterior thalamic hypertension ADE —0.022 <0.001
radiation (right)

dMRI Mean ICVF in posterior thalamic hypertension Total -0.026 <0.001
radiation (right) Effect

dMRI Mean ICVF in posterior thalamic hypertension Prop. 0.168 <0.001
radiation (right) Mediated

dMRI Mean radial diffusivity in posterior hypertension ACME 0.006 <0.001
thalamic radiation (right)

dMRI Mean radial diffusivity in posterior hypertension ADE 0.022 <0.001
thalamic radiation (right)

dMRI Mean radial diffusivity in posterior hypertension Total 0.028 <0.001
thalamic radiation (right) Effect

dMRI Mean radial diffusivity in posterior hypertension Prop. 0.222 <0.001
thalamic radiation (right) Mediated

dMRI Mean MD in posterior thalamic hypertension ACME 0.006 <0.001
radiation (right)

dMRI Mean MD in posterior thalamic hypertension ADE 0.018 0.002
radiation (right)

dMRI Mean MD in posterior thalamic hypertension Total 0.024 <0.001
radiation (right) Effect

dMRI Mean MD in posterior thalamic hypertension Prop. 0.248 <0.001
radiation (right) Mediated

dMRI Mean axial diffusivity in superior hypertension ACME 0.006 <0.001
corona radiata (right)

dMRI Mean axial diffusivity in superior hypertension ADE 0.017 <0.001
corona radiata (right)

dMRI Mean axial diffusivity in superior hypertension Total 0.023 <0.001
corona radiata (right) Effect

dMRI Mean axial diffusivity in superior hypertension Prop. 0.268 <0.001
corona radiata (right) Mediated
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dMRI Mean MD in superior corona radiata hypertension ACME 0.008 <0.001
(right)
dMRI Mean MD in superior corona radiata hypertension ADE 0.014 0.018
(right)
dMRI Mean MD in superior corona radiata hypertension Total 0.022 <0.001
(right) Effect
dMRI Mean MD in superior corona radiata hypertension Prop. 0.354 <0.001
(right) Mediated
dMRI Mean ICVF in tapetum (right) hypertension ACME —0.004 <0.001
dMRI Mean ICVF in tapetum (right) hypertension ADE -0.020 <0.001
dMRI Mean ICVF in tapetum (right) hypertension Total —0.024 <0.001
Effect
dMRI Mean ICVF in tapetum (right) hypertension Prop. 0.161 <0.001
Mediated
dMRI Mean axial diffusivity in tapetum hypertension ACME 0.005 <0.001
(right)
dMRI Mean axial diffusivity in tapetum hypertension ADE 0.018 <0.001
(right)
dMRI Mean axial diffusivity in tapetum hypertension Total 0.023 <0.001
(right) Effect
dMRI Mean axial diffusivity in tapetum hypertension Prop. 0.201 <0.001
(right) Mediated
dMRI Mean MD in tapetum (right) hypertension ACME 0.005 <0.001
dMRI Mean MD in tapetum (right) hypertension ADE 0.018 <0.001
dMRI Mean MD in tapetum (right) hypertension Total 0.023 <0.001
Effect
dMRI Mean MD in tapetum (right) hypertension Prop. 0.212 <0.001
Mediated
Freesurfer Area of Calcarine sulcus (left) hypertension ACME —0.001 0.02
a2009s
Freesurfer Area of Calcarine sulcus (left) hypertension ADE -0.023 <0.001
a2009s
Freesurfer Avrea of Calcarine sulcus (left) hypertension Total -0.023 <0.001
a2009s Effect
Freesurfer Avrea of Calcarine sulcus (left) hypertension Prop. 0.037 0.02
a2009s Mediated
Freesurfer Volume of Cingulate Cortex, anterior  hypertension ACME -0.002 <0.001
a2009s (right)
Freesurfer Volume of Cingulate Cortex, anterior  hypertension ADE -0.021 <0.001
a2009s (right)
Freesurfer Volume of Cingulate Cortex, anterior  hypertension Total -0.023 <0.001
a2009s (right) Effect
Freesurfer Volume of Cingulate Cortex, anterior  hypertension Prop. 0.067 <0.001
a2009s (right) Mediated
Freesurfer Volume of WM-hypointensities hypertension ACME 0.007 <0.001
ASEG
Freesurfer Volume of WM-hypointensities hypertension ADE 0.015 0.002
ASEG
Freesurfer Volume of WM-hypointensities hypertension Total 0.023 <0.001
ASEG Effect
Freesurfer Volume of WM-hypointensities hypertension Prop. 0.314 <0.001
ASEG Mediated
Freesurfer Avrea of Parahippocampal Gyrus (left)  hypertension ACME —0.001 0.082
DKT
Freesurfer Avrea of Parahippocampal Gyrus (left)  hypertension ADE 0.028 <0.001
DKT
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Freesurfer Avrea of Parahippocampal Gyrus (left)  hypertension Total 0.027 <0.001
DKT Effect

Freesurfer Area of Parahippocampal Gyrus (left)  hypertension Prop. —0.021 0.082
DKT Mediated

Freesurfer Avrea of Pericalcarine cortex (left) hypertension ACME —-0.001 0.016
DKT

Freesurfer Avrea of Pericalcarine cortex (left) hypertension ADE —0.022 <0.001
DKT

Freesurfer Area of Pericalcarine cortex (left) hypertension Total —0.023 <0.001
DKT Effect

Freesurfer Avrea of Pericalcarine cortex (left) hypertension Prop. 0.037 0.016
DKT Mediated

Freesurfer Mean thickness of Parahippocampal hypertension ACME -0.001 0.014
DKT Gyrus (left)

Freesurfer Mean thickness of Parahippocampal hypertension ADE —0.024 <0.001
DKT Gyrus (left)

Freesurfer Mean thickness of Parahippocampal hypertension Total -0.025 <0.001
DKT Gyrus (left) Effect

Freesurfer Mean thickness of Parahippocampal hypertension Prop. 0.037 0.014
DKT Gyrus (left) Mediated

Freesurfer Volume of Cingulate Gyrus, caudal hypertension ACME 0.000 0.242
DKT anterior (left)

Freesurfer Volume of Cingulate Gyrus, caudal hypertension ADE -0.023 <0.001
DKT anterior (left)

Freesurfer Volume of Cingulate Gyrus, caudal hypertension Total -0.024 <0.001
DKT anterior (left) Effect

Freesurfer Volume of Cingulate Gyrus, caudal hypertension Prop. 0.018 0.242
DKT anterior (left) Mediated

