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Abstract

Background. Little is known about the interrelationships among adverse childhood experiences
(ACEs), post-traumatic stress disorder (PTSD), dissociative disorders, depression, and dementia risk.
We sought to investigate associations of ACEs, PTSD, dissociative disorders, and depression with
incident dementia and explore whether these associations may be interrelated through mediation.
Methods. This prospective cohort study used population-based UK Biobank data, including
502 355 participants recruited at 22 assessment centres who completed questionnaires, an
interview, and physical assessments at baseline (2006-2010). Data are linked to participants’
electronic health records from primary care, hospital admissions, and death registers
through November 30, 2022, and to the results of the UK Biobank online mental health
survey (2016—2017). Cox regression and g-formula-based mediation analyses were used to
examine associations between self-reported ACEs, self-reported PTSD symptoms, diagnosed
PTSD, dissociative disorders, depression, and dementia.

Results. In the final sample (n = 434 215, mean (SD) age 56.58 (8.07) years), ACEs (hazard ratio
(HR) 1poine: 1.105 95% CI 1.02-1.20), diagnosed PTSD (HR: 2.09; 95% CI 1.38-3.18), dissociative
disorders (HR: 3.96; 95% CI 2.55-6.15), depression (HR: 2.17; 95% CI 2.05-2.30), and self-
reported PTSD symptoms (HR;poine: 1.09; 95% CI 1.06-1.11) were associated with increased
dementia risk, after adjusting for sociodemographic characteristics. Self-reported PTSD symp-
toms explained 75.26% (P < .001) of the excess dementia risk associated with ACEs. Depression
explained 4.51% (P = .02) of the ACEs-dementia link, 8.42% (P < .001) of the diagnosed PTSD-
dementia link, and 10.29% (P < .001) of the dissociative disorders-dementia link.
Conclusions. Individuals with ACEs, PTSD, dissociative disorders, or depression appear to be at
increased risk of dementia, potentially through both shared and unique associations. However,
these findings should be interpreted with caution due to potential limitations in statistical power.

Introduction

Dementia is expected to become more prevalent as the global population ages [1]. Identifying
modifiable risk factors to prevent or delay its onset and progression has been a major focus of
dementia research [2]. Studies indicate that adverse childhood experiences (ACEs), including
neglect and abuse [3, 4], are associated with an increased risk of all-cause dementia [5, 6]. Among
the negative mental health consequences frequently linked to ACEs are depression [7], post-
traumatic stress disorder (PTSD) [8], and dissociative disorders [9]. Although depression [2] and
PTSD [10] have both been suggested as risk factors for dementia, no study to date has examined
the role of dissociative disorders, which are frequently overlooked in research [11], nor the
interrelationships among ACEs, PTSD, dissociative disorders, and depression in increasing
dementia risk. Prior studies investigating the relationship between PTSD and incident dementia
[12-19] have typically adjusted for depression, which is often comorbid with PTSD [20] and
dissociative disorders [9]. The associations adjusted for depression, while attenuated, have
remained significant. However, potential mediational relationships have not been systematically
examined despite evidence of the frequent comorbidity and sequential occurrence of ACEs,
PTSD, dissociative disorders, and depression.

The aim of our study was to use prospective data from a large cohort of the general population
in the United Kingdom (UK) to investigate the associations between ACEs and PTSD, dissocia-
tive disorders, depression, and subsequent dementia. Additionally, we sought to explore the



interrelationships among these exposures and their link to demen-
tia via mediational analyses. Three research questions were inves-
tigated: 1) Are ACEs, PTSD, dissociative disorders, and depression
each associated with incident all-cause dementia? 2) Do PTSD and
dissociative disorders each mediate the association between ACEs
and dementia? and 3) Is depression a mediator of the associations
between ACEs and dementia, PTSD and dementia, and dissociative
disorders and dementia?

Methods
Data and participants

We analysed data from the UK Biobank, which is a population-
based prospective cohort study that included more than half a
million participants. Between 2006 and 2010 (baseline), individuals
aged 37-73 years attended one of 22 assessment centres across
England, Scotland, and Wales to complete a self-administered
touchscreen questionnaire and a face-to-face interview inquiring
about various aspects of life, such as sociodemographics and life-
style. Trained staff conducted physical assessments and collected
biological samples. These baseline data are linked to electronic
health records from primary care, hospital admissions, and death
registers, with retrospective data coverage extending to at least
10 years before the UK Biobank baseline. At the time of our analysis
in May 2024, data were available until November 30, 2022. In 2016
and 2017, approximately one-third (n = 157 329, 31.32%) [21] of
the overall sample completed an online mental health question-
naire capturing symptoms of possible mental disorders, as well as
items on ACEs, including neglect and abuse. The UK Biobank
received ethics approval from the North-West Multi-centre
Research Ethics Committee (21/N'W/0157), and all participants
provided written informed consent at baseline and were free to
withdraw at any time. Further information about the UK Biobank
protocol can be found online (https://www.ukbiobank.ac.uk).

