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INTRODUCTION

Late-onset dementias are complex diseases with a long preclinical phase with pathophysiological hallmarks appearing 15-20 years before clinical symptoms. [START_REF] Jack | Tracking pathophysiological processes in Alzheimer's disease: an updated hypothetical model of dynamic biomarkers[END_REF] It has been estimated that even small delays in onset could substantially reduce the burden of ADRD and result in substantial savings to health care systems. [START_REF] Winblad | Defeating Alzheimer's disease and other dementias: a priority for European science and society[END_REF] There are no established methods of early identification of individuals at risk of dementia. Alongside biological models of Alzheimer's disease there is considerable research on understanding changes in clinical trajectory, primarily cognitive function, leading to dementia. The intermediate stage between healthy ageing and dementia has been studied using concepts such as cognitive impairment, 3 to identify the intermediate, transitional phase between normal cognitive ageing and dementia onset.

The criteria for these diagnostic constructs typically include subjective complaint from the patient or an informant or loss of cognition from a previous state, measurable poor cognitive performance, and absence of dementia diagnosis. [3][4][5] The best definition of loss of cognition from a previous state remains unclear; most studies rely on clinical judgement but repeated cognitive testing is thought to be more informative. 6,7 Most studies on cognitive impairment (CI) show increased risk of dementia in these individuals. 3,4,[START_REF] Roberts | Classification and epidemiology of MCI[END_REF][START_REF] Petersen | Mild cognitive impairment: clinical characterization and outcome[END_REF] Much research on CI has focused on conversion rates, reflecting the percentage of CI cases who transition to dementia, rather than assessments of the predictive accuracy of CI for dementia, which may be more meaningful for assessment of the risk of dementia and informative in clinical settings.

We therefore tested the hypothesis that inclusion of objective measures of cognitive decline using serial assessments of cognitive function in addition to a measure of poor cognitive performance at one time point improves prognostic performance of CI for dementia. Poor cognitive performance was defined using age and sex specific thresholds, and then also using education and occupational position at age 50 as sex and socioeconomic factors are known to shape cognitive trajectories. [START_REF] Bloomberg | Sex differences and the role of education in cognitive ageing: analysis of two UK-based prospective cohort studies[END_REF][START_REF] Rusmaully | Contribution of cognitive performance and cognitive decline to associations between socioeconomic factors and dementia: A cohort study[END_REF] The predictive accuracy of these CI, definitions was examined and analyses repeated with mortality, the secondary outcome.

METHODS

Study population

Data are from the ongoing Whitehall II cohort study which was established in 1985-1988 among 10,308 British civil servants (6895 men and 3413 women) aged 35-55 years. [START_REF] Marmot | Health inequalities among British civil servants: the Whitehall II study[END_REF] A cognitive test battery was introduced to the study in 1997-1999 and repeated in 2002-2004, 2007-2009, 2012-2013, and 2015-2016. In addition to data collection within the study, data over the follow-up were available using linkage to electronic health records of the UK National Health Service (NHS) for all but 10 of the 10,308 participants recruited to the study. Participants gave informed written consent at each contact and the latest ethical approval was from National Health Service (NHS) London Harrow Research Ethics Committee (reference number 85/0938).

