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Abstract: 92 

UK Biobank, which was started 20 years ago, is the world’s most comprehensive longitudinal population-93 

based data and biosample resource. The data that has been collected can be accessed by all bona fide 94 

researchers. In addition to the extensive clinical phenotyping of the over 500,000 volunteers from across 95 

the UK at recruitment and at follow up timepoints, it includes data from serial lifestyle questionnaires, 96 

cognitive testing, multi-modal imaging, accelerometry, genomic and other ‘omics and is linked to 97 

participants’ electronic healthcare, cancer, death and a proportion of the cohort’s primary care records. 98 

Here, with a focus on dementia, we provide examples of how UK Biobank data has allowed discovery of 99 

novel interactions between systemic and brain health and illustrate ways in which these data also can be 100 

used to characterise risk factors, support mechanistic hypotheses and discover new biomarkers predictive 101 

of the onset and course of dementia and related disorders. 102 

 103 

 104 

 105 

 106 

Major points: 107 

• UK Biobank, which includes almost two decades of follow up on its participants, is a major resource 108 

for neuroepidemiology that is open for use by all bona fide researchers. 109 

• The longitudinal design, which allows many participants to be characterised before clinical disease 110 

expression, and the availability of genetic data for complementary Mendelian randomisation studies 111 

together support researchers for exploring causal relationships between risk factors and dementia. 112 

• Major contributions to characterisation of modifiable lifestyle and exposure risk factors for dementia 113 

have been made using these data. 114 

• Data resource enhancements for genetics, accelerometry, imaging, serological markers of infection 115 

exposures and blood ‘omics are accelerating population-based studies of disease mechanisms and 116 

new biomarker discovery. 117 

• The value of UK Biobank for dementia research will continue to grow as exposure and systemic 118 

health outcome data are progressively expanded, the population ages and numbers of incident 119 

cases of dementia increase. 120 

 121 

  122 



 4 

Introduction 123 

The growing burden of dementia is one of the defining medical challenges for this generation. Establishing 124 

evidence-based strategies for early specific diagnoses of dementia and their management or prevention 125 

has become an urgent goal. The promise of discovering links between dementia and other health 126 

conditions or environmental exposures has long been recognised.  Research also has made clear that 127 

many dementias develop and progress for extended periods without clinical symptoms.1,2 This has created 128 

the alluring promise of slowing or preventing dementias by modifying chronic risk factors or of developing 129 

new therapeutics based on emerging understanding of the mechanisms through which risk is conferred. 130 

The recent limited efficacy of new disease modifying treatments (e.g., lecanemab) initiated after 131 

Alzheimer’s disease (AD) is well established also have suggested the importance of starting treatments in 132 

people preclinical disease3 if they could be identified with sufficient accuracy.  133 

 134 

These questions cannot be answered fully with traditional observational studies of disease. Longitudinal 135 

studies of large, diverse populations are best suited to enabling the discovery science needed for advances 136 

in understanding risks and the preclinical progression of dementias.  One of the first large, longitudinal 137 

population resources including data from participants of middle and older ages and open to researchers 138 

world-wide to enable this type of research is UK Biobank.   139 

 140 

Here we describe this pioneering data resource, data and sample collection for which was started 20 years 141 

ago with joint funding from the UK’s Medical Research Council and Wellcome Trust.  UK Biobank includes 142 

participants who have gone on to develop the whole range of diseases of late life, including dementias.1 143 

The longitudinal design enables characterisation of the influences of risk factors and exposures preceding 144 

new diagnoses of a dementia. The comprehensive dataset, which includes family history, genetics, 145 

biomarker, imaging and clinical outcomes data, allows analyses of multiple risk or mechanistic 146 

determinants. The resource also can be used to define antecedent preclinical phenotypes.  The population 147 

is now approximately 73 years old on average, a period in which risks of Alzheimer’s disease roughly 148 

doubles in incidence every 5 years.  Although UK Biobank was not designed specifically to study dementia, 149 

it is becoming a uniquely powerful resource for this. 150 

 151 

Here, on the 20th anniversary since UK Biobank was started, we will describe the study design and 152 

principles of access.  The size, breadth of phenotyping, linkage to clinical records that are continually 153 

updated, open availability of data and serial enhancement with support from the community of users 154 

highlight how it pioneered a new approach to large population epidemiological research.  We will illustrate 155 

ways in which it has been used to study dementia to highlight major strengths of the resource.  We also will 156 

reflect on limitations of the resource and describe some of the ways in which it is being improved for 157 

dementia studies.  Finally, we will look ahead to ways in which the resource might be enhanced in 158 

ambitious ways that could accelerate translation of its findings to support lifelong brain health. 159 

 160 

 
1 https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=41270 
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 162 

UK Biobank: a unique resource for population-based studies of dementia 163 

The size, breadth of data, long duration of follow-up and accessibility of the data for researchers make UK 164 

Biobank a powerful resource for advancing a broad range of studies related to the prevention, diagnosis, 165 

and treatment of common life-threatening and disabling conditions.4  Potential participants were identified 166 

from UK National Health Service (NHS) patient registers between 2006 and 2010 and invitations to join UK 167 

Biobank were sent to almost 10 million adults who lived within travelling distance of one of 22 regional 168 

assessment centres.  Sites for the assessment centres were chosen to ensure their accessibility to 169 

volunteers and the broadest possible demographic representation of the study population. Over 500,000 170 

people aged 40–69 years were recruited across England, Scotland, and Wales.  171 

 172 

This large sample size provides sufficient statistical power to assess relationships between multiple 173 

potential risk factors and a broad range of common health conditions of middle-to-old age2. While UK 174 

Biobank participants are generally healthier than the general population,5 several studies suggest that 175 

exposure-disease relationships observed in the cohort are largely generalisable.  Nonetheless, care must 176 

be taken in instances where volunteer bias could be a concern.  Although the magnitude will vary between 177 

associations (e.g., those involving socio-behavioural traits may be more strongly affected6), participation 178 

bias in UK Biobank can influence effect sizes.  Some studies have applied statistical approaches to adjust 179 

for volunteer biases in UK Biobank.7,8  Care also should be taken when there is a potential for collider bias, 180 

when selection bias can substantially influence observed associations.6  181 

 182 

At the time of recruitment, participants answered extensive questionnaires (including information on 183 

socioeconomic status, education, physical activity, diet, alcohol, smoking, sleep, and social engagement) 184 

underwent a broad range of physical assessments and contributed blood, urine and saliva samples. These 185 

samples have enabled cohort-wide genomic assays, including genotyping, whole exome and whole 186 

genome sequencing data and, for increasing proportions of the cohort, metabolomics (plasma, urine) and 187 

proteomics (plasma). Proteomic assays now are being performed for longitudinally collected blood samples 188 

to allow researchers to assess trajectories over time. Other assays, including those for serological markers 189 

of infection9 and markers of immune response and transcriptomics of blood immune cells also are 190 

underway.  When completed, following short embargo periods (whether the assays are funded by 191 

academic grants or industry) to allow the investigator consortia who funded the assays to explore them first, 192 

results from these will become available to all researchers who request them, 193 

 194 

Of particular relevance for the study of dementia is the availability of a range of longitudinal cognitive 195 

function tests (including measures of reaction time, numeric and prospective memory, fluid intelligence) and 196 

the collection of imaging 3T MRI brain imaging  (along with 3D carotid ultrasound and 1.5T cardiac and 197 

body imaging and dual-energy x-ray absorptiometry [DEXA]) on more than 100,000 participants with plans 198 

 
2 https://www.ukbiobank.ac.uk/media/gnkeyh2q/study-rationale.pdf, accessed 16 April 2025 

https://www.ukbiobank.ac.uk/media/gnkeyh2q/study-rationale.pdf
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to complete follow-up imaging assessments by 2028 on 60,000 of these participants over intervals 2-7 199 

years following their first visits. The cognitive function tests have been validated psychometrically, can 200 

define population level relationships and have some predictive value for incident dementia.10,11  However, 201 

they are not sensitive to individual variation or to specific functional system impairments (e.g., memory). 202 

