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Abstract

Background: Neuroticism is a stable personality trait associated with increased vulnerability to mental and physical disorders.
This study examined whether neuroticism is associated with the risk of dementia, particularly across the adult life course and
over long-term follow-up.

Methods: We analysed data from 19,678 dementia-free participants (mean [standard deviation, SD] age, 60.8 [9.3] years)
who had neuroticism assessed between 1996 and 2000. Incident dementia was identified via linked hospital inpatient, mental
health and mortality records through 2022. Cox proportional hazards models estimated hazard ratios (HRs) per 1-SD increase
in neuroticism. Secondary analyses examined interactions, mediation and associations with cognitive performance on eight
tests.

Results: Over a median follow-up of 22.7 years, 2488 participants developed dementia. Neuroticism was associated with
increased dementia risk in a dose—response manner (HR per 1-SD: 1.14; 95% CI: 1.10-1.19). The association persisted even
after >20 years of follow-up (1.09 [1.01-1.17]) and across baseline ages 41-60 (1.16 [1.04-1.30]), 60-70 (1.11 [1.04-1.18])
and 70-81 years (1.14 [1.07-1.22]). Associations were stronger among APOE &4 carriers and heavy drinkers, and may be
partly explained by depression, hypertension and ischaemic heart disease. Higher neuroticism was linked to poorer cognitive
function, particularly episodic memory and to impairment across more cognitive domains.

Discussion: Neuroticism was associated with increased long-term dementia risk and poorer cognitive performance across
mid- and later life, supporting its role in disease development rather than merely reflecting prodromal symptoms. Addressing
vascular and mental health in high-neuroticism individuals may offer opportunities for dementia risk reduction.
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Key Points

* Higher neuroticism is linked to greater dementia risk across mid- to lacer life.

* Associations persisted when neuroticism was measured more than 20 years before dementia onset.

* Stronger associations were observed in APOE &4 carriers and individuals with high alcohol intake.

* Depression, hypertension and ischaemic heart disease partly mediated the neuroticism—dementia link.
* Higher neuroticism is linked to poorer cognition across domains, especially episodic memory.
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Introduction

Neuroticism, a personality trait characterised by a tendency
towards negative emotions, is a well-established risk factor
depression, anxiety and cardiovascular diseases [1-3], and
is implicated in dementia risk [4—7]. A meta-analysis of 12
longitudinal studies (V' =33 054) reported a 24% higher
dementia risk per standard deviation (SD) increase in neu-
roticism, based largely on minimally adjusted models [4].
Two subsequent large UK Biobank (UKB) studies (both
N >100 000) reported 18% and 11% higher risk over
mean follow-ups of 8.9 and 13.5 years [5, 6], respectively,
after full adjustment for socioeconomic and lifestyle factors,
with evidence of independence from genetic risk and partial
mediation by mental and vascular conditions [6].

Despite growing evidence, key gaps remain. First, most
prior studies had mean follow-up durations shorter than
10 years. Given the long preclinical phase of dementia [8],
associations observed over shorter periods may reflect reverse
causation, with personality change as an early manifesta-
tion of disease [9]. Notably, a large meta-analysis reported
that neuroticism increases modestly during the transition to
and progression of mild cognitive impairment and demen-
tia [10]. To disentangle directionality, prospective studies
with longer follow-up are needed. If neuroticism is primar-
ily a prodromal marker, associations should attenuate over
extended follow-up.

Second, no studies have examined whether associations
vary by life stage. This is critical not only for disentan-
gling directionality—if midlife neuroticism predicts demen-
tia decades later, this would support a forward association—
but also for informing how dementia prevention strategies
could be tailored to specific age groups and psychological
profiles. Many modifiable dementia risk factors, including
depression and hypertension (both shown to mediate the
neuroticism-dementia link [6]), vary in their association
with dementia by age [11], with hypertension more strongly
linked in midlife and depression associated with increased
risk at both mid- and later life [12, 13]. Neuroticism’s
influence may likewise vary across the life course. Although
studies in older people (mean baseline age> 70) report
positive associations [14—17], their short mean follow-up
(<6 years) [14, 15, 17] raises concern for reverse causation.

