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The course of cognitive decline - inevitable?
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● 2020: Modifiable factors estimated to 
contribute 40%, while genetic risk 
contributes ca. 7%2

● Globally, more than 55 million people 
living with dementia, with an additional 
10 million newly affected each year1

● 2023: First drugs  to slow cognitive 
decline or improve ADLs received FDA 
approval3

● Prevention, particularly primordial, safer 
and likely to be more cost-effective 



The role of context in cognitive ageing and 
dementia
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The role of context and the social 
determinants of health

● Socioeconomic inequalities, i.e. deprivation
● Inequality of educational opportunity
● Gender inequalities
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Social determinants of risk for dementia

6Klee, M., Leist, A. K., Veldsman, M., Ranson, J. M., & Llewellyn, D. J. (2023). Socioeconomic deprivation, genetic risk and incident dementia. 
American Journal of Preventive Medicine. doi: 10.1016/j.amepre.2023.01.012

UK Biobank: N=196,368 participants 
60+, European ancestry

2006-10 initial assessment, follow-up 
until 2016-17

Dementia ascertained through hospital 
or death records

Polygenic risk score for developing 
dementia: Quintiles 1 (low), 2-4 
(moderate), 5 (high genetic risk)

Townsend Deprivation Index



The role of schooling
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Leist, A. K., Bar-Haim, E., & Chauvel, L. (2021). Inequality of educational opportunity at time of schooling predicts cognitive 
functioning in later adulthood. SSM - Population Health, doi: 10.1016/j.ssmph.2021.100837

Participants to the Survey of Health, 
Ageing and Retirement in Europe: 25,544 
women, 20,904 men with 2-6 
assessments, three 10-year birth cohorts 
born after 1940

Cognition: Immediate and delayed recall, 
verbal fluency

Inequality of educational opportunity data 
from the World Bank Global Database on 
Intergenerational Mobility

Controlling for range of contextual- and 
individual-level confounders



The Flynn effect 
2007-2017

8Rehnberg, J., Fors, S., Ford, K. J., Leist, A. K. (2024). Cognitive performance trends among European older adults: exploring 
variations across cohorts, gender, and educational levels (2007-2017). BMC Public Health. doi:10.1186/s12889-024-19123-3

N=32,773 SHARE 
respondents from 12 
countries, aged 60-94 
years 

Cognitive performance of 
individuals at similar ages 
compared 10 years apart

General cohort gains 2007-2017 Gains across performance levels 2007-2017



The role of gender-role norms and gender inequalities

● The role of gender-role attitudes (“when jobs 
are scarce…”, “...cut down paid work for sake 
of family”) and employment biographies1
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1Bertogg., A., & Leist, A. K. (2023). Gendered life courses and cognitive functioning in later life: The role of gender norms and 
employment biographies. European Journal of Ageing. doi: 10.1007/s10433-023-00751-4
2Ribeiro, F., Crivelli, L., & Leist, A. K. (2023). Gender inequalities as contributors to dementia in Latin America and Caribbean 
Countries: what factors are missing from research? The Lancet Healthy Longevity. doi: 10.1016/S2666-7568(23)00052-1

● The role of gender inequalities for dementia 
risk playing out through lower-quality nutrition, 
teenage pregnancy, limited education and 
career opportunities of women in Latin 
American countries2



The role of modifiable risk factors in cognitive 
ageing and dementia
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Modifiable risk factors in dementia - 
potential for prevention
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Sex/gender differences in (modifiable) risk 
burden and dementia risk

● Differences in risk burden, but no differences in risk factor-outcome 
relationships for risk of dementia in the English Longitudinal Study on 
Ageing1
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1Geraets, A. F. J., & Leist, A. K. (2023). Sex/gender and socioeconomic differences in modifiable risk 
factors for dementia. Scientific Reports, 13(80). doi: 10.1038/s41598-022-27368-4
2Ribeiro, F., Teixeira-Santos, A. C., Caramelli, P., & Leist, A. K. (2022). Systematic review and 
meta-analyses on the prevalence of dementia in Latin America and Caribbean countries: Exploring sex, 
rurality, age, and education as possible determinants. Aging Research Reviews, 81, 101703. doi: 
10.1016/j.arr.2022.101703

● Meta-analysis: Increased dementia risk in women due to higher life 
expectancy and fewer educational and occupational opportunities in Latin 
America; further vulnerable groups low-educated and rural residents2



The role of glycemia in menopausal 
factors

● Age at natural menopause, occurrence of bilateral oophorectomy, 
hysterectomy and age at surgery (n=147,119 women; mean±SD age 55.2
±8.0 years at baseline)

● Glycemia assessed through fasting glucose levels and HbA1c
● Incident dementia assessed through hospital and death records

Mediation of early age at natural menopause and incident dementia only through 
HbA1c (4.7%).

Early and surgical menopause linked to less favourable glycemia markers.
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Geraets, A.F.J., Ford, K.J., May, P., Kidd, E.J., Leist, A.K. The associations of age at menopause, bilateral oophorectomy, and 
hysterectomy with glycemia and risk of dementia. Tentatively accepted at Social Science & Medicine.



The role of the gut microbiome

N=258 participants of the LUXPARK study without PD 
with and without Mild Cognitive Impairment

Test of gut microbiome diversity and differential 
abundance.

No mediation of the link between education and MCI, but 
education-specific microbiome signatures.

