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Dementia is defined as the loss of ability in a single or several cognitive domains that is severe enough to 
interfere with daily life, with Alzheimer's disease being the most common type. 

Dementia subtypes: Alzheimer’s disease, vascular dementia, Lewy 
Bodies dementia, Frontotemporal dementia, and mixed forms. 

Dementia usually occurs in people ≥65 years
Late-onset dementia

Long preclinical phase. No current curative solutions. 
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9
Lancet Commission on Dementia Prevention, Intervention, and Care 2017

Around 47 million people were living with dementia worldwide in 2015, affecting the individual, their family, and the wider society.

As the world's population increases in age, the number of people living with dementia grows, and this figure is projected to continue to rise, 
especially in low and middle-income countries
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Life course

40 years 50 years 60 years 70 years 80 years

Dementia has a long preclinical phase (15 to 20 years)

Dementia preclinical phase

The life-course approach to dementia

Time
Jack Jr, CR. The Lancet Neurology, 2013.
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Dementia preclinical phase
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Life course

40 years 50 years 60 years 70 years 80 years

Dementia preclinical phase

Exposures unlikely to be causal

Risk of reverse causation bias

The life-course approach to dementia
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Life course

40 years 50 years 60 years 70 years 80 years

Clinical trials in such a time frame are unfeasible. 

Lancet Commission on Dementia Prevention 2024

Most evidence comes from

observational studies
Well-characterized observational studies: essential for dementia research

• Careful consideration of age at assessment of risk factors. 

• Length of follow-up.

• Repeated measures on exposure.

The life-course approach to dementia

Observational studies are limited in their ability to establish causality



Life course

40 years 50 years 60 years 70 years 80 years

Dementia preclinical phase

The life-course approach considers timing and duration of exposure

• Longitudinal studies

• Repeated measures over the life course
Appropriate statistical methods

The life-course approach to dementia
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Lancet Commission on Dementia Prevention, Intervention, and Care 2024

Age is the strongest (non-modifiable) 
risk factor for dementia

The risk of dementia 
doubles every five years 

after age 65

Observational studies must explicitly account 
for age to disentangle its impact from the actual 

effect of the risk factor on dementia



Major studies on ageing start data collection at age 65
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The Whitehall study: unique data to study ageing outcomes
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BLOOD METABOLITES AND DEMENTIA
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CSF BIOMARKERS
Invasive Spinal Tap
Diagnosis of AD

• CSF Aβ (amyloid beta)
• CSF P-Tau (phosphorylated tau)
• CSF NFL (neurofilament light chain)

BLOOD METABOLITES AND DEMENTIA



From CSF to blood-based biomarkers

Blood-based biomarkers
Venipuncture: less invasive
Healthcare and research settings

Are blood-based biomarkers useful in identifying prevention targets?

BLOOD METABOLITES AND DEMENTIA



From CSF to blood-based biomarkers

Metabolites in blood assessed late in life: not meaningful for prevention

BLOOD METABOLITES AND DEMENTIA



Limitations of previous studies on the association between metabolite panels and the risk of dementia

1. Correction for multiple testing

Bonferroni correction, FDR, PCA

• Too conservative

• Metabolites with a very large effect

BLOOD METABOLITES AND DEMENTIA



Limitations of previous studies on the association between metabolite panels and the risk of dementia

2. Age included in the predictive model
• Prediction due to age

• Prediction due to the biomarkers

BLOOD METABOLITES AND DEMENTIA



Limitations of previous studies on the association between metabolite panels and the risk of dementia

RANDOM PARTITIONING OF THE DATASET TO GENERATE CROSS-VALIDATION FOLDS

BLOOD METABOLITES AND DEMENTIA



Our aim was to identify metabolites predicting incident
dementia independently of age over 21-year follow-up, using

machine learning for survival analysis, namely elastic net 
penalized Cox regression.