Third, analyses of cognition may also offer insights into
the directionality, as cognition is less affected by prodromal
symptoms than diagnosis. Personality in adolescence predicts
cognition 30 years later [18], and in mid- to later life,
neuroticism has been consistently linked to poorer global
cognition and memory [19]. However, domain-specific stud-
ies are scarce, often based on small sample sizes (z < 1000)
[20-22] or brief assessments [6, 23]. Such analyses may
strengthen evidence for dementia risk by demonstrating
stronger associations with cognitive domains that are more
sensitive to age-related decline, such as memory [24], and
weaker associations with domains that remain relatively sta-
ble, like crystallised intelligence [25].

The European Prospective Investigation into Cancer in
Norfolk (EPIC-Norfolk) cohort (>25 000 participants aged
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39-79 at recruitment, 1993-97; followed to 2022) allows
robust evaluation of time- and age-specific associations
between neuroticism and incident dementia. We also
examined interactions with genetic and lifestyle factors,
mediation by health conditions and associations with
domain-specific cognitive performance using a detailed
battery.

Methods

Study population

The EPIC-Norfolk study is a population-based cohort of
adults aged 39-79 years recruited between 1993 and 1997
[26]. Twenty-five thousand six hundred thirty-nine partici-
pants underwent an initial assessment [27], referred to as the
first ‘health check’, which included self-administered written
questionnaires on sociodemographic, lifestyle and medical
history. Eighteen months later, participants were invited to
complete the Health and Life Experiences Questionnaire
(HLEQ), a postal questionnaire that included a measure
of neuroticism; 20 921 responded between 1996 and 2000
(73.2% response rate from the eligible sample of 28 582)
[28]. For our study, baseline was defined as the HLEQ
completion date, with exclusions for invalid or missing dates
(n =9) and missing neuroticism data (n =1237), leaving
19 678 dementia-free participants (see Appendix 1 for the
study flow chart and Appendix 2 for the study timeline).
Characteristics for participants with and without missing
neuroticism data are provided in Appendix 3.

The EPIC-Norfolk study received ethical approval
from the Norfolk Local Research FEthics Committee
(05/Q0101/191) and the East Norfolk and Waveney
NHS Research Governance Committee (2005EC07L). All
participants provided signed informed consent.

Neuroticism

Neuroticism was measured using the 12-item Eysenck
Personality Questionnaire Revised-Short Form [29], with
binary (yes'/'no’) responses scored 1/0 to yield a total
score of 0-12 (higher scores indicate greater neuroticism;
distribution in Appendix 4).

Dementia

Dementia was identified using national death records and
Hospital Episode Statistics (HES) data available for the entire
cohort, with diagnoses recorded using the International Clas-
sification of Diseases coding system (Appendix 5) [24]. For a
small subset of participants, primary care and national men-
tal healthcare records (including memory clinics) provided
additional cases [30]. Dementia diagnoses by follow-up time
and age of onset are shown in Appendix 6.

Cognitive outcomes

‘The third EPIC-Norfolk health check (2006-11) included
8623 participants aged 48-92 years (~34% of the original
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cohort) [31]. Of these, 8585 completed at least one of
eight cognitive tests (Appendix 7, test score distributions in
Appendix 8). After excluding those with prevalent dementia
(n =4) or missing neuroticism (n = 1144), 7446 remained
(Appendix 1).

Poor cognitive performance was defined as scoring below
the 10th percentile on each test, except for the prospective
memory test, where poor performance was defined as failing
the task (a dichotomous outcome) [25]. A composite out-
come grouped participants by the number of poor perfor-
mances: 1, 2-3 or 4-8 tests, with none as the reference [24].

Covariates and mediators

Socioeconomic covariates included the Townsend Depriva-
tion Index (quintiles) and education (degree, A-level, O-
level, <O-level). Lifestyle covariates included smoking status
(never, former, current), alcohol consumption (never, for-
mer, <14 units per week and > 14 units per week) and body
mass index (BMIL; normal [<25 kg/m’], overweight [>25
and <30 kg/m’] and obese [>30 kg/m’]); missing data were
coded as separate categories.

