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Abstract

INTRODUCTION: Higher neuroticism might be associated with dementia risk. Here

we investigated modification by genetic predisposition to dementia, mediation by

mental health andvascular conditions, neuroimagingoutcomes, and cognitive function.

METHODS: Cox proportional-hazards models were used to assess the association

between neuroticism score and incident dementia over up to 15 years in 1,74,164 par-

ticipants. Cross-sectional analyses on dementia-related neuroimaging outcomes and

cognitive function were conducted in 39,459 dementia-free participants.

RESULTS: Higher neuroticism was associated with an 11% higher risk of incident

dementia, especially vascular dementia (15% higher risk), regardless of genetic pre-

disposition to dementia. Mental and vascular conditions mediated the association of

neuroticism with all-cause dementia and vascular dementia. Neuroticism was asso-

ciated with higher cerebrovascular pathology, lower gray matter volume, and worse

function across multiple cognitive domains.

DISCUSSION:Neuroticismcould represent a risk factor fordementia, andvascular and

mental healthmight drive these associations.
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Highlights

∙ Neuroticism was associated with an increased risk of incident all-cause dementia,

particularly vascular dementia.

∙ Associations were not modified by genetic predisposition to dementia.

∙ Associations were largely mediated bymental and vascular conditions.

∙ Neuroticism was associated with increased cerebrovascular pathology and lower

graymatter volume.

∙ Neuroticismwas associated with worse function across multiple cognitive domains.

1 BACKGROUND

Neuroticism is a personality trait comprising components such as

irritability, worry, self-consciousness, loneliness, and vulnerability.1
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It stabilizes by adolescence and remains relatively consistent across

the life course.2 Neuroticism is measured using a continuous scale,

with higher scores indicating greater neuroticism. Neuroticism has

been linked to a greater risk of adverse health outcomes and has been
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identified as a potential risk factor for dementia. In 2021, a meta-

analysis of 12 longitudinal studies, totaling 33,054 participants (1806

dementia cases), found that increased neuroticismwas associatedwith

a greater risk of developing dementia.3 However, most of these studies

have short follow-up periods (<10 years), which makes it difficult to

draw inferences on whether neuroticism is a prodromal symptom

or a cause of dementia. Therefore, it is important to investigate the

association in population-based cohorts with longer follow-up periods.

Furthermore, previous studies have investigated the direct associa-

tion between neuroticism and dementia; however, neuroticism might

indirectly increase dementia risk via other modifiable factors. This

is particularly important when considering preventative approaches,

as there is limited evidence that neuroticism can be modified by

behavioral interventions.4 Prospective studies have linked higher neu-

roticism with an increased risk of subsequent depression,5 anxiety

disorders,5 cardiovascular diseases (CVDs),6 and hypertension.7 In

addition, Mendelian randomization studies show evidence for a uni-

directional, but not bi-directional, causal influence of neuroticism on

these conditions.8–10 Mental and vascular health conditionsmight rep-

resent viable targets in individuals with higher neuroticism, especially

as these are well-recognized risk factors for dementia and neuroti-

cism is unlikely to be easily modified.11 However, there is a lack

of studies investigating whether the link between neuroticism and

dementia risk is mediated through these conditions. Moreover, the

preclinical stage of dementia is marked by subtle changes in brain

health, including structural brain changes, cerebrovascular pathology,

and cognitive decline.12 Understanding whether neuroticism is associ-

ated with adverse brain health could provide insights into mechanisms

underlying its association with dementia.

In the current study, we first investigated the association between

neuroticism and the risk of incident dementia in a large population-

based cohort followed for up to 15 years. Next, we assessed whether

and how much this association is mediated through mental and vascu-

lar conditions. We also examined mediation by a metabolic condition

(diabetes), a well-established dementia risk factor but lacking evidence

of a link to neuroticism. It serves as a negative control, andweexpected

its mediation effect to be smaller than that of mental and vascular con-

ditions, or non-significant. Finally, we explored the association with

neuroimaging and cognitive outcomes.