We calculated age at baseline using the date of birth and date of
assessment. Sex, ethnicity, highest attained level of education, sleep
duration, weekly alcohol consumption, smoking status, cardiovas-
cular diseases, and traumatic brain injury (TBI) were self-reported
at baseline. The Townsend deprivation index was derived from
area-based aggregated data on unemployment, car and home own-
ership, and household overcrowding [22]. Weekly physical activity
was assessed using the validated International Physical Activity
Questionnaire (IPAQ) [23]. We defined hypertension as a meas-
ured systolic blood pressure of at least 140 mmHg or self-reported
prescription of antihypertensive medication at baseline. We speci-
fied the increasing risk of harm from alcohol consumption as 15—
34 units per week for women and 15-49 units per week for men in
accordance with the National Institute for Health and Care Excel-
lence guidance [24]. Consumption below and above these ranges
was considered lower and higher risk.

Measures

Adverse childhood experiences

Information on ACEs was collected by the UK Biobank in its online
mental health questionnaire using the validated Childhood Trauma
Screener (CTS) [25], a shortened version of the Childhood Trauma
Questionnaire (CTQ) [26]. Respondents rate five types of child
maltreatment (i.e., sexual, emotional, and physical abuse; emo-
tional and physical neglect) on a five-point Likert scale. Cut-off
scores were used to determine the presence or absence of each type
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of ACE, resulting in a total number of ACE types experienced (0-5)
[25]. In our analyses, we took into account the time points at which
ACEs were measured.

PTSD, dissociative disorders, and depression

We identified diagnoses of PTSD, dissociative disorders, and
depression through linked electronic health records. The date of
diagnosis was based on the first recorded occurrence in primary
care, hospital admissions, or death registers. We included only
those participants who received any of the mentioned diagnoses
before a dementia diagnosis or censoring (i.e., last date of observa-
tion). The comparison group comprised participants without any
exposure diagnoses before any dementia diagnosis or censoring.
We used International Classification of Diseases, Tenth Revision
(ICD-10) [27] codes to identify a diagnosis of PTSD (F43.1),
dissociative disorders (F44.x, F48.1), or depression (F32.0 to
F32.3, F32.8, F32.9, F33.0 to F33.3, F33.8, F33.9).

An adapted five-item version of the PTSD Checklist — Civilian
Version (PCL-C) [28] included in the online mental health survey
was used as a self-report measure of past-month PTSD symptoms.
Items assessed intrusive thoughts, distress when reminded of a
trauma, avoidance, feeling distant from others, and irritability
[21]. These were rated on a five-point Likert scale and summed
to a total severity score. Participants who completed the adapted
PCL-C were included if any dementia diagnosis was recorded only
after the online mental health survey or not at all, until censoring.

Dementia

We also ascertained all-cause dementia incidence and date of first
diagnosis through the linked electronic health records using the
following ICD-10 [27] codes: A81.0, F00.x, F01.x, F02.x, F03, F05.1,
F10.6, G30.x, G31.0, G31.1, G31.8.

Statistical analyses

We used Cox proportional hazard models to estimate the associ-
ations of ACEs, PTSD, dissociative disorders, and depression with
incident all-cause dementia, reporting hazard ratios (HR) and 95%
confidence intervals (CI). The outcome variable consisted of the
event status and time-to-event. We adjusted our main model for
age, sex, ethnicity (White versus Asian, Black, Mixed, or Other),
education level (with vs. without a college or university degree), and
Townsend deprivation index (= vs. < median) as potential con-
founders. These factors have been shown to influence the risk of
dementia, trauma-related conditions, and depression [2, 29,
30]. We tested proportional hazard assumptions using statistical
tests based on Schoenfeld residuals.

We conducted two sensitivity analyses. First, we repeated the
main analyses but with an additional adjustment for lifestyle factors
and medical comorbidities (i.e., sleep duration, weekly alcohol
consumption, smoking status, weekly physical activity, cardiovas-
cular conditions, TBI, and hypertension). These variables could be
mediators between exposures and dementia and were therefore
only adjusted for in sensitivity analyses. Second, we repeated the
first sensitivity analysis but with an additional adjustment for
depression in the models in which ACEs, PTSD, or dissociative
disorders were the exposures. In the model in which depression was
the exposure, we repeated the first sensitivity analysis but with an
additional adjustment for ACEs, PTSD, and dissociative disorders
combined (due to small numbers in the PTSD and dissociative
disorder groups). Given the relatively low prevalence of diagnosed
PTSD, we performed a post-hoc analysis of the association between
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self-reported PTSD symptoms and subsequent dementia incidence.
Hereinafter, “PTSD” refers to diagnoses from electronic health
records, while “self-reported PTSD symptoms” refer to self-
reported PTSD symptoms from the online mental health survey.
Additionally, we conducted two post-hoc subgroup analyses: one
comprising participants with depression but no PTSD or dissocia-
tive disorders, and another comprising participants with depres-
sion but no ACEs, PTSD, or dissociative disorders.

We implemented two mediation models [31]. First, we examined
whether PTSD (diagnosis [binary] and symptoms [continuous]) and
dissociative disorders (binary) mediated the relationship between
ACEs (ordinal) as the exposure and incident all-cause dementia
(binary) as the outcome. Second, we examined whether depres-
sion (binary) mediated the relationship between trauma-related
conditions (ACEs, PTSD, self-reported PTSD symptoms, or dis-
sociative disorders) as the exposure and incident all-cause demen-
tia as the outcome. We regressed dementia (outcome) on the
potential mediator, primary exposure variable, and covariates
(i.e., age, sex, ethnicity, education level, area-based deprivation)
using logistic models for binary mediators and multiple linear
models for continuous mediators. We also regressed the potential
mediators on the primary exposure and covariates. We then
combined the results of the outcome and mediator regression
models using the g-formula with bootstrapping to estimate the
proportion of the total effect mediated. We considered the time
sequence, coding the primary exposure and mediators as ‘present’
only if they occurred before the mediator and dementia diagnosis,
respectively.