Potential mediating conditions included depression, anx-
iety and stress-related disorders, hypertension and ischaemic
heart disease (IHD), selected as modifiable dementia risk
factors with evidence that neuroticism increases their risk but
is not influenced by them [1-3]. Diabetes was selected as a
negative control mediator, being a dementia risk factor not
influenced by neuroticism and thus expected to explain little
of the association. All conditions were based on self-reported
doctor-diagnosed history at the first health check.

Statistical analyses

Baseline characteristics were summarised by tertiles of neu-
roticism (0-2, 3-6, 7-12; Appendix 3), using mean and
standard deviation (SD) for continuous variables or fre-
quency and percentage for categorical variables.

Cox proportional hazards regression was used to examine
the association between neuroticism scores and the risk of
incident dementia, with age as the time scale and adjust-
ments for sex and preselected socioeconomic and lifestyle
covariates. Participants were followed from baseline until
dementia, death or censoring date for HES/death records
(31 March 2022). Proportional hazards were checked with
scaled Schoenfeld residuals (Appendix 9). Nonlinearity was
assessed using restricted cubic splines with knots at the
5th, 35th, 65th and 95th percentiles of the neuroticism
score.

As no nonlinearity was detected, the neuroticism z-score
(per SD) was used as the primary exposure. Models were first
adjusted for age (as the time scale) and sex, then additionally
for all covariates. Sensitivity analyses included: (i) using time
since neuroticism assessment (i.e. follow-up time) as the
time scale in Cox regression models; (ii) multiple imputation
for missing exposure and covariate data; (iii) competing
risk adjustment for nondementia death using the Fine-Gray
model; and (iv) additional adjustment for extraversion. We

stratified analyses by follow-up (<15, 15-19 and > 20 years)
and baseline age (<60, 60—-69 and > 70 years).

Analyses were also stratified by covariates and APOFE ¢4
status, testing multiplicative interactions with Wald tests. As
subgroup analyses were based on preselected factors rather
than data-driven testing, no correction for multiple com-
parisons was applied. We used a counterfactual mediation
framework [32] to decompose the association between neu-
roticism and dementia into direct and indirect pathways and
to estimate mediated proportions (details in Appendix 10).

For cognitive function, logistic regression assessed associa-
tions with each test, and multinomial logistic regression with
composite outcomes, adjusting for age at the third health
check, sex and the same covariates as dementia models.
Neuroticism and covariates were based on the third health

check data.

Results

Among 19 678 participants (mean age 60.8, 56% women;
Table 1), those with higher neuroticism were more likely to
be younger, female, of lower socioeconomic status, consume
less alcohol and smoke. Depression, anxiety and hyperten-
sion were also more common, while APOE ¢4, ischaemic
heart disease and diabetes showed little variation across
tertiles.

Over a median follow-up of 22.7 years, 2488 devel-
oped dementia, with risk increasing dose-responsively after
covariate adjustment (Figure 1, P for nonlinearity .335).
In the model adjusted for age and sex, a one-unit increase
in neuroticism z-score was associated with a 15% higher
risk of incident all-cause dementia (hazard ratio [HR] 1.15,
95% confidence interval [CI] [1.10-1.20]; Appendix 11)
and remained similar after further adjustment for prespec-
ified sociodemographic and lifestyle covariates (1.14 [1.10-
1.19]). The association was consistent when using follow-
up time as the time scale, after multiple imputation and
with further adjustment for extraversion, and was slightly
attenuated when accounting for the competing risk of death,
consistent with the observed association between neuroti-
cism and increased mortality (9139 deaths during follow-up;
1.04 [1.02-1.06]) (Appendix 12). Similar associations were
found for Alzheimer’s disease (AD) (913 incident cases; 1.15,
[1.08-1.23]) and vascular dementia (VaD) (643 incident
cases; 1.16 [1.07-1.26]).

The risk was highest in the first 15 years of follow-
up (HR per SD 1.29 [1.21-1.38]; Figure 2) and remained
modestly elevated after 20 years (1.09 [1.01-1.17]). Age-
specific analyses showed similar increases across baseline age
groups (<60: 1.16, [1.04-1.30]; 60-69: 1.11 [1.04-1.18];
>70: 1.14 [1.07-1.22]; P for interaction = .654).

