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ABSTRACT 27 

Background: Little is known about the interrelationships among adverse childhood 28 

experiences (ACEs), post-traumatic stress disorder (PTSD), dissociative disorders, 29 

depression, and dementia risk. We sought to investigate associations of ACEs, PTSD, 30 

dissociative disorders, and depression with incident dementia and explore whether these 31 

associations may be interrelated through mediation. 32 

Methods: This prospective cohort study used population-based UK Biobank data, including 33 

502 355 participants recruited at 22 assessment centres who completed questionnaires, an 34 

interview, and physical assessments at baseline (2006-2010). Data are linked to participants’ 35 

electronic health records from primary care, hospital admissions, and death registers through 36 

November 30, 2022, and to the results of the UK Biobank online mental health survey (2016-37 

2017). Cox regression and g-formula-based mediation analyses were used to examine 38 

associations between self-reported ACEs, self-reported PTSD symptoms, diagnosed PTSD, 39 

dissociative disorders, depression, and dementia. 40 

Results: In the final sample (n = 434 215, mean (SD) age 56.58 (8.07) years), ACEs (hazard 41 

ratio (HR)1point: 1.10; 95% CI 1.02-1.20), diagnosed PTSD (HR: 2.09; 95% CI 1.38-3.18), 42 

dissociative disorders (HR: 3.96; 95% CI 2.55-6.15), depression (HR: 2.17; 95% CI 2.05-43 

2.30), and self-reported PTSD symptoms (HR1point: 1.09; 95% CI 1.06-1.11) were associated 44 

with increased dementia risk, after adjusting for sociodemographic characteristics. Self-45 

reported PTSD symptoms explained 75.26% (P<.001) of the excess dementia risk associated 46 

with ACEs. Depression explained 4.51% (P=.02) of the ACEs-dementia link, 8.42% (P<.001) 47 

of the diagnosed PTSD-dementia link, and 10.29% (P<.001) of the dissociative disorders-48 

dementia link.  49 

Conclusions: Individuals with ACEs, PTSD, dissociative disorders, or depression appear to 50 

be at increased risk of dementia, potentially through both shared and unique associations. 51 
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However, these findings should be interpreted with caution due to potential limitations in 52 

statistical power. 53 

Keywords: Adverse childhood experiences (ACEs), post-traumatic stress disorder (PTSD), 54 

dissociative disorders, depression, dementia risk 55 
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INTRODUCTION 56 

Dementia is expected to become more prevalent as the global population ages [1]. 57 

Identifying modifiable risk factors to prevent or delay its onset and progression has been a 58 

major focus of dementia research [2]. Studies indicate that adverse childhood experiences 59 

(ACEs), including neglect and abuse [3,4], are associated with an increased risk of all-cause 60 

dementia [5,6]. Among the negative mental health consequences frequently linked to ACEs 61 

are depression [7], post-traumatic stress disorder (PTSD) [8], and dissociative disorders [9]. 62 

Although depression [2] and PTSD [10] have both been suggested as risk factors for 63 

dementia, no study to date has examined the role of dissociative disorders, which are 64 

frequently overlooked in research [11], nor the interrelationships among ACEs, PTSD, 65 

dissociative disorders, and depression in increasing dementia risk. Prior studies investigating 66 

the relationship between PTSD and incident dementia [12–19] have typically adjusted for 67 

depression, which is often comorbid with PTSD [20] and dissociative disorders [9]. The 68 

associations adjusted for depression, while attenuated, have remained significant. However, 69 

potential mediational relationships have not been systematically examined despite evidence of 70 

the frequent comorbidity and sequential occurrence of ACEs, PTSD, dissociative disorders, 71 

and depression. 72 

The aim of our study was to use prospective data from a large cohort of the general 73 

population in the United Kingdom (UK) to investigate the associations between ACEs, PTSD, 74 

dissociative disorders, depression, and subsequent dementia. Additionally, we sought to 75 

explore the interrelationships among these exposures and their link to dementia via 76 

mediational analyses. Three research questions were investigated: 1) Are ACEs, PTSD, 77 

dissociative disorders, and depression each associated with incident all-cause dementia?; 2) 78 

Do PTSD and dissociative disorders each mediate the association between ACEs and 79 

dementia?; and 3) Is depression a mediator of the associations between ACEs and dementia, 80 

PTSD and dementia, and dissociative disorders and dementia? 81 
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METHODS 82 

Data and Participants 83 

We analysed data from the UK Biobank, which is a population-based prospective 84 

cohort study that included more than half a million participants. Between 2006 and 2010 85 

(baseline), individuals aged 37 – 73 years attended one of 22 assessment centres across 86 

England, Scotland, and Wales to complete a self-administered touchscreen questionnaire and 87 

a face-to-face interview inquiring about various aspects of life, such as sociodemographics 88 

and lifestyle. Trained staff conducted physical assessments and collected biological samples. 89 

These baseline data are linked to electronic health records from primary care, hospital 90 

admissions, and death registers, with retrospective data coverage extending to at least 10 91 

years before the UK Biobank baseline. At the time of our analysis in May 2024, data were 92 

available until November 30, 2022. In 2016 and 2017, approximately one-third (n = 157 329, 93 

31.32%) [21] of the overall sample completed an online mental health questionnaire capturing 94 

symptoms of possible mental disorders, as well as items on ACEs, including neglect and 95 

abuse. The UK Biobank received ethics approval from the North-West Multi-centre Research 96 

Ethics Committee (21/NW/0157), and all participants provided written informed consent at 97 

baseline and were free to withdraw at any time. Further information about the UK Biobank 98 

protocol can be found online (https://www.ukbiobank.ac.uk).  99 

We calculated age at baseline using the date of birth and date of assessment. Sex, 100 

ethnicity, highest attained level of education, sleep duration, weekly alcohol consumption, 101 

smoking status, cardiovascular diseases, and traumatic brain injury (TBI) were self-reported 102 

at baseline. The Townsend deprivation index was derived from area-based aggregated data on 103 

unemployment, car and home ownership, and household overcrowding [22]. Weekly physical 104 

activity was assessed using the validated International Physical Activity Questionnaire 105 

(IPAQ) [23]. We defined hypertension as a measured systolic blood pressure of at least 140 106 

mmHg or self-reported prescription of antihypertensive medication at baseline. We specified 107 

https://www.ukbiobank.ac.uk/
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the increasing risk of harm from alcohol consumption as 15-34 units per week for women and 108 

15-49 units per week for men in accordance with the National Institute for Health and Care 109 