2 METHODS

2.1 Study population

UK Biobank (UKB) is a population-based cohort study that recruited

more than 5,00,000 individuals 40–69 years of age from England,

Scotland, andWales between 2006 and 2010.13 Baseline assessments

were conducted using 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.

RESEARCH INCONTEXT

1. Systematic review: Literature reviews via PubMed sug-

gest that neuroticism is associated with an increased

risk of developing mental health and vascular conditions,

which are well-established risk factors for dementia.

However, studies on the associationbetweenneuroticism

and dementia are limited by small numbers of demen-

tia cases and short follow-up periods. In addition, less

is known about the potential interaction between neu-

roticism and genetic risk for dementia, whether mental

health and vascular conditions mediate the relationship,

or the association of neuroticism with specific cognitive

domains and neuroimaging outcomes.

2. Interpretation: In 1,74,164participants followedup to15

years (N≈ 6000 incident dementia cases), higher neuroti-

cism was associated with an increased risk of all-cause

dementia, with a stronger association observed for vas-

cular dementia. The associations were not modified by

genetic predisposition to dementia. We found that the

associations were largely mediated by mental and vas-

cular conditions. Neuroticism was also associated with

evidence of increased cerebrovascular pathology, lower

gray matter volume, and worse function across multiple

cognitive domains.

3. Future directions: Future studies should examine the

relationship of neuroticismwith physical conditions, neu-

roimaging outcomes, and cognitive function longitudi-

nally. Exploring molecular and neurological pathways

linking neuroticism and dementia could further inform

intervention targets.

We excluded participants who were younger than 60 years of age

at baseline (n = 2,74,636) to ensure that the analytic sample was

restricted to those at high risk of developing late-onset dementia (typ-

ically defined as onset after age 65) during the 15-year follow-up

period. We further excluded participants with self-reported preva-

lent cognitive impairment or dementia or hospital-diagnosed dementia

at baseline (n = 232), missing neuroticism (n = 48,317), or covari-

ate (n = 7992) data. Consequently, the final sample size consisted

of 1,74,164 participants (Figure 1). Characteristics of those with and

without missing neuroticism data are provided in eTable 1.

Neuroimaging and cognitive function analyses were conducted

on a subset of the participants from the baseline cohort invited to

join the UKB imaging study, starting from 2014.14 During the imag-

ing visit, participants underwent brain magnetic resonance imaging

(MRI) using a 3 Tesla Siemens Skyra scanner (software VD13) and

a standard Siemens 32-channel head coil as well as a repeat of all

baseline measures. Brain scans underwent standardized process-

ing and quality control procedures to generate imaging-derived
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F IGURE 1 Flow diagram of analyses. aSensitivity analysis was conducted in this population usingmultiple imputation to account for missing
data on the exposure and covariates.

phenotypes (IDPs).15 Cognitive assessments were administered

through a touchscreen questionnaire.16 Of 56,016 participants with

IDPs available, 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= 4372). Because

we were interested in investigating the association between neuroti-

cism and brain health outcomes in dementia-free individuals, we did

not exclude based on age. This resulted in a final sample size of 39,459

participants.

UKB received ethical approval from the North West Multi-centre

Research Ethics Committee (MREC) and all participants provided

informed consent via electronic signature through the touchscreen.

2.2 Assessment of neuroticism

Neuroticism was assessed using the Eysenck Personality

Questionnaire-Revised Short Form (EPQ-RS).17 The EPQ-RS shows

high reliability (Cronbach’s alpha 0.80–0.84)17 and correlates strongly

(r = 0.85)18 with neuroticism score on the neuroticism-extraversion-

openness (NEO) Five-Factor Inventory, another well-established

measurement tool. Its psychometric properties remain consistent

across cultures and age groups.19,20 The EPQ-RS consists of 12 items,

with each item measuring a single neurotic trait (eTable 2). Response

options were “No” and “Yes,” which were recoded as 0 and 1, respec-

tively. An overall neuroticism score ranging from 0 to 12 was derived

by summing the responses to all items. A higher score indicates higher

levels of neuroticism. Finally, the neuroticism score was standardized

to have amean of zero and a standard deviation (SD) of one 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 ques-

tionnaire at the imaging assessment was used as the exposure in the

neuroimaging and cognitive function analyses.