Freesurfer Volume of Medial Orbitofrontal hypertension ACME —0.002 <0.001
DKT Cortex (left)

Freesurfer Volume of Medial Orbitofrontal hypertension ADE -0.020 <0.001
DKT Cortex (left)

Freesurfer Volume of Medial Orbitofrontal hypertension Total -0.023 <0.001
DKT Cortex (left) Effect

Freesurfer Volume of Medial Orbitofrontal hypertension Prop. 0.102 <0.001
DKT Cortex (left) Mediated

Freesurfer Avrea of Parahippocampal Gyrus (left)  hypertension ACME 0.000 0.778
desikan pial

Freesurfer Area of Parahippocampal Gyrus (left)  hypertension ADE 0.025 <0.001
desikan pial

Freesurfer Area of Parahippocampal Gyrus (left)  hypertension Total 0.025 <0.001
desikan pial Effect

Freesurfer Avrea of Parahippocampal Gyrus (left)  hypertension Prop. —0.004 0.778
desikan pial Mediated

Freesurfer Area of Pericalcarine cortex (left) hypertension ACME —0.001 0.08
desikan pial

Freesurfer Area of Pericalcarine cortex (left) hypertension ADE —0.023 <0.001
desikan pial

Freesurfer Avrea of Pericalcarine cortex (left) hypertension Total -0.023 <0.001
desikan pial Effect

Freesurfer Avrea of Pericalcarine cortex (left) hypertension Prop. 0.028 0.08
desikan pial Mediated

Freesurfer Avrea of Parahippocampal Gyrus (left)  hypertension ACME —-0.001 0.09
desikan white

Freesurfer Avrea of Parahippocampal Gyrus (left)  hypertension ADE 0.025 <0.001
desikan white

Freesurfer Avrea of Parahippocampal Gyrus (left)  hypertension Total 0.024 <0.001
desikan white Effect
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Freesurfer Avrea of Parahippocampal Gyrus (left)  hypertension Prop. -0.024 0.09

desikan white Mediated

Freesurfer Area of Pericalcarine cortex (left) hypertension ACME —0.001 0.016

desikan white

Freesurfer Avrea of Pericalcarine cortex (left) hypertension ADE —0.022 <0.001

desikan white

Freesurfer Avrea of Pericalcarine cortex (left) hypertension Total —0.023 <0.001

desikan white Effect

Freesurfer Area of Pericalcarine cortex (left) hypertension Prop. 0.037 0.016

desikan white Mediated

Freesurfer Mean thickness of Parahippocampal hypertension ACME -0.001 0.01

a2009s Gyrus (left)

Freesurfer Mean thickness of Parahippocampal hypertension ADE —0.024 <0.001

a2009s Gyrus (left)

Freesurfer Mean thickness of Parahippocampal hypertension Total —0.025 <0.001

a2009s Gyrus (left) Effect

Freesurfer Mean thickness of Parahippocampal hypertension Prop. 0.037 0.01

a2009s Gyrus (left) Mediated

FAST Volume of grey matter in Left ischaemic heart ACME 0.000 0.17
Caudate disease

FAST Volume of grey matter in Left ischaemic heart ADE 0.025 <0.001
Caudate disease

FAST Volume of grey matter in Left ischaemic heart Total 0.025 <0.001
Caudate disease Effect

FAST Volume of grey matter in Left ischaemic heart Prop. 0.008 0.17
Caudate disease Mediated

FAST Volume of grey matter in Right ischaemic heart ACME 0.000 0.232
Caudate disease

FAST Volume of grey matter in Right ischaemic heart ADE 0.024 <0.001
Caudate disease

FAST Volume of grey matter in Right ischaemic heart Total 0.024 <0.001
Caudate disease Effect

FAST Volume of grey matter in Right ischaemic heart Prop. 0.007 0.232
Caudate disease Mediated

FAST Volume of grey matter in Left Frontal  ischaemic heart ACME 0.000 0.52
Medial Cortex disease

FAST Volume of grey matter in Left Frontal  ischaemic heart ADE —-0.027 <0.001
Medial Cortex disease

FAST Volume of grey matter in Left Frontal  ischaemic heart Total —0.027 <0.001
Medial Cortex disease Effect

FAST Volume of grey matter in Left Frontal  ischaemic heart Prop. 0.004 0.52
Medial Cortex disease Mediated

FAST Volume of grey matter in Left ischaemic heart ACME 0.000 0.554
Putamen disease

FAST Volume of grey matter in Left ischaemic heart ADE 0.024 <0.001
Putamen disease

FAST Volume of grey matter in Left ischaemic heart Total 0.024 <0.001
Putamen disease Effect

FAST Volume of grey matter in Left ischaemic heart Prop. 0.004 0.554
Putamen disease Mediated

FAST Volume of grey matter in Right ischaemic heart ACME 0.000 0.308
Putamen disease

FAST Volume of grey matter in Right ischaemic heart ADE 0.024 <0.001
Putamen disease

FAST Volume of grey matter in Right ischaemic heart Total 0.024 <0.001
Putamen disease Effect

FAST Volume of grey matter in Right ischaemic heart Prop. 0.006 0.308
Putamen disease Mediated
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FAST Volume of grey matter in Left ischaemic heart ACME 0.000 0.042
Subcallosal Cortex disease

FAST Volume of grey matter in Left ischaemic heart ADE —0.024 <0.001
Subcallosal Cortex disease

FAST Volume of grey matter in Left ischaemic heart Total —0.024 <0.001
Subcallosal Cortex disease Effect

FAST Volume of grey matter in Left ischaemic heart Prop. 0.012 0.042
Subcallosal Cortex disease Mediated

FAST Volume of grey matter in Left Ventral  ischaemic heart ACME 0.000 0.286
Striatum disease

FAST Volume of grey matter in Left Ventral ischaemic heart ADE 0.021 <0.001
Striatum disease

FAST Volume of grey matter in Left Ventral ischaemic heart Total 0.021 <0.001
Striatum disease Effect

FAST Volume of grey matter in Left Ventral  ischaemic heart Prop. —0.007 0.286
Striatum disease Mediated

FLAIR Total volume of white matter ischaemic heart ACME 0.000 0.006
hyperintensities (from T1 and disease
T2_FLAIR images)

FLAIR Total volume of white matter ischaemic heart ADE 0.022 <0.001
hyperintensities (from T1 and disease
T2_FLAIR images)

FLAIR Total volume of white matter ischaemic heart Total 0.022 <0.001
hyperintensities (from T1 and disease Effect
T2_FLAIR images)