Some discriminative power may be realised by repeat measures.  Cognitive tests, along with lifestyle 203 

questionnaires, verbal interviews, blood sampling and a range of physical measures (including blood 204 

pressure and anthropometric measures) collected at baseline are being repeated at each imaging visit to 205 

assess changes over time in the imaging cohort. Environmental data, including exposure to pollutants, can 206 

be inferred by relating national meteorological databases to participants’ postal codes. When linked to the 207 

family history and other questionnaire data and extensive clinical, genetic and other biomarker data 208 

included in UK Biobank (Fig.2), a broad range of risk factors for dementia can be discovered and potential 209 

causal mechanisms explored.   210 

 211 

The prospective design of UK Biobank potentially reduces bias caused by “reverse causation” by enabling 212 

assessment of risk factors in many participants before dementias are diagnosed. UK Biobank currently has 213 

about 15 years of complete follow-up of participants’ health via linkage to the NHS electronic healthcare 214 

records, including hospital inpatient records, death and cancer registry records.  Primary care data are 215 

currently available for 45% of the cohort up to 2017. These data may be secured for the full cohort in time. 216 

Primary care data substantively augment that from electronic healthcare records with information 217 

concerning any family history of dementia (complementing the self-reported family histories), clinical 218 

diagnoses, clinical laboratory test results and medications prescribed. Cross referencing of hospital in-219 

patient, death and GP records is needed for the most complete and accurate ascertainment of cases of 220 

dementia (Fig. 1). Consistent with expectations for earlier presentation of people with cognitive impairment 221 

to their GPs in the UK’s health system,  GP records include substantially more unique diagnoses of 222 

dementia than hospital records.12  When combining these data sources, approximately 34,000 of the 223 

500,000 participants are expected to develop dementia by 2030 based on current modelling by UK Biobank 224 

(Fig. 1).  225 

 226 

In addition to UK Biobank’s scale, depth of phenotyping and long follow-up period, what makes the 227 

resource so unique for dementia (and other) research is that the data are available via an open application 228 

process3 to any bona fide researcher from anywhere in the world who is conducting health-related research 229 

that is in the public interest. Access to the data is provided to researchers from academic institutions and 230 

those from commercial organisations on the same basis.   231 

 232 

Access fees (~£10,000 currently, depending on amount of data and numbers of sites in an application) are 233 

levied to recover costs incurred in providing access to the data. This upfront cost is perceived to be a 234 

 
3 https://www.ukbiobank.ac.uk/enable-your-research/apply-for-access, accessed 16 April 2025 

https://www.ukbiobank.ac.uk/enable-your-research/apply-for-access
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barrier to use of UK Biobank data for some.  However, financial support or a full waiver of fees is available 235 

for early career researchers, students, and researchers from low- and middle-income countries4.  236 

 237 

When UK Biobank first made data available in 2012, researchers downloaded the data for their analyses. 238 

However, the subsequent development of secure, cloud-based analytical environments provided UK 239 

Biobank with an opportunity both to streamline access to the data (which, at over 30 petabytes, is now too 240 

large to disseminate) and to have more secure control over access to the participants’ confidential data. A 241 

cloud-based UK Biobank Research Analysis Platform (RAP) was built. This enables researchers to access 242 

and analyse UK Biobank data in situ and ensures the highest levels of security and compliance with the UK 243 

General Data Protection Regulation5. The platform provides a suite of preloaded tools for data analysis 244 

such as R, Python, Jupyter Notebooks and other bioinformatics software, along with scalable computational 245 

resources for processing large datasets such as the whole genome sequencing data. Researchers can 246 

customise their compute environment, install analysis tools, and collaborate on the platform directly with 247 

other researchers approved for the same access application.  248 

 249 

Preferential terms have been negotiated with the provider so that the RAP offers significant cost-savings for 250 

researchers relative to usual commercial cloud-based resources. Researchers also are only required to pay 251 

for storage of data they upload and derive or for their compute utilisation. To help researchers manage 252 

these costs, UK Biobank has received charitable funding to allow all researchers to receive ‘research 253 

credits’ for cloud use that can defray costs for at least some analyses with their UKB-RAP access approval. 254 

However, for university-based researchers who have access to substantial computing capacity at no cost 255 

through their institutions, RAP represents an additional cost that could not have been anticipated by either 256 

them or their funders.   257 

 258 

A particular concern has been raised by researchers from the imaging community because of both the 259 

currently high estimated costs for large scale image analyses within the RAP and because of the relatively 260 

poor support for advanced imaging analyses within the RAP environment.  UK Biobank and the provider 261 

are actively engaging with the imaging community to improve the latter. The current policy also is intended 262 

to be flexible.  If the research involves analyses that simply cannot be performed on the UKB-RAP, 263 

researchers can apply for a project specific exemption for download of the data and analysis in a local 264 

environment.  Finally, some researchers may be unfamiliar with programming and work within a cloud 265 

environment.  There are a range of training resources for researchers on the web6.  More are expected to 266 

be added in time (e.g., for image analysis). 267 

 268 

UK Biobank already has had an impact on dementia research (Fig. 3, Table 1). In addition to studies of 269 

relative cognitive performance of heathy participants, a major focus of research with the still relatively 270 

 
4 https://www.ukbiobank.ac.uk/use-our-data/fees/financial-support 

 
5 https://www.gov.uk/data-protection, accessed 31 March 2025 
6 https://www.dnanexus.com/partnerships/ukb-rap-user-help-center/webinars 

https://www.gov.uk/data-protection
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young UK Biobank cohort (the mean age at recruitment was 58 years old and the current median age of 271 

surviving participants is 73 years old [range 57-86 years old]) has been on understanding the prodromal 272 

stages of dementias and Parkinson’s disease (PD), which is itself a risk factor for dementias (e.g., 273 

Parkinson’s disease dementia [PDD], dementia with Lewy bodies [DLB] and AD). Related investigations to 274 

define genetic risks and the effects of to lifestyle and environmental exposures have been enabled by 275 

geographical and socio-economic diversity in the data. 276 

 277 

 278 

New insights into determinants of dementia risk and disease mechanisms arising from UK Biobank 279 

Genetic risks for dementia 280 

Genetic data and its linkage to individual phenotypic and health data in UK Biobank have been a widely 281 

exploited enhancement to the resource.  UK Biobank data have played a pivotal role in the identification of 282 

genetic risk loci for AD.     283 

 284 

Early genome-wide association studies (GWAS) for AD included relatively small sample sizes (1000’s of 285 

individuals) compared to the “mega-meta analyses” (hundreds of thousands of individuals) that are 286 

significantly enabled by UK Biobank data. Because there have historically been smaller numbers of 287 

participants with AD in the relatively young UK Biobank whose data could contribute to a genetic 288 

association study, the comprehensive family history data was leveraged for “diagnosis by proxy” in which 289 

those who self-reported one or both parents having a dementia diagnosis are considered as proxy cases.  290 

A number of studies have shown the utility of using an association study design based entirely on these 291 

proxy cases (in genome-wide associations by proxy or GWAX) by replicating association with loci identified 292 

by GWAS studies of clinically diagnosed cases.13-15 Some concerns have been raised about potential 293 

biases this introduces.16,17 Measurement errors in family health history surveys can lead to inclusion of both 294 

AD and non-AD dementia cases and thereby attenuate genuine genetic associations for AD. Combining 295 