2.3 Incident dementia outcomes

Incident dementiawas defined as the first hospital inpatient primary or

secondary diagnosis of dementia or dementia as an underlying or con-

tributory cause of death. The sensitivity and specificity for identifying

all-cause dementia using Englandhospital inpatient data are 78.0%and

92.0%,21 respectively, with potential further improvement through the

use of death register data. Both hospital inpatient data anddeath regis-

ters employed the International Classification ofDiseases (ICD) coding

system to encode diagnostic information. The ICD code list for demen-

tia and its subtypes was developed and validated by the UK Biobank

OutcomeAdjudication group (see eTable 3 for list of ICD codes used to

define dementia and its subtypes).22

2.4 Neuroimaging and cognitive outcomes

IDPs were derived from T1-weighted and T2-weighted fluid-

attenuated inversion recovery (T2-FLAIR) structural images. T1

scans enabled themeasurement of brain tissue and structure volumes,

whereas T2-FLAIR scans facilitated the identification of pathological

changes such as chronic plasma leakage and demyelination.14 Selected

imaging markers to indicate brain health included total brain volume,

total white matter volume, total gray matter volume, volume of

bilateral hippocampus, and volume of white matter hyperintensities

(WMHs). WMHs were log-transformed due to their skewed distri-

bution. eFigure 1 shows the raw and transformed distribution of the

imaging outcomes.

IDPs were corrected for image-related confounds following pub-

lished guidelines.23 Confounds included head size (based on the

volumetric scaling from the T1 head image to standard atlas), head

motion, head position (X, Y, Z brain center of gravity, and table posi-

tion), and imaging center (eTable 4). We fit a linear regression model

with IDPs as the outcome and image-related confounds as predictors.
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The scaled residuals from this regression served as the outcomes in the

neuroimaging analysis.

We selected cognitive tests with demonstrated reliability and

validity and covering different domains,16 including executive function

(Trail Making Test Parts A and B), verbal and numerical reasoning

(fluid intelligence), working memory (backward digit span task),

complex processing speed (symbol digit substitution), verbal declar-

ative memory (paired associate learning), and non-verbal reasoning

(matrix pattern completion). Performance scores for each task were

summarized in eTable 4. Raw scores for all tests were standardized as

z-scoreswithin5-year agebands,with higher z-scores indicating better

performance.

2.5 Covariates and mediators

We selected covariates based on established associationswith demen-

tia risk, including sociodemographic and lifestyle factors. The following

covariates were measured at baseline: sex (female and male), ethnicity

(White and non-White), and Townsend deprivation index (TDI, in quin-

tiles). TDI is a summarymeasure ofmaterial deprivation that takes into

account factors such as unemployment, overcrowding, non-car owner-

ship, and non-home ownership.24 Age, education (primary, secondary,

post-secondary non-tertiary, and tertiary), smoking status (never, pre-

vious, and current smoker), alcohol consumption (≤4 times/week, daily,

or almost daily), and bodymass index (BMI) (normal [<25 kg/m2], over-

weight [25–30 kg/m2], and obese [≥30 kg/m2]) were measured both

at baseline (adjusted for in the dementia analyses) and at the imaging

assessment (adjusted for in the neuroimaging and cognitive function

analyses). eTable 4 provides detailed information on measurement,

definition, and classification of the covariates.

We considered baseline history of depression, anxiety and stress-

related disorders, ischemic heart disease (IHD), hypertension, and

diabetes aspotentialmediators in theassociationbetweenneuroticism

and dementia. 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 visit

(eTable 3 and eTable 4).

2.6 Statistical analysis

2.6.1 Association of neuroticism with all-cause
dementia

Cox proportional-hazards regression was used to test the associa-

tion between neuroticism z-score and incident dementia. In a separate

model, neuroticism score was categorized into 12 groups, with each

point representing a separate category and “0” (lowest neuroticism

level) as the reference group. The analysis was adjusted for covari-

ates measured at baseline, with follow-up time as the timescale.