Excellence guidance [24]. Consumption below and above these ranges was considered lower 110 

and higher risk.  111 

 112 

Measures  113 

Adverse Childhood Experiences 114 

 Information on ACEs was collected by the UK Biobank in its online mental health 115 

questionnaire using the validated Childhood Trauma Screener (CTS) [25], a shortened version 116 

of the Childhood Trauma Questionnaire (CTQ) [26]. Respondents rate five types of child 117 

maltreatment (i.e., sexual, emotional, and physical abuse; emotional and physical neglect) on 118 

a five-point Likert scale. Cut-off scores were used to determine the presence or absence of 119 

each type of ACE, resulting in a total number of ACE types experienced (0-5) [25]. In our 120 

analyses, we took into account the time points at which ACEs were measured. 121 

 122 

PTSD, Dissociative Disorders, and Depression 123 

We identified diagnoses of PTSD, dissociative disorders, and depression through 124 

linked electronic health records. The date of diagnosis was based on the first recorded 125 

occurrence in primary care, hospital admissions, or death registers. We included only those 126 

participants who received any of the mentioned diagnoses before a dementia diagnosis or 127 

censoring (i.e., last date of observation). The comparison group comprised participants 128 

without any exposure diagnoses before any dementia diagnosis or censoring. We used 129 

International Classification of Diseases, Tenth Revision (ICD-10) [27] codes to identify a 130 

diagnosis of PTSD (F43.1), dissociative disorders (F44.x, F48.1), or depression (F32.0 to 131 

F32.3, F32.8, F32.9, F33.0 to F33.3, F33.8, F33.9).  132 
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An adapted five-item version of the PTSD Checklist – Civilian Version (PCL-C) [28] 133 

included in the online mental health survey was used as a self-report measure of past-month 134 

PTSD symptoms. Items assessed intrusive thoughts, distress when reminded of a trauma, 135 

avoidance, feeling distant from others, and irritability [21]. These were rated on a five-point 136 

Likert scale and summed to a total severity score. Participants who completed the adapted 137 

PCL-C were included if any dementia diagnosis was recorded only after the online mental 138 

health survey or not at all until censoring. 139 

 140 

Dementia 141 

We also ascertained all-cause dementia incidence and date of first diagnosis through 142 

the linked electronic health records using the following ICD-10 [27] codes: A81.0, F00.x, 143 

F01.x, F02.x, F03, F05.1, F10.6, G30.x, G31.0, G31.1, G31.8. 144 

 145 

Statistical Analyses 146 

 We used Cox proportional hazard models to estimate the associations of ACEs, PTSD, 147 

dissociative disorders, and depression with incident all-cause dementia, reporting hazard 148 

ratios (HR) and 95% confidence intervals (CI). The outcome variable consisted of the event 149 

status and time-to-event. We adjusted our main model for age, sex, ethnicity (White vs. 150 

Asian, Black, Mixed, or Other), education level (with vs. without college or university 151 

degree), and Townsend deprivation index (≥ vs. < median) as potential confounders. These 152 

factors have been shown to influence the risk of dementia, trauma-related conditions, and 153 

depression [2,29,30]. We tested proportional hazard assumptions using statistical tests based 154 

on Schoenfeld residuals.  155 

We conducted two sensitivity analyses. First, we repeated the main analyses but with 156 

an additional adjustment for lifestyle factors and medical comorbidities (i.e., sleep duration, 157 

weekly alcohol consumption, smoking status, weekly physical activity, cardiovascular 158 
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conditions, TBI, and hypertension). These variables could be mediators between exposures 159 

and dementia and were therefore only adjusted for in sensitivity analyses. Second, we 160 

repeated the first sensitivity analysis but with an additional adjustment for depression in the 161 

models in which ACEs, PTSD, or dissociative disorders were the exposures. In the model in 162 

which depression was the exposure, we repeated the first sensitivity analysis but with an 163 

additional adjustment for ACEs, PTSD, and dissociative disorders combined (due to small 164 

numbers in the PTSD and dissociative disorder groups). Given the relatively low prevalence 165 

of diagnosed PTSD, we performed a post-hoc analysis of the association between self-166 

reported PTSD symptoms and subsequent dementia incidence. Hereinafter, “PTSD” refers to 167 

diagnoses from electronic health records, while “self-reported PTSD symptoms” refer to self-168 

reported PTSD symptoms from the online mental health survey. Additionally, we conducted 169 

two post-hoc subgroup analyses: one comprising participants with depression but no PTSD or 170 

dissociative disorders, and another comprising participants with depression but no ACEs, 171 

PTSD, or dissociative disorders. 172 

 We implemented two mediation models [31]. First, we examined whether PTSD 173 

(diagnosis [binary] and symptoms [continuous]) and dissociative disorders (binary) mediated 174 

the relationship between ACEs (ordinal) as the exposure and incident all-cause dementia 175 

(binary) as the outcome. Second, we examined whether depression (binary) mediated the 176 

relationship between trauma-related conditions (ACEs, PTSD, self-reported PTSD symptoms, 177 

or dissociative disorders) as the exposure and incident all-cause dementia as the outcome. We 178 

regressed dementia (outcome) on the potential mediator, primary exposure variable, and 179 

covariates (i.e., age, sex, ethnicity, education level, area-based deprivation) using logistic 180 

models for binary mediators and multiple linear models for continuous mediators. We also 181 

regressed the potential mediators on the primary exposure and covariates. We then combined 182 

the results of the outcome and mediator regression models using the g-formula with 183 

bootstrapping to estimate the proportion of the total effect mediated. We considered the time 184 
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sequence, coding the primary exposure and mediators as ‘present’ only if they occurred 185 

before the mediator and dementia diagnosis, respectively.  186 

We included participants in the analyses only if they had complete data on all 187 

variables, except for the online survey measures (due to power issues). All analyses were 188 

conducted between January 2023 and May 2024 using R (version 4.2.0; details in 189 

Supplementary Material). 190 

 191 

RESULTS 192 

Sample Characteristics 193 

 After excluding participants with missing values for any of the covariates included in 194 

the analyses (n = 68 140; Figure 1), the final cohort comprised 434 215 participants (mean 195 

(SD) age 56.58 (8.07) years, 53.52% female; Table 1). Median follow-up was 13.66 years 196 

(IQR = 12.87 - 14.39). In total, 941 (0.22%) participants were diagnosed with PTSD, 325 197 

(0.07%) with any dissociative disorder, and 44 140 (10.17%) with depression before any 198 

dementia diagnosis or censoring. People with any of these diagnoses were generally less 199 

educated, more deprived, more often current smokers, and less physically active, and reported 200 

more sleep duration deviations and cardiovascular diseases (Table 1). Approximately one-201 

third (n = 45 536) of the participants who took part in the online mental health survey (n = 202 