GWAS and GWAX without accounting for heterogeneity among the associations can lead to substantial 296 

downward bias in heritability estimation18.  However, there are methods to mitigate these issues such as 297 

exclusion of individuals who have not reported or do not know about their parents’ health from analyses, 298 

weighting proxy case status by the number of parents with a dementia diagnosis19 and controlling for 299 

parental age.  The most recent AD and related dementias (ADD) combined GWAS/GWAX included data 300 

from 111,326 clinically diagnosed or “proxy” cases of AD (46,828 of these were “proxy” cases from 301 

amongst the UK Biobank participants) and identified 75 risk loci in total, of which 42 had not been reported 302 

by previous GWAS studies.20  303 

 304 

These data have substantively informed current hypotheses regarding mechanisms for genesis of the 305 

disease. A key observation has been the enrichment of genetic risk loci in specific biological pathways, 306 

such as for amyloid, tau, lipid processing, endocytosis and innate immune responses, highlighting their 307 

potential roles in the genesis of AD.15,20,21 15,20,21 Leveraging the more recent availability of whole exome 308 

sequencing data in UK Biobank has enabled large-scale analyses of rare variation resulting in the 309 

identification of additional novel risk loci for AD.22,23  Data also have been used to develop polygenic risk 310 
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scores (PRS) predictive of future dementia risk (Box 1)20,24 and in Mendelian randomisation (MR) analyses, 311 

whereby genetic variants are used as instruments to assess causality of an observed association 312 

 313 

 314 

Digital biomarkers for disease risk prediction 315 

Passively acquired digital measures of activity are providing powerful measures of variety of phenotypic 316 

feature that are sensitive neurodegenerative disease or risk.  Wearable sensors, such as wrist-worn activity 317 

trackers, allow for passive data collection and therefore do not rely on participant recall, and they are 318 

minimally invasive and easy to use.   319 

 320 

Between 2013 and 2015, over 100,000 UK Biobank participants wore Axivity Ax3 wrist accelerometer 321 

devices for one week to objectively measure physical activity throughout the day.  The most fully developed 322 

work to date has explored Parkinson’s disease (PD); researchers have used these data to discover 323 

measures of dementia risk and brain health based on features that can be derived from these data such as 324 

sedentary time,25-27 average acceleration,27-29 step count30  and circadian rest-activity rhythms.31-34 325 

Research using UK Biobank data has highlighted the potential health benefits associated with moderate-to-326 

vigorous physical activity (MVPA) in mid-to-older age, which included a 45% reduced risk of PD and 327 

reductions in risk for future dementia. 35 29 A more recent nested cohort study design using UK Biobank 328 

(Fig. 4A) has discovered specific accelerometry features sensitive to early or prodromal PD: lower average 329 

acceleration with movement was found to be sensitive to risk of future disease in participants up to seven 330 

years before a clinical diagnosis of PD was made (Fig. 4B).35 The  wide range of data in UK Biobank 331 

allowed investigators also to show that accelerometry data may outperform other predictive biomarkers 332 

considered independently (genetics, lifestyle factors, and blood biomarkers) in early prediction of a 333 

diagnosis of PD (Fig. 4C).  334 

PD is of interest in the context of this review because PD shares risk factors and neurodegenerative 335 

mechanisms with other disorders in the ADRD spectrum and is a risk factor for AD. 32,36  In addition to 336 

reduced daytime movement acceleration, sleep-related features such as a shortened consecutive sleep 337 

duration distinguish preclinical PD from other neurodegenerative conditions (Fig. 4).35 Moreover, 338 

accelerometry-derived features may add considerable additional information to that available from genetic, 339 

lifestyle, and blood biomarkers (Fig. 4C). Different features of the accelerometry time courses may be 340 

sensitive to different diseases, e.g., analytical metrics that can be derived from the same data were shown 341 

able to predict the future onset of AD in the UK Biobank population.32  342 

However, these studies also highlight some general limitations of the UK Biobank data for the study of 343 

prodromal disease. To date, as primary care data are linked only for a minority of participants, researchers 344 

must place greater reliance on hospital inpatient data, which are likely to record diagnoses later, and the 345 

relatively sparse medication records (e.g., only ~5.4% of PD cases documented use of symptomatic 346 

treatments).35 Consequent apparent delays in recorded diagnoses (~2.3 years for PD) can inflate predictive 347 

models. Improving data accuracy and more comprehensive access to primary care records will be critical 348 
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for enabling future studies. There also are limitations specific to the accelerometry data.  For example, a 349 

single one-week accelerometry data collection period does not allow for the assessment of long-term 350 

progression.  There is a strong case for longer-term or repeated movement data capture from UK Biobank 351 

participants in the future.  The availability of clinical, genetic, exposure and a growing amount of multi-352 

variate plasma biomarker data offers the opportunity for future exploration of whether more accurate or 353 

specific early diagnoses can be made by optimising the integration of multiple risk factors and potential 354 

indices of early disease expression.  355 

 356 

 357 

UK Biobank brain imaging for pathology-related gene discovery and pre-clinical disease 358 

characterisation  359 

The UK Biobank multi-modal imaging enhancement (2014- date) is acquiring brain and body MRI imaging, 360 

3D carotid ultrasound and DEXA from over 100,000 participants and approximately two-thirds are being 361 

invited back for a second scan.  This will allow measures of longitudinal brain (and body) changes over 362 

interscan intervals ranging from 2-7 years.37 The different types of brain MRI that are being used provide 363 

measures of brain structure, function, connectivity and microstructure.38 Although conducted across four 364 

imaging centres, a strong focus on harmonisation of the scanners and imaging protocols and close 365 

monitoring of image quality have supported generation of an exceptionally high quality dataset.39 The 366 

unprocessed image data and over 4000 imaging-derived phenotypes (IDPs), each providing a measure 367 

based on a different brain structural or functional feature, are available in the database for researchers to 368 

use.  369 

 370 

The cost, logistical complexities and concern for the impact of adding a radioactive biomarker test on 371 

subject recruitment have so far precluded the inclusion of amyloid or tau PET scanning.  However, MRI 372 

provides other markers related to relevant disease processes.40,41 The new longitudinal imaging data will be 373 

of particular interest for dementia research because it allows more sensitive, individually normalised 374 

measures of progressive regional brain atrophy, which shows patterns distinct for different types of 375 

dementia (e.g., early relative hippocampal atrophy for AD vs. early relative fronto-temporal cortical atrophy 376 

for frontotemporal dementia), or changes in white matter T2  -hyperintense lesion counts in cerebral small 377 

vessel disease (cSVD, Box 2).40 Additional MRI-derived measures such as functional connectivity (an index 378 

of brain activity) or quantitative magnetic susceptibility (QSM, which is sensitive to differences in tissue iron 379 

and myelin) are examples of complementary markers sensitive to phenotypic variation in the population 380 

and to early dementia or other neurodegenerative disease.42-44 381 

 382 

Because of the large dataset and consistently acquired imaging data, even weaker associations of imaging 383 

derived measures and phenotype or genetics can be discovered and researchers have been able to 384 

discover evidence for previously unrecognised aspects of preclinical stages of dementia.45 46  For example, 385 

an exploration of the age-dependence of associations between the genetic risk score for AD and localised 386 

brain atrophy consistent with early neurodegeneration discovered trends beginning as early as middle age 387 

(45-53 years old) for “trans-modal” limbic, subcortical, hippocampal and orbitofrontal grey matter 388 
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differences that could be related to genetic variation in the MAPT gene cluster (Fig. 5).47 This interpretation 389 

has been strengthened by independent evidence for causal relationships between structural brain imaging 390 

signatures of AD or frontotemporal dementia and clinical disease based on an independent two-sample MR 391 

analysis.48 Other efforts are employing new imaging derived measures of brain differences in disease to 392 

enhance the discovery of novel genetic associations from which new mechanistic hypotheses can be 393 

derived, such as that higher iron deposition in subcortical brain regions contributes to neurodegeneration in 394 

Parkinson's disease and non-Alzheimer's dementia.49,50  As an intermediate phenotype, brain imaging can 395 

discover influences of potentially modifiable risk factors and identify brain regions that mediate relationships 396 

between genetic variation and dementia.51 An illustrative study used lifestyle measures to calculate a 397 

surrogate measure of cognitive reserve and then to demonstrate that cognitive reserve modulates 398 

relationships between cardiometabolic disease and dementia and brain volume loss.52  Other studies have 399 

provided evidence for interactions between dementia risk factors (e, g., alcohol use, diabetes and air 400 

pollution) and ranked their relative impacts on brain structure and dementia.51,53,54  Together, these highlight 401 

the value of imaging measures as for mechanistic hypothesis generation concerning genetic and other risk 402 

factors.   403 

 404 

 405 

Emerging proteomic and lipidomic biomarkers of disease and risk  406 

To date, the UK Biobank Pharma Proteomics Project consortium (UKB-PPP) has supported measurement 407 

of 2923 blood plasma proteins in over 53,000 participants.  Currently, UK Biobank is the world's largest 408 

population dataset for exploring relations between plasma protein levels, health and disease.155  A number 409 

of studies already have tested models for prediction of future dementia and other diseases based on 410 

multivariate plasma protein profiles measured from samples collected during baseline assessments of the 411 