FLAIR Total volume of white matter ischaemic heart Prop. 0.018 0.006
hyperintensities (from T1 and disease Mediated
T2_FLAIR images)

dMRI Mean axial diffusivity in external ischaemic heart ACME 0.000 0.018
capsule (right) disease

dMRI Mean axial diffusivity in external ischaemic heart ADE 0.022 <0.001
capsule (right) disease

dMRI Mean axial diffusivity in external ischaemic heart Total 0.023 <0.001
capsule (right) disease Effect

dMRI Mean axial diffusivity in external ischaemic heart Prop. 0.016 0.018
capsule (right) disease Mediated

dMRI Mean ISOVF in fornix cres+stria ischaemic heart ACME 0.000 0.014
terminalis (right) disease

dMRI Mean ISOVF in fornix cres+stria ischaemic heart ADE 0.023 <0.001
terminalis (right) disease

dMRI Mean ISOVF in fornix cres+stria ischaemic heart Total 0.023 <0.001
terminalis (right) disease Effect

dMRI Mean ISOVF in fornix cres+stria ischaemic heart Prop. 0.016 0.014
terminalis (right) disease Mediated

dMRI Mean MD in fornix cres+stria ischaemic heart ACME 0.000 0.002
terminalis (right) disease

dMRI Mean MD in fornix cres+stria ischaemic heart ADE 0.022 <0.001
terminalis (right) disease

dMRI Mean MD in fornix cres+stria ischaemic heart Total 0.023 <0.001
terminalis (right) disease Effect

dMRI Mean MD in fornix cres+stria ischaemic heart Prop. 0.018 0.002
terminalis (right) disease Mediated

dMRI Mean axial diffusivity in posterior ischaemic heart ACME 0.000 <0.001
corona radiata (left) disease

dMRI Mean axial diffusivity in posterior ischaemic heart ADE 0.026 <0.001
corona radiata (left) disease

dMRI Mean axial diffusivity in posterior ischaemic heart Total 0.026 <0.001
corona radiata (left) disease Effect
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dMRI Mean axial diffusivity in posterior ischaemic heart Prop. 0.017 <0.001
corona radiata (left) disease Mediated

dMRI Mean MD in posterior corona radiata  ischaemic heart ACME 0.000 0.01
(left) disease

dMRI Mean MD in posterior corona radiata  ischaemic heart ADE 0.022 <0.001
(left) disease

dMRI Mean MD in posterior corona radiata  ischaemic heart Total 0.023 <0.001
(left) disease Effect

dMRI Mean MD in posterior corona radiata  ischaemic heart Prop. 0.017 0.01
(left) disease Mediated

dMRI Mean OD in posterior corona radiata ischaemic heart ACME 0.000 0.046
(left) disease

dMRI Mean OD in posterior corona radiata ischaemic heart ADE —0.024 <0.001
(left) disease

dMRI Mean OD in posterior corona radiata ischaemic heart Total —0.024 <0.001
(left) disease Effect

dMRI Mean OD in posterior corona radiata  ischaemic heart Prop. 0.013 0.046
(left) disease Mediated

dMRI Mean axial diffusivity in posterior ischaemic heart ACME 0.001 <0.001
corona radiata (right) disease

dMRI Mean axial diffusivity in posterior ischaemic heart ADE 0.023 <0.001
corona radiata (right) disease

dMRI Mean axial diffusivity in posterior ischaemic heart Total 0.023 <0.001
corona radiata (right) disease Effect

dMRI Mean axial diffusivity in posterior ischaemic heart Prop. 0.024 <0.001
corona radiata (right) disease Mediated

dMRI Mean FA in posterior thalamic ischaemic heart ACME 0.000 0.074
radiation (left) disease

dMRI Mean FA in posterior thalamic ischaemic heart ADE —0.025 <0.001
radiation (left) disease

dMRI Mean FA in posterior thalamic ischaemic heart Total -0.026 <0.001
radiation (left) disease Effect

dMRI Mean FA in posterior thalamic ischaemic heart Prop. 0.011 0.074
radiation (left) disease Mediated

dMRI Mean ICVF in posterior thalamic ischaemic heart ACME 0.000 0.36
radiation (left) disease

dMRI Mean ICVF in posterior thalamic ischaemic heart ADE -0.024 <0.001
radiation (left) disease

dMRI Mean ICVF in posterior thalamic ischaemic heart Total —0.024 <0.001
radiation (left) disease Effect

dMRI Mean ICVF in posterior thalamic ischaemic heart Prop. 0.005 0.36
radiation (left) disease Mediated

dMRI Mean radial diffusivity in posterior ischaemic heart ACME 0.000 0.042
thalamic radiation (left) disease

dMRI Mean radial diffusivity in posterior ischaemic heart ADE 0.025 <0.001
thalamic radiation (left) disease

dMRI Mean radial diffusivity in posterior ischaemic heart Total 0.025 <0.001
thalamic radiation (left) disease Effect

dMRI Mean radial diffusivity in posterior ischaemic heart Prop. 0.011 0.042
thalamic radiation (left) disease Mediated

dMRI Mean FA in posterior thalamic ischaemic heart ACME 0.000 0.016
radiation (right) disease

dMRI Mean FA in posterior thalamic ischaemic heart ADE —0.028 <0.001
radiation (right) disease

dMRI Mean FA in posterior thalamic ischaemic heart Total —-0.028 <0.001
radiation (right) disease Effect