140 251) experienced at least one type of ACE. Of these ACEs, emotional neglect was the 203 

most common (66.26%), followed by emotional abuse (27.82%), sexual abuse (26.37%), 204 

physical abuse (23.97%), and physical neglect (16.66%; Supplementary Table 1). Dementia 205 

developed in 266 individuals with ACEs (0.58%), 22 of those with PTSD (2.34%), 20 of 206 

those with any dissociative disorder (6.15%), and 1397 of those with depression (3.16%). In 207 

comparison, dementia occurred in 6703 individuals without PTSD, dissociative disorders, or 208 

depression (1.72%), and in 454 individuals without these diagnoses or ACEs (0.52%; 209 

Supplementary Table 2 and 3). 210 
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ACEs, PTSD, Dissociative Disorders, Depression, and Dementia  211 

After adjusting for sociodemographic characteristics, we found that each additional 212 

type of ACE experienced was associated with a 10% increase in the risk of developing 213 

dementia (HR1point: 1.10; 95% CI 1.02-1.20; P = .018). The risk of all-cause dementia was 214 

2.09 to 3.96 times higher in people with diagnosed PTSD (HR: 2.09; 95% CI 1.38-3.18; P 215 

< .001), any dissociative disorders (HR: 3.96; 95% CI 2.55-6.15; P < .001), or depression 216 

(HR: 2.17; 95% CI 2.05-2.30; P < .001) compared with people without the respective 217 

diagnosis (Table 2). 218 

Self-reported PTSD symptoms were significantly associated with PTSD diagnoses 219 

(odds ratio [OR] = 1.30, 95% CI 1.27, 1.32). See the Supplementary Material (eFigure 1) for 220 

boxplots illustrating the distribution of PTSD symptom severity in individuals with and 221 

without a PTSD diagnosis. Each one-point increase in the total PTSD severity score was 222 

associated with a 9% increase in the risk of dementia (HR1point: 1.09; 95% CI 1.06-1.11; P 223 

< .001). Compared with people without depression, those with depression but without 224 

diagnosed PTSD or dissociative disorder had a 2.15-fold increased risk of developing 225 

dementia (HR: 2.15; 95% CI 2.02-2.27; P < .001), whereas those with depression but without 226 

any ACEs, diagnosed PTSD, or dissociative disorder showed a decreased dementia risk (HR: 227 

0.66; 95% CI 0.50-0.88; P = .005). 228 

Lastly, our sensitivity analyses revealed that although the associations with dementia 229 

were generally attenuated, they remained significant for ACEs, self-reported PTSD 230 

symptoms, and depression (Table 2). When adjusting for depression in the models in which 231 

ACEs, PTSD, or dissociative disorders were the exposure variables, and when adjusting for 232 

ACEs, PTSD, and dissociative orders in the model in which depression was the exposure 233 

variable, self-reported PTSD symptoms, and depression remained significantly associated 234 

with incident all-cause dementia. Additionally, we conducted a post-hoc power analysis to 235 
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detect the smallest observed effect size in the main model (i.e., HR = 1.09 for self-reported 236 

PTSD symptoms), which yielded an estimated power of 97%. 237 

 238 

Mediation Analyses 239 

 Our mediation analyses (Table 3) found little evidence to support PTSD diagnosis as a 240 

mediator between ACEs and dementia (P = .07), whereas self-reported PTSD symptoms 241 

significantly mediated the association (P < .001), accounting for 75.26% of the excess 242 

dementia risk associated with ACEs. Dissociative disorders were not a significant mediator 243 

between ACEs and dementia (P = .72). 244 

Depression was a significant mediator between ACEs and dementia (P = .02; 4.51%) 245 

as well as between diagnosed PTSD (P < .001; 8.42%) or dissociative disorders (P < .001; 246 

10.29%) and dementia, but not between self-reported PTSD symptoms (P = .15) and 247 

dementia (Figure 2). 248 

 249 

DISCUSSION 250 

In this large UK Biobank cohort, ACEs, PTSD, dissociative disorders, and depression 251 

were significantly associated with an increased risk of all-cause dementia. After adjustment 252 

for sociodemographic characteristics, we found a dose-response relationship between the 253 

number of ACE types and dementia, and between PTSD symptom severity and dementia. The 254 

risk of dementia was 2.09, 3.96, and 2.17 times higher for those diagnosed with PTSD, any 255 

dissociative disorder, and depression compared to those without these diagnoses. For 256 

individuals with depression but without ACEs, PTSD, or dissociative disorders, the associated 257 

risk of dementia was reduced by 34%. Self-reported PTSD symptoms accounted for most of 258 

the excess dementia risk associated with ACEs. Depression mediated associations between 259 

ACEs, diagnosed PTSD, or dissociative disorders and dementia. Thus, self-reported PTSD 260 

symptoms were an important mediator of the relationship between ACEs and dementia risk, 261 
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while depression played a smaller role in the observed associations of ACEs and trauma-262 

related conditions with dementia risk. 263 

Our finding that ACEs are associated with dementia is in line with a recent meta-264 

analysis showing that childhood trauma increases dementia risk by 76% [6]. Another recent 265 

study using data from the UK Biobank found that the risk of all-cause dementia in later life 266 

was higher in people who experienced childhood trauma compared to adulthood trauma [32], 267 

although it included only ACEs related to abuse, not neglect. Moreover, our findings confirm 268 

those of a meta-analysis linking PTSD to increased dementia risk [10]. Studies conducted 269 

since then have found further evidence that PTSD is a risk factor for dementia [14,33,34], 270 

with one exception [35]. To our knowledge, no studies to date have looked at PTSD symptom 271 

severity, rather than diagnosis, and dementia risk. Including self-reported PTSD symptoms 272 

post-hoc was relevant, given the relatively low prevalence of diagnosed PTSD, and 273 

importantly, it allowed us to take a dimensional approach (severity score) to complement the 274 

categorical one (diagnosis vs. no diagnosis). It is possible that some individuals experience 275 

PTSD symptoms at a subclinical level or do not seek help for various reasons and thus are 276 

never formally diagnosed. These individuals would be excluded from analyses that rely solely 277 

on diagnostic data. In our sample, higher levels of self-reported PTSD symptoms were 278 

significantly associated with recorded PTSD diagnoses, though the two were not identical. 279 

This suggests that self-report captures meaningful complementary information not reflected in 280 

diagnostic records (e.g., subthreshold symptoms, barriers to treatment). By including both 281 

measures – ensuring that each was assessed or diagnosed prior to any dementia diagnosis – 282 

we aimed to adopt both a dimensional and categorical perspective. 283 

To our knowledge, our study is the first to investigate the relationship between 284 

dissociative disorders and dementia. Our findings build on prior studies showing that higher 285 

levels of dissociative symptoms are correlated with reduced performance across various 286 

cognitive domains [36,37]. While this is an intriguing result that highlights dissociative 287 
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disorders as a potential – and potentially modifiable – risk factor for dementia, it must be 288 

interpreted with caution. The low prevalence of dissociative disorders in our sample 289 

underscores the need for replication in future studies, ideally with higher base rates and more 290 

systematic assessments of dissociation-related disorders. 291 

Consistent with prior research [38–41], we found depression to be a significant risk 292 

factor for dementia. While earlier studies indicate that later-life depression is associated with, 293 

and in fact might be a prodrome of, dementia [39,42], the recent update from the Lancet 294 