Measures

Exposure: Cognitive impairment

The cognitive test battery was composed of tests of memory (assessed using a 20-word free recall test in 2 minutes), language (measures of phonemic and semantic fluency where participants were asked to produce as many words as they would starting with "s" and then "animals" names, one minute was allowed for each test), executive function (timed (10 minutes) Alice Heim 4-I test (AH4-I), [START_REF] Heim | AH 4 group test of general Intelligence[END_REF] a test which includes a set of 65 verbal and mathematical reasoning items of increasing difficulty), and the Mini Mental State Examination (MMSE). [START_REF] Folstein | Mini-mental state". A practical method for grading the cognitive state of patients for the clinician[END_REF] Poor cognitive performance in 2007-2009 was defined as MMSE <24 [START_REF] Tombaugh | The Mini-Mental State Examination: A Comprehensive Review[END_REF] or cognitive test scores (memory, language, or executive function) below 1•5 SD [START_REF] Knopman | Mild Cognitive Impairment and Dementia Prevalence: The Atherosclerosis Risk in Communities Neurocognitive Study (ARIC-NCS)[END_REF] using the distribution of the cognitive test score within the study population using the following steps (syntax provided in appendix p 2). standardize measures of memory, language, and executive function regress each cognitive test score for every individual using age (at date of clinical assessment in 2007-2009) and sex extract residuals (observed-predicted test score) calculate the root-mean-squared error standardize the residuals using the root-mean-squared error apply the 1.5 SD threshold to the standardized residuals. The procedure described above was repeated by first adding education (university or higher degree, higher secondary school, lower secondary school or less) and then occupation (three-level variable categorized as high, intermediate, and low using the British Civil Service grade of employment at age 50) to the regression model.

Cognitive decline was defined using slopes of change in cognitive test scores using data from 1997-1999, 2002-2004, and 2007-2009. Cognitive decline was defined being in the worst 10 th percentile of the slope of change on at least one cognitive domain or below the 20 th percentile on more than one domain. [START_REF] Knopman | Mild Cognitive Impairment and Dementia Prevalence: The Atherosclerosis Risk in Communities Neurocognitive Study (ARIC-NCS)[END_REF] Seven definitions of CI were determined using the following criteria:

1. Age and sex-specific threshold for poor cognitive performance. 4. Age, sex and education-specific threshold for poor cognitive performance. 5. Age, sex and education-specific threshold for poor cognitive performance and cognitive decline.

6. Age, sex and occupation-specific threshold for poor cognitive performance. 7. Age, sex and occupation-specific threshold for poor cognitive performance and cognitive decline.

Primary outcome: Dementia

Dementia ascertainment was undertaken using linkage to Hospital Episode Statistics (HES), the Mental Health Services Data Set (MHDS), and the mortality register using ICD-10 codes F00-F03, F05•1, G30, and G31. Record linkage was available until 31 st of March 2019. HES contains clinical diagnoses from inpatient, outpatient, and emergency departments and has sensitivity and specificity of 78•0% and 92•0%, respectively. 17 MHDS contains dementia diagnoses from inpatient, outpatient and community mental health services, including memory services. The British national mortality register collects information about cause-specific mortality. Date of dementia was set at the first record of dementia diagnosis in any of these three databases.

Secondary Outcome: Mortality

The personal NHS identification number was used to identify participants who died during the follow-up. Mortality data were collected until 31 st of September 2019 from the British national mortality register.

Statistical analysis

Participants' characteristics in 2007-2009 were examined as a function of concurrent CI status as well as dementia status at the end of follow-up. Differences in sociodemographic variables and CI status were assessed using χ 2 test and student's t test, as appropriate. Cohen's kappa coefficients were used to describe the agreement between the seven definitions of CI.

Predictive accuracy of cognitive impairment for dementia

We calculated dementia rate per 1000 person-years for each CI definition. Cox proportional hazard regression analysis were used to examine the association between CI and incidence of dementia for all 7 definitions. The start of follow-up was the date of the 2007-2009 clinical examination and participants were censored at date of record of dementia, death or 31 st of March 2019, whichever came first. We accounted for competing risk of death using cause-specific hazard models by censoring at date of death participants who died during follow-up. [START_REF] Lau | Competing risk regression models for epidemiologic data[END_REF] The predictive accuracy of seven CI definitions were assessed using: a) Royston's modified R² for survival data [START_REF] Royston | Explained variation for survival models[END_REF] with confidence intervals using 2000 bootstrap replications in order to measure the overall performance; higher values indicate greater explained variation; b) Akaike information criterion (AIC), a measure of the relative goodness of fit of a statistical model, where lower values indicate better model fit. Differences of 10 or more in AIC were considered to be meaningful; c) sensitivity and specificity using survival models, as measures of classification accuracy; and d) Harrell's Cstatistic for survival models with 95% confidence intervals for discrimination, [START_REF] Newson | Comparing the predictive powers of survival models using Harrell's C or Somers' D[END_REF] formally compared using a nonparametric approach using definition 1 (age and sex threshold for poor cognitive performance) as the reference. In these analyses, we also compared Harrell's C-statistics obtained for the seven CI definitions with that obtained using only age, sex, and education to predict dementia.