UK Biobank participants.56-58  Well established markers of brain neuronal damage (neurofilament light 412 

chain, Nfl) and reactive astrocytes reactivity (glial fibrillary acidic protein, GFAP) were found to change 413 

more than 10 years prior to dementia diagnosis.58 The accuracy of proteomics measures to predict 414 

dementia independently was similar to combinations of genetic, health and lifestyle measures.56  MR has 415 

been used to identify CEND1 and SYT1 as having potentially causal roles in AD.59  Separate analyses of 416 

body and organ proteomic “aging clocks” demonstrated that proteomically “older” individuals have a higher 417 

likelihood of future dementia diagnosis and separately mapped differential contributions of genetics and 418 

exposures to organ-specific aging.60,61  An analysis of the association between poor cardiovascular health 419 

and incident dementia identified growth/differentiation factor 15 (GDF15), a plasma peptide that is 420 

associated with aging, as a mediator of this association.62  Much more can be expected in the near future 421 

with the 2025 announcement that UKB-PPP will further enhance the resource to include assay data on 422 

5,400 proteins using the most recent version of Creative Proteomics antibody-based Olink technology, 423 

Olink Explore HT7. These assays will be conducted on baseline samples from all of the UK Biobank 424 

participants and on the 100,000 repeat samples taken up to 15 years later from the subset of volunteers to 425 

 
7 https://olinkpanel.creative-proteomics.com/panel/olink-explore-ht-

panel.html?gad_source=1&gad_campaignid=22941706220&gbraid=0AAAAADopmboCPRuLld8oOwAupFdbTExZZ&gclid=Cj

wKCAiAlrXJBhBAEiwA-5pgwjx-_vLI3y4UB4-1YJJXMzczA3GbirBodRIBBoC7B8V135Kqw0ubtRoCjX0QAvD_BwE 
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the imaging enhancement.8  In accordance with standard access sample procedures for UK Biobank, the 426 

fourteen biopharmaceutical companies funding the project will have a 9-month exclusivity period for use of 427 

the assay data before it is made available to all approved researchers. 428 

 429 

Plasma nuclear magnetic resonance (NMR) measures of 250 lipoprotein lipids, fatty acids, and small 430 

molecules such as amino acids, ketones, and glycolysis metabolites were made available for 300,000 UK 431 

Biobank participants in 2023, with data on all 500,000 participants made available at the end of 2025.63  432 

These measures have been used to characterise metabolomic profiles for the different dementias.64,65 433 

Plasma metabolites profiles are sensitive to gene variation associated with risk of AD.66  Subsets of the 434 

metabolites (including, e.g., lipoprotein lipid concentrations, linoleic acid, sphingomyelin, glucose, and 435 

branched-chain amino acids) were found to be predictive of future dementia diagnoses.  Similar 436 

associations were identified in analyses of serum lipids across 470,294 participants.67 437 

 438 

 439 

Modifiable risk factors for dementia 440 

There is major public health interest in identifying risk factors that, if reduced, could lower the future 441 

incidence of dementia. The 2020 and 2024 Lancet Commission reports on dementia identified 14 442 

modifiable lifestyle and environmental risk factors for later-life dementia.68,69 The initial report estimated that 443 

around 45% of cases of dementia are potentially preventable. The size, depth of characterisation and 444 

heterogeneity of exposures of participants in UK Biobank already have made it a singularly important 445 

resource for characterising environmental exposures and other potential modifiable risk factors for 446 

dementia (Table 1).27,70 The potential clinically meaningful impact of their modification for prevention of 447 

dementia also has been highlighted in a recent comprehensive analysis of their joint associations with 448 

dementia.  Even so, associations discovered need to be interpreted with consideration of the role of reverse 449 

causation bias even with the longitudinal observation possible using UK Biobank: observed associations 450 

may be indicative of changes in behaviour during preclinical and prodromal stages of dementia, rather than 451 

causal associations for primary prevention. 71,72  Some of this concern can be mitigated by using MR to test 452 

for evidence of causal relationships between dementia and genetic proxies of modifiable risk factors50, 453 

although limitations imposed by the specific assumptions of MR need to be considered in each case.73 454 

 455 

 456 

Discovering new modifiable risk factors 457 

The Lancet Commission considered that evidence for sleep disturbance and diet was insufficient to include 458 

them in the list of modifiable risk factors for dementia despite results suggesting associations.69 These have 459 

been active recent areas for further investigation using UK Biobank. For example, self-reported long sleep 460 

duration (>9 hours/night) was associated with a higher risk of AD independent of the AD genetic risk.74 461 

Objective measures of sleep from accelerometry have shown associations of deterioration in measures of 462 

 
8 www.ukbiobank.ac.uk/learn-more-about-uk-biobank/news/launch-of-world-s-most-significant-protein-
study-set-to-usher-in-new-understanding-for-medicine 
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sleep with Parkinson’s disease and other dementias35 and another study suggested a U-shaped 463 

association between sleep regularity and incident dementia.33  MR studies have provided additional 464 

evidence that both extremes of short and long sleep duration across the participants reduce cognitive 465 

performance.75  466 

 467 

Computerised 24-hour diet recall questionnaires in UK Biobank (Oxford WebQ), also have been used to 468 

investigate the effect of diet on risks of dementia. For example, habitual consumption of the Mediterranean-469 

DASH Intervention for Neurodegenerative Delay (MIND) diet,76 which emphasises consumption of 470 

vegetables, fruits, whole grains, and healthy fats, was associated with a reduced risk of Alzheimer’s 471 

disease.77 Consistent with this, a study of a subset of the cohort showed that higher adherence to the 472 

related Mediterranean diet was associated with decreased dementia risk.78  However, MIND diet adherence 473 

in a larger group found evidence for a lower dementia risk only in women.79  This illustrates the 474 

opportunities provided by UK Biobank for researchers to re-assess analyses performed and published by 475 

others using the same data.  Over time, this will contribute to much greater confidence in consensus results 476 

generated based on different, independent analyses.  477 

 478 

Differences in dietary associations for different types of dementia have been found. For example, fish oil 479 

supplement use was associated with reduced risk of all-cause dementia and cSVD (but not AD), although 480 

the apparent benefit was attenuated with increasing APOE ε4 dosage.80 Complex relationships between 481 

dietary factors and dementia demand close scrutiny in the future because of their potential dependence on 482 

the model used for analysis.  For example, J-shaped or U-shaped associations were found between risks of 483 

all-cause dementia and the consumption of coffee or tea, respectively in hypertensive participants.81  An 484 

important caveat to all of these studies is that they are based on self-reported diet diaries taken at one point 485 

in time and, as observational studies, cannot fully correct for confounds. As a potential example of the latter 486 

for the case of coffee consumption, despite the evidence for association, Mendelian randomisation across 487 

UK Biobank and other European cohorts failed to provide evidence for any potentially causal relationship 488 

between coffee consumption and late life cognition. 82 489 

 490 

The latter results highlight the fundamental strength conferred by the open access policy of UK Biobank: 491 

multiple research groups can rapidly test the reproducibility of new studies using the same data.  This 492 

encourages “self-correction” by the scientific community.  For example, a recent study linking hearing aid 493 

use to dementia risk was retracted after an independent group attempted unsuccessfully to replicate the 494 

findings, which were discovered later to be confounded by a computational error.83. 495 

 496 

UK Biobank is helping to extend the range of modifiable risk factors identified.  A particularly topical area of 497 

exploration has been for links between infections and later dementia diagnoses.84  Hospital-treated 498 

infections were associated with raised rates of both AD and all-cause dementia.85  A comprehensive study 499 

of associations between neurodegenerative diseases and virus exposures across UK Biobank and 500 