dMRI Mean FA in posterior thalamic ischaemic heart Prop. 0.013 0.016
radiation (right) disease Mediated
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dMRI Mean ICVF in posterior thalamic ischaemic heart ACME 0.000 0.156
radiation (right) disease
dMRI Mean ICVF in posterior thalamic ischaemic heart ADE —0.026 <0.001
radiation (right) disease
dMRI Mean ICVF in posterior thalamic ischaemic heart Total —0.026 <0.001
radiation (right) disease Effect
dMRI Mean ICVF in posterior thalamic ischaemic heart Prop. 0.008 0.156
radiation (right) disease Mediated
dMRI Mean radial diffusivity in posterior ischaemic heart ACME 0.000 0.038
thalamic radiation (right) disease
dMRI Mean radial diffusivity in posterior ischaemic heart ADE 0.028 <0.001
thalamic radiation (right) disease
dMRI Mean radial diffusivity in posterior ischaemic heart Total 0.028 <0.001
thalamic radiation (right) disease Effect
dMRI Mean radial diffusivity in posterior ischaemic heart Prop. 0.012 0.038
thalamic radiation (right) disease Mediated
dMRI Mean MD in posterior thalamic ischaemic heart ACME 0.000 0.2
radiation (right) disease
dMRI Mean MD in posterior thalamic ischaemic heart ADE 0.024 <0.001
radiation (right) disease
dMRI Mean MD in posterior thalamic ischaemic heart Total 0.024 <0.001
radiation (right) disease Effect
dMRI Mean MD in posterior thalamic ischaemic heart Prop. 0.008 0.2
radiation (right) disease Mediated
dMRI Mean axial diffusivity in superior ischaemic heart ACME 0.000 0.002
corona radiata (right) disease
dMRI Mean axial diffusivity in superior ischaemic heart ADE 0.022 <0.001
corona radiata (right) disease
dMRI Mean axial diffusivity in superior ischaemic heart Total 0.023 <0.001
corona radiata (right) disease Effect
dMRI Mean axial diffusivity in superior ischaemic heart Prop. 0.019 0.002
corona radiata (right) disease Mediated
dMRI Mean MD in superior corona radiata ischaemic heart ACME 0.001 <0.001
(right) disease
dMRI Mean MD in superior corona radiata ischaemic heart ADE 0.021 <0.001
(right) disease
dMRI Mean MD in superior corona radiata ischaemic heart Total 0.022 <0.001
(right) disease Effect
dMRI Mean MD in superior corona radiata ischaemic heart Prop. 0.024 <0.001
(right) disease Mediated
dMRI Mean ICVF in tapetum (right) ischaemic heart ACME 0.000 0.262
disease
dMRI Mean ICVF in tapetum (right) ischaemic heart ADE -0.023 <0.001
disease
dMRI Mean ICVF in tapetum (right) ischaemic heart Total —0.024 <0.001
disease Effect
dMRI Mean ICVF in tapetum (right) ischaemic heart Prop. 0.007 0.262
disease Mediated
dMRI Mean axial diffusivity in tapetum ischaemic heart ACME 0.001 <0.001
(right) disease
dMRI Mean axial diffusivity in tapetum ischaemic heart ADE 0.022 <0.001
(right) disease
dMRI Mean axial diffusivity in tapetum ischaemic heart Total 0.023 <0.001
(right) disease Effect
dMRI Mean axial diffusivity in tapetum ischaemic heart Prop. 0.022 <0.001
(right) disease Mediated
dMRI Mean MD in tapetum (right) ischaemic heart ACME 0.001 <0.001

disease
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dMRI Mean MD in tapetum (right) ischaemic heart ADE 0.023 <0.001
disease

dMRI Mean MD in tapetum (right) ischaemic heart Total 0.023 <0.001
disease Effect

dMRI Mean MD in tapetum (right) ischaemic heart Prop. 0.022 <0.001
disease Mediated

Freesurfer Avrea of Calcarine sulcus (left) ischaemic heart ACME 0.000 0.05

a2009s disease

Freesurfer Area of Calcarine sulcus (left) ischaemic heart ADE —0.023 <0.001

a2009s disease

Freesurfer Avrea of Calcarine sulcus (left) ischaemic heart Total —0.024 <0.001

a2009s disease Effect

Freesurfer Avrea of Calcarine sulcus (left) ischaemic heart Prop. 0.012 0.05

a2009s disease Mediated

Freesurfer Volume of Cingulate Cortex, anterior  ischaemic heart ACME 0.000 0.478

a2009s (right) disease

Freesurfer Volume of Cingulate Cortex, anterior  ischaemic heart ADE -0.023 <0.001

a2009s (right) disease

Freesurfer Volume of Cingulate Cortex, anterior  ischaemic heart Total -0.023 <0.001

a2009s (right) disease Effect

Freesurfer Volume of Cingulate Cortex, anterior  ischaemic heart Prop. 0.004 0.478

a2009s (right) disease Mediated

Freesurfer Volume of WM-hypointensities ischaemic heart ACME 0.000 0.002

ASEG disease

Freesurfer Volume of WM-hypointensities ischaemic heart ADE 0.022 <0.001

ASEG disease

Freesurfer Volume of WM-hypointensities ischaemic heart Total 0.022 <0.001

ASEG disease Effect

Freesurfer Volume of WM-hypointensities ischaemic heart Prop. 0.016  0.002

ASEG disease Mediated

Freesurfer Area of Parahippocampal Gyrus (left)  ischaemic heart ACME 0.000 0.192

DKT disease

Freesurfer Area of Parahippocampal Gyrus (left)  ischaemic heart ADE 0.028 <0.001

DKT disease

Freesurfer Area of Parahippocampal Gyrus (left)  ischaemic heart Total 0.028 <0.001

DKT disease Effect

Freesurfer Avrea of Parahippocampal Gyrus (left)  ischaemic heart Prop. 0.007 0.192

DKT disease Mediated

Freesurfer Avrea of Pericalcarine cortex (left) ischaemic heart ACME 0.000 0.088

DKT disease

Freesurfer Avrea of Pericalcarine cortex (left) ischaemic heart ADE -0.023 <0.001

DKT disease

Freesurfer Avrea of Pericalcarine cortex (left) ischaemic heart Total -0.023 <0.001

DKT disease Effect

Freesurfer Avrea of Pericalcarine cortex (left) ischaemic heart Prop. 0.011 0.088

DKT disease Mediated

Freesurfer Mean thickness of Parahippocampal ischaemic heart ACME 0.000 0.218

DKT Gyrus (left) disease

Freesurfer Mean thickness of Parahippocampal ischaemic heart ADE -0.024 <0.001

DKT Gyrus (left) disease

Freesurfer Mean thickness of Parahippocampal ischaemic heart Total -0.025 <0.001

DKT Gyrus (left) disease Effect

Freesurfer Mean thickness of Parahippocampal ischaemic heart Prop. 0.007 0.218

DKT Gyrus (left) disease Mediated

Freesurfer Volume of Cingulate Gyrus, caudal ischaemic heart ACME 0.000 0.894

DKT anterior (left) disease

Freesurfer Volume of Cingulate Gyrus, caudal ischaemic heart ADE -0.024 <0.001

DKT anterior (left) disease
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Freesurfer Volume of Cingulate Gyrus, caudal ischaemic heart Total —0.024 <0.001
DKT anterior (left) disease Effect

Freesurfer Volume of Cingulate Gyrus, caudal ischaemic heart Prop. 0.001 0.894
DKT anterior (left) disease Mediated

Freesurfer Volume of Medial Orbitofrontal ischaemic heart ACME 0.000 0.556
DKT Cortex (left) disease

Freesurfer Volume of Medial Orbitofrontal ischaemic heart ADE -0.023 <0.001
DKT Cortex (left) disease

Freesurfer Volume of Medial Orbitofrontal ischaemic heart Total —0.023 <0.001
DKT Cortex (left) disease Effect