Predictive accuracy of cognitive impairment for mortality

The analyses described above were repeated using mortality as the outcome. The start of followup in these analyses was also the date of the 2007-2009 clinical examination and participants were censored at date of death or 31 st of March 2019, whichever came first.

Sensitivity Analyses

We performed the following analyses to assess the robustness of our results.

1. Use of a 3-category variable (non-CI, only poor cognitive performance, poor cognitive performance and cognitive decline) to assess the importance of cognitive decline in CI when both poor cognitive performance and cognitive decline are included in the definition (definition 3, 5 and 7) using age, sex, and then education and occupation as described in the main analyses. 2. To address the impact of missing data we undertook analysis using inverse probability weighting to reflect the study population at baseline (1985). Of 9362 participants who were alive in 2007-2009 (start of follow-up in these analyses) and did not have a dementia diagnosis we first calculated the probability of being included in the present study using data from baseline on sociodemographic factors, health behaviours, cardiometabolic risk factors, and mental health and data on chronic conditions over the follow-up (1985 to 2019). The inverse of these probabilities was used to weight the analyses of the association between CI and dementia.

3. Alternate thresholds to define poor cognitive performance (1 SD and 1.96 SD instead of 1.5 SD). 4. Analyses restricted to participants 65 years and older at CI assessment. 5. To examine reversion from CI to normal status between 1997-2009, we used a 3-category variable (non-CI, non-CI but previous poor cognition, and CI) to assess its association with the risk of dementia. Unstable CI was considered when a participant was classified as non-CI after being identified as cognitively impaired in any previous examination.

6. Adding age, sex, and education to CI definitions in predicting dementia. The optimal cut-off point for sensitivity and specificity was established by maximizing the Youden index (sensitivity + specificity -1). [START_REF] Youden | Index for rating diagnostic tests[END_REF] All analyses were conducted with Stata version 15•0 (Stata Corp.). Two-sided p<0•05 was considered statistically significant in all analyses.

Role of the funding source

The funders had no role in the study design, data collection, data analysis, data interpretation, or writing of the report. All authors had access to all the data reported in the study and the corresponding author had final responsibility for the decision to submit for publication. We also excluded 1064 (10•3%) participants with missing cognitive data and 10 (0•1%) prevalent cases of dementia at baseline, leading to analysis on 5687 participants (Figure 1). The average age of participants at CI assessment was 65•7 years, and 27% were women (Table 1). Compared with non-CI participants, those who were identified as having CI were older, had lower education and occupational attainment, and had lower cognitive scores and greater 10-year decline in all cognitive domains. 3. The rate of dementia per 1000 person-years was higher in CI than non-CI cases; these differences were larger when CI was defined using both cognitive performance and cognitive decline ( Adding age, sex and education to CI measures considerably improved the predictive accuracy of all definitions (appendix p 10). For example, definition 1 (age, sex threshold for cognitive performance) had its C-statistic change from 0•608 (Table 3) to 0•807 (appendix p 10), with improvement in R 2 from 0•155 to 0•643 and sensitivity from 32•9% to 77•2%. In these analyses all predictive models performed equally well irrespective of the definition of CI.

RESULTS

Of

Table 4 shows all seven definitions of CI to be associated with mortality, compared to non-CI persons, the HR for mortality using age and sex threshold of CI (definition 1) was 1•71 (95% CI 1•42, 2•06). The R 2 for mortality associated with all seven CI definitions were lower than those observed for dementia. CI defined using only cognitive decline (definition 2) had the best overall fit (R 2 and AIC) and the best discrimination (C-statistic 0•566, 95% Confidence Interval 0•547, 0•585), significantly better than definition 1 (p=0•02).