We included participants in the analyses only if they had com-
plete data on all variables, except for the online survey measures
(due to power issues). All analyses were conducted between January
2023 and May 2024 using R (version 4.2.0; details in Supplementary
Material).

Participants in UK Biobank at baseline
N =502 355

Results
Sample characteristics

After excluding participants with missing values for any of the
covariates included in the analyses (n = 68 140; Figure 1), the final
cohort comprised 434 215 participants (mean (SD) age 56.58 (8.07)
years, 53.52% female; Table 1). Median follow-up was 13.66 years
(IQR = 12.87-14.39). In total, 941 (0.22%) participants were diag-
nosed with PTSD, 325 (0.07%) with any dissociative disorder, and
44 140 (10.17%) with depression before any dementia diagnosis or
censoring. People with any of these diagnoses were generally less
educated, more deprived, more often current smokers, and less
physically active, and reported more sleep duration deviations and
cardiovascular diseases (Table 1). Approximately one-third (n = 45
536) of the participants who took part in the online mental health
survey (n = 140 251) experienced at least one type of ACE. Of these
ACEs, emotional neglect was the most common (66.26%), followed
by emotional abuse (27.82%), sexual abuse (26.37%), physical abuse
(23.97%), and physical neglect (16.66%; Supplementary Table 1).
Dementia developed in 266 individuals with ACEs (0.58%), 22 of
those with PTSD (2.34%), 20 of those with any dissociative disorder
(6.15%), and 1397 of those with depression (3.16%). In comparison,
dementia occurred in 6703 individuals without PTSD, dissociative
disorders, or depression (1.72%), and in 454 individuals without
these diagnoses or ACEs (0.52%; Supplementary Tables 2 and 3).

ACEs, PTSD, dissociative disorders, depression, and dementia

After adjusting for sociodemographic characteristics, we found that
each additional type of ACE experienced was associated with a 10%
increase in the risk of developing dementia (HR;poine: 1.10; 95% CI
1.02—1.20; P = .018). The risk of all-cause dementia was 2.09 to 3.96
times higher in people with diagnosed PTSD (HR: 2.09; 95% CI
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Figure 1. Diagram of participants included in the analyses. ACEs, adverse childhood experiences; N, sample size; PTSD, post-traumatic stress disorder.



panunuo)

(401) upw

(00zeee “yoam Jad saynuiw
(00°Z682-00%6S) 00°98ET  (00°0STE-00'G6Y) 00°98ET  (00°0STE-00"S6Y) 00°98ET  (00°990€-00°TTE) 0SOT  (00°EEEE-00'8EY) 00'ETHT (00°TLTE-00'669) 00°06ST (00°990€—-00°02L) 00°ZLST (00°ZYEE—00'€69) 00°S09T  —00°8L9) 00°Z8ST ‘Annigoe jedishyd
(0z°€9) 69YE (0€99) €2€ 8T (0'59) 898 8T (00°08) 092 (0t"79) 909 (90°09) Lv€ LT (¥6°L6) LTT 05 (cz'69) 1L9 0€T (58'65) 568 65 YSH JaMoT
(€8°0€) Z69T (08'92) 9¥9 TT (69'97) T8L TT (T€°9T1) €5 (zL'sT) Tve (91°€€) 00T ST (b€°9€) L0S T€ (9L°€€) 005 TET (€0°€€) 6EY €VT st Buiseasnul
(86'5) 82€ (06°2) €€ve (16°L) 06%€ (69°€) 21 (88'6) €6 (82°9) 680€ (€9°5) z/87 (20L) s¥€ LT (TT°2) 188 OE AU JYSIH

(%) u ‘loyooje
woly wiey Jo ys!