Freesurfer Volume of Medial Orbitofrontal ischaemic heart Prop. —0.004 0.556
DKT Cortex (left) disease Mediated

Freesurfer Avrea of Parahippocampal Gyrus (left)  ischaemic heart ACME 0.000 0.2
desikan pial disease

Freesurfer Area of Parahippocampal Gyrus (left)  ischaemic heart ADE 0.024 <0.001
desikan pial disease

Freesurfer Avrea of Parahippocampal Gyrus (left)  ischaemic heart Total 0.024 <0.001
desikan pial disease Effect

Freesurfer Area of Parahippocampal Gyrus (left)  ischaemic heart Prop. 0.007 0.2
desikan pial disease Mediated

Freesurfer Avrea of Pericalcarine cortex (left) ischaemic heart ACME 0.000 0.114
desikan pial disease

Freesurfer Avrea of Pericalcarine cortex (left) ischaemic heart ADE -0.023 <0.001
desikan pial disease

Freesurfer Area of Pericalcarine cortex (left) ischaemic heart Total -0.023 <0.001
desikan pial disease Effect

Freesurfer Avrea of Pericalcarine cortex (left) ischaemic heart Prop. 0.009 0.114
desikan pial disease Mediated

Freesurfer Area of Parahippocampal Gyrus (left)  ischaemic heart ACME 0.000 0.084
desikan white disease

Freesurfer Area of Parahippocampal Gyrus (left)  ischaemic heart ADE 0.024 <0.001
desikan white disease

Freesurfer Area of Parahippocampal Gyrus (left)  ischaemic heart Total 0.024 <0.001
desikan white disease Effect

Freesurfer Area of Parahippocampal Gyrus (left)  ischaemic heart Prop. 0.010 0.084
desikan white disease Mediated

Freesurfer Avrea of Pericalcarine cortex (left) ischaemic heart ACME 0.000 0.058
desikan white disease

Freesurfer Avrea of Pericalcarine cortex (left) ischaemic heart ADE -0.023 <0.001
desikan white disease

Freesurfer Avrea of Pericalcarine cortex (left) ischaemic heart Total -0.024 <0.001
desikan white disease Effect

Freesurfer Avrea of Pericalcarine cortex (left) ischaemic heart Prop. 0.011 0.058
desikan white disease Mediated

Freesurfer Mean thickness of Parahippocampal ischaemic heart ACME 0.000 0.158
a2009s Gyrus (left) disease

Freesurfer Mean thickness of Parahippocampal ischaemic heart ADE -0.024 <0.001
a2009s Gyrus (left) disease

Freesurfer Mean thickness of Parahippocampal ischaemic heart Total -0.025 <0.001
a2009s Gyrus (left) disease Effect

Freesurfer Mean thickness of Parahippocampal ischaemic heart Prop. 0.008 0.158
a2009s Gyrus (left) disease Mediated

ACME, average causal mediation effect; ADE, average direct effect. Causal mediation analyses decomposed the total effect
of neuroticism on each significant IDP into: the average causal mediation effect (ACME), the average direct effect (ADE),
the total effect, and the proportion mediated. Models were adjusted sex, age and age polynomials, agexsex, ethnicity,
Townsend deprivation index, education, smoking, alcohol consumption, and body mass index. P-values were derived using

quasi-Bayesian Monte Carlo approach with 1000 simulations.
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Appendix 6.3: Summary of genetic instruments for phenotypes used in Mendelian Randomisation analyses

Phenotype Model/atlas GWAS source GWAS GWAS Nsnp R?
dataset sample
size
Neuroticism Gupta et al., 2024 MVP, 623,482 132 0.014
UKB,
GPC
Mean ICVF in posterior thalamic radiation (left) dMRI Smith et al., 2021 UKB 20859 21 0.052
Mean ICVF in posterior thalamic radiation (right) dMRI Smith et al., 2021 UKB 20859 20 0.052
Avrea of Pericalcarine cortex (left) Freesurfer DKT Smith et al., 2021 UKB 21282 24 0.049
VVolume of grey matter in Putamen (left) FAST Smith et al., 2021 UKB 22133 14 0.048
Area of Pericalcarine cortex (left) Freesurfer desikan Smith et al., 2021 UKB 21282 23 0.048
white
Volume of grey matter in Ventral Striatum (left) FAST Smith et al., 2021 UKB 22133 14 0.046
Volume of grey matter in Putamen (right) FAST Smith et al., 2021 UKB 22133 14 0.045
Area of Scalcarine (left) Freesurfer a2009s Smith et al., 2021 UKB 21282 21 0.041
Total volume of white matter hyperintensities (from T1and FLAIR Smith et al., 2021 UKB 21381 15 0.037
T2_FLAIR images)
Avrea of Pericalcarine cortex (left) Freesurfer desikan Smith et al., 2021 UKB 21282 17 0.036
pial

Mean MD in superior corona radiata (right) dMRI Smith et al., 2021 UKB 20860 11 0.024
Mean MD in posterior thalamic radiation (right) dMRI Smith et al., 2021 UKB 20860 9 0.022
Volume of grey matter in Caudate (left) FAST Smith et al., 2021 UKB 22133 12 0.021
Mean ICVF in tapetum (right) dMRI Smith et al., 2021 UKB 20859 9 0.020
Volume of grey matter in Caudate (right) FAST Smith et al., 2021 UKB 22133 10 0.020
Mean MD in posterior corona radiata (left) dMRI Smith et al., 2021 UKB 20860 0.020
Volume of WMhypointensities (whole brain) Freesurfer ASEG Smith et al., 2021 UKB 21282 0.019
Mean axial diffusivity in posterior corona radiata (left) dMRI Smith et al., 2021 UKB 20860 10 0.018
Mean axial diffusivity in external capsule (right) dMRI Smith et al., 2021 UKB 20860 8 0.016
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Volume of grey matter in Subcallosal Cortex (left) FAST Smith et al., 2021 UKB 22133 6 0.012
Mean radial diffusivity in posterior thalamic radiation dMRI Smith et al., 2021 UKB 20860 4 0.012
right
l(\/lgan)radial diffusivity in posterior thalamic radiation (left) dMRI Smith et al., 2021 UKB 20860 4 0.012
Mean FA in posterior thalamic radiation (right) dMRI Smith et al., 2021 UKB 20860 4 0.011
Mean axial diffusivity in posterior corona radiata (right) dMRI Smith et al., 2021 UKB 20860 5 0.011
Mean FA in posterior thalamic radiation (left) dMRI Smith et al., 2021 UKB 20860 4 0.010
Mean axial diffusivity in superior corona radiata (right) dMRI Smith et al., 2021 UKB 20860 6 0.010
Mean MD in tapetum (right) dMRI Smith et al., 2021 UKB 20860 6 0.010
Mean axial diffusivity in tapetum (right) dMRI Smith et al., 2021 UKB 20860 4 0.007
Mean OD in posterior corona radiata (left) dMRI Smith et al., 2021 UKB 20859 3 0.005
Volume of caudalAntcingulate (left) Freesurfer DKT Smith et al., 2021 UKB 21282 3 0.004
Area of Parahippocampal Gyrus (left) Freesurfer DKT Smith et al., 2021 UKB 21282 3 0.004
Volume of grey matter in Frontal Medial Cortex (left) FAST Smith et al., 2021 UKB 22133 2 0.003
Mean MD in fornix cres+stria terminalis (right) dMRI Smith et al., 2021 UKB 20860 2 0.003
Area of Parahippocampal Gyrus (left) Freesurfer desikan Smith et al., 2021 UKB 21282 2 0.003
white
Area of Parahippocampal Gyrus (left) Freesurfer desikan Smith et al., 2021 UKB 21282 2 0.003
ial
Volume of Medorbitofrontal (left) Ereesurfer DKT Smith et al., 2021 UKB 21282 1 0.002
Volume of GScingulAnt (right) Freesurfer a2009s Smith et al., 2021 UKB 21282 1 0.002
thickness of Parahippocampal Gyrus (left) Freesurfer desikan Smith et al., 2021 UKB 21282 0.001
white
thickness of Parahippocampal Gyrus (left) Freesurfer DKT Smith et al., 2021 UKB 21282 1 0.001
Mean ISOVF in fornix cres+stria terminalis (right) dMRI Smith et al., 2021 UKB 20859 2 <0.001