DISCUSSION

This prospective study has five key findings. First, CI defined using objective measure of 10year cognitive along with poor cognitive performance was more strongly associated with dementia compared to definitions using only poor cognitive performance or only cognitive decline. Two, the discrimination and predictive accuracy of all CI definitions for dementia was modest, it was characterized by high specificity but modest sensitivity. Most studies on CI are based on older adults, [START_REF] Mitchell | Rate of progression of mild cognitive impairment to dementia-meta-analysis of 41 robust inception cohort studies[END_REF][START_REF] Bruscoli | Is MCI really just early dementia? A systematic review of conversion studies[END_REF] restricting our analyses to participants older than 65 years did not alter main findings. Three, using education or occupation specific thresholds for poor cognitive performance in addition to age and sex had a small impact in improving predictive performance of CI for dementia. Four, in general CI had a weaker association with mortality than with dementia. Five, demographic variables (age, sex, education) on their own were substantially better predictors of dementia than all seven CI definitions and thus adding these measures to the prediction model substantially improved prediction accuracy.

Much of the research on CI focusses on conversion rates to dementia. A 2009 metaanalyses reported cumulative conversion rate to be 22•7% (95% CI 14•2, 32•6) in community settings. [START_REF] Mitchell | Rate of progression of mild cognitive impairment to dementia-meta-analysis of 41 robust inception cohort studies[END_REF] In our study, with assessment of cognitive decline over a 10-year span and a subsequent 10-year follow-up, the cumulative conversion ranged from 9% to 18% for the seven definitions of CI. Conversion to dementia may not be meaningful as an annual conversion rate of 10% from MCI to dementia reported in a review [START_REF] Bruscoli | Is MCI really just early dementia? A systematic review of conversion studies[END_REF] seems implausible because it implies that nearly two-third of the study population would convert to dementia after ten years.

Two recent studies used data from Alzheimer's Disease Neuroimaging Initiative study (ADNI), based only on persons with an MCI diagnosis, to examine conversion. One study found cognitive measures to be more robust predictors of conversion than cerebrospinal fluid (CSF) biomarkers, [START_REF] Gomar | Neuroimaging I. Utility of combinations of biomarkers, cognitive markers, and risk factors to predict conversion from mild cognitive impairment to Alzheimer disease in patients in the Alzheimer's disease neuroimaging initiative[END_REF] and the second used over 750 predictors and found the best performing model to include demographic measures, cognitive/functional markers and morphometric MRI measures (83% sensitivity, 76% specificity, area under the curve (AUC) = 0•87). [START_REF] Korolev | Predicting Progression from Mild Cognitive Impairment to Alzheimer's Dementia Using Clinical, MRI, and Plasma Biomarkers via Probabilistic Pattern Classification[END_REF] As in our study, the role of demographic variables in prediction has also been noted in a recent study that examined conversion from normal cognition to MCI, with an AUC of 0•68; in this study adding 6 (APOE e4, 2 cognitive tests, right hippocampus volume, right entorhinal cortex thickness, CSF p-tau) other measures improved the AUC to 0•85. [START_REF] Albert | Predicting progression from normal cognition to mild cognitive impairment for individuals at 5 years[END_REF] Taken together, these findings highlight the importance of demographic variables in dementia prediction, they also have the advantage of being widely available compared to CSF or imaging biomarkers.