(0t°0z-5€7) ST'6

(0'0z-0S°T) 0L°8

(0%°02-05°T) 028

(0p'TT-8€'T) 05T

(00'TZ-05°T) 0T'L

(0z'zz-00€) 59°0T

(0§'22-0S"%) 00°CT

(S9'z2-00€) ST'TT

(401

Uupi ‘Yoam Jad

(06°22-92°2) 05°0T uondwnsuod joyod)y

(8T'9€) 986T (vT'9€) 6¥L ST (¥T'9€) 056 ST (ST°0€) 86 (T¥°C€) soe (cz6€) 858 LT (e6°€€) T5€ 6T (8T°S€) ¥20 LET (LT'S€) 69T €T Jawiio4
(S0'¥S) L96C (€6'9%) T6€ 0T (€6'9%) LT1L 0T (80°5S) 6LT (0L'sv) 0y (19'15) 205 € (91°09) 9€0 2§ (T€°55) LS¥ STT (S'¥S) 0S¥ 9€T BEVCIN
(92°6) 9€S (€8'9T) TTEL (€6'9T) €L¥L (LL'vT) 8% (68'12) 90 (LT'6) 9LT¥ (16°S) 80TS (19°6) G€0 L€ (LT°0T) 966 ¥ juaLun)
(%) u ‘Bunjows
(0t'7) TeT (¥€'v) 988T (6€°t) 9€6T (z9'8) 8¢ (66'%) Ly (8€'T) 829 (8L°0) 929 (TS°T) 1885 (18'T) T¥8L sinoy 6 <
(ST'z6) 8508 (T€'98) €05 L€ (60'98) T00 8 (69°SL) 9T (L'LL) 62L (65°€6) 619 TV (6€'96) 9.L€ €8 (€9°€6) €2L ¥9€ (58'26) 88T €0% sinoy 6-9
(s¥'S) 66T (S€'6) €901 (zs76) €0Tv (69°ST) 1 (€5°LT) §9T (€0°5) 682C (€8°7) virT (98'v) ¢16 8T (#€°S) 98T €T sinoy 9>
(%) u ‘uoneinp das)s
sUPW=< Xapul
(cz'ov) LesT (89'95) 829 ¥ (€8'95) €80 5T (9v°29) €0t (99°€9) 665 (e6'61) 9€L 7T (6v'2y) 1GL 9€ (6€'8¥) 205 88T (Lz'6) 076 €TC  uoneAudap puasumo
2243ap Aysianiun
10 383100
(90°T¥) ¥STT (tz12) €L8 11 (¢ L) vr0 TT (00+7) 8L (bL°LT) 19T (2€'v¥) 90T 0T (61'8%) €89 Tt (¥S'¥€) €SS vET (6L°€€) ¥TL 9T (%) u ‘uonreanp3
4(%) u ‘punoudsioeq
21Uyl JBYI0
(ev'1) 8L (67°'%) €981 (8€'t) ¥E6T (z9¥) a1 (T€°0T) L6 (St'¥) 820T (#0'C) 89LT (zv's) ¥0T TT (T€'G) 820 €T 40 ‘paxiN Hfoelg ‘uelsy
(v6°€€) €98T (28°5€) 9865 ST (86'€) €88 ST (eT'67) 56 (5€°€5) 20 (96'T¥) GOT 6T (¥9°9%) Tve o (99'L¥) 9%9 G8T (8t'9v) 028 10T aen
(90°99) 929¢ (€T'%9) 998 LT (¢0v9) L5T 8T (L2°02) 0T (59'9%) 6€¥ (#0°85) T€Y 9T (9€°€8) ¥ST 9% (¥€2S) 028 €0T (z5°€8) S6€ €T dleway
(%) u ‘xes
(L1°2€) 99LT (87'S€) 8T¥ ST (5z's€) 856 ST (L2°0€) 00T (Lt'12) T0T (cz1e) L1T V1 (Lz'5€) L0S 0 (80°6€) T¥T TST (898€) 196 L9T €,-T9
(ev'T¥) vLTT (19°9€) 806 ST (z9:9€) €91 91 (z6'01) €ET (8z'gg) Tee (Lz'0v) 9€€ 8T (ze6€) 600 € (6T°G€) 890 LET (v€'S€) TEY EST 09-TS
(0%'97) 6¥T (16°'22) 92T 2T (v1°82) 6T¥ CT (T€'82) 76 (szev) Loy (15°'8¢) €86 TT (T+°52) 086 TT (€2'52) 90T 00T (86'5¢) T8 TIT 0S—L€E
(%) u ‘sdnou3 a8y
(09°2) 8255 (#0'8) €095 (#0'8) 86'GS (10'8) 9SS (00°8) 182G (5L°2) Ts'ss (69°2) G295 (L0°8) 5995 (20°8) 8595 (as) uesw ‘e8y

dnoi8 Aq sonsieielRYD dUljeseg °T d)qeL



‘GET'C— = UBIPaNg

*dnoJ3 d1uyY3d JaYIQ 10 ‘PaXIN DSAUIYD ‘YSIALIG HOeIg 40 IRIE “YSLIg UBISY JO Uesy Suipnpul,

*(~sJ9pJosIp 2A1eID0SSIA/~AS Ld/~S30V/+Uolssaidaq) s3DV ou pey Aay) 1ey) ASAINs yyjeay |ejuaw auljuo ay) jo Jed se paniodal-}|as oym ‘uoissaldap Jo ‘SI9pIosIp dAIBIDOSSIP ‘ASLd Inoyum siuedidiued o1 siajal dnoad z Ajuo uoissaidaq,,
*(~S12pJ0SIp 9ANRID0SSIA/-ASLd /+U0ISS21daQ) SI9PIOSIP SAIRIDOSSIP 10 S Ld INOYUM Ing uoissaidap ym syuedidiied o0} siaji dnoud  Ajuo uoissaidag,,,

*(+530V) Aanuns yyjeay |ejuaw auljuo ayy jo ped se ‘s3Jy Jo adAy auo 1ses) 1e pey Asyl 1eyy pariodal-jjas oym syuedidiued o3 sisgel dnoid s30V,,,

‘(~uoissaidaq/-s1opI0sIp 2AeID0SSIA/~AS Ld/-S3DV) SIDV ou pey Aoyi Jeyy Asains yijeay jejuaw duljuo ay) jo ed se papiodal-f|as oym ‘uoissaidap 10 ‘sIapIosIp dANBIDOSSIP ‘SLd INoym sjuedidiied o3 s1apeu z dnoud uostiedwo),,
*(~uoissaidaq/-sIapJoSIp 9AIRID0SSIA/~AS1d) UOISSaidap 1o ‘SIapIosIp AIRID0SSIP ‘dS1d Inoyum syuedidiued o) sisjas dnoid uosuedwo),,