GWAS, genome-wide association studies; MVP, Million Veteran Program; UKB, UK Biobank; GPC, Genetics of Personality Consortium; SNP, single nucleotide
polymorphism; Nsnp, number of genetic variants used as instrumental variables; R2, proportion of variance explained.
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Appendix 6.4: Primary (inverse-variance weighted) analyses for forward Mendelian

randomisation

Outcome Model/atlas B SE p
Volume of grey matter in Left Caudate FAST 0.162 0.069 0.018
Volume of grey matter in Right Caudate FAST 0.133 0.072 0.065
Volume of grey matter in Left Frontal Medial Cortex FAST -0.017 0.069 0.804
Volume of grey matter in Left Putamen FAST 0.118 0.072 0.104
Volume of grey matter in Right Putamen FAST 0.110 0.075  0.145
Volume of grey matter in Left Subcallosal Cortex FAST —-0.123 0.071 0.084
Volume of grey matter in Left Ventral Striatum FAST —-0.007 0.067 0.912
Total volume of white matter hyperintensities (from FLAIR 0.205 0.067 0.002
T1and T2 FLAIR images)
Mean axial diffusivity in external capsule (right) dMRI 0.206 0.078  0.008
Mean ISOVF in fornix cres+stria terminalis (right) dMRI 0.122 0.065 0.062
Mean MD in fornix cres+stria terminalis (right) dMRI 0.105 0.071 0.138
Mean axial diffusivity in posterior corona radiata (left) dMRI 0.154 0.073  0.034
Mean MD in posterior corona radiata (left) dMRI 0.154 0.068 0.024
Mean OD in posterior corona radiata (left) dMRI —0.150 0.081  0.065
Mean axial diffusivity in posterior corona radiata dMRI 0.143 0.079 0.069
right
l(vlgan)FA in posterior thalamic radiation (left) dMRI —-0.092 0.062 0.142
Mean ICVF in posterior thalamic radiation (left) dMRI -0.169 0.069  0.014
Mean radial diffusivity in posterior thalamic radiation ~ dMRI 0.115 0.062 0.064
left
l(\/lea)n FA in posterior thalamic radiation (right) dMRI —0.062 0.065 0.342
Mean ICVF in posterior thalamic radiation (right) dMRI —0.164 0.072 0.023
Mean radial diffusivity in posterior thalamic radiation ~ dMRI 0.098 0.063 0.123
right
l(\/lgan)MD in posterior thalamic radiation (right) dMRI 0.162 0.066 0.013
Mean axial diffusivity in superior corona radiata dMRI 0.129 0.074  0.082
right
I(\/Igan)MD in superior corona radiata (right) dMRI 0.173 0.071 0.015
Mean ICVF in tapetum (right) dMRI —-0.184 0.075 0.014
Mean axial diffusivity in tapetum (right) dMRI 0.097 0.074  0.188
Mean MD in tapetum (right) dMRI 0.106 0.079 0.181
Area of Calcarine sulcus (left) Freesurfer —0.059 0.085 0.488
a2009s
Volume of Cingulate Cortex, anterior (right) Freesurfer —0.084 0.076 0.270
a2009s
Volume of WM-hypointensities Freesurfer 0.101 0.073 0.163
ASEG
Area of Parahippocampal Gyrus (left) Freesurfer DKT  0.010 0.075  0.895
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Area of Pericalcarine cortex (left) Freesurfer DKT  —0.022 0.084  0.795

Mean thickness of Parahippocampal Gyrus (left) Freesurfer DKT ~ —0.033 0.070  0.637

Volume of Cingulate Gyrus, caudal anterior (left) Freesurfer DKT  —0.188 0.077 0.014

Volume of Medial Orbitofrontal Cortex (left) Freesurfer DKT  —0.102 0.073 0.166

Area of Parahippocampal Gyrus (left) Freesurfer 0.034 0.076  0.655
desikan pial

Avrea of Pericalcarine cortex (left) Freesurfer —0.009 0.083  0.915
desikan pial

Area of Parahippocampal Gyrus (left) Freesurfer 0.013 0.074  0.864
desikan white

Area of Pericalcarine cortex (left) Freesurfer —-0.026 0.084  0.760
desikan white

Mean thickness of Parahippocampal Gyrus (left) Freesurfer —-0.034 0.070  0.628
a2009s