Finland’s FinGenn biobank found 22 replicated virus-disease associations with AD, PD, multiple sclerosis, 501 

amyotrophic lateral sclerosis or cSVD diagnoses with elevated risks persisting for up to 15 years following 502 
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infection.86  UK Biobank’s Infectious Disease Pilot Study, which provides serology for 20 pathogens in 503 

10,000 participants, was used to discover increased risk for dementia in participants seropositive for HSV1 504 

and other viruses of the Herpesviridae family.9  Records of influenza vaccination in the Biobank were 505 

associated with a reduced risk for incident dementia.87  Enabled by a series of initiatives allowing UK 506 

Biobank to acquire additional data to study impacts of SARS-CoV-2 on its volunteers early in the 2019-507 

2023 pandemic, evidence for mechanistic relationships between effects of infection on the brain leading to 508 

acceleration of pathology related to AD was reported recently (Box 3).  Further enhancements to UK 509 

Biobank using the extensive biosamples collected, such as the new plasma proteomic assays and an 510 

expanded range of markers of exposures to infectious diseases, are likely to add further to understanding 511 

of the associations discovered and the underlying mechanisms responsible.   512 

 513 

 514 

Future opportunities to enhance UK Biobank for future dementia studies 515 

Major strengths of UK Biobank for discovery of risk factors for dementia are the size, longitudinal design 516 

and the breadth and depth of data acquired on participants. The scientific value of UK Biobank data for 517 

dementia research also continues to grow with the increasing number of incident cases as the population 518 

ages. Moreover, stored biosamples from participants, including repeated samples from large proportions of 519 

the cohort, are available for additional assays.  For example, as methylation patterns on the genome are 520 

responsive to exposures, currently planned epigenetic assays (using long-read sequencing) on 50,000 521 

participants should enable better estimations of lifetime environmental exposures and their impacts on 522 

future clinical outcomes.  Additionally, as DNA methylation increases with biological age, they can provide 523 

new insights into ageing-related physiological processes.  In conjunction with what already is available, 524 

these new data will offer exciting opportunities to gain deeper insights into the molecular mechanisms 525 

underlying different causes of dementia and enable identification of biomarkers for earlier diagnoses or risk 526 

stratification and discover novel candidate therapeutic targets.57-59,88 527 

 528 

UK Biobank is at an inflection point in its utility for dementia studies. Numbers of incident cases are rising 529 

sharply as the participants age (Fig.1), increasing the statistical power to explore associations with lifestyle 530 

exposures.  However, fundamental limitations for dementia research that need to be better addressed if the 531 

resource is to be made more useful are the current relative insensitivity of cognitive data to early disease, 532 

the completeness of ascertainment of participants with dementia and the accuracy of diagnoses for cases 533 

reported.  534 

 535 

There are promising developments to address these issues.  With implementation of the RAP, data security 536 

requirements have been met that should allow access to primary care data on all UK Biobank participants.  537 

The inclusion of primary care data for all participants would double the number of people identified with 538 

dementia and will allow identification of dementia at earlier stages of progression (Fig. 1).12,89.  Online 539 

cognitive testing batteries more sensitive to age-related cognitive decline and impairment on an individual 540 

level now are available90 and plans for their addition online delivery to participants are well advanced.  541 
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But more will need to be done. For example, even with this further case ascertainment from medical 542 

records, about half of dementia cases are likely to be unspecified, with additional misdiagnosis and 543 

underdiagnosis.  To better address this and other current limitations of UK Biobank for dementia studies, a 544 

new initiative, the UK Biobank Brain Health Study, is being developed to enhance the phenotyping and 545 

specificity of diagnoses of participants with established disease The assessment ultimately will involve 546 

recall of thousands of UK Biobank participants per year who have been identified via their medical records 547 

or self-report as having diagnosis of new onset cognitive impairment or dementia for additional cognitive 548 

assessments (including the MoCA as a measure of global cognition), detailed sensory and motor function 549 

examinations, additional brain MRI scanning and blood sample collection (to measure current levels of 550 

biomarkers of particular relevance to neurodegeneration, such as brain-derived tau protein isoforms, 551 

amyloid betas, neurofilaments) during a specialised assessment centre visit, followed by additional data 552 

collection remotely. With success, there is the potential for extension of the procedures conducted during 553 

assessment visits to include cerebrospinal fluid sampling for a subset of the cohort, data from which could 554 

be used for interpretation of plasma biomarker measures more widely in UK Biobank.  More ambitiously, 555 

amyloid PET scans might be able to be conducted on a sub-population of the Brain Health study 556 

participants in time.91  This would enable, for example, diagnoses of limbic-predominant age-related TDP-557 

43 encephalopathy (LATE), a recently defined and common dementia that mimics the clinical symptoms of 558 

AD.92 559 

 560 

Use of mobile app technologies present another promising opportunity to collect detailed information on 561 

physical activity, sleep patterns, speech and spoken language, light exposure and geo-location for large 562 

proportions of the participants. This approach may also be particularly well suited for people with dementia, 563 

as many already use mobile devices in their daily lives. Patterns learned from wearables are expected to 564 

improve pre-morbid differentiation between people at risk or with AD, dementia with Lewy bodies, and PD 565 

dementia to refine future genetic and risk factor association studies.93,94 Expanding linkages to other 566 

datasets, such as those for including detailed outdoor air quality data, will make the resource even more 567 

valuable and relevant to emerging areas of interest.95 Finally, developing plans to invite all surviving UK 568 

Biobank participants for another full in person assessment would allow all of the data collected at baseline 569 

to be repeated with some additional data related to frailty and ageing (e.g., more comprehensive cognitive 570 

and motor assessments), vision (OCT and eye tracking) and hearing.  This would be singularly valuable for 571 

enabling research into the determinants of prodromal neurodegenerative disease and the development of 572 

early disease biomarkers as the population is aging and the incidence of dementia is rising. As long as the 573 

extraordinarily high commitment shown by UK Biobank participants is maintained, the primary practical 574 

limitations to these additional enhancements are simply their costs when scaled to the size of the cohort 575 

and the logistical challenges of delivering them efficiently and in a way that maintains a positive experience 576 

for volunteers. 577 

 578 

Conclusion 579 
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UK Biobank initially was highly controversial.96 Prominent geneticists argued that more targeted 580 

studies could deliver genetic associations more quickly, the use of research data for research that 581 

would be defined in the future was argued by some critics to be inconsistent with principle 582 

informed consent and the plans to treat data access for companies and academic research 583 

scientists on equal terms was highly contentious.  Only a strong lead from the Wellcome Trust and 584 

the UKRI MRC allowed its successful initiation. 585 

 586 

Since then, the value of genetic investigations of a deeply, precisely phenotyped population has 587 

been shown repeatedly, despite its heterogeneity.  The model of broad consent with continued 588 

oversight by an independent ethics and governance committee and protected by the right to for 589 

participants withdraw from their data from the resource at any time has been accepted by 590 

participants, researchers and the wider public.  The open model allowing bona fide researchers 591 

from academia or industry access to the data on equal terms - as long as they contribute their 592 

derived measures back to UK Biobank to be used by others - has been shown to be hugely 593 

successful.  Repeated examples of industry support for major enhancements to the resource (e.g., 594 

for genetics, proteomics and imaging) that benefit all users and the more than 18,000 peer 595 

reviewed publications citing the resource as of mid-2025 are testimonies to this success.  596 

 597 

As the population ages, the value of the resource for dementia research is rising with numbers of 598 

incident cases of dementia.  The size, depth of characterisation of the participants, and availability 599 

wide clinical outcomes data have enabled UK Biobank uniquely.  This population-based study 600 

provides a powerful adjunct to disease-cohort natural history studies. Moreover, it directly 601 

addresses the critical needs to understand the genesis of dementias and to discover effective 602 

preventative strategies.  With rapidly rising numbers of older people at risk, particularly in the 603 

developed world, public health systems will not be able to cope with the costs of care and 604 

treatment of established disease, even if effective approaches for the latter are found.  605 