The association was consistent across sex, socioeconomic
status, BMI and smoking status (Figure 3) but stronger in
those consuming > 14 units of alcohol per week (1.36 [1.20—
1.54]) vs. <14: 1.09 [1.04—1.14], P for interaction =.009)
and in former drinkers, though less pronounced. The


https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf339#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf339#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf339#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf339#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf339#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf339#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf339#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf339#supplementary-data

Y. Gao et al.

Table 1. Baseline characteristics of participants

Characteristic Opverall
N 19 678
Age (mean [SD]) 60.8 (9.3)

Women (%)
Townsend Deprivation Index quintile (%)*

10 973 (55.8)

1 (least deprived) 4052 (20.6)
2 4021 (20.4)
3 3953 (20.1)
4 3911 (19.9)
5 (Most deprived) 3667 (18.6)
Missing 74 (0.4)
Education (%)
Less than O-level® 7129 (36.2)
O-level 2088 (10.6)
A-level® 7885 (40.1)
Degree 2567 (13.0)
Missing 9 (<0.1)
Body mass index category (%)
Normal 6804 (34.6)
Overweight 7874 (40.0)
Obese 2518 (12.8)
Missing 2482 (12.6)
Alcohol intake (%)
Never 1005 (5.1)
Previous 1899 (9.7)
Current (< 14 units) 13 772 (70.0)
Current (> 14 units) 2819 (14.3)
Missing 183 (0.9)
Smoking (%)
Never 9276 (47.1)
Previous 8126 (41.3)
Current 2126 (10.8)
Missing 150 (0.8)
APOE €4 carrier (%) 3795 (26.5)
Depression (%) 2705 (13.8)
Anxiety and stress-related disorders (%) 582 (3.0)
Ischaemic heart disease (%) 1199 (6.1)
Hypertension (%) 2810 (14.3)
Diabetes (%) 437 (2.2)

Neuroticism score tertile

1 (score 0-2) 2 (score 3-6) 3 (score 7—12)

6834 7548 5296

62.1 (9.1) 60.6 (9.2) 59.4 (9.2)
3049 (44.6) 4423 (58.6) 3501 (66.1)
1407 (20.6) 1576 (20.9) 1069 (20.2)
1410 (20.6) 1546 (20.5) 1065 (20.1)
1438 (21.0) 1480 (19.6) 1035 (19.5)
1382 (20.2) 1511 (20.0) 1018 (19.2)
1176 (17.2) 1406 (18.6) 1085 (20.5)
21 (0.3) 29 (0.4) 24 (0.5)
2337 (34.2) 2722 (36.1) 2070 (39.1)
654 (9.6) 843 (11.2) 591 (11.2)
2876 (42.1) 2982 (39.5) 2027 (38.3)
963 (14.1) 998 (13.2) 606 (11.4)
4(0.1) 3 (<0.1) 2(<0.1)
2211 (32.4) 2672 (35.4) 1921 (36.3)
2935 (42.9) 2967 (39.3) 1972 (37.2)
878 (12.8) 962 (12.7) 678 (12.8)
810 (11.9) 947 (12.5) 725 (13.7)
367 (5.4) 373 (4.9) 265 (5.0)
589 (8.6) 715 (9.5) 595 (11.2)
4733 (69.3) 5317 (70.4) 3722 (70.3)
1093 (16.0) 1073 (14.2) 653 (12.3)
52 (0.8) 70 (0.9) 61 (1.2)
3226 (47.2) 3599 (47.7) 2451 (46.3)
2889 (42.3) 3126 (41.4) 2111 (39.9)
665 (9.7) 768 (10.2) 693 (13.1)
54 (0.8) 55 (0.7) 41(0.8)
1353 (26.5) 1449 (26.5) 993 (26.5)
323 (4.7) 837 (11.1) 1545 (29.2)
79 (1.2) 182 (2.4) 321 (6.1)
429 (6.3) 453 (6.0) 317 (6.0)
937 (13.7) 1090 (14.5) 783 (14.8)
152 (2.2) 169 (2.2) 116 (2.2)

N, number of participants; SD, standard deviation. *Townsend Deprivation Index: area-based measure (1991 census), calculated based on non-home/car ownership,
unemployment and household overcrowding. *Educational attainment at age 15. “Educational attainment at age 17.

association was also stronger among APOF ¢4 carriers than
noncarriers (1.20 [1.12-1.29]) vs. 1.09 [1.02-1.16], P for
interaction = .013).