An important element in the conceptualization of CI is loss of cognition from a previous state with recommendations that this shall be undertaken using serial measurement, 4 preferably with a minimum of 3 data points. 7 Cognitive testing at one point of time is less reliable and subject to random variation, particularly at older ages. 6,7 However, most studies do not use cognitive decline in the diagnosis of CI, either because the study period is short or repeat data on cognitive function are not available. One exception is a study on 618 adults aged 70-90 years with data on cognitive decline over 2 years and a 6-year follow-up that found objective cognitive decline not to improve the predictive accuracy for progression to dementia (AUC 0•52 to 0•62 compared to 0.59 to 0.72 for measures of poor cognitive performance). [START_REF] Brodaty | Operationalizing the Diagnostic Criteria for Mild Cognitive Impairment: The Salience of Objective Measures in Predicting Incident Dementia[END_REF] Another multi-cohort study on the progression from normal cognition to MCI also reported better performance with cognitive decline, specifically an improvement in specificity. [START_REF] Gross | A classification algorithm for predicting progression from normal cognition to mild cognitive impairment across five cohorts: The preclinical AD consortium[END_REF] Our results also show that including both poor cognitive performance and cognitive decline (definitions 3, 5 and 7) increases specificity so these metrics should be used in contexts where it is important to avoid false positive cases.

Education and occupation have been studied extensively in the onset of CI and dementia, with a recent study showing education to delay the onset of CI but not the subsequent progression to dementia. [START_REF] Robitaille | Transitions across cognitive states and death among older adults in relation to education: A multistate survival model using data from six longitudinal studies[END_REF] Likewise, our results suggest that using education specific thresholds for poor cognitive performance have a marginal effect in terms of improving prediction of dementia. Taken together, our results support the position that cognitive impairment is a poor predictor of dementia. [START_REF] Mitchell | Rate of progression of mild cognitive impairment to dementia-meta-analysis of 41 robust inception cohort studies[END_REF][START_REF] Brodaty | Operationalizing the Diagnostic Criteria for Mild Cognitive Impairment: The Salience of Objective Measures in Predicting Incident Dementia[END_REF] While CI definitions without demographic variables have high specificity, the low prevalence of dementia implies a large proportion of false positive test results, resulting in low positive predictive value for CI. A similar observation has been made for blood based biomarkers for Alzheimer's disease that have high negative predictive value but low positive predictive value. [START_REF] Bryant | Blood Biomarkers for Use in Alzheimer Disease-Moving From "If" to "How?[END_REF] Combining multiple predictors (such as biomarkers, imaging data, risk factors and cognitive markers) to define CI does improve prediction accuracy [START_REF] Korolev | Predicting Progression from Mild Cognitive Impairment to Alzheimer's Dementia Using Clinical, MRI, and Plasma Biomarkers via Probabilistic Pattern Classification[END_REF][START_REF] Steenland | A 'Framingham-like' Algorithm for Predicting 4-Year Risk of Progression to Amnestic Mild Cognitive Impairment or Alzheimer's Disease Using Multidomain Information[END_REF][START_REF] Zhao | Increased prediction value of biomarker combinations for the conversion of mild cognitive impairment to Alzheimer's dementia[END_REF] but even in these studies the major predictive ability continues to be from demographic variables. Our results on CI reflects findings on multivariable prediction models for dementia where reviews of existing models have found their predictive accuracy to be poor. [START_REF] Stephan | Composite risk scores for predicting dementia[END_REF] The primary strength of this study is use of a large scale, longitudinal study spanning over 20 years that allows assessment of the usefulness of CI for dementia. Cognitive decline spanning ten years could be used to determine CI status, following recommendations in this domain. 4,6,7 As such data are unlikely to be available in clinical practice we also used measures of cognitive performance alone in CI definitions 1, 4, and 6. Other advantages were the use of an algorithm to guide diagnostic classification of CI, which reduces random variability and biases due to variability in clinical judgment. Finally, the use of predictive statistics in addition to conversion rates and hazard ratios to show strength of associations allows assessment of the utility of CI.