Commission on dementia prevention, intervention and care found that depression increases 295 

the risk of dementia at all stages of adulthood and therefore classified mid-life depression as a 296 

risk factor for dementia [2], which our results further support. Risk of dementia associated 297 

with depression, however, was reduced in individuals who reported not having had any ACEs. 298 

While this seems counterintuitive, particularly in light of strong evidence from the Lancet 299 

Commission on dementia prevention, intervention and care [2,39,42], two possible reasons 300 

may account for this observation. First, ACEs might represent a key factor linking both 301 

depression and dementia, serving as a common cause that increases vulnerability to both 302 

conditions. This would not imply that depression is protective, but rather that the observed 303 

association between depression and dementia may attenuate or even reverse once shared 304 

aetiology with early-life adversity is accounted for. This perspective aligns with life course 305 

models that emphasize how dementia risk is influenced by factors such as lower educational 306 

attainment, physical inactivity, substance use (e.g., nicotine and alcohol), and hypertension 307 

[2,39,42]. Pathways, which themselves may be shaped by ACEs. Second, this finding may 308 

reflect a statistical suppressor effect, whereby adjusting for ACEs alters the observed 309 

relationship between depression and dementia by removing shared variance. This could result 310 

in a negative association in certain subgroups. Again, this would not imply that depression is 311 

protective; rather, it underscores the complex interplay between early-life adversity, mental 312 
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health, and dementia risk. These findings should be interpreted with caution, and future 313 

research is needed to replicate our results and further elucidate these relationships.  314 

To our knowledge, our study is the first to systematically explore the interrelationships 315 

between ACEs, trauma-related conditions, and depression in their associations with dementia 316 

through mediational analyses. Previous studies have used different exposures or have focused 317 

on cognitive impairment as the outcome [43,44]. Their and our findings suggest that ACEs, 318 

PTSD, dissociative disorders, and depression likely have both shared and distinct associations 319 

leading to cognitive impairment and dementia. 320 

Several mechanisms may explain our results. Early and chronic stress from ACEs, 321 

PTSD, dissociative disorders, and depression may cause structural and functional brain 322 

changes, increasing vulnerability to neuropathology [45], including dementia. This might 323 

occur through prolonged activation of stress- and threat-related pathways [45] and impaired 324 

development of brain areas like the hippocampus, amygdala, and frontal cortex [46,47]. 325 

ACEs, PTSD, dissociative disorders, and depression may also hinder cognitive reserve 326 

formation [48–50] by reducing engagement in cognitively stimulating activities due to 327 

withdrawal from daily life, thereby diminishing the protective buffer against 328 

neurodegenerative pathology [51]. This may begin soon after ACEs through impoverished 329 

social networks [52] and lower levels of educational attainment [53]. Engagement in 330 

repetitive negative thinking (RNT), a transdiagnostic process [54], may contribute to 331 

cognitive debt, heightening susceptibility to brain pathology [55]. Higher RNT levels in 332 

cognitively intact older adults have been linked to faster declines in global cognition and 333 

memory, as well as higher levels of neuropathological markers of Alzheimer’s disease [56]. 334 

Our mediation findings suggest that part of the association between ACEs and dementia may 335 

operate through self-reported PTSD symptoms and/or depression, and that part of the 336 

association between diagnosed PTSD or dissociative disorders and dementia may operate 337 

through depression. Certain lifestyle and psychosocial factors across the life course, such as 338 
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lower educational attainment, social isolation, physical inactivity, smoking, hypertension, and 339 

excessive alcohol consumption, have been established as modifiable risk factors for dementia 340 

by the Lancet Commission on dementia prevention, intervention, and care [2,39,42]. These 341 

factors may function as mediators or confounders in the associations between early-life 342 

adversity, psychiatric conditions, and dementia risk. While our models adjusted for several of 343 

these variables, including education, area-based deprivation, physical activity, alcohol 344 

consumption and smoking, future studies should investigate their potential role as mediators 345 

in the pathways linking trauma-related exposures and depression to cognitive decline and 346 

dementia. 347 

 348 

Implications 349 

 It is important to consider ACEs, PTSD, dissociative disorders, and depression when 350 

assessing dementia risk. Evidence is sparse on population-level primary prevention strategies 351 

for addressing depression as a risk factor for dementia [57]; an even greater gap exists for 352 

ACEs, PTSD, and dissociative disorders. There is currently no evidence on whether clinical 353 

interventions, such as trauma-focused therapy, reduce dementia risk. Future research should 354 

focus on developing and testing interventions to mitigate dementia risk among individuals 355 

with ACEs, trauma-related conditions, and depression. It should also disentangle specific 356 

dissociative disorder diagnoses and investigate whether the observed increased risk of 357 

dementia is causal or driven by a third variable, such as genetic disposition. Our findings 358 

cautiously suggest that ACEs, PTSD, dissociative disorders, and depression may each 359 

independently contribute to a higher risk of dementia. 360 

 361 

Strengths and Limitations  362 

 Strengths of our study include the use of a large, population-based cohort with clinical 363 

diagnoses of PTSD, dissociative disorders, and depression, enabling us to adjust for important 364 
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confounders. Our mediation analyses accounted for the temporal sequence of diagnoses, 365 

ensuring that the predictor, mediator, and outcome occurred consecutively. Several limitations 366 

should be considered when interpreting our findings. Relatively few cases of PTSD and 367 

dissociative disorders were identified, possibly due to underdiagnosis or underreporting in the 368 

linked data, thus reducing statistical power. Our sensitivity analyses showed non-significant 369 

associations between diagnosed PTSD or dissociative disorders and the risk of dementia. The 370 

added exposures likely further reduced the power of these analyses, especially with high 371 

collinearity between trauma-related disorders and impaired sleep duration, smoking, 372 

cardiovascular diseases, and depression. In contrast, self-reported PTSD symptoms remained 373 

significantly associated with dementia in both sensitivity analyses, supporting this 374 

association’s robustness. While the overall sample size provided high power for most 375 

analyses, predictors with low prevalence, particularly dissociative disorders, may have been 376 

underpowered to detect modest effect sizes. Thus, findings related to these conditions should 377 

be interpreted with caution and require replication. Moreover, due to power issues, we were 378 

not able to adjust the mediation analyses for the remaining exposures. This is particularly 379 