Participants were followed from the date of attending baseline assess-

ment until a record of dementia diagnosis/cause of death, death, or

the censoring date of hospital inpatient records (October 31, 2022,

for England, August 31, 2022 for Scotland, and May 31, 2022 for

Wales), whichever occurred first. Violation of the proportional-hazards

assumptionwas assessed visually using Schoenfeld’s residuals.Weper-

formed sensitivity analyses, using multiple imputation to account for

missing data (eMethods), and including all UKB participants without

dementia in the analysis with no restrictions on baseline age. To inves-

tigate potential reverse causation due to preclinical dementia affecting

exposure status prior to a dementia diagnosis, the main analysis was

repeated, restricting to three separate follow-up periods: ≤5 years,>5

to≤10 years, and>10 years.

2.6.2 Effect modification by genetic risk factors

We investigated the effect modification by genetic risk for dementia.

We measured genetic risk using apolipoprotein E (APOE) genotypes

and anon-APOEpolygenic risk score (PRS) forAlzheimer’s disease (AD)

(hereafter referred toas “non-APOEPRS”).Details of howthesegenetic

risk factorswere derived are provided in eMethods.We incorporated a

two-way interaction termbetweenneuroticismz-score and thegenetic

risk factors and examined significant interaction effects using the like-

lihood ratio test. We then stratified the analyses by APOE genotypes

(carrier of APOE ε2, APOE ε3/ε3, or APOE ε4) and non-APOE PRS sta-

tus (quintile groups). Only individuals who self-reported as being of a

White ethnic background were included in the analyses stratified by

non-APOE PRS status.

2.6.3 Mediation analysis

Using a marginal structural model approach within the counterfac-

tual framework (eMethods),25 we decomposed the total effect of

neuroticism on dementia into natural direct effects and natural indi-

rect effects. The natural direct effect represents the effect of neu-

roticism on dementia through pathways unrelated to the specific

disease’s history, whereas the natural indirect effect represents the

mediating effect of the association between neuroticism and demen-

tia through the disease. The proportion mediated via the disease

was calculated by dividing the natural indirect effect by the total

effect.

2.6.4 Association of neuroticism with
neuroimaging outcomes and cognitive function

The association of the neuroticism z-score (measured at the imag-

ing assessment) with neuroimaging outcomes and cognitive function

was tested using linear regression. Covariates such as sex, ethnicity,

and TDI measured at baseline were included, and for other covari-

ates (age, education, smoking status, alcohol consumption, and BMI),

measurements at the imaging assessment were used. Furthermore, we

performed analyses stratified by age group.
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3 RESULTS

3.1 Association of neuroticism with dementia and
its subtypes

The final sample included 1,74,164 participants (Figure 1). During a

median follow-up of 13.5 years (interquartile range [IQR] 12.5–14.0),

5974 participants developed incident all-cause dementia, of which

2741 consisted of AD and 1364 consisted of vascular dementia (VaD).

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 1). Levels of

neuroticism were comparable across APOE genotypes and non-APOE

PRS levels. Participants who developed dementia during follow-up

showed a risk profile similar to that for people with higher neuroti-

cism levels regarding socioeconomic status and comorbidities butwere

more likely to bemale,APOE ε4 carriers, and have a high non-APOEPRS
(eTable 5).

There was a dose–response association between neuroticism score

and risk of incident dementia (Figure 2A), with a stronger association

observed in those who developed VaD. The association with AD was

slightly weaker (eFigure 2). A one-unit increase in neuroticism z-score

was associated with an 11% (hazard ratio [HR] 1.11, 95% confidence

interval [CI], 1.08 to 1.14]), 6% (HR1.06, 95%CI, 1.02 to 1.10), and 15%

(HR 1.15, 95%CI, 1.09 to 1.21) higher risk of incident all-cause demen-

tia, AD, and VaD, respectively (Figure 2B). When restricting to >10

years of follow-up, the associationof neuroticismz-scorewith all-cause

dementia andVaDwas attenuatedbut remained significant (eFigure3).