SE, standard error. Estimates reflect the association between genetically predicted neuroticism and each imaging-derived
phenotype, obtained using the inverse-variance weighted method.
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Appendix 6.5: Robust Mendelian randomisation methods applied to associations significant in inverse-variance weighted

analyses
Exposure QOutcome Model/atlas Method Nsnp B SE p

Volume of grey matter  neuroticism FAST Inverse-variance 8 0.061 0.018 0.001
in Left Caudate weighted
Volume of grey matter  neuroticism FAST MR-Egger 8 0.189 0.049 0.008
in Left Caudate
Volume of grey matter  neuroticism FAST Weighted median 8 0.045 0.020 0.024
in Left Caudate
Volume of grey matter  neuroticism FAST MRIap 11 0.044 0.024 0.065
in Left Caudate
Volume of grey matter  neuroticism FAST Inverse-variance 7 0.057 0.021 0.007
in Right Caudate weighted
Volume of grey matter  neuroticism FAST MR-Egger 7 0.130 0.071 0.125
in Right Caudate
Volume of grey matter  neuroticism FAST Weighted median 7 0.050 0.020 0.011
in Right Caudate
Volume of grey matter  neuroticism FAST MRIap 11 0.037 0.026 0.162
in Right Caudate
Volume of grey matter  neuroticism FAST Inverse-variance 5 —0.062 0.031 0.045
in Left Subcallosal weighted
Cortex
Volume of grey matter  neuroticism FAST MR-Egger 5 —0.305 0.798 0.728
in Left Subcallosal
Cortex
Volume of grey matter  neuroticism FAST Weighted median 5 —0.053 0.023 0.020
in Left Subcallosal
Cortex
Volume of grey matter  neuroticism FAST MRlap 6 —0.065 0.043 0.130
in Left Subcallosal
Cortex
neuroticism Volume of grey matter in Left Caudate FAST Inverse-variance 119 0.162 0.069 0.018

weighted
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neuroticism Volume of grey matter in Left Caudate FAST MR-Egger 119 0.758 0.296 0.012
neuroticism Volume of grey matter in Left Caudate FAST Weighted median 119 0.175 0.091 0.055
neuroticism Volume of grey matter in Left Caudate FAST MRlap 102 0.264 0.115 0.022
neuroticism Total volume of white matter hyperintensities (from T1 FLAIR Inverse-variance 119 0.205 0.067 0.002
and T2_FLAIR images) weighted
neuroticism Total volume of white matter hyperintensities (from T1 FLAIR MR-Egger 119 0.503 0.295 0.090
and T2_FLAIR images)
neuroticism Total volume of white matter hyperintensities (from T1 FLAIR Weighted median 119 0.107 0.092 0.244
and T2_FLAIR images)
neuroticism Total volume of white matter hyperintensities (from T1 FLAIR MRlap 102 0.303 0.111 0.006
and T2_FLAIR images)
neuroticism Mean axial diffusivity in external capsule (right) dMRI Inverse-variance 119 0.206 0.078 0.008
weighted
neuroticism Mean axial diffusivity in external capsule (right) dMRI MR-Egger 119 1.027 0.335 0.003
neuroticism Mean axial diffusivity in external capsule (right) dMRI Weighted median 119 0.068 0.092 0.464
neuroticism Mean axial diffusivity in external capsule (right) dMRI MRlap 102 0.349 0.119 0.003
neuroticism Mean axial diffusivity in posterior corona radiata (left) dMRI MR-Egger 119 0.853 0.313 0.008
neuroticism Mean axial diffusivity in posterior corona radiata (left) dMRI Weighted median 119 0.087 0.094 0.353
neuroticism Mean axial diffusivity in posterior corona radiata (left) dMRI Inverse-variance 119 0.154 0.073 0.034
weighted
neuroticism Mean axial diffusivity in posterior corona radiata (left) dMRI MRlap 102 0.288 0.117 0.014
neuroticism Mean MD in posterior corona radiata (left) dMRI Inverse-variance 119 0.154 0.068 0.024
weighted
neuroticism Mean MD in posterior corona radiata (left) dMRI MR-Egger 119 0.934 0.290 0.002
neuroticism Mean MD in posterior corona radiata (left) dMRI Weighted median 119 0.180 0.092 0.051
neuroticism Mean MD in posterior corona radiata (left) dMRI MRIap 102 0.241 0.110 0.029
neuroticism Mean ICVF in posterior thalamic radiation (left) dMRI Inverse-variance 119 -0.169 0.069 0.014
weighted
neuroticism Mean ICVF in posterior thalamic radiation (left) dMRI MR-Egger 119 -0.992 0.293 0.001
neuroticism Mean ICVF in posterior thalamic radiation (left) dMRI Weighted median 119 -0.186 0.099 0.061
neuroticism Mean ICVF in posterior thalamic radiation (left) dMRI MRlap 102 —0.155 0.115 0.176
neuroticism Mean ICVF in posterior thalamic radiation (right) dMRI MR-Egger 119 —1.050 0.307 0.001
neuroticism Mean ICVF in posterior thalamic radiation (right) dMRI Weighted median 119 —0.124 0.096 0.196
neuroticism Mean ICVF in posterior thalamic radiation (right) dMRI Inverse-variance 119 -0.164 0.072 0.023
weighted
neuroticism Mean ICVF in posterior thalamic radiation (right) dMRI MRlap 102 —0.156 0.118 0.184
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neuroticism Mean MD in posterior thalamic radiation (right) dMRI Inverse-variance 119 0.162 0.066 0.013

weighted
neuroticism Mean MD in posterior thalamic radiation (right) dMRI MR-Egger 119 0.969 0.278 0.001
neuroticism Mean MD in posterior thalamic radiation (right) dMRI Weighted median 119 0.107 0.095 0.258
neuroticism Mean MD in posterior thalamic radiation (right) dMRI MRlap 102 0.197 0.111 0.075
neuroticism Mean MD in superior corona radiata (right) dMRI Inverse-variance 119 0.173 0.071 0.015
weighted
neuroticism Mean MD in superior corona radiata (right) dMRI MR-Egger 119 0.859 0.306  0.006
neuroticism Mean MD in superior corona radiata (right) dMRI Weighted median 119 0.120 0.092 0.191
neuroticism Mean MD in superior corona radiata (right) dMRI MRlap 102 0.180 0.104 0.085
neuroticism Mean ICVF in tapetum (right) dMRI Inverse-variance 119 -0.184 0.075 0.014
weighted
neuroticism Mean ICVF in tapetum (right) dMRI MR-Egger 119 -0.964 0.322 0.003
neuroticism Mean ICVF in tapetum (right) dMRI Weighted median 119 —0.089 0.095 0.345
neuroticism Mean ICVF in tapetum (right) dMRI MRlap 102 -0.206 0.114 0.072
neuroticism Volume of Cingulate Gyrus, caudal anterior (left) Freesurfer MR-Egger 119 -0.452 0.336 0.181
DKT
neuroticism Volume of Cingulate Gyrus, caudal anterior (left) Freesurfer Weighted median 119 -0.117 0.092 0.204
DKT
neuroticism Volume of Cingulate Gyrus, caudal anterior (left) Freesurfer Inverse-variance 119 —0.188 0.077 0.014
DKT weighted
neuroticism Volume of Cingulate Gyrus, caudal anterior (left) Freesurfer MRlap 102 -0.235 0.109 0.031
DKT