relevant given ongoing theoretical debates about the conceptual and empirical overlap 380 

between PTSD and dissociation [27,58–61]. While some researchers view them as closely 381 

related but distinct conditions [62,63], others propose that PTSD may fall within the broader 382 

category of dissociative disorders [60]. Future research should pay closer attention to the 383 

comorbidity between PTSD and dissociative symptoms and disorders, and investigate newer 384 

diagnoses such as the dissociative subtype of PTSD (PTSD-DS), introduced in DSM-5 [58], 385 

and complex PTSD (cPTSD), introduced in the recently published ICD-11 [64]. cPTSD 386 

includes core PTSD symptoms along with affective dysregulation, a negative self-concept, 387 

and difficulties in interpersonal relationships. It has been associated with higher levels of 388 

dissociative symptoms than PTSD alone or the absence of PTSD [59]. Additionally, future 389 

studies should explore the dimensional nature of trauma-related psychopathology, which may 390 
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yield more fine-grained insights into how trauma confers risk of dementia. Although our 391 

dataset, based on ICD-10, did not include PTSD-DS or cPTSD diagnoses, most individuals 392 

with dissociative disorder diagnoses in our sample did not have comorbid PTSD, and vice 393 

versa. This supports the rationale for examining these disorders separately. Future research 394 

should investigate the role of cPTSD in risk of dementia, particularly given its relevance to 395 

early trauma and dissociation. Additionally, because ACEs were self-reported, recall bias may 396 

have influenced our results. People of ethnic minority and people living with lower 397 

socioeconomic circumstances are underrepresented in the UK Biobank, limiting the 398 

generalizability of our findings. 399 

 400 

Conclusions 401 

 Our study identifies dissociative disorders as a potentially modifiable risk factor for 402 

all-cause dementia and provides further evidence that ACEs, PTSD, and depression are risk 403 

factors as well. These conditions appear to have both overlapping and distinct associations 404 

with increased dementia risk and thus cannot be fully explained by the other investigated 405 

exposures. However, due to the low prevalence of some predictors, especially dissociative 406 

disorders, our analyses may have been underpowered to detect modest effects. As such, these 407 

findings should be interpreted with caution and replicated in future research. Further studies 408 

should also attempt to disentangle the underlying mechanisms, both transdiagnostic and 409 

disorder-specific, to aid in the development of timely interventions that mitigate the 410 

potentially increased risk of dementia associated with ACEs, PTSD, dissociative disorders, 411 

and depression.412 
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Figure Legend 

Figure 1. Diagram of Participants Included in the Analyses 

N = sample size; ACEs = adverse childhood experiences; PTSD = post-traumatic stress disorder. 
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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 



Table 1. Baseline Characteristics by Group 

 Overall  

(n = 434 

215) 

Comparison 

Groupa 

(n = 389 516) 

Comparison 

Group 2b 

(n = 86 496) 

ACEsc 

(n = 45 

536) 

PTSD 

(n = 941) 

Dissociative 

Disorders 

(n = 325) 

Depression 

(n = 44 140) 

Depression 

Onlyd 

(n = 43 452) 

Depression 

Only 2e 

(n = 5489) 

Age, mean (SD) 56.58 (8.07) 56.65 (8.07) 56.25 (7.69) 55.52 (7.75) 52.81 (8.00) 55.26 (8.01) 55.98 (8.04) 56.03 (8.04) 55.78 (7.60) 

Age groups, n (%)          

37-50 112 822 

(25.98) 

100 206 

(25.73) 

21 980 (25.41) 12 983 

(28.51) 

407 (43.25) 92 (28.31) 12 419 

(28.14) 

12 126 

(27.91) 

1449 (26.40) 

51-60 153 432 

(35.34) 

137 068 

(35.19) 

34 009 (39.32) 18 336 

(40.27) 

332 (35.28) 133 (40.92) 16 163 

(36.62) 

15 908 

(36.61) 

2274 (41.43) 

61-73 167 961 

(38.68) 

152 242 

(39.08) 

30 507 (35.27) 14 217 

(31.22) 

202 (21.47) 100 (30.77) 15 558 

(35.25) 

15 418 

(35.48) 

1766 (32.17) 

Sex, n (%)          

Female 232 395 

(53.52) 

203 870 

(52.34) 

46 154 (53.36) 26 431 

(58.04) 

439 (46.65) 230 (70.77) 28 257 

(64.02) 

27 866 

(64.13) 

3626 (66.06) 

Male 201 820 

(46.48) 

185 646 

(47.66) 

40 342 (46.64) 19 105 

(41.96) 

502 (53.35) 95 (29.23) 15 883 

(35.98) 

15 586 

(35.87) 

1863 (33.94) 

Asian, Black, Mixed, 

or Other ethnic 

background, n (%)f 

23 078 

(5.31) 

21 104 (5.42) 1768 (2.04) 2028 (4.45) 97 (10.31) 15 (4.62) 1934 (4.38) 1863 (4.29) 78 (1.42) 

Education, n (%) 

College or  

university  

degree 

146 714 

(33.79) 

134 553 

(34.54) 

41 683 (48.19) 20 206 

(44.37) 

261 (27.74) 78 (24.00) 12 014 

(27.22) 

11 823 

(27.21) 

2254 (41.06) 

Townsend deprivation 

index 

>=Mdng  

213 920 

(49.27) 

188 502 

(48.39) 

36 751 (42.49) 22 736 

(49.93) 

599 (63.66) 203 (62.46) 25 083 

(56.83) 

24 628 

(56.68) 

2537 (46.22) 

Sleep duration, n (%)          

< 6 hours 
23 186 

(5.34) 

18 912 (4.86) 2444 (2.83) 2289 (5.03) 165 (17.53) 51 (15.69) 4203 (9.52) 4063 (9.35) 299 (5.45) 

6 – 9 hours 
403 188 

(92.85) 

364 723 

(93.63) 

83 376 (96.39) 42 619 

(93.59) 

729 (77.47) 246 (75.69) 38 001 

(86.09) 

37 503 

(86.31) 

5058 (92.15) 

> 9 hours 7841 (1.81) 5881 (1.51) 676 (0.78) 628 (1.38) 47 (4.99) 28 (8.62) 1936 (4.39) 1886 (4.34) 132 (2.40) 

Smoking, n (%)          

Current 
44 596 

(10.27) 

37 035 (9.51) 5108 (5.91) 4176 (9.17) 206 (21.89) 48 (14.77) 7473 (16.93) 7311 (16.83) 536 (9.76) 

Tables



 Overall  

(n = 434 

215) 

Comparison 

Groupa 

(n = 389 516) 

Comparison 

Group 2b 

(n = 86 496) 

ACEsc 

(n = 45 

536) 

PTSD 

(n = 941) 

Dissociative 

Disorders 

(n = 325) 