‘Ainfur utesq do13ewnel ‘|g | ‘UoljeIASP plepue)s ‘gs apJosip ssauis diewnes-isod ‘gsid 9)qealjdde jou ‘YN ‘ozis ajdwes N ‘ueipaw ‘uppy 98ues ajiuenbisiul ‘YY) saduaadxd pooyp|Iyd SSIAAPE ‘SIDY SUOIIRIADIGAY

(as)
ueaw ‘swoydwAs

(z9€) 68 (65°t) 0Z'0T (29°'7) LT°0T (29'G) 99'TT (60°2) SO°'ST (08°€) 668 (szo) 1eL (8LT)SLL (90°€) 96°L as.ld pauodai-jjas

(%) u ‘siapiosip

vN WN (ov°0) LLT (00°00T) ST€ (c0'7) 6T (010) Lt WN WN (20°0) sz€E 23eIOS
VN VN (61°T) 925 (s8') 6T (00T1) TV6 (¥z'0) TTT VN VN (zz'0) 76 (%) u‘as1d
(00°00T) 6875 (00°007) TSV £ (00°00T) OVT ¥t (or'vS) 21T (06'55) 925 (z8'TT) T8€S WN WN (LT°0T) OVT ¥t (%) u ‘uoissaidaq
(e8°€v) 90T (TL'8%) 99T TC (cL'8p) €05 T (£L°05) 591 (r1°8%) €St (ST"€V) 6V9 6T (L1°sv) 58S 6€ (0z°05) 926 S6T (50'05) ¥0€ LT (%) U ‘uoisuanadAy
(%) u “Kanfuy
(Lz°0) ST (v°0) 68T (St°0) 86T (€zT) ¥ (s8°0) 8 (62°0) OET (¥z'0) 80T (62°0) 8€TT (T€°0) 66ET ureiq donewnes

(%) u ‘seseasip
(LT°5) ¥82 (v5'6) 9vTY (65°6) SETY (#SLT) 25 (S0°TT) +0T (06') 62T (0T't) L¥SE (¥29) ¥0€E ¥T (65°9) 609 8¢ Jejnosenolpied



Table 2. Unadjusted and adjusted risk of dementia by group
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HR (95% Cl)

Model Unadjusted Main model” Sensitivity analysis 1° Sensitivity analysis 2°
ACEs 1.03 (0.95, 1.11), P = .50 1.10 (1.02, 1.20), P = .018* 1.09 (1.00, 1.19), P = .039* 1.07 (0.99, 1.17), P= .10
(n = 45 536)

PTSD 1.27 (0.84, 1.93), P = .30 2.09 (1.38, 3.18), P < .001** 0.94 (0.45, 1.97), P = .90 0.68 (0.32, 1.44), P = .30
(n=941)

Self-reported PTSD Symptoms 1.03 (1.01, 1.05), P = .005* 1.09 (1.06, 1.11), P < .001** 1.08 (1.06, 1.11), P < .001** 1.07 (1.05, 1.10), P < .001**
(n = 140 251)

Dissociative Disorders 3.46 (2.23, 5.36), P <.001** 3.96 (2.55, 6.15), P <.001** 1.73 (0.84,3.58), P = .14 1.37 (0.65, 2.86), P = .40
(n=325)

Depression 1.91 (1.80, 2.02), P <.001**  2.17 (2.05,2.30), P <.001**  2.00 (1.83,2.17), P <.001** 1.75 (1.40, 2.20), P < .001**
(n = 44 140)

Depression Only*
(n = 43 452)

1.90 (1.79, 2.01), P < .001**

2.15 (2.02, 2.27), P < .001**

2.01 (1.84,2.19), P <.001** 1.75 (1.39, 2.19), P < .001**¢

Depression Only 2°
(n = 5489)

0.51 (0.38, 0.67), P < .001**

0.66 (0.50, 0.88), P = .005*

0.61 (0.41, 0.91), P = .016* NA

Abbreviations: ACEs, adverse childhood experiences; Cl, confidence Interval; HR, hazard ratio; N, sample size; NA, not applicable; P, p-value; PTSD, post-traumatic stress disorder.
“Main Model: adjusted for demographics (i.e., age, sex, ethnicity, Townsend deprivation index, highest level of education attained).
bSensitivity analysis 1: adjusted for demographics + lifestyle factors/medical comorbidities (i.e., sleep duration, smoking status, risk group of harm from alcohol consumption, physical activity per

week, cardiovascular diseases, traumatic brain injury, hypertension).

“Sensitivity analysis 2: adjusted for demographics + lifestyle factors/medical comorbidities + depression (or ACEs, PTSD, and dissociative disorders when depression is the exposure).
d«Depression only” group refers to participants with depression but without PTSD or dissociative disorders (Depression+/ PTSD—/Dissociative disorders-).

€adjusted for demographics + lifestyle factors/medical comorbidities + ACEs.

f“Depression only 2” group refers to participants without PTSD, dissociative disorders, or depression, who self-reported as part of the online mental health survey that they had no ACEs

(Depression+/ACEs—/PTSD-/Dissociative disorders-).
**P<.001, *P <.05.

1.38-3.18; P < .001), any dissociative disorders (HR: 3.96; 95% CI
2.55-6.15; P < .001), or depression (HR: 2.17; 95% CI 2.05-2.30;
P < .001) compared with people without the respective diagnosis
(Table 2).