The sensitivity analyses using multiple imputation and removing base-

line age restrictions produced results that were similar to the main

findings (eTable 6 and eTable 7).

3.2 Effect modification by genetic risk factors

There were no statistically significant interactions between neuroti-

cism z-score and APOE genotypes or non-APOE PRS (p for interac-

tion > 0.05) (Figure 3). The associations between neuroticism z-score

and the risk of incident dementia and its subtypes remained consistent

across all genetic subgroups.

3.3 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 4, eTable 8). Similar mediated propor-

tions by depression were observed for VaD (37.5%), with IHD and

hypertension mediating a larger proportion compared to the associa-

tion with all-cause dementia (10.9% and 10.4% vs 13.8% and 16.3%).

Depression mediated a larger proportion of the association with AD

than all-cause dementia (51.0% vs 38.5%), whereas no mediation by

IHD or hypertension was observed. There was no evidence of anxiety

or diabetes mediating the association for both AD and VaD.

3.4 Association of neuroticism with neuroimaging
outcomes and cognitive function

The characteristics of the 39,459 non-demented individuals included

in the neuroimaging and cognitive function analyses are presented

in eTable 9. Neuroticism z-score was found to be associated with

lower total gray matter volume (β −0.01, 95% CI, −0.02 to 0.00;

p = 0.038), and higher log-WMH volume (β 0.02, 95% CI, 0.01 to 0.03;

p = 1.6×10−4) (Table 2). No statistically significant association was

observed between neuroticism z-score and total brain volume, total

white matter volume, and bilateral hippocampal volumes. Neuroti-

cism z-score was associated with worse function across all cognitive

domains (all p’s < 0.001). In subgroup of participants ≥65 years of age

(n = 20,945) and < 65 years (n = 18,514) at imaging assessment, the

associations between neuroticism and most outcomes remained con-

sistent with the main analysis, including WMH volume and cognitive

function (eTable 10). However, the association with total gray mat-

ter volume, although in the same direction as the main analysis, was

not statistically significant in either age group. Furthermore, neuroti-

cismwas positively associated with right hippocampal volume in those

age<65 years, but not in those age≥65.

4 DISCUSSION

In this large population-based cohort, neuroticismwas associated with

an increased risk of all-cause dementia regardless of genetic pre-

disposition to dementia. The associations were largely explained by

depression, anxiety, IHD, and hypertension. Higher neuroticism was

associated with decreased total gray matter volume and increased

WMHvolume, andworse function across multiple cognitive domains.

Our results are consistent with previous meta-analysis,3 which has

found that one SD increase in neuroticism score (as measured by

commonly used questionnaires such as EPQ and NEO Five-Factor

Inventory) was associated with a 24% greater risk of developing

dementia (HR for one SD increase, 1.24 [95% CI, 1.17 to 1.31]). Ter-

racciano et al. conducted a similar study using UKB based on 1798

incident all-cause dementia cases with up to 12 years of follow-up, and

also found a positive association between neuroticism score and the

risk of all-cause dementia (HR for one SD increase, 1.18 [95% CI, 1.13

to 1.24]).26 Here, we extended the follow-up to up to 15 years, and

included ~4000 additional incident all-cause dementia cases. Conse-

quently, as the largest study investigating this association, we present

robust evidence supporting the link between neuroticism and all-cause

dementia (HR for one SD increase, 1.11 [95% CI, 1.08 to 1.14]), as

well as different dementia subtypes, by showing that the associations

remain similar in more than 10 years of follow-up. We also found

evidence of a dose–response association, whereby each increase in
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TABLE 1 Baseline characteristics of participants.