Depression 

(n = 44 140) 

Depression 

Onlyd 

(n = 43 452) 

Depression 

Only 2e 

(n = 5489) 

Never 
236 450 

(54.45) 

215 457 

(55.31) 

52 036 (60.16) 23 502 

(51.61) 

430 (45.70) 179 (55.08) 20 717 

(46.93) 

20 392 

(46.93) 

2967 (54.05) 

Former 
153 169 

(35.27) 

137 024 

(35.18) 

29 352 (33.93) 17 858 

(39.22) 

305 (32.41) 98 (30.15) 15 950 

(36.14) 

15 749 

(36.24) 

1986 (36.18) 

Alcohol consumption 

per week, Mdn (IQR) 

10.50 (2.76 

– 22.50) 

11.25 (3.00 – 

22.65) 

12.00 (4.50 – 

22.50) 

10.65 (3.00 

– 22.20) 

7.20 (1.50 – 

21.00) 

1.50 (1.38 – 

11.40) 

8.70 (1.50 – 

20.40) 

8.70 (1.50 – 

20.40) 

9.15 (2.35 – 

20.40) 

Risk of harm from 

alcohol, n (%) 

         

Higher risk 
30 881 

(7.11) 

27 345 (7.02) 4872 (5.63) 3089 (6.78) 93 (9.88) 12 (3.69) 3490 (7.91) 3433 (7.90) 328 (5.98) 

Increasing risk 
143 439 

(33.03) 

131 500 

(33.76) 

31 507 (36.34) 15 100 

(33.16) 

242 (25.72) 53 (16.31) 11 782 

(26.69) 

11 646 

(26.80) 

1692 (30.83) 

Lower risk 
259 895 

(59.85) 

230 671 

(59.22) 

50 117 (57.94) 27 347 

(60.06) 

606 (64.40) 260 (80.00) 28 868 

(65.40) 

28 373 

(65.30) 

3469 (63.20) 

Physical activity, 

minutes per week, Mdn 

(IQR) 

1582.00 

(678.00 – 

3332.00) 

1605.00 

(693.00 – 

3342.00) 

1572.00 

(720.00 – 

3066.00) 

1590.00 

(699.00 – 

3172.00) 

1413.00 

(438.00 – 

3333.00)  

 1050 (311.00 

– 3066.00) 

1386.00 

(495.00 – 

3150.00)  

1386.00 

(495.00 – 

3150.00) 

1386.00 

(594.00 – 

2892.00) 

Cardiovascular 

diseases, n (%) 

28 609 

(6.59) 

24 304 (6.24) 3547 (4.10) 2229 (4.90) 104 (11.05) 57 (17.54) 4235 (9.59) 4146 (9.54) 284 (5.17) 

Traumatic brain 

injury, n (%) 

1399 (0.31) 1138 (0.29) 208 (0.24) 130 (0.29) 8 (0.85) 4 (1.23) 198 (0.45) 189 (0.43) 15 (0.27) 

Hypertension, n (%) 
217 304 

(50.05) 

195 526 

(50.20) 

39 585 (45.77) 19 649 

(43.15) 

453 (48.14) 165 (50.77) 21 503 

(48.72) 

21 166 

(48.71) 

2406 (43.83) 

Depression, n (%) 44 140 

(10.17) 

NA NA 5381 

(11.82) 

526 (55.90) 177 (54.46) 44 140 

(100.00) 

43 452 

(100.00) 

5489 (100.00) 

PTSD, n (%) 941 (0.22) NA NA 111 (0.24) 941 (100) 19 (5.85) 526 (1.19) NA NA 

Dissociative 

disorders, n (%) 

325 (0.07) NA NA 47 (0.10) 19 (2.02) 325 (100.00) 177 (0.40) NA NA 

Self-reported PTSD 

symptoms, mean (SD) 

7.96 (3.06) 7.75 (2.78) 7.31 (2.25) 8.99 (3.80) 15.05 (7.09) 11.66 (5.67) 10.27 (4.67) 10.20 (4.59) 8.92 (3.62) 

N = sample size; ACEs = adverse childhood experiences; PTSD = post-traumatic stress disorder; SD = standard deviation; Mdn = median; IQR = interquartile range; TBI = traumatic brain injury; NA = 

not applicable. 
a“Comparison group” refers to participants without PTSD, dissociative disorders, or depression (PTSD–/Dissociative disorders–/Depression–).  
b“Comparison group 2” 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 (ACEs–/PTSD–

/Dissociative disorders–/Depression–). 



c“ACEs” group refers to participants who self-reported that they had at least one type of ACEs, as part of the online mental health survey (ACEs+). 
d“Depression only” group refers to participants with depression but without PTSD or dissociative disorders (Depression+/ PTSD–/Dissociative disorders–). 
e“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–). 
fIncluding Asian or Asian British, Black or Black British, Chinese, Mixed, or Other ethnic group 
gMedian = -2.135 



Table 2. Unadjusted and Adjusted Risk of Dementia by Group 

 HR (95% CI) 

Model Unadjusted Main Modela Sensitivity Analysis 1b Sensitivity Analysis 2c 

ACEs 

(n = 45 536) 

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 

PTSD 

(n = 941) 

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 

Self-reported PTSD 

Symptoms 

(n = 140 251) 

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** 

Dissociative Disorders 

(n = 325) 

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 

Depression 

(n = 44 140) 

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** 

Depression Onlyd 

(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**e 

Depression Only 2f 

(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 

HR = hazard ratio; CI = confidence Interval; ACEs = adverse childhood experiences; n = sample size; P = p-value; PTSD = post-traumatic stress disorder; NA = not applicable. 
aMain 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).  
cSensitivity 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–). 
eadjusted 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. 



Table 3. Mediation Analyses 

 Total Effect Total Natural Indirect Effect Overall 

Proportion 

Mediated  HR (95% CI) P HR (95% CI) P 

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 Mediatora 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 

HR = hazard ratio; CI = confidence interval; P = p-value; ACEs = adverse childhood experiences; PTSD = post-traumatic stress disorder; NA = not applicable. 

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).  
aACEs and PTSD symptoms were self-reported concurrently during the online mental health survey. 