Self-reported PTSD symptoms were significantly associated with
PTSD diagnoses (odds ratio [OR] = 1.30, 95% CI 1.27, 1.32). See the
Supplementary Material (Supplementary Figure 1) for boxplots
illustrating the distribution of PTSD symptom severity in individuals
with and without a PTSD diagnosis. Each one-point increase in the
total PTSD severity score was associated with a 9% increase in the risk
of dementia (HR;poine: 1.09; 95% CI 1.06-1.11; P < .001). Compared
with people without depression, those with depression but without
diagnosed PTSD or dissociative disorder had a 2.15-fold increased
risk of developing dementia (HR: 2.15; 95% CI 2.02-2.27; P < .001),
whereas those with depression but without any ACEs, diagnosed
PTSD, or dissociative disorder showed a decreased dementia risk
(HR: 0.66; 95% CI 0.50—0.88; P = .005).

Lastly, our sensitivity analyses revealed that although the associ-
ations with dementia were generally attenuated, they remained
significant for ACEs, self-reported PTSD symptoms, and depression
(Table 2). When adjusting for depression in the models in which
ACEs, PTSD, or dissociative disorders were the exposure variables,
and when adjusting for ACEs, PTSD, and dissociative disorders in
the model in which depression was the exposure variable, self-
reported PTSD symptoms and depression remained significantly
associated with incident all-cause dementia. Additionally, we con-
ducted a post-hoc power analysis to detect the smallest observed
effect size in the main model (i.e., HR = 1.09 for self-reported PTSD
symptoms), which yielded an estimated power of 97%.

Mediation analyses

Our mediation analyses (Table 3) found little evidence to support
PTSD diagnosis as a mediator between ACEs and dementia

(P = .07), whereas self-reported PTSD symptoms significantly
mediated the association (P < .001), accounting for 75.26% of the
excess dementia risk associated with ACEs. Dissociative disorders
were not a significant mediator between ACEs and dementia
(P=.72).

Depression was a significant mediator between ACEs and
dementia (P = .02; 4.51%) as well as between diagnosed PTSD
(P < .001; 8.42%) or dissociative disorders (P < .001; 10.29%) and
dementia, but not between self-reported PTSD symptoms (P = .15)
and dementia (Figure 2).

Discussion

In this large UK Biobank cohort, ACEs, PTSD, dissociative dis-
orders, and depression were significantly associated with an
increased risk of all-cause dementia. After adjustment for socio-
demographic characteristics, we found a dose—response relation-
ship between the number of ACE types and dementia, and between
PTSD symptom severity and dementia. The risk of dementia was
2.09, 3.96, and 2.17 times higher for those diagnosed with PTSD,
any dissociative disorder, and depression compared to those with-
out these diagnoses. For individuals with depression but without
ACEs, PTSD, or dissociative disorders, the associated risk of
dementia was reduced by 34%. Self-reported PTSD symptoms
accounted for most of the excess dementia risk associated with
ACEs. Depression mediated associations between ACEs, diagnosed
PTSD, or dissociative disorders and dementia. Thus, self-reported
PTSD symptoms were an important mediator of the relationship
between ACEs and dementia risk, while depression played a smaller
role in the observed associations of ACEs and trauma-related
conditions with dementia risk.

Our finding that ACEs are associated with dementia is in line
with a recent meta-analysis showing that childhood trauma
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Table 3. Mediation analyses

Total effect Total natural indirect effect
Overall proportion
HR (95% Cl) P HR (95% Cl) P mediated
Association between number of types of ACEs (exposure) and dementia (outcome)
PTSD as a mediator 1.13 (1.03, 1.21) 01* 1.00 (0.99, 1.00) 07 NA
Self-reported PTSD symptoms as a mediator® 1.11(1.01, 1.18) .03* 1.08 (1.06, 1.10) <.001** 75.26
Dissociative disorders as a mediator 1.12 (1.03,1.21) .01* 1.00 (0.999, 1.002) 72 NA
Depression as a mediator in the association between
ACEs (exposure) and dementia (outcome) 1.12 (1.03,1.21) .01* 1.005 (1.001, 1.01) .02* 4,51
PTSD (exposure) and dementia (outcome) 2.04 (1.19,2.90) <.001** 1.04 (1.02, 1.07) <.001** 8.42
Self-reported PTSD symptoms (exposure) and dementia (outcome) 1.10 (1.07,1.12)  <.001**  1.00 (0.999, 1.002) .15 NA
Dissociative disorders (exposure) and dementia (outcome) 3.93 (2.47,6.42)  <.001** 1.08 (1.05, 1.13) <.001** 10.29

Abbreviations: ACEs, adverse childhood experiences; Cl, confidence interval; HR, hazard ratio; NA, not applicable; P, p-value; PTSD = post-traumatic stress disorder.
Note: Mediation analyses including self-reported ACEs or self-reported PTSD symptoms included 137 240 participants in the analyses. Adjusted for demographics (i.e., age, sex, ethnicity,

Townsend deprivation index, highest level of education attained).

?ACEs and PTSD symptoms were self-reported concurrently during the online mental health survey.