We detected a significant indirect (mediating) effect of
selected conditions on the association between the neuroti-
cism z-score and all-cause dementia (Figure 3; Appendix 13).
The largest proportion was explained by depression (13.9%),
followed by hypertension (8.8%), both of which were associ-
ated with increased dementia risk in this cohort and showed
no substantial variation by age (Appendix 14); then IHD
(8.6%), with diabetes contributing similarly (8.4%).

The 7446 participants included in the cognitive analyses
(mean age 68.2, 55.2% female) had higher socioeconomic
status and were less likely to be current alcohol consumers
or smokers than baseline participants (Appendix 15).
Characteristics by neuroticism level showed a similar

distribution to baseline. Neuroticism at cognitive assessment
correlated strongly with baseline levels (» =0.73). Higher
neuroticism was linked to poorer performance in multiple
domains (Figure 4), most strongly in verbal (odds ratio
[OR] 1.29, 95% confidence interval (CI) [1.17-1.42]) and
nonverbal episodic memory (1.16 [1.04, 1.28]). Associations
with prospective memory, processing speed and crystallised
intelligence were nonsignificant. A dose—response associa-
tion was observed for the composite outcome, with greater
neuroticism linked to poorer performance across multiple
domains.

Discussion

In this population-based study of nearly 20 000 individuals
aged 41-81 years followed for up to 26 years, higher


https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf339#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf339#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf339#supplementary-data

Association of neuroticism with incident dementia and cognitive function

2.0

HR (95% CI)

0.8

0 i 2 3 4 5 6 7 8 9 10 11 12
Neuroticism score

Figure 1. Association between neuroticism score and the risk for
all-cause dementia. HR, hazard ratio; CI, confidence interval;
estimates were adjusted for age (time scale), sex, education,
quintiles of the Townsend Deprivation Index, smoking status,
alcohol consumption and body mass index. Solid lines are
adjusted HRs, with the area showing 95% ClIs derived from
restricted cubic spline regressions with four knots. The dashed
line indicates a reference for no association at a hazard ratio of
1. The reference point for the neuroticism score is 0 (indicating
the lowest level of neuroticism).

neuroticism was associated with an increased risk of
dementia, with each 1-SD increase in neuroticism score
linked to a 14% higher risk. 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 (41—
60 years), late midlife (60-69 years) and later life (70—
81 years). Among mid- to later-life adults without dementia,
higher neuroticism was associated with poorer performance
across multiple cognitive domains. Additionally, we found
interactions between neuroticism and both APOE &4
genotype and alcohol consumption, and potential mediation
by mental and vascular conditions.

The association between neuroticism and increased
dementia risk aligns with findings from a prior meta-
analysis and two large UKB studies [4-6], and we further
show that it remained significant when neuroticism was
measured before age 60 or >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 >20 years’ follow-
up reported significant associations, though with varying
magnitudes. In one study (N =800, baseline age 38-
54, maximum follow-up 38 years), each 1-SD higher

neuroticism was associated with a 4% increased risk of
[33], likely underestimated due to survival bias. This is
supported by prior evidence and by our finding that higher
neuroticism is linked to earlier mortality before dementia
onset [34, 35], with associations attenuated in Fine—Gray
models. Another study (V =1671, median baseline age
56.5, maximum follow-up 22 years) found a 37% increased
risk of [36], though limited covariate adjustment may have
inflated estimates. Additionally, a study of adolescents (mean
age 15.8) found ‘calm’—an indicator of low neuroticism—
was associated with a 5% lower risk of dementia after a
mean follow-up of 69.5 years [37]. Importantly, a recent
meta-analysis of prospective studies, less prone to recall
bias, found no evidence that neuroticism increases during
the long preclinical stage, when neuropathology is present
but cognitive symptoms remain subclinical [10]. Together,
these findings reinforce neuroticism as a potential risk
factor for dementia and highlight the importance of early
identification and intervention, as neuroticism typically
stabilises in late adolescence [38].