BLOOD METABOLITES AND DEMENTIA
AIM



1997-99

45-69 ans

N=7870

Dementia Fin de suivi:
Mars 2019 

La cohorte Whitehall II

Phase 5

t

BLOOD METABOLITES AND DEMENTIA
STUDY DESIGN



Fasting serum (1997-1999)

233 metabolites

Consortium of Metabolomics Studies (2014)

NMR metabolomics

Nightingale platform

BLOOD METABOLITES AND DEMENTIA
Metabolite panel (1997-1999)



Dataset

Corresponding
validation fold

Outer loop

Training fold

Tuned
Hyperparameters 

(α and λ)

1) Create 10 
outer folds

2) Create 5 
inner folds

3) Tuning 
hyperparameters

Best 
outer 
model

7) Predictors identification

C-statistic 
comparison

4) Use in 
training fold

9) Performance metrics

Stored
metrics

Inner loop

8) Apply model

Validation fold
(best outer model)

Training fold
(best outer model)

5) model 
performance

6) Best model
selection

… 
(repeated for each training outer fold)



Dataset

Corresponding
validation fold

Outer loop

Training fold

Tuned
Hyperparameters 

(α and λ)

1) Create 10 
outer folds

2) Create 5 
inner folds

3) Tuning 
hyperparameters

Best 
outer 
model

7) Predictors identification

C-statistic 
comparison

4) Use in 
training fold

9) Performance metrics

Stored
metrics

Inner loop

8) Apply model

Validation fold
(best outer model)

Training fold
(best outer model)

5) model 
performance

6) Best model
selection

… 
(repeated for each training outer fold)SEED NUMBER



Dataset

100 repetitions with different randomization seed

Corresponding
validation fold

Outer loop

Training fold

Tuned
Hyperparameters 

(α and λ)

1) Create 10 
outer folds

2) Create 5 
inner folds

3) Tuning 
hyperparameters

Best 
outer 
model

7) Predictors identification

C-statistic 
comparison

4) Use in 
training fold

9) Performance metrics

Stored
metrics

Inner loop

8) Apply model

Validation fold
(best outer model)

Training fold
(best outer model)

5) model 
performance

6) Best model
selection

… 
(repeated for each training outer fold)



Dataset

100 repetitions with different randomization seed

Corresponding
validation fold

Outer loop

Training fold

Tuned
Hyperparameters 

(α and λ)

1) Create 10 
outer folds

2) Create 5 
inner folds

3) Tuning 
hyperparameters

Best 
outer 
model

7) Predictors identification

C-statistic 
comparison

4) Use in 
training fold

9) Performance metrics

Stored
metrics

Inner loop

8) Apply model

Validation fold
(best outer model)

Training fold
(best outer model)

5) model 
performance

6) Best model
selection

… 
(repeated for each training outer fold)

(5 inner models x 10 training outer folds) x 100 repetitions= 5000 inner models

10 outer models x 100 repetitions= 1000 outer models

100 best outer models



Models retained: p-value for difference in C-statistic <0.05 (compared to an age-only model)

6 risk scores

1. Age
2. Age + Metabolites present in 100%
3. Age + Metabolites present in ≥90%
4. Age + Metabolites present in ≥60%
5. Age + Metabolites present in ≥50%
6. Age + Metabolites selected at least once

Standardization
(Z-scores)
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Models retained: p-value for difference in C-statistic <0.05 (compared to an age-only model)

6 risk scores

1. Age
2. Age + Metabolites present in 100%
3. Age + Metabolites present in ≥90%
4. Age + Metabolites present in ≥60%
5. Age + Metabolites present in ≥50%
6. Age + Metabolites selected at least once

Standardization
(Z-scores)

BLOOD METABOLITES AND DEMENTIA

Analyses
1. Association 1SD increment in risk score with incident dementia: Cox regression

2. Predictive accuracy: R2, AIC, sensitivity, specificity, C-statistic



Results: Cox regression with Bonferroni correction

5 metabolites associated with dementia at p<0.05
1. Total cholesterol to total lipids ratio in chrylomicrons and extremely large VLDL, HR (95% CI): 0.84 (0.73-0.96)
2. Free colesterol to total lipids ratio in chrylomicrons and extremely large VLDL, HR (95% CI): 0.86 (0.74-0.99)
3. Triglycerides to total lipids ratio in chrylomicrons and extremely large VLDL, HR (95% CI): 1.17 (1.04-1.33)
4. Phospholipids to total lipids ratio in médium HDL, HR (95% CI): 1.15 (1.03-1.29)
5. Glucose, HR (95% CI): 1.24 (1.13-1.36)
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5 metabolites associated with dementia at p<0.05
1. Total cholesterol to total lipids ratio in chrylomicrons and extremely large VLDL, HR (95% CI): 0.84 (0.73-0.96)
2. Free colesterol to total lipids ratio in chrylomicrons and extremely large VLDL, HR (95% CI): 0.86 (0.74-0.99)
3. Triglycerides to total lipids ratio in chrylomicrons and extremely large VLDL, HR (95% CI): 1.17 (1.04-1.33)
4. Phospholipids to total lipids ratio in médium HDL, HR (95% CI): 1.15 (1.03-1.29)
5. Glucose, HR (95% CI): 1.24 (1.13-1.36)