**p < 001, *P < .05.

/ PTSD symptoms 75.26%

/| Depressen }\mi/o

| ACEs I :{ Dementia |

/| Depression 10.29%

| ACEs I ~I Dementia |
/ DepreSSion }\8-42:’/0
| PTSD I :I Dementia |

| Dissociative disorders I :I Dementia |

Figure 2. Significant mediators. ACEs, adverse childhood experiences; PTSD, post-traumatic stress disorder. Proposed associations based on mediation analyses. Direct

associations were omitted for clarity.

increases dementia risk by 76% [6]. Another recent study using data
from the UK Biobank found that the risk of all-cause dementia in
later life was higher in people who experienced childhood trauma
compared to adulthood trauma [32], although it included only
ACE:s related to abuse, not neglect. Moreover, our findings confirm
those of a meta-analysis linking PTSD to increased dementia risk
[10]. Studies conducted since then have found further evidence that
PTSD is a risk factor for dementia [14, 33, 34], with one exception
[35]. To the best of our knowledge, no studies to date have looked at
PTSD symptom severity, rather than diagnosis, and dementia risk.
Including self-reported PTSD symptoms post-hoc was relevant,
given the relatively low prevalence of diagnosed PTSD, and import-
antly, it allowed us to take a dimensional approach (severity score)
to complement the categorical one (diagnosis vs. no diagnosis). It is
possible that some individuals experience PTSD symptoms at a
subclinical level or do not seek help for various reasons and thus are
never formally diagnosed. These individuals would be excluded
from analyses that rely solely on diagnostic data. In our sample,
higher levels of self-reported PTSD symptoms were significantly
associated with recorded PTSD diagnoses, though the two were not
identical. This suggests that self-report captures meaningful com-
plementary information not reflected in diagnostic records (e.g.,
subthreshold symptoms, barriers to treatment). By including both
measures — ensuring that each was assessed or diagnosed prior to

any dementia diagnosis — we aimed to adopt both a dimensional
and categorical perspective.

To the best of our knowledge, our study is the first to investigate
the relationship between dissociative disorders and dementia. Our
findings build on prior studies showing that higher levels of dis-
sociative symptoms are correlated with reduced performance
across various cognitive domains [36, 37]. While this is an intri-
guing result that highlights dissociative disorders as a potential —
and potentially modifiable — risk factor for dementia, it must be
interpreted with caution. The low prevalence of dissociative dis-
orders in our sample underscores the need for replication in future
studies, ideally with higher base rates and more systematic assess-
ments of dissociation-related disorders.

Consistent with prior research [38—41], we found depression to
be a significant risk factor for dementia. While earlier studies
indicate that later-life depression is associated with, and in fact
might be a prodrome of, dementia [39, 42], the recent update from
the Lancet Commission on dementia prevention, intervention and
care found that depression increases the risk of dementia at all
stages of adulthood and therefore classified mid-life depression as a
risk factor for dementia [2], which our results further support. Risk
of dementia associated with depression, however, was reduced in
individuals who reported not having had any ACEs. While this
seems counterintuitive, particularly in light of strong evidence from



the Lancet Commission on dementia prevention, intervention, and
care [2, 39, 42], two possible reasons may account for this obser-
vation. First, ACEs might represent a key factor linking both
depression and dementia, serving as a common cause that increases
vulnerability to both conditions. This would not imply that depres-
sion is protective, but rather that the observed association between
depression and dementia may attenuate or even reverse once shared
aetiology with early-life adversity is accounted for. This perspective
aligns with life course models that emphasize how dementia risk is
influenced by factors such as lower educational attainment, phys-
ical inactivity, substance use (e.g., nicotine and alcohol), and hyper-
tension [2, 39, 42]. Pathways, which themselves may be shaped by
ACEs. Second, this finding may reflect a statistical suppressor effect,
whereby adjusting for ACEs alters the observed relationship
between depression and dementia by removing shared variance.
This could result in a negative association in certain subgroups.
Again, this would not imply that depression is protective; rather, it
underscores the complex interplay between early-life adversity,
mental health, and dementia risk. These findings should be inter-
preted with caution, and future research is needed to replicate our
results and further elucidate these relationships.

To the best of our knowledge, our study is the first to system-
atically explore the interrelationships between ACEs, trauma-
related conditions, and depression in their associations with
dementia through mediational analyses. Previous studies have used
different exposures or have focused on cognitive impairment as the
outcome [43, 44]. Their and our findings suggest that ACEs, PTSD,
dissociative disorders, and depression likely have both shared and
distinct associations leading to cognitive impairment and dementia.