In our study, the association between neuroticism and
dementia risk was similar for those whose baseline in the
study was in mid- or later life. Previous studies in older adults
(baseline age > 70) reported significant associations between
neuroticism and dementia risk [14-17], though nearly all
had short follow-up durations (mean < 6 years). Our study
extends this evidence by showing that the association remains
robust in adults over 70, even with a substantially longer
follow-up (mean 13.4 years). This suggests that neuroticism
may help identify individuals at elevated risk of dementia
even in later life and that addressing related factors such
as depression and vascular health in these individuals could
strengthen prevention efforts. While earlier exposure to high
neuroticism could allow more time for cumulative damage
(e.g. cerebrovascular injury), we 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 [39].

The direct association between neuroticism and dementia
is further supported by its link to poor cognitive function.
In our analysis, we used a validated, detailed cognitive bat-
tery shown to predict future dementia [24]. A previous
cross-sectional study (/V =2865) used a similarly detailed
multi-domain cognitive battery (five domains) and reported
comparable associations across domains [40]. However, its
older population (mean age=76) makes the findings more
susceptible to reverse causation due to the inclusion of
individuals in preclinical dementia stages. In contrast, par-
ticipants in our analysis were a healthier, younger (median
age = 68), dementia-free subgroup of EPIC-Norfolk, making
our findings less prone to such bias. The association with
poor global cognition and the observed dose—response rela-
tionship 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 [41]. The strongest association was found
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Cases / population HR (95% CI)
Overall 2488/19678 —_— 1.14(1.10 to 1.19)
<15 863 /19678 —_— 1.29(121t0 1.38)
Follow-up time 15-19 879/15002 ' —_— 1.14 (1.07 to 1.23)
>20 746 /12363 — 1.09 (1.01 to 1.17)
<60 319/9076 _— 1.16 (1.04 to 1.30)
Baseline age * 60— 69 1116/ 6290 —_— 1.11 (1.04 to 1.18)
>70 1053 /4312 [ — 1.14(1.07 to 1.22)

b HR (95% 01
Figure 2. Association between neuroticism z-score and incident all-cause dementia stratified by follow-up period and baseline age.
HR, hazard ratio; CI, confidence interval; estimates were adjusted for age (time scale), sex, education, quintiles of the Townsend
Deprivation Index, smoking status, alcohol consumption and body mass index. *There is no significant interaction between
neuroticism and baseline age (P for interaction = .654). Age < 60 years: mean age 52.3 years (SD 4.3), mean follow-up 22.7 years
(4.2). Age 60—69 years: mean age 64.5 years (2.9), mean follow-up 19.0 years (6.5). Age > 70 years: mean age 73.5 years (2.5),
mean follow-up 13.4 years (6.5).
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Neuroticism z-score Ischaemic heart disease (8.8%) All-cause dementia

Hypertension (8.6%)

Diabetes (8.4%)

Figure 3. Stratified and mediation analyses of the association between neuroticism z-score and incident dementia. HR, hazard ratio;
CI, confidence interval; TDI, Townsend deprivation index; BMI, body mass index. (a) Association between neuroticism z-score
and all-cause dementia stratified by covariates and APOE &4 status. (b) The association between neuroticism z-score and dementia
mediated by a history of diseases at baseline. Analyses involving the APOE gene were restricted to participants of White ethnicity.
Mediation proportions shown in parentheses. Mediators depicted with dashed borders and arrows indicate statistically insignificant
mediation effects. See Appendix 13 for full mediation regression coefficients.
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Figure 4. Association between neuroticism z-score and cognitive function. OR, odds ratio; CI, confidence interval; SE-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. ‘Case’ denotes
the number of participants with poor performance (defined as scoring below the 10th percentile for each test, or task failure for
prospective memory), and ‘Population’ denotes the number of participants with nonmissing scores for that test. Multinomial logistic
regression was used to assess the association between neuroticism and the composite outcome. The composite outcome was defined

as having 0, 1, 2-3 or 4-8 poor performance tests out of eight available measures. Participants with missing test data were retained if

their completed tests allowed unambiguous classification (e.g. >4 poor tests); otherwise, the composite outcome was set to missing.

for verbal episodic memory, the strongest predictor of AD
among all cognitive tests [24]; this is consistent with a large
individual-participant meta-analysis (7 = 120 640) showing
that higher neuroticism is linked to faster decline in episodic
memory [19]. In contrast, the lack of association with crys-
tallised intelligence may reflect its relative stability with age
compared to other cognitive domains [25].