 606 

As UK Biobank enters its third decade, we encourage researchers to contribute ideas and lead in 607 

raising new funding to enable UK Biobank to make step changes in its capabilities for dementia 608 

research.  Given the breadth of data already available on cohort participants, the infrastructure in 609 

place for management of the study and the remarkable commitment of the participant 610 

community, further investment in UK Biobank will deliver high value.   There is a growing 611 

opportunity to exploit this resource for dementia research. 612 

 613 

 614 

 615 
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 616 

Tables 617 

 618 

Table 1. Examples of how data from UK Biobank has contributed to better defining modifiable risk 619 

factors for dementia identified by the Lancet Commission. 68,69 620 

 621 

Risk 

Factors 

Illustrative examples of related studies 

Depression Supporting the hypothesis of modifiability of risk, both an increased risk of 

developing dementia for UK Biobank participants who reported depression and a 

relatively reduced risk for those with treated depression was found.97 

Hearing and 

vision loss 

Amongst dementia-free participants aged ≥60 years, there was increased risk of 

dementia among participants with objectively measured poor speech-in-noise 

hearing.98 There also was both an increased risk of dementia in those with cataracts 

and a lower dementia risk in others treated surgically.80 

High LDL 

cholesterol 

An association of lower testosterone levels with increased AD risk was shown to be 

mediated through increases in low-density lipoprotein cholesterol (LDL) and 

obesity,99 a finding strengthened by follow up two-sample MR studies that show a 2-

3 fold increased risk of developing AD per standard deviation increases in blood 

levels of total cholesterol and of LDL-cholesterol.65 

High blood 

pressure 

UK Biobank studies have highlighted heterogeneity in the influence of hypertension 

on different dementias.  Earlier onset of hypertension was associated with a higher 

incidence of all cause late-life dementia and MR suggested a causal relationship. 

However, an independent study showed that genetic proxies for hypertension were 

associated with a reduced risk of AD.100,101 A recent preprint has used MR to confirm 

an association of genetically proxied systolic blood pressure with an increased risk 

of all types of dementia and vascular dementia, but not AD.102  

Obesity While an initial study concluded that higher body mass index (BMI) at the baseline 

visit was associated with a lower risk of dementia after 8 years of follow up,4  a 

subsequent study of a subset of the cohort with a mean of 8.7 years of follow up 

found evidence for a U-shaped association between BMI and dementia: more upper 

limb fat and less fat-free mass was associated with a higher risk of dementia.103 Two 

subsequent studies focusing on participants with a low muscle mass-high body fat 

phenotype (sarcopenic or dynapenic obesity) has extended this observation, 

reporting that obesity with low muscle mass is associated with increased dementia 

risk particularly for women, participants < 65 years old and those who do not carry 

the ApoE4 risk allele.  

Smoking Smoking was associated with an increased risk of dementia, with the highest age-

specific hazard ratio (HR) occurring in the youngest age group (40 - 49 years old at 
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baseline) in UK Biobank.104 Early-life tobacco exposure, including maternal smoking 

during pregnancy, was also associated with an accelerated onset of dementia.105  

Effects of a smoking history on dementia risk were modified by the apolipoprotein E 

(APOE) genotype in older participants (60-73 years old at baseline).106  

Social 

isolation 

Social isolation amongst UK Biobank participants, but not loneliness, was 

associated with an increased risk of dementia. Socially isolated individuals also had 

lower grey matter volumes on brain MR.107   

Diabetes Compared to people without diabetes, people with type 2 diabetes in UK Biobank 

had an increased risk of all-cause dementia.  Associations were strongest for 

women and amongst those with a younger age at diabetes onset.108,109 There also 

was a trend for people whose diabetes was diagnosed before age 55 to have a 

higher risk of developing cSVD.  However, despite robust associations of diabetes 

with AD, genetic risk determinants for diabetes do not contribute significantly to AD 

risk.110 Together, these results suggest that diabetes potentiates other more directly 

acting risk factors potentially related to recognised complications of diabetes that 

themselves are responsible for doubling the risks of all-cause dementia and AD.  

Lower levels 

of education 

Several studies using UK Biobank data have reinforced a positive association of 

more education and a higher socio-economic status (SES) with better cognitive 

health.52,109,111-113 Higher cognitive reserve (as defined by greater education and 

participation in cognitively engaging occupations and activities at the time of 

assessment) was associated with a reduced dementia risk and slightly delayed 

onset of dementia on average.113  

Physical 

inactivity 

UK Biobank participants with the highest compared to the lowest fifth of reported 

leisure-time physical activity were less likely to develop dementia, while those who 

were most sedentary based on self-reported data had a higher risk. This was 

confirmed by objectively measured accelerometery: higher daily MVPA of just 14.5 

minutes was associated with lower risks of AD comparable to two years of 

aging.26,30,114,115   

Excessive 

alcohol 

consumption 

An early study using MR suggested a causal (linear) relationship of alcohol intake 

with dementia risk.116 Concordantly, there was a continuous relationship between 

greater alcohol consumption and lower brain volumes across a full range of alcohol 

consumption, suggesting that any alcohol intake reduces brain health.117,118 

However, another analysis provided evidence for heterogeneity in responses across 

the population:  “non-moderate” patterns of alcohol intake by participants in UK 

Biobank of either kind– either zero or >2 (men) or >1 (women) drinks per day – were 

associated with increased risks of dementia but risks varied with age, being higher in 

younger participants (40 to 49 years at baseline).104 Together, these provide an 

illustration of the value of open data for multiple, independent analyses to better 

define levels of confidence in conclusions than is possible from single studies. 
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Air pollution Exposure to multiple air pollutants (PM2.5, PM10, NO2, and NOx) was associated with 

an increased risk of dementia, especially among participants with high genetic 

susceptibility.119 Risks for different dementias may vary; elevations in PM2.5 are 

associated with greater risks of all-cause dementia and AD, while NO2 is associated 

with greater risk of any incident dementia, AD and cSVD.51,95  A healthy lifestyle may 

favourably modify this.120,121 

  622 

  623 
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Text boxes 624 

 625 

Definitions 626 

AD  Alzheimer’s disease 627 

ADRD Alzheimer’s disease and related disorders, a general term that includes Alzheimer’s disease 628 

and other disorders such as frontotemporal degeneration (FTD), Lewy body dementia (LBD), 629 

and cerebral small vessel disease (cSVD) that share late-life impairment of cognitive 630 

performance across multiple dimensions (e.g., memory, reasoning, and language) with 631 

neurodegenerative pathology. Parkinson’s disease dementia (PDD) often also is included. 632 

BMI The body mass index, calculated by dividing an individual’s weight in kilograms by their 633 

height in meters squared (kg/m2), provides a simple index of how body mass related to body 634 

composition.   635 

cSVD Cerebral small vessel disease is a heterogeneous group of disorders associated with 636 

narrowing or blockage of brain microvasculature, classically related to stroke, gait disorders 637 

and cognitive impairment. 638 

DEXA Dual-energy x-ray absorptiometry, a clinical imaging method that uses two very low energy 639 

X-ray beams of different wavelengths to measure bone density and body relative lean and 640 

fat mass.  641 

GP A primary care doctor in the UK. Typically, the first regular point of contact for people in the 642 

UK with general health problems needing medical attention. 643 

GWAS A Genome-Wide Association Study, in which DNA single nucleotide polymorphisms (SNPs) 644 

of people with a diagnosis of a disease of interest are contrasted with those from people who 645 

do not have the diagnosis.  Differences in associations define those SNPs related to the 646 

expression of the disease or phenotype of interest.  SNPs can be related to the structure or 647 

expression of genes.  648 

GWAX A Genome-Wide Association Study by proxy is a variant of the GWAS that uses a proxy 649 