Several mechanisms may explain our results. Early and chronic
stress from ACEs, PTSD, dissociative disorders, and depression
may cause structural and functional brain changes, increasing
vulnerability to neuropathology [45], including dementia. This
might occur through prolonged activation of stress- and threat-
related pathways [45] and impaired development of brain areas like
the hippocampus, amygdala, and frontal cortex [46, 47]. ACEs,
PTSD, dissociative disorders, and depression may also hinder
cognitive reserve formation [48-50] by reducing engagement in
cognitively stimulating activities due to withdrawal from daily life,
thereby diminishing the protective buffer against neurodegenera-
tive pathology [51]. This may begin soon after ACEs through
impoverished social networks [52] and lower levels of educational
attainment [53]. Engagement in repetitive negative thinking
(RNT), a transdiagnostic process [54], may contribute to cognitive
debt, heightening susceptibility to brain pathology [55]. Higher
RNT levels in cognitively intact older adults have been linked to
faster declines in global cognition and memory, as well as higher
levels of neuropathological markers of Alzheimer’s disease
[56]. Our mediation findings suggest that part of the association
between ACEs and dementia may operate through self-reported
PTSD symptoms and/or depression, and that part of the association
between diagnosed PTSD or dissociative disorders and dementia
may operate through depression. Certain lifestyle and psychosocial
factors across the life course, such as lower educational attainment,
social isolation, physical inactivity, smoking, hypertension, and
excessive alcohol consumption, have been established as modifiable
risk factors for dementia by the Lancet Commission on dementia
prevention, intervention, and care [2, 39, 42]. These factors may
function as mediators or confounders in the associations between
early-life adversity, psychiatric conditions, and dementia risk.
While our models adjusted for several of these variables, including
education, area-based deprivation, physical activity, alcohol
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consumption, and smoking, future studies should investigate their
potential role as mediators in the pathways linking trauma-related
exposures and depression to cognitive decline and dementia.

Implications

It is important to consider ACEs, PTSD, dissociative disorders, and
depression when assessing dementia risk. Evidence is sparse on
population-level primary prevention strategies for addressing
depression as a risk factor for dementia [57]; an even greater gap
exists for ACEs, PTSD, and dissociative disorders. There is cur-
rently no evidence on whether clinical interventions, such as
trauma-focused therapy, reduce dementia risk. Future research
should focus on developing and testing interventions to mitigate
dementia risk among individuals with ACEs, trauma-related con-
ditions, and depression. It should also disentangle specific dissocia-
tive disorder diagnoses and investigate whether the observed
increased risk of dementia is causal or driven by a third variable,
such as genetic disposition. Our findings cautiously suggest that
ACEs, PTSD, dissociative disorders, and depression may each
independently contribute to a higher risk of dementia.

Strengths and limitations

Strengths of our study include the use of a large, population-based
cohort with clinical diagnoses of PTSD, dissociative disorders, and
depression, enabling us to adjust for important confounders. Our
mediation analyses accounted for the temporal sequence of diag-
noses, ensuring that the predictor, mediator, and outcome occurred
consecutively. Several limitations should be considered when inter-
preting our findings. Relatively few cases of PTSD and dissociative
disorders were identified, possibly due to underdiagnosis or under-
reporting in the linked data, thus reducing statistical power. Our
sensitivity analyses showed non-significant associations between
diagnosed PTSD or dissociative disorders and the risk of dementia.
The added exposures likely further reduced the power of these
analyses, especially with high collinearity between trauma-related
disorders and impaired sleep duration, smoking, cardiovascular
diseases, and depression. In contrast, self-reported PTSD symp-
toms remained significantly associated with dementia in both
sensitivity analyses, supporting this association’s robustness. While
the overall sample size provided high power for most analyses,
predictors with low prevalence, particularly dissociative disorders,
may have been underpowered to detect modest effect sizes. Thus,
findings related to these conditions should be interpreted with
caution and require replication. Moreover, due to power issues,
we were not able to adjust the mediation analyses for the remaining
exposures. This is particularly relevant given ongoing theoretical
debates about the conceptual and empirical overlap between PTSD
and dissociation [27, 58—61]. While some researchers view them as
closely related but distinct conditions [62, 63], others propose that
PTSD may fall within the broader category of dissociative disorders
[60]. Future research should pay closer attention to the comorbidity
between PTSD and dissociative symptoms and disorders, and
investigate newer diagnoses such as the dissociative subtype of
PTSD (PTSD-DS), introduced in DSM-5 [58], and complex PTSD
(cPTSD), introduced in the recently published ICD-11 [64]. cPTSD
includes core PTSD symptoms along with affective dysregulation, a
negative self-concept, and difficulties in interpersonal relation-
ships. It has been associated with higher levels of dissociative
symptoms than PTSD alone or the absence of PTSD [59]. Addition-
ally, future studies should explore the dimensional nature of
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trauma-related psychopathology, which may yield more fine-
grained insights into how trauma confers risk of dementia.
Although our dataset, based on ICD-10, did not include PTSD-
DS or cPTSD diagnoses, most individuals with dissociative disorder
diagnoses in our sample did not have comorbid PTSD, and vice
versa. This supports the rationale for examining these disorders
separately. Future research should investigate the role of cPTSD in
the risk of dementia, particularly given its relevance to early trauma
and dissociation. Additionally, because ACEs were self-reported,
recall bias may have influenced our results. People of ethnic minor-
ities and people living with lower socioeconomic circumstances are
underrepresented in the UK Biobank, limiting the generalizability
of our findings.

Conclusions

Our study identifies dissociative disorders as a potentially modifiable
risk factor for all-cause dementia and provides further evidence that
ACEs, PTSD, and depression are risk factors as well. These condi-
tions appear to have both overlapping and distinct associations with
increased dementia risk and thus cannot be fully explained by the
other investigated exposures. However, due to the low prevalence of
some predictors, especially dissociative disorders, our analyses may
have been underpowered to detect modest effects. As such, these
findings should be interpreted with caution and replicated in future
research. Further studies should also attempt to disentangle the
underlying mechanisms, both transdiagnostic and disorder-specific,
to aid in the development of timely interventions that mitigate the
potentially increased risk of dementia associated with ACEs, PTSD,
dissociative disorders, and depression.
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