Notwithstanding, when interpreting our results, the limitations of the study must also be taken into account. The cognitive battery did not include all possible cognitive domains, particularly measures of visuospatial memory or delayed recall, or multiple cognitive tests in each domain that may measure CI better. Ascertainment of dementia via linkage to electronic health records rather than clinical evaluation is likely to miss milder cases of dementia. However, this approach has the advantage of being able to include all participants in the analyses rather than just those who participate in-person in ascertainment of dementia. In the UK, HES records on dementia have been shown to have high specificity but modest sensitivity (78%) due to missing of milder cases of dementia, [START_REF] Sommerlad | Accuracy of general hospital dementia diagnoses in England: Sensitivity, specificity, and predictors of diagnostic accuracy 2008-2016[END_REF] we additionally used the mental health data to improve the sensitivity of dementia diagnosis. Previous studies using these data on dementia show expected associations with risk factors [START_REF] Rusmaully | Contribution of cognitive performance and cognitive decline to associations between socioeconomic factors and dementia: A cohort study[END_REF] suggesting that the quality of the dementia data is an unlikely explanation of the findings of the present study. Further, the presence of false negatives would affect all prediction models rather than only those using CI. The analysis on dementia is based on smaller numbers than that used for mortality and the confidence intervals accompanying the HR are wider but the number of events is large enough not to violate the guideline of 10-15 events per predictor. Small numbers did not allow examination of dementia-related mortality or dementia sub-types. Finally, Whitehall II study participants are likely to be healthier than the general population, though we have shown risk factor-outcome associations in the study to be similar to those of the general population. [START_REF] Batty | Generalizability of occupational cohort study findings[END_REF] In conclusion, our study suggests that cognitive decline is necessary but not sufficient for later dementia. Adding an objective measure of cognitive decline over 10 years does not improve the predictive accuracy of CI, and is unlikely to be a cost-effective approach to identifying persons who would benefit from therapeutic strategies aimed at delaying or preventing dementia. Further research is needed to determine risk factors or biomarkers that are useful in early identification of persons at increased risk of dementia.

2. Cognitive decline. 3 .

 3 Age and sex-specific threshold for poor cognitive performance and cognitive decline.

  the 10,308 participants in the Whitehall II cohort study, 954 (9•3%) died and 2593 (25•2%) were lost to follow-up between 1985 and 2007, before the assessment of CI (2007-2009).

  Over a median follow-up of 10•5 (IQR 10•1-10•9) years, a total of 270 (4•8%) participants were diagnosed with dementia and 649 (11•4%) died. Participants' characteristics in 2007-2009 according to dementia status at the end of follow-up are shown in Table 2. Participants with dementia diagnosis were older, had lower educational level and occupational attainment, and they also had higher prevalence of CI. The agreement between the seven definitions of CI (appendix p 3) showed that the definition based only on cognitive decline (definition 2) had poor agreement with definitions based only on cognitive performance (definitions 1, 4 and 6: kappa's 0•13, 0•14, and 0•15 respectively). Definitions based on cognitive performance alone (definition 1, 4, and 6) had considerable agreement with each other, kappa between 0•69 and 0•79. Similarly, definitions based on both cognitive performance and cognitive decline (definition 3, 5, and 7) agreed with each other, kappa between 0•78 and 0•86. Dementia incidence rates, associations between CI and dementia, and predictive accuracy of the seven CI definitions are shown in Table