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

 



Participants in UK Biobank at baseline

N = 502 355

Participants included in the main analyses

n = 434 215

Exclusion:

Participants with missing data on age (n = 16)

Participants with missing data on ethnicity (n = 2776) 

Participants with missing data on education (n = 3754)

Participants with missing data on Townsend area deprivation index (n = 618)

Participants with missing data on sleep duration (n = 3131)

Participants with missing data on smoking (n = 1774)

Participants with missing data on alcohol consumption

(n = 41 854)

Participants with missing data on physical activity (n = 14 217)

Participants included in the mediation analyses, including 

ACEs or PTSD symptoms

n = 137 240 (otherwise n = 434 215)

Exclusion:

Participants with missing data on PTSD symptoms assessed at follow-up (n = 293 964)

Participants with missing data on ACEs assessed at follow-up (n = 3011) 
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eTable 1. Adverse Childhood Experiences (ACEs) by Group  

 Overall  
(n = 434 215) 

Comparison 
group 

(n = 389 516)a 

ACEs 
(n = 45 536)b 

PTSD 
(n = 941) 

Dissociative 
disorders 
(n = 325) 

Depression 
(n = 44 140) 

Depression 
only 

(n = 43 452)c 

Types of ACEs 
n (%)  

45 536 / 137 631 
(33.09) 

40 081 / 126 577 
(31.67) 

45 536 / 45 536 
(100.00) 

111 / 189 
(58.73) 

47 / 79 (59.49) 5381 / 10 914 
(49.30) 

5301 / 10 790 
(49.13) 

   0 
92 095 / 137 631 

(66.91) 
86 496 / 126 577 

(68.33) 
0 / 45 536 (0.00) 78 / 189 

(41.27) 
32 / 79 (40.51) 5533 / 10 914 

(50.70) 
5489 / 10 790 

(50.87) 

   1 
27 975 / 137 631 

(20.33) 
25 286 / 126 577 

(19.98) 
27 975 / 45 536 

(61.43) 
35 / 189 
(18.52) 

18 / 79 (22.78) 2660 / 10 914 
(24.37) 

2636 / 10 790 
(24.43) 

   2 
10 422 / 137 631 

(7.57) 
9014 / 126 577 

(7.12) 
10 422 / 45 536 

(22.89) 
24 / 189 
(12.70) 

10 / 79 (12.66) 1385 / 10 914 
(12.69) 

1374 / 10 790 
(12.73) 

   3 
4636 / 137 631 

(3.37) 
3860 / 126 577 

(3.05) 
4636 / 45 536 

(10.18) 
21 / 189 
(11.11) 

11 / 79 (13.92) 766 / 10,914 
(7.02) 

747 / 10 790 
(6.92) 

   4 
1898 / 137 631 

(1.38) 
1485 / 126 577 

(1.17) 
1898 / 45 536 

(4.17) 
17 / 189 
(8.99) 

3 / 79 (3.80) 408 / 10 914 
(3.74) 

394 / 10 790 
(3.65) 

   5 
605 / 137 631 

(0.44) 
436 / 126 577 

(0.34) 
605 / 45 536 

(1.33) 
14 / 189 
(7.41) 

5 / 79 (6.33) 162 / 10 914 
(1.48) 

150 / 10 790 
(1.39) 

   Physical abuse 11 426 / 140 478 
(8.13) 

9735 / 129 036 
(7.54) 

10 914 / 45 536 
(23.97) 

54 / 200 
(27.00) 

18 / 82 (21.95) 1660 / 11 297 
(14.69) 

1620 / 11 164 
(14.51) 

   Emotional abuse 13 215 / 140 412 
(9.41) 

10 955 / 128 980 
(8.49) 

12 667 / 45 536 
(27.82) 

64 / 200 
(32.00) 

21 / 81 (25.93) 2226 / 11 288 
(19.72) 

2178 / 11 155 
(19.52) 

   Sexual abuse 12 161 / 139 202 
(8.74) 

10 524 / 127 956 
(8.22) 

12 006 / 45 536 
(26.37) 

52 / 194 
(26.80) 

26 / 81 (32.10) 1604 / 11 102 
(14.45) 

1562 / 10 975 
(14.23) 

   Physical neglect 7876 / 139 856 
(5.63) 

6782 / 128 464 
(5.28) 

7586 / 45 536 
(16.66) 

40 / 201 
(19.90) 

13 / 82 (15.85) 1078 / 11 247 
(9.58) 

1044 / 11 113 
(9.39) 

   Emotional 
neglect 

31 222 / 140 259 
(22.26) 

27 020 / 128 831 
(20.97) 

30 171 / 45 536 
(66.26) 

87 / 202 
(43.07) 

33 / 83 (39.76) 4152 / 11 283 
(36.80) 

4085 / 11 147 
(36.65) 

ACEs = adverse childhood experiences; PTSD = post-traumatic stress disorder; N = sample size. 
The categories are not mutually exclusive. Only available at follow-up, in 2017, as part of the online mental health survey. 
a“Comparison group” refers to participants without PTSD, dissociative disorders, or depression (PTSD–/Dissociative disorders–/Depression–).  
b“ACEs” group refers to participants who self-reported that they had at least one type of ACEs as part of the online mental health survey (ACEs+). 
c“Depression only” group refers to participants with depression but without PTSD or dissociative disorders (Depression+/ PTSD–/Dissociative disorders–). 
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eTable 2. Dementia Outcome by Group 

 Overall 
(n = 434 215) 

Comparison 
groupa 

(n = 389 516) 

Comparison 
group 2b 

(n = 86 496) 

ACEsc 

(n = 45 536) 
PTSD 

(n = 941) 
Dissociative 

disorders 
(n = 325) 

Depression 
(n = 44 140) 

Depression 
onlyd 

(n = 43 452) 

Depression 
only 2e (n = 

5489) 

Dementia  
(n, %) 

8118 (1.87) 6703 (1.72) 454 (0.52) 266 (0.58) 22 (2.34) 20 (6.15) 1397 (3.16) 1373 (3.16) 48 (0.87) 

N = sample size; ACEs = adverse childhood experiences; PTSD = post-traumatic stress disorder. The categories are not mutually exclusive.  
a“Comparison group” refers to participants without PTSD, dissociative disorders, or depression (PTSD–/Dissociative disorders–/Depression–).  
b“Comparison group 2” 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 (ACEs–/PTSD–
/Dissociative disorders–/Depression–). 
c“ACEs” group refers to participants who self-reported that they had at least one type of ACEs, as part of the online mental health survey (ACEs+). 
d“Depression only” group refers to participants with depression but without PTSD or dissociative disorders (Depression+/ PTSD–/Dissociative disorders–). 
e“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–).
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eTable 3. Dementia Outcome by Number of Types of Adverse Childhood 
Experiences (ACEs) (n = 137 631) 

Number of 
ACE types 

0  
(n = 92 095) 

1  
(n = 27 975) 

2  
(n = 10 422) 

3  
(n = 4636) 

4  
(n = 1898) 

5  
(n = 605) 

Dementia 
(n, %) 

503 (0.55) 158 (0.56) 64 (0.61) 30 (0.65) 12 (0.63) 2 (0.33) 