Neuroticism score tertile

Characteristic Overall 1 2 3

N 1,74,164 58,055 58,055 58,054

Age, mean (SD) 64.36 (2.96) 64.50 (2.97) 64.39 (2.96) 64.18 (2.95)

Male, n (%) 83,849 (48.1) 33,961 (58.5) 26,813 (46.2) 23,075 (39.7)

Townsend deprivation index quintile, n (%)

1 (Least deprived) 38,198 (21.9) 13,416 (23.1) 13,011 (22.4) 11,771 (20.3)

2 38,197 (21.9) 13,146 (22.6) 12,798 (22.0) 12,253 (21.1)

3 36,256 (20.8) 12,263 (21.1) 12,233 (21.1) 11,760 (20.3)

4 32,841 (18.9) 10,578 (18.2) 10,986 (18.9) 11,277 (19.4)

5 (Most deprived) 28,672 (16.5) 8652 (14.9) 9027 (15.5) 10,993 (18.9)

Education, n (%)

Primary 44,741 (25.7) 12,601 (21.7) 14,409 (24.8) 17,731 (30.5)

Secondary 36,128 (20.7) 11,210 (19.3) 12,230 (21.1) 12,688 (21.9)

Post-secondary non-tertiary 24,329 (14.0) 8450 (14.6) 8451 (14.6) 7428 (12.8)

Tertiary 68,966 (39.6) 25,794 (44.4) 22,965 (39.6) 20,207 (34.8)

Ethnic group—White, n (%) 1,70,011 (97.6) 56,536 (97.4) 56,777 (97.8) 56,698 (97.7)

BMI, n (%)

Normal 51,858 (29.8) 16,464 (28.4) 17,547 (30.2) 17,847 (30.7)

Overweight 78,883 (45.3) 27,283 (47.0) 26,279 (45.3) 25,321 (43.6)

Obese 43,423 (24.9) 14,308 (24.6) 14,229 (24.5) 14,886 (25.6)

Drinking daily or almost daily, n (%) 1,32,224 (24.1) 43,209 (25.6) 44,021 (24.2) 44,994 (22.5)

Smoking status, n (%)

Never 86,655 (49.8) 30,194 (52.0) 29,153 (50.2) 27,308 (47.0)

Previous 73,118 (42.0) 23,351 (40.2) 24,320 (41.9) 25,447 (43.8)

Current 14,391 (8.3) 4510 (7.8) 4582 (7.9) 5299 (9.1)

APOE genotype, n (%)

APOE ε2 carriers 22,236 (12.8) 7388 (12.7) 7333 (12.6) 7515 (12.9)

APOE ε3/ε3 carriers 1,00,368 (57.6) 33,492 (57.7) 33,508 (57.7) 33,368 (57.5)

APOE ε4 carriers 43,683 (25.1) 14,625 (25.2) 14,569 (25.1) 14,489 (25.0)

Missing/ambiguous genotypesa 7877 (4.5) 2550 (4.4) 2645 (4.6) 2682 (4.6)

Non-APOE PRSb, n (%)

Low 27,996 (16.1) 9228 (15.9) 9534 (16.4) 9234 (15.9)

Intermediate 84,795 (48.7) 28,349 (48.8) 28,118 (48.4) 28,328 (48.8)

High 28,559 (16.4) 9780 (16.8) 9422 (16.2) 9357 (16.1)

Missing 32,814 (18.8) 10,698 (18.4) 10,981 (18.9) 11,135 (19.2)

Medical history, n (%)

Depression 8744 (5.0) 638 (1.1) 1731 (3.0) 6375 (11.0)

Anxiety and stress disorder 2800 (1.6) 279 (0.5) 522 (0.9) 1999 (3.4)

Hypertension 64,338 (36.9) 20,052 (34.5) 21,331 (36.7) 22,955 (39.5)

Ischemic heart disease 15,176 (8.7) 4600 (7.9) 4889 (8.4) 5687 (9.8)

Diabetes 12,083 (6.9) 3957 (6.8) 3934 (6.8) 4192 (7.2)

Neuroticism z-score, mean (SD) 0.00 (1.00) −1.01 (0.21) −0.17 (0.30) 1.18 (0.63)

Abbreviations: BMI, bodymass index; N, number of participants; PRS, polygenic risk score; SD, standard deviation.
aAPOE ε1/ε3 and APOE ε2/ε4 genotypes.
bLow (lowest PRS quintile), intermediate (PRS quintiles 2–4), and high (highest PRS quintile).
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F IGURE 2 Associations between neuroticism score (original values and z-score) and incident dementia. (A) Association between neuroticism
score and incident all-cause dementia. (B) Association between neuroticism z-score and incident all-cause dementia and subtypes of dementia.
Models were adjusted for age, sex, ethnicity, education, quintiles of the Townsend deprivation index (TDI), smoking status, alcohol consumption,
and bodymass index (BMI). HR, hazard ratio; CI, confidence interval; AD, Alzheimer’s disease; VaD, vascular dementia.

neuroticism score corresponded to an increasing risk of dementia, with

no evidence of any threshold effects.