15

Klee, M., Aho, V. T. E., May, P., Heintz-Buschart, A., Landoulsi, Z., Jónsdóttir, S. R., Pauly, C., Pavelka, L., 
Delacour, L., Kaysen, A., Krüger, R., Wilmes, P., Leist, A. K., on behalf of the NCER-PD Consortium (2024). 
Education as risk factor of mild cognitive impairment: the link to the gut microbiome. Journal of Prevention of 
Alzheimer’s Disease. doi: 10.14283/jpad.2024.19; Joint output for CRISP and IAS-AUDACITY MCI-BIOME



Some words on methods in cohort/panel 
studies
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Using new methods to improve accuracy 
of detecting ‘probable’ dementia

● Validation of a dementia algorithm in the European SHARE 
(n=140,000 respondents), detection of ‘probable dementia’ without 
clinical assessment, reduced underreporting from 61.0 (95% CI, 
53.3–68.7%) to 30.4% (95% CI, 19.3–41.4%)1

● Use of transfer learning to improve accuracy of dementia estimation 
for Blacks (Brier 0.049 vs. 0.061; AUC 0.84 vs. 0.81; AUPRC 0.52 vs. 
0.39) and Hispanics (improved model calibration) in the U.S. HRS2
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1Klee, M., Langa, K. M., & Leist, A. K. (2024). Performance of probable dementia classification in a European 
multi-country survey. Scientific Reports. doi: 10.1038/s41598-024-56734-7
2Kim, J. H., Langa, K. M., Glymour, M. M., Leist, A. K. Improving accuracy in the estimation of probable dementia in 
racially and ethnically diverse groups with penalized regression and transfer learning. Under review.



Description - Prediction - 
Causal inference 
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Leist, A. K., Klee, M., Kim, J. H., Rehkopf, D. H., Bordas, S. P. A., Muniz-Terrera, G., & Wade, S. (2022). 
Mapping of machine learning approaches for description, prediction, and causal inference in the social and 
health sciences. Science Advances. 8(42). doi: 10.1126/sciadv.abk1942
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Using new methods to get closer 
to causal inference

Rungs of Judea Pearl’s causal ladder:

● Estimate associations (descriptive)
● Do an intervention
● Imagine counterfactuals

Pearl, J., & Mackenzie, D. (2018). The Book of Why: the new 
science of cause and effect. Basic books.
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And how we applied this thinking 
…by ‘emulating’ trials inspired by Miguel Hernán

Sample of 
observational study

Outcome of interestExtended 
follow-up

Condition similar to 
RCT ‘control’

Condition similar to 
RCT ‘intervention’
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And how we applied this thinking
…to test the role of working after age 65+ for cognitive 
functioning and other health outcomes

Sample of 
observational study

Outcome of interestExtended 
follow-up

Condition similar to 
RCT ‘control’

Condition similar to 
RCT ‘intervention’

Eligibility criteria, 
working histories
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Kim, J.-H., Muniz-Terrera, G., & Leist, A. K. (2023). Does (re-)entering the labor market at advanced ages protect against 
cognitive decline? A panel-matching difference-in-differences approach. Journal of Epidemiology and Community Health, 
77(10), 663-669. doi: 10.1136/jech-2022-220197



Korea: KLoSA, N=1,872

Cognitive functioning: K-MMSE

U.S.: HRS, N=4,070

Entering/exiting work after age 65

Cognitive functioning: Telephone 
Interview for Cognitive Status (TICS)

Matching difference-in-difference
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Kim, J.-H., Muniz-Terrera, G., & Leist, A. K. (2023). Does (re-)entering the labor market at advanced ages protect against 
cognitive decline? A panel-matching difference-in-differences approach. Journal of Epidemiology and Community Health, 
77(10), 663-669. doi: 10.1136/jech-2022-220197



And how we applied this thinking
…to test the role of hearing aids in hearing impairment for 
dementia risk

Sample of 
observational study

Outcome of interestExtended 
follow-up

Condition similar to 
RCT ‘control’

Condition similar to 
RCT ‘intervention’

Eligibility criteria: 
hearing impairment
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Mur, J., Klee, M., Solomon, A., Johnson, C., Littlejohns, T. J., Muniz-Terrera, G., Leist, A.K. A hypothetical intervention on the use of hearing 
aids for the risk of dementia in people with hearing loss in UK Biobank. Revise & resubmit at American Journal of Epidemiology.



N=60,633 UKB participants with HL

N=4,063 (6.7%) HA users

Mean follow-up of 11.4 years

Dementia ascertained through 
hospital, death, primary care 
records

N=857 incident dementia; N=106 
HA users (blue); N=751 non-users 
(red)
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Mur, J., Klee, M., Solomon, A., Johnson, C., Littlejohns, T. J., Muniz-Terrera, G., Leist, A.K. A hypothetical intervention on the use of hearing 
aids for the risk of dementia in people with hearing loss in UK Biobank. Revise & resubmit at American Journal of Epidemiology.



Studies
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The practical application of the CRISP project: 

Get Brain Healthy: A platform to promote 
brain health at the workplace

26



27



anja.leist@uni.lu
@AnjaLeist
https://cognitiveageing.uni.lu

 This project has received funding from the European 
Research Council (ERC) under the European Union’s 

Horizon 2020 research and innovation programme 
(CRISP, grant agreement No. 803239).

28

Main funding

Affiliated projects

AUDACITY-2019 MCI-BIOME, co-PIs Leist, Wilmes, Krueger

MEDITAGING, co-funding Zitha