  19•8 vs. 3•9, 20•2 vs. 3•9, and 19•0 vs. 3•9 for definitions 3, 5 and 7, respectively) than when using only cognitive performance (11•6 vs. 3•7, 11•9 vs. 3•6, and 11•6 vs. 3•6 for definitions 1, 4, and 6 respectively) or only cognitive decline (9•4 vs. 3•2). This pattern of results was reflected in results from Cox regression, with the highest hazard ratio (HR) seen for definition 5 (age, sex, education threshold for poor cognitive performance AND cognitive decline: HR 5•48 (95% Confidence Interval 4•13, 7•26)) and lowest for definition 2 (only cognitive decline: HR 3•01 (95% Confidence Interval 2•37, 3•82)).Table 3 also shows definition 5 (age, sex, education threshold for poor cognitiveperformance and cognitive decline) to have the highest explained variance (R 2 = 0•214, 95% Confidence Interval 0•130, 0•311) and the best model fit (lowest AIC). The CI definitions including both poor cognitive performance and cognitive decline had the better goodness of fit in terms of R 2 and AIC (∆ AIC >-10 for definitions 3, 5 and 7 compared to definition 1). The C-statistic for definition 1 (age, sex threshold for cognitive performance) was modest (0•608, 95% Confidence Interval 0•580, 0•637) and p-values for difference in C-statistic using definition 1 as reference (all p>0•05) suggest similar discrimination for all seven definitions of CI. Sensitivity of the definitions ranged from 21•6% to 48•4%, specificity from 75•1% to 94•9%, with definitions that included both cognitive performance and decline (definitions 3, 5, and 7) showing lower sensitivity but greater specificity. A prediction model only with demographic variables (age, sex, and education) had a Cstatistic of 0•783 (0•758, 0•809), better than all seven CI measures (p-values were <0•0001).Additional analyses (appendix p 4) showed systematically stronger associations with dementia when cognitive decline was included in the definition of CI (p-value <0•0001 for comparison of hazard ratios). Inverse probability weighting to account for missing data yielded results (appendix p 5) similar to those reported in Table3, with the highest HR for definition 5 (HR 4•99 (95% Confidence Interval 3•69, 6•74)) and lowest for definition 2 (HR 2•70 (95% Confidence Interval 2•09, 3•48)). When thresholds of 1 SD rather than 1.5 SD were used (appendix p 6), the highest HR was found for definition 7 (HR 4•17 (95% Confidence Interval 3•24, 5•37)) and lowest for definition 4 (HR 2•63 (95% Confidence Interval 2•07, 3•34)). For the 1.96 SD threshold (appendix p 7), the highest HR was for definition 3 (HR 7•09 (95% Confidence Interval 5•07, 9•93)) and lowest for definition 2 (HR 3•01 (95% Confidence Interval 2•37, 3•82)). Analysis restricted to participants 65 years and older (N=2837) (appendix p 8) showed definition 5 to have the highest HR (HR 4•84 (95% Confidence Interval 3•58, 6•55)) and definition 2 the lowest (HR 2•75 (95% Confidence Interval 2•12, 3•56)). The risk of dementia in participants with unstable CI (reversion from CI to non-CI status) was similar to non-CI participants (appendix p 9).

ACKNOWLEDGEMENT

We thank all of the participating civil service departments and their welfare, personnel, and establishment officers; the British Occupational Health and Safety Agency; the British Council of Civil Service Unions; all participating civil servants in the Whitehall II study; and all members of the Whitehall II study team. The Whitehall II Study team comprises research scientists, statisticians, study coordinators, nurses, data managers, administrative assistants and data entry staff, who make the study possible. The Whitehall II study is supported by grants from the National Institute on Aging, NIH (R01AG056477, RF1AG062553); UK Medical Research Council (R024227, S011676); the British Heart Foundation (RG/16/11/32334). MK was supported by the UK Medical Research Council (R024227, S011676), Academy of Finland (311492), Helsinki Institute of Life Science, and NordForsk. AS is funded by the UCL / Wellcome Trust Institutional Strategic Support Fund (204841/Z/16/Z) and by the University College London Hospitals' (UCLH) National Institute for Health Research (NIHR) Biomedical Research Centre (BRC). SS is supported by the French National Research Agency (ANR-19-CE36-0004-01).

Writing -review and editing: MDM-F, AD, JD, MK, AS, BL, AF, SS, ASM.

Visualization: MDM-F, AD, SS, ASM. Supervision: AD, SS, ASM.

Funding acquisition: MK, ASM.

Funding NIH, UK

DATA AVAILABILITY

Whitehall II data cannot be shared publicly because of constraints dictated by the study's ethics approval and IRB restrictions. The Whitehall II data are available for sharing within the scientific community.

Researchers can apply for data access at https://www.ucl.ac.uk/epidemiology-healthcare/research/epidemiology-and-public-health/research/whitehall-ii/data-sharing.

AUTHOR CONTRIBUTIONS

Conceptualization: AD, SS, ASM.

Methodology: MDM-F, AD, AF, SS, ASM.

Investigation: MDM-F, AD, JD, MK, AS, BL, AF, SS, ASM.

Validation: MDM-F, AD, SS, ASM.