Genetics are strongly implicated in dementia risk; thus it is impor-

tant to understand whether this modifies the relationship between

neuroticism and dementia risk. Only one previous study examined

the interaction between neuroticism and genetic risks, identifying an

interaction effect between APOE ε4 and neuroticism on AD (N = 86),

but not on non-AD dementia (N = 12), with up to 7 years of follow-

up.27 A longitudinal study (N = 912) found that APOE ε4 does not

modify the association of neuroticism with cognitive ability and cog-

nitive decline.28 In the current study, we found that neuroticism was

consistently associated with dementia regardless of genetic predispo-

sition to dementia based on either APOE ε4 carrier status or non-APOE
polygenic risk.

We found evidence that the associations were mediated by mental

health conditions, specifically depression, as well as vascular condi-

tions, including hypertension and IHD. Compared with other condi-

tions, the proportion mediated via diabetes was smaller for all-cause

dementia, and there is no evidence that diabetes explains the asso-

ciation for AD and VaD, suggesting that metabolic conditions might

not be the major contributors to the neuroticism–dementia associa-

tion. This is expected, as diabetes was included as a “negative-control.”

Neuroticism has been linked with an increased risk of vascular condi-

tions through behavioral choices, such as smoking,29 a poorer diet,30

and lower physical activity.31 Individuals with higher levels of neuroti-

cism often exhibit reduced ability to cope with stress, which in turn is

linked to poorer vascular health. A previous study exploring the asso-

ciation between neuroticism and dementia found that the associations

substantially attenuated when long-standing stressor-related distress

(measured by feelings of irritability, anxiety, or sleep disturbances last-

ing for 1 month or longer due to stress) is included in the model.32

Stress exposure disrupts activity of the hypothalamic–pituitary–

adrenal (HPA) axis and increases inflammation, which is particularly

detrimental to the vascular system.33 Supporting this, higher neu-

roticism scores have been associated with elevated cortisol levels in

older adults.34 Behavioral interventions for reducing neuroticism show

promise but are often limited by small-scale studies,35 selective sam-

ples (e.g., university students),36,37 and lengthy sessions,38 impacting
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F IGURE 3 Association between neuroticism z-score and incident dementia by APOE genotype and non-APOE PRS.Models were adjusted for
age, sex, ethnicity, education, quintiles of the Townsend deprivation index (TDI), smoking status, alcohol consumption, and bodymass index (BMI).
APOE, apolipoprotein E; IR, incidence rate; HR, hazard ratio; CI, confidence interval; PRS, polygenic risk score.

their robustness and scalability. Our findings suggest that targeting

mental andvascular health conditions could be analternative approach

for dementia risk reduction within individuals with higher neuroticism.

We observed that the association between neuroticism and VaD

was stronger than that with AD. However, distinguishing between

different dementia subtypes can be challenging as we rely on ICD

codes recorded in administrative data.39 However, to complement

these results, we also found that neuroticism was associated with

increased cerebrovascular burden in a dementia-free neuroimaging

subset. This aligns with a prior study showing a positive association

between neuroticism and WMH volume.40 We also observed a signif-

icant association between neuroticism and total gray matter atrophy,

butnothippocampal atrophy,which is ahallmarkofAD. Several studies,

consisting of 200–600participants of older age, similarly failed to iden-

tify a significant association between neuroticism and hippocampal

volume.41,42 Taken together, these findings suggest that neuroticism

may be particularly strongly associated with cerebrovascular pathol-

ogy, rather than acting through a widespread mechanism that affects

structures of dementia-related brain regions. We also found statisti-

cally significant associations between neuroticism andworse cognitive

function across all, rather than specific, domains. This extends previous

findings that identified the association betweenneuroticismandworse

global cognitive outcomes,43 and enhances the reliability of previous

studies (N = 179,44 N = 286545) that demonstrated the association

between neuroticism andworse cognitive function inmultiple domains

(memory, executive function, language, and visual-spatial function).