Our mediation analyses aligned with a previous UKB
study [6], showing that depression accounted for the largest
proportion of the association, followed by vascular condi-
tions, with diabetes contributing the least. The mediation
proportions for depression (13.9%), IHD (8.6%) and hyper-
tension (8.8%) were smaller than those reported previously
in UKB (38.5%, 10.9% and 10.4%, respectively). These
differences may reflect variation in cohort characteristics or
the fact that these conditions show stronger associations
with dementia in midlife [11], leading to larger media-
tion proportions in UKB, where participants were generally
younger at baseline [6]. Given this, monitoring and improv-
ing mental and vascular health may offer a more direct and
scalable approach to dementia prevention than modifying
personality traits.

In our study, the association between neuroticism and
dementia was particularly strong among APOE €4 carri-
ers and former or current heavy drinkers, consistent with
both factors being associated with increased dementia risk
[11]. This finding is consistent with a previous study (mean
baseline age 78.6; 6.5 years follow-up) [42], in which most
dementia cases occurred in the mid-80s, similar to our study
and more representative of the general population [43]. In
contrast, two studies (including one in UKB) with a younger

baseline age (<65) and shorter follow-up (<15 years), where
dementia onset occurred earlier (mid-70s), found no signif-
icant interaction [6, 36]. This may be because APOE €4 is a
strong determinant of eatlier symptom onset [44], meaning
dementia cases in the younger cohort had a stronger genetic
component, potentially masking the additional contribution
of neuroticism. As no correction for multiple comparisons
was applied, interaction analyses should be interpreted as
exploratory.

This study has several strengths, including a large pop-
ulation with a wide baseline age range and long follow-up,
allowing us to examine whether the association between neu-
roticism and dementia remained stable across different age
groups and time periods, helping to clarify the direction of
the association. Additionally, the use of well-established cog-
nitive tests for global and domain-specific function, which
are sensitive to early cognitive changes preceding dementia
symptoms, further strengthens our findings. However, this
study has several limitations. First, healthier individuals with
higher socioeconomic status were more likely to participate
in EPIC-Norfolk baseline and follow-up examinations [45].
This may have led to underestimation of associations if
individuals with higher neuroticism and poorer health were
less likely to complete the postal questionnaire at 18 months
or attend later waves for cognitive assessment. The low
proportion of vascular conditions in this cohort also limits
the validity of mediation analyses and generalisability to
broader populations. Second, reliance on hospital inpatient
and mortality records for dementia identification likely led
to under-ascertainment, introducing misclassification bias
that could bias effect estimates towards the null [46]. Third,
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while these records reliably capture all-cause dementia [47,
48], they perform poorly in distinguishing subtypes (e.g. AD
or VaD) [47], limiting the validity of subtype-specific risk
estimates. Fourth, as the HLEQ captured only neuroticism
and extraversion, we were unable to account for the full
range of personality traits. Fifth, potential mediators (disease
history) were collected at the first health check, before neu-
roticism (18-month follow-up), so temporal ordering cannot
be fully guaranteed. Sixth, as with all observational studies,
causality cannot be inferred, and residual confounding is
likely. Further research is needed in large, diverse cohorts
with extended follow-up, longitudinal cognitive assessments
and mediators measured after exposure to replicate these
findings.

In conclusion, neuroticism was associated with an
increased risk of dementia, remaining significant whether
assessed in mid- or later life and even when assessed
>20 years before dementia diagnosis. Neuroticism was
also associated with poorer cognitive performance across
muldiple domains before dementia onset. Individuals with
the APOE €4 genotype or heavy alcohol consumption may
be at particularly high risk, with depression and vascular
conditions likely involved.

Supplementary Data Supplementary data are available at
Age and Ageing online.
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