(e.g., family history of a disease) instead of an individual’s expression of that disease or 650 

phenotype to identify associated SNPs.  In the case of a late life disease like AD, larger 651 

numbers or younger populations can be used to discover associated SNPs as this approach 652 

does not rely on clinical disease expression. 653 

HR Hazard ratio, a ratio expressing the frequency of an outcome (e.g., disease) typically in a 654 

disease population relative to a healthy or other reference group. 655 

IDP An Image Derived Phenotype is a quantitative feature derived from imaging that describes 656 

some aspect of individual phenotype. 657 

MR Mendelian randomisation is an analytical approach to testing for a potential causal 658 

relationship between a risk factor or exposure and a health (or other) outcome of interest. It 659 

relies on the prior independent identification of SNPs associated with both factors. The 660 

method relies on the random inheritance of genes and is useful when random allocation of 661 

subjects to comparator groups for testing comparator groups is not practical. 662 

MVPA  Moderate-to-vigorous physical activity 663 

https://www.google.com/search?q=Genome-Wide+Association+Study+by+proxy&sca_esv=3667fffe2cbb1e60&rlz=1C5GCEM_enGB1172GB1172&sxsrf=AE3TifOTgeNf-GMysrDkPbdWWyHrr2TaSw%3A1764536104241&ei=KK8sacm7DvKghbIP15LKmAQ&ved=2ahUKEwip1uWq4pqRAxUKXEEAHV6IFmUQgK4QegQIARAC&uact=5&oq=definition+GWAX&gs_lp=Egxnd3Mtd2l6LXNlcnAiD2RlZmluaXRpb24gR1dBWDIFECEYoAFIghBQwwJYiAxwAXgBkAEAmAGfDaABixGqAQc0LTEuOC0xuAEDyAEA-AEBmAIDoAKeEcICChAAGLADGNYEGEfCAgQQIxgnwgIGEAAYFhgewgIIEAAYFhgKGB6YAwCIBgGQBgiSBwkxLjQtMS43LTGgB48IsgcHNC0xLjctMbgHlxHCBwUwLjEuMsgHDA&sclient=gws-wiz-serp&mstk=AUtExfBgSClnpuXibg9m9u8plYvdDTngzC3z6yzyYWQ0EeHyjvx-FbutDGtRvH6i1kS-OLiy810-0c6sa4fa0BaJhz-jT6kRgC7T0WZOc4Isn3cnA21bwYIft8ZydAhJmlu9yiGDe9QMAnvqdfUXTAftMQy9PFXZ-1uVF7DVF1-l14HPCLlrXPrpiomDJTzBfDR6JjiedGEnJsh8tMEEbRV80wRT_gMesWtJFx190FdAHmT6NobZg_3SQL682nQBcxdU5SNn1n9sUWcyu6UiD50mqcsz&csui=3
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PD  Parkinson’s disease 664 

PM2.5  Heterogeneous microparticulates, typically in air, with a diameter of 2.5 m or less. Small 665 

particulates in this range are associated with adverse effects on human health. 666 

PRS The polygenic risk score estimates the magnitude of an individual’s genetic predisposition to 667 

a complex disease. It represents a simple sum of the genetic risks conferred by each of the 668 

SNPs carried by that individual which are associated with a disease.  669 

SNP A Single Nucleotide Polymorphism  is a single nucleotide difference in DNA sequence that 670 

is found in at least 1% of the population. 671 

QSM Quantitative Susceptibility Mapping refers to images generated using MRI contrast based on 672 

phase of gradient-echo MRI data. The maps of local magnetic susceptibility, a measure of 673 

the magnetic field, are highly sensitive to the distribution of cell iron and myelin. 674 

 675 

 676 

  677 
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 678 

Box 1. Polygenic risk stratification for dementia  679 

Polygenic risk scores (PRS) provide a quantitative measure of an individual's genetic risk for a given 680 

disease. Risk prediction may be particularly useful clinically for late-onset disorders such as dementia as 681 

individuals at high risk of developing dementia can be identified at an earlier stage, potentially enabling 682 

presymptomatic intervention.20,122 They also can contribute to the identification of more homogeneous 683 

subgroups of individuals to enrich clinical trials or for personalisation of clinical management. An 684 

individual’s PRS is calculated by summing the alleles of interest weighted by their effect sizes for 685 

association with the disease. In a small study including neuropathologically confirmed cases of AD,20 686 

assessing the PRS together with separate modelling for APOE contributions was reported to have a 687 

prediction accuracy approaching 80% in the general population and up to 95% in individuals at the 688 

extremes of high or low risks for dementia.123 However, clinical prediction accuracy may be lower in 689 

practice not only because of the small size of group studied but also because effect sizes for AD are 690 

typically smaller in clinically diagnosed groups relative to those that are neuropathologically confirmed124. 691 

The specific risk contribution is age-dependent.123   Pathway specific PRS estimates which reflect the 692 

genetic risk in a particular biological pathway also can be derived and used to link specific biological 693 

differences to relative genetic risks.125,126 The predictive utility of PRS for AD can be improved by the 694 

addition of other biomarker data.127 Correlation of brain imaging data with AD PRS has defined structural 695 

variation with AD PRS that putatively reflects preclinical brain pathology in people who are without clinically 696 

expressed symptoms.125 Calculating PRS in large-scale, deeply phenotyped datasets that include a range 697 

of additional measures sensitive to disease expression (such as UK Biobank) provides a way of evaluating 698 

the potential future utility of PRS in the clinic.   699 

 700 

 701 

Box 2. Brain imaging-based genetic association studies and cSVD 702 

The impact of UK Biobank imaging data has been particularly great for understanding dementia related to 703 

cerebral small vessel disease (cSVD).128 Covert cSVD, which is diagnosed based on predominantly white 704 

matter brain MRI lesions in the absence of clinical stroke (based on white matter hyperintensities, cerebral 705 

microbleeds and enlarged perivascular spaces), is highly prevalent in the general population, particularly 706 

with increasing age.  UK Biobank has played a major role in unraveling genetic correlates of different cSVD 707 

phenotypes.  Because of its population-based design, this has been true especially for covert cSVD. Large 708 

collaborative genome-wide association studies (GWAS) integrating data from UK Biobank with other, 709 

smaller datasets (e.g., from the Cohorts for Heart and Aging Research in Genomic Epidemiology129 and the 710 

International Stroke Genetics Consortium130) have discovered over 70 independent cSVD risk loci, mostly 711 

for MRI-cSVD83,131-134 but also for cSVD-related stroke.135 In silico functional explorations of these using UK 712 

Biobank data point to a major role for blood pressure-related pathways133 and demonstrated that genetic 713 

determinants of cSVD are shared with those for aortic distensibility.136 Pathways distinct from those for 714 

known vascular risk factors have been revealed, including those for the cerebrovascular matrisome, 715 

membrane transport, vascular development, myelination, and the blood-brain barrier.131 In addition, the 716 

diversity of MRI sequences from which data is available in UK Biobank enables exploration of the genetic 717 
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architecture of novel cSVD imaging proxies, such as measures of white matter microstructure assessed 718 

using MRI diffusion imaging or features believed to reflect function of the glymphatic system (e.g., the 719 

perivascular space burden or water diffusion in the perivascular space).46,132,134,137-140 Beyond GWAS, the 720 

availability of whole-exome sequencing data on all participants in UK Biobank was instrumental in revealing 721 

a genetic continuum between monogenic and multifactorial cSVD by showing that several genes (HTRA1, 722 

COL4A1/2) harbor both rare mutations and common variants associated with the disease and that disease-723 

causing mutations are less rare in the population than previously thought.134,135,141,142 Screening for human 724 

knock-outs, exploring the functional impact of mutations affecting specific protein domains and assessing 725 

their phenome-wide correlates in the UK Biobank provided insights into the biological mechanisms 726 

underlying cSVD and, in some cases, potential effects of their therapeutic modulation. 83,135,141,143 More 727 

recently, these imaging genetics association studies have begun to leverage other resources in UK 728 

Biobank (e.g., proteomics, metabolomics) that are enabling identification of fluid biomarkers of disease 729 

risk144,145,146,147 and promise to accelerate ‘omics-driven drug discovery.83,135,148 730 