Strengths of this study include the large sample size, number of

dementia cases, long follow-up, and novel analyses investigating the

role of genetic predisposition to dementia, mediating factors, and asso-

ciationswith neuroimaging outcomes and cognitive function.However,

our study has several limitations to consider. We identified demen-

tia cases through hospital records and death registry data, likely

missing less severe cases diagnosed in other settings. This misclassifi-

cation of outcomes may have biased associations toward the null. UKB

achieved only a 5.5% response rate, recruiting 0.5 million participants

for baseline assessment out of 9 million invited.46 UKB participants,47

especially those in the imaging study,48 are generally healthier and of

higher socioeconomic status compared to the wider UK population.

The non-APOE PRS we developed was based on GWAS on AD, rather

than all-causedementia orVaD. Exposure andmediatormeasurements

lack temporal separation. As with all observational studies, causality

cannot be inferred and residual confounding likely remains. Further
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F IGURE 4 The association between neuroticism z-score and dementia mediated by a history of diseases at baseline. Models were adjusted for
age, sex, ethnicity, education, quintiles of the Townsend deprivation index (TDI), smoking status, alcohol consumption, and bodymass index (BMI).
The percentage values within brackets represent the proportion by which eachmediator mediated the association between neuroticism z-score
and the dementia outcome.Mediators depicted with dashed borders and arrows indicate statistically insignificant mediation effects.

studies that validate these findings in other large and diverse cohorts

with extended follow-up and mediators measured after the exposure

and prior to the outcome are warranted.

In conclusion, our study suggests that high levels of neuroticism

are associated with an elevated risk of dementia, in particular vascu-

lar dementia (or VaD), accompanied by an increased burden of brain

vascular pathology and worse cognitive function. It is notable that this

association remains significant regardless of genetic risk. Despite neu-

roticism being a stable personality trait, which is not easily modifiable,

evaluating neuroticism may serve as a means to identify individuals
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TABLE 2 Association of neuroticism z-score with neuroimaging outcomes and cognitive function.

β (95%CI) p

Neuroimaging outcomes

Total brain volume 0.00 (−0.01 to 0.01) 0.806

Total white matter 0.01 (0.00 to 0.02) 0.160

Total graymatter –0.01 (−0.02 to 0.00) 0.038

Total hippocampus 0.00 (−0.01 to 0.01) 0.643

Left hippocampus 0.00 (−0.01 to 0.01) 0.928

Right hippocampus 0.00 (−0.01 to 0.01) 0.468

Whitematter hyperintensities 0.02 (0.01 to 0.03) 1.6×10−4

Cognitive function

Complex processing speed –0.05 (−0.06 to−0.04) <0.001

Verbal and numerical reasoning –0.03 (−0.04 to−0.02) <0.001

Non-verbal reasoning –0.03 (−0.04 to−0.02) <0.001

Workingmemory –0.03 (−0.05 to−0.02) <0.001

Verbal declarativememory –0.02 (−0.04 to−0.01) <0.001

Executive function (Trail Making Test A) –0.03 (−0.04 to−0.02) <0.001

Executive function (Trail Making Test B) –0.03 (−0.05 to−0.02) <0.001

Note: Imaging-related confounds (head size, headmotion, head and table position, and imaging center) were regressed out from the neuroimaging outcomes

(whitematterhyperintensity [WMH]volumeswere log-transformed).Modelswereadjusted for age, sex, ethnicity, education, quintiles of theTownsenddepri-

vation index (TDI), smoking status, alcohol consumption, 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. CI, confidence interval.

at high risk for dementia. Furthermore, our findings suggest that the

associations between neuroticism and dementia are driven largely 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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