ACEs = adverse childhood experiences; N = sample size. 
The following types of ACEs are included: emotional neglect, physical neglect, emotional abuse, physical abuse, and sexual 
abuse.
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eFigure 1. Distribution of Self-Reported PTSD Symptoms by PTSD Diagnosis 
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eMethods. Used R Packages and Versions 

R version 4.2.0 (2022-04-22) 
Platform: x86_64-apple-darwin17.0 (64-bit) 
Running under: macOS 14.4 
 
Matrix products: default 
LAPACK: /Library/Frameworks/R.framework/Versions/4.2/Resources/lib/libRlapack.dylib 
 
locale: 
[1] de_DE.UTF-8/de_DE.UTF-8/de_DE.UTF-8/C/de_DE.UTF-8/de_DE.UTF-8 
 
attached base packages: 
[1] stats     graphics  grDevices utils     datasets  methods   base      
 
other attached packages: 
[1] dplyr_1.1.2    CMAverse_0.1.0 
 
loaded via a namespace (and not attached): 
 [1] Rcpp_1.0.8.3      MetaUtility_2.1.2 msm_1.7           mvtnorm_1.1-3     
 [5] lattice_0.20-45   tidyr_1.3.0       zoo_1.8-10        digest_0.6.29     
 [9] utf8_1.2.2        R6_2.5.1          backports_1.4.1   survey_4.1-1      
[13] evaluate_0.15     ggplot2_3.4.2     pillar_1.9.0      rlang_1.1.1       
[17] multcomp_1.4-20   rstudioapi_0.13   car_3.0-13        Matrix_1.4-1      
[21] rmarkdown_2.19    mathjaxr_1.6-0    splines_4.2.0     stringr_1.5.0     
[25] igraph_1.3.1      munsell_0.5.0     broom_1.0.3       compiler_4.2.0    
[29] xfun_0.31         pkgconfig_2.0.3   EValue_4.1.3      mitools_2.4       
[33] htmltools_0.5.4   nnet_7.3-17       tidyselect_1.2.0  tibble_3.2.1      
[37] expm_0.999-7      codetools_0.2-18  simex_1.8         fansi_1.0.3       
[41] withr_2.5.0       MASS_7.3-56       SuppDists_1.1-9.7 grid_4.2.0        
[45] DBI_1.1.3         nlme_3.1-157      gtable_0.3.0      lifecycle_1.0.3   
[49] magrittr_2.0.3    metafor_3.8-1     scales_1.2.0      metadat_1.2-0     
[53] cli_3.6.0         stringi_1.7.6     carData_3.0-5     mice_3.14.0       
[57] generics_0.1.2    vctrs_0.6.2       boot_1.3-28       sandwich_3.0-2    
[61] TH.data_1.1-1     tools_4.2.0       ggdag_0.2.7       medflex_0.6-7     
[65] glue_1.6.2        purrr_1.0.1       abind_1.4-5       fastmap_1.1.0     
[69] survival_3.5-0    yaml_2.3.5        colorspace_2.0-3  tidygraph_1.2.2   
[73] knitr_1.39    
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R version 4.2.0 (2022-04-22) 
Platform: x86_64-apple-darwin17.0 (64-bit) 
Running under: macOS 14.4 
 
Matrix products: default 
LAPACK: /Library/Frameworks/R.framework/Versions/4.2/Resources/lib/libRlapack.dylib 
 
locale: 
[1] de_DE.UTF-8/de_DE.UTF-8/de_DE.UTF-8/C/de_DE.UTF-8/de_DE.UTF-8 
 
attached base packages: 
[1] stats     graphics  grDevices utils     datasets  methods   base      
 
other attached packages: 
 [1] ggfortify_0.4.15 ranger_0.14.1    survival_3.5-0   forcats_0.5.1    stringr_1.5.0    
 [6] purrr_1.0.1      readr_2.1.2      tidyr_1.3.0      tibble_3.2.1     ggplot2_3.4.2    
[11] tidyverse_1.3.2  gtsummary_1.7.0  psych_2.2.5      dplyr_1.1.2      CMAverse_0.1.0   
 
loaded via a namespace (and not attached): 
 [1] TH.data_1.1-1        googledrive_2.0.0    colorspace_2.0-3     ellipsis_0.3.2       
 [5] fs_1.5.2             rstudioapi_0.13      mice_3.14.0          fansi_1.0.3          
 [9] mvtnorm_1.1-3        lubridate_1.8.0      mathjaxr_1.6-0       xml2_1.3.3           
[13] codetools_0.2-18     splines_4.2.0        simex_1.8            mnormt_2.0.2         
[17] medflex_0.6-7        knitr_1.39           SuppDists_1.1-9.7    jsonlite_1.8.0       
[21] gt_0.8.0             broom_1.0.3          dbplyr_2.3.0         compiler_4.2.0       
[25] httr_1.4.3           backports_1.4.1      assertthat_0.2.1     Matrix_1.4-1         
[29] fastmap_1.1.0        gargle_1.2.1         survey_4.1-1         cli_3.6.0            
[33] htmltools_0.5.4      tools_4.2.0          igraph_1.3.1         gtable_0.3.0         
[37] glue_1.6.2           Rcpp_1.0.8.3         msm_1.7              carData_3.0-5        
[41] cellranger_1.1.0     vctrs_0.6.2          ggdag_0.2.7          nlme_3.1-157         
[45] broom.helpers_1.11.0 EValue_4.1.3         xfun_0.31            rvest_1.0.3          
[49] lifecycle_1.0.3      googlesheets4_1.0.1  MASS_7.3-56          zoo_1.8-10           
[53] scales_1.2.0         tidygraph_1.2.2      hms_1.1.1            parallel_4.2.0       
[57] sandwich_3.0-2       expm_0.999-7         metafor_3.8-1        yaml_2.3.5           
[61] gridExtra_2.3        sass_0.4.4           labelled_2.10.0      stringi_1.7.6        
[65] boot_1.3-28          rlang_1.1.1          pkgconfig_2.0.3      commonmark_1.8.1     
[69] evaluate_0.15        lattice_0.20-45      tidyselect_1.2.0     magrittr_2.0.3       
[73] R6_2.5.1             generics_0.1.2       multcomp_1.4-20      DBI_1.1.3            
[77] pillar_1.9.0         haven_2.5.0          withr_2.5.0          abind_1.4-5          
[81] nnet_7.3-17          modelr_0.1.10        crayon_1.5.1         car_3.0-13           
[85] utf8_1.2.2           tmvnsim_1.0-2        tzdb_0.3.0           rmarkdown_2.19       
[89] grid_4.2.0           metadat_1.2-0        readxl_1.4.1         reprex_2.0.2         
[93] digest_0.6.29        MetaUtility_2.1.2    munsell_0.5.0        mitools_2.4    
 
 
 

The analytic code is available online (https://osf.io/b28y3/). 

https://osf.io/b28y3/