Nsnp, number of single nucleotide polymorphisms used as genetic instruments; SE, standard error. Sensitivity analyses were conducted for all neuroticism-IDP associations that
reached nominal significance in the primary inverse-variance weighted analyses.
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Appendix 6.6: Sensitivity analyses for Mendelian randomisation

Exposure Outcome Model/atlas p for Q p for Q p for R? R? p for
AVAWY MR- Egger exposure  outcome  Steiger
Egger intercept
Volume of grey neuroticism FAST 0.071 0.465 0.035 0.014 <0.001 <0.001
matter in Left
Caudate
Volume of grey neuroticism FAST 0.013 0.023 0.331 0.014 <0.001 <0.001
matter in Right
Caudate
Volume of grey neuroticism FAST 0.004 0.002 0.780 0.010 <0.001 <0.001

matter in Left
Subcallosal Cortex

neuroticism Volume of grey matter in Left Caudate FAST 0.022 0.037 0.041 0.009 0.007 0.152
neuroticism Total volume of white matter hyperintensities (from  FLAIR 0.080 0.082 0.302 0.009 0.007 0.142
T1and T2_FLAIR images)
neuroticism Mean axial diffusivity in external capsule (right) dMRI <0.001 <0.001 0.013 0.009 0.009 0.708
neuroticism Mean axial diffusivity in posterior corona radiata dMRI 0.006 0.014 0.024 0.009 0.008 0.478
neuroticism I(\I/Ie;tl)n MD in posterior corona radiata (left) dMRI 0.079 0.167 0.007 0.009 0.007 0.133
neuroticism Mean ICVF in posterior thalamic radiation (left) dMRI 0.057 0.138 0.005 0.009 0.007 0.184
neuroticism Mean ICVF in posterior thalamic radiation (right) dMRI 0.008 0.031 0.004 0.009 0.008 0.451
neuroticism Mean MD in posterior thalamic radiation (right) dMRI 0.208 0.379 0.004 0.009 0.007 0.059
neuroticism Mean MD in superior corona radiata (right) dMRI 0.017 0.035 0.023 0.009 0.008 0.347
neuroticism Mean ICVF in tapetum (right) dMRI 0.001 0.004 0.014 0.009 0.009 0.820
neuroticism Volume of Cingulate Gyrus, caudal anterior (left) Freesurfer <0.001 <0.001 0.422 0.009 0.009 0.967
DKT

IVW, inverse-variance weighted; Q, Cochran’s Q-statistic for heterogeneity; R2, proportion of variance explained; Steiger, Steiger directionality test. Sensitivity analyses were
conducted for all neuroticism-1DP associations that reached nominal significance in the primary inverse-variance weighted analyses.
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Appendix 6.7: Primary (inverse-variance weighted) analyses for reverse Mendelian

randomisation

Exposure Model/atlas B SE p
Volume of grey matter in Left Caudate FAST 0.061 0.018 0.001
Volume of grey matter in Right Caudate FAST 0.057 0.021 0.007
Volume of grey matter in Left Putamen FAST 0.023 0.017 0.169
Volume of grey matter in Right Putamen FAST 0.012 0.016 0.428
Volume of grey matter in Left Subcallosal FAST —0.062 0.031 0.045
Cortex
Volume of grey matter in Left Ventral Striatum  FAST 0.015 0.011 0.152
Total volume of white matter hyperintensities FLAIR 0.000 0.015 0.991
(from T1 and T2_FLAIR images)
Mean axial diffusivity in external capsule (right) dMRI —0.006  0.031 0.845
Mean MD in fornix cres+stria terminalis (right)  dMRI 0.040 0.086 0.644
Mean axial diffusivity in posterior corona dMRI 0.003 0.044 0.944
radiata (left)
Mean MD in posterior corona radiata (left) dMRI —0.002 0.019 0.913
Mean OD in posterior corona radiata (left) dMRI -0.114  0.162 0.482
Mean axial diffusivity in posterior corona dMRI 0.009 0.059  0.880
radiata (right)
Mean FA in posterior thalamic radiation (left) dMRI —0.002 0.016 0.917
Mean ICVF in posterior thalamic radiation (left) dMRI —-0.003 0.011 0.823
Mean radial diffusivity in posterior thalamic dMRI -0.007  0.029 0.819
radiation (left)
Mean FA in posterior thalamic radiation (right)  dMRI —0.003  0.018 0.852
Mean ICVF in posterior thalamic radiation dMRI —0.002  0.010 0.842
right
I(\/Igan)radial diffusivity in posterior thalamic dMRI 0.001  0.022 0.961
radiation (right)
Mean MD in posterior thalamic radiation (right) dMRI 0.013 0.030 0.666
Mean axial diffusivity in superior corona radiata dMRI -0.010 0.029 0.732
right
I(\/Igan)MD in superior corona radiata (right) dMRI 0.017 0.016 0.299
Mean ICVF in tapetum (right) dMRI 0.005 0.016 0.768
Mean axial diffusivity in tapetum (right) dMRI 0.013  0.062 0.832
Mean MD in tapetum (right) dMRI 0.006  0.017 0.716
Volume of grey matter in Left Subcallosal FAST —0.062 0.031 0.045
Cortex
Area of Calcarine sulcus (left) Freesurfer 0.002 0.008 0.788
a2009s
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Volume of WM-hypointensities Freesurfer 0.021  0.027 0.441

ASEG

Area of Parahippocampal Gyrus (left) Freesurfer DKT  —-0.064  0.045 0.157

Area of Pericalcarine cortex (left) Freesurfer DKT 0.001 0.009 0.946

Volume of Cingulate Gyrus, caudal anterior Freesurfer DKT —-0.055 0.168 0.742

(left)

Area of Parahippocampal Gyrus (left) Freesurfer -0.075  0.052 0.144
desikan pial

Area of Pericalcarine cortex (left) Freesurfer 0.000 0.010 0.980
desikan pial

Area of Parahippocampal Gyrus (left) Freesurfer -0.072  0.054 0.179
desikan white

Area of Pericalcarine cortex (left) Freesurfer —0.001  0.009 0.871
desikan white

Mean thickness of Parahippocampal Gyrus (left) Freesurfer 0.190 0.040 <0.001
a2009s

SE, standard error. Estimates reflect the association between each genetically predicted imaging-derived phenotype and
neuroticism, obtained using the inverse-variance weighted method.
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