 731 

 732 

Box 3. SARS-CoV-2 and dementia  733 

UK Biobank undertook special initiatives during the 2019-2023 COVID-19 pandemic that provided new 734 

resources for studying the potential risks of a coronavirus infection for dementia9.  Lateral-flow tests and 735 

SARS-CoV-2 serology was acquired for large numbers of UK Biobank participants and access was 736 

provided to their national SARS-CoV-2 test results and vaccination records. These data have contributed to 737 

demonstrating that dementia was a major risk factor for both SARS-CoV-2 infection and subsequent 738 

hospitalisation and mortality. 149-151 APOE4 genotypes were found to confer additional risks of  severe 739 

clinical outcomes with infection.152 Over 1000 participants in UK Biobank who had undergone imaging 740 

assessments soon before the start of the pandemic and who had evidence for SARS-CoV-2 infection by 741 

late 2020 or were demographically matched controls with no evidence of infection were invited for repeat 742 

clinical and imaging assessments in early 2021. These data provide a unique pre- and post-infection case-743 

control matched dataset that allows acute to sub-acute effects of infection to be studied. Participants who 744 

had experienced infections, despite most of them having had only mild to moderate symptoms, showed a 745 

relative cognitive impairment after infection. This was associated with regional temporal lobe brain 746 

atrophy153 and interval changes plasma proteomic biomarkers in a direction consistent with greater brain -747 

amyloid pathology.  These data suggest that SARS-CoV-2 infection (and potentially other viral infections 748 

associated with a substantial systemic inflammatory response) may potentiate early AD-related brain 749 

pathology -  despite a lack of evidence for neurotropism.144    750 

 751 

 752 

 753 

  754 

 
9 www.ukbiobank.ac.uk/learn-more-about-uk-biobank/covid-19-hub 

https://www.ukbiobank.ac.uk/learn-more-about-uk-biobank/covid-19-hub
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Figures   755 

 756 

 757 

  758 

 759 

Fig. 1. (A) Estimated growth in cases of dementia among UK Biobank participants over time. By the 760 

end of 2020, there were 6,458 cases of dementia identified from hospital in-patient admissions and death 761 

registry data (blue bars). Inclusion of primary care data nearly doubled (as shown by orange bars) the 762 

number of cases identified (12,000 total). Conservative estimate projections suggest that there will be a 763 

steady rise in the number of UK Biobank participants with diagnoses of dementia over the next five years 764 

with 34,000 incident cases expected by 2030. (B) Venn diagram illustrating relative contributions of 765 

different data sources (GP records, hospital episode statistics and death records) to the total 766 

number of dementia diagnoses identified. This highlights the large contribution made by GP records to 767 

total numbers of diagnoses.  All the estimates were based on data acquired by UK Biobank at the 2021 768 

when the resource had access to all GP data under the UK control of patient information (COPI) notice to 769 

NHS digital for full sharing of confidential patient information during the COVID-19 pandemic (17 March 770 

2020- 30 June 2022).  Numbers of cases after that are projected based on estimated prevalence rates by 771 

age group. 772 

 773 

 774 

 775 

 776 

 777 

 778 
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 780 

 781 

 782 

Fig. 2.  Enhancements to UK Biobank. A timeline is shown for the major types of additional data for UK 783 

Biobank that were acquired by recontacting participants for additional assessments or from new assays of 784 

previously collected biosamples.  Most of these enhancements have been initiated, led and funded from 785 

new resources raised from public and private sources by consortia of users of the data. 786 

 787 

 788 

 789 

 790 

 791 

 792 

 793 

 794 

 795 

 796 

 797 

 798 
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 799 

 800 

Fig. 3. Trends for dementia-related research in the UK Biobank. To illustrate the range of dementia 801 

studies conducted using UK Biobank data (2015–2024), 1,030 abstracts were retrieved from PubMed (Jan 802 

2025) using keywords10 related to dementia and UK Biobank. The text was processed through tokenization, 803 

stopword removal, and lemmatization. Abstracts were clustered (using latent Dirochlet allocation154 or K-804 

means2) into different topic areas which were subsequently labelled based on the most frequent and 805 

representative keywords used in each cluster. (A) Publication key word theme clusters. The scatter plot 806 

illustrates a t-SNE (t-distributed stochastic neighbour embedding) visualization of publication data grouped 807 

into seven thematic clusters based on keyword analysis. Each dot represents a publication and colours 808 

correspond to different sets of associated keywords. (B) Numbers of publications per year from each of 809 

the key word clusters. The annual growth in dementia-related publications from 2016 to 2024 is shown, 810 

grouped by cluster contributions. Each bar is color-coded to match clusters in the t-SNE plot. Major 811 

contributors to changes over time come from clusters related to Parkinson’s disease, dementia risk, and 812 

Alzheimer’s genetics. (C) Key word clouds for each cluster.  Each word cloud describes a thematic 813 

cluster topic by the associated keywords. The size of each word reflects its frequency and relevance within 814 

the respective cluster. 815 

 816 

 817 

 
10 Keywords used: 'dementia', 'Alzheimer', 'Parkinson', 'Huntington', 'MCI', 'mild cognitive impairment', 
'frontotemporal dementia','TBI', 'traumatic brain injury', 'Lewy body dementia', 'vascular dementia', 
'neurodegenerative' 
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 818 

 819 

 820 

 821 

 822 

Fig. 4. Early digital detection of Parkinson’s disease (PD) risk using accelerometry.  (A) The UK 823 

Biobank collected one week of continuous wrist-worn accelerometry data from ~100,000 participants in 824 

2015 using Axivity Ax3 devices. This was used to predict future cases of PD.  Prodromal PD cases were 825 

defined as individuals without a diagnosis at the time of accelerometry assessment, but who received a PD 826 

diagnosis more than two years later. Recently diagnosed cases were those diagnosed at or shortly after 827 

accelerometry collection. Demographically matched controls who have never received a diagnosis of PD 828 

are included for comparison.  (B) Average hourly acceleration profiles show progressively lower levels in 829 

prodromal and diagnosed individuals compared with controls, consistent with early and ongoing disease 830 

progression.  (C) Predictive modelling using accelerometry-derived features demonstrated the ability to 831 

detect prodromal PD in the general population. Performance was evaluated using the Area Under the 832 

Precision–Recall Curve (AUPRC). Modality-specific predictors are not provided for the no-skill model, 833 

so the AUPRC reflects the level expected from random guessing. In developing the other models, 834 

modality-specific feature sets have been to the same basic model. The increment with addition of 835 

accelerometer data (green bar) highlights their predictive contribution.  (D) Sleep-related features 836 

derived from accelerometry, adjusted for age, sex, and body mass index (BMI), revealed shorter consecutive 837 

sleep durations in prodromal PD compared to controls, with similar disruptions observed in Alzheimer’s 838 

disease and broader dementia diagnoses. Modified from35. 839 
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 845 

 846 

Fig. 5.  Higher-order, ‘transmodal’ network of brain regions that degenerate earlier and faster (“last 847 

in, first out” or LIFO) than the rest of the brain spatially overlaps with the pattern of brain volume loss typical 848 

of AD as defined in51. (A) LIFO loadings (in arbitrary units), which represent the normalised grey matter 849 

volumes extracted from the LIFO brain network, decrease quadratically with age in ~40,000 UK Biobank 850 

participants (R2 = 0.30, P < 2.23 × 10−308). (B) The spatial map of the LIFO network for structural images 851 

from these UK Biobank participants (in red-yellow, thresholded at Z > 4 for visualisation). (C) Manhattan plot 852 

of the seven clusters in the LIFO brain network highlights a significant association with the MAPT/KANSL1 853 

gene cluster. (D) LIFO brain regions mediate the effect of the MAPT/KANSL1 genetic cluster on AD 854 

diagnoses amongst participants in UK Biobank (using the lead bi-allelic variant rs2532395, the highest 855 

variant after tri-allelic rs2693333; both for the dominant and the recessive models: P = 4 × 10−5). The 856 

illustration of dementia (from Tim Reckmann, CC-BY 2.0) is intended to highlight a genetic link to AD through 857 

the MAPT locus. Modified from51. 858 

 859 

 860 

 861 
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