Glucose was the only metabolite associated with dementia after Bonferroni correction:
p for glucose=0.00001

Results: Cox regression with Bonferroni correction

BLOOD METABOLITES AND DEMENTIA



Results: Selected models from the machine learning algorithm

BLOOD METABOLITES AND DEMENTIA



Results: Frequency of metabolites in the selected models

15 metabolites identified in 16 selected models

BLOOD METABOLITES AND DEMENTIA



Results: Association and predictive accuracy of risk scores

BLOOD METABOLITES AND DEMENTIA
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Results: Association and predictive accuracy of risk scores

BLOOD METABOLITES AND DEMENTIA



What our study adds

Explicit consideration of age in our analyses

1. Machine learning algorithm

2. Predictive performance analyses

BLOOD METABOLITES AND DEMENTIA



Explicit consideration of age in our analyses

1. Machine learning algorithm

2. Predictive performance analyses

Use of a machine learning algorithm

1. Highly correlated data

2. Nested-cross validation procedure

3. Random partitioning

What our study adds

BLOOD METABOLITES AND DEMENTIA



Conclusions

• The results for glucose are robust: glucose was identified using Cox regression with Bonferroni 
correction and in all machine learning models. 

• Our results highlight the role of age; there was only a modest increase in predictive accuracy when
metabolites selected using a machine learning appoach were added to the predictive model containing
age (C-statistic for age: 0.780 vs C-statistic for risk score 5: 0.796).

• Although the contribution of the 15 metabolites to dementia prediction was small, it is woth noting that
our approach required all metabolites to improve predictive accuracy of a model containing age. 

• It is urgent to identify other biomarkers for better prediction. 

BLOOD METABOLITES AND DEMENTIA
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METABOLIC 
SYNDROME

(MetS)

Central obesity
Low HDL-C
Hypertriglyceridemia
Hypertension
Elevated fasting glucose

Increased risk of coronary artery disease and stroke

Obesity
Hypertension
Diabetes

Risk factors for late-onset dementia
(Lancet commission on dementia prevention)

DEMENTIA ??

54

METABOLIC SYNDROME AND DEMENTIA



Meta-analysis of longitudinal studies:
• Studies with short follow-up (<10 years)
• Wide age range at baseline
• Most studies on older people

No association between MetS and dementia or AD
Significant positive association of MetS with vascular dementia (VaD)

55

Atti AR. Am J Geriatr psychiatry 2019;27:625-37
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2 studies with follow-up >20 years (only men):
Study 1:
• No standardized definition of MetS.
• MetS and dementia were measured at 1 point with a 25-year interval.
• No consideration of competing risk of death in the analyses.  
• Increased risk of dementia among participants with “MetS”

Study 2:
• Logistic regression models
• Small number of dementia cases (n < 100)
• No association between MetS and dementia

Atti AR. Am J Geriatr psychiatry 2019;27:625-37

METABOLIC SYNDROME AND DEMENTIA

Kaljmin S. Arterioscler Thromb Vasc Biol 2000;20:2255-60

Creavin ST. J Alzheimers Dis 2012;28:931-9



Meta-analysis of longitudinal studies:
• Studies with short follow-up (<10 years)
• Wide age range at baseline
• Most studies on older people

No association between MetS and dementia or AD
Significant positive association of MetS with vascular dementia (VaD)

57

Lee JE. J Clin Med 2020;9
Cho Y. Endocrinol Metab 2021;36:424-35
Kim YJ. Diabetol Metab Syndr 2021;13:4

2 studies with follow-up >20 years (only men):
Study 1:
• No standardized definition of MetS.
• MetS and dementia were measured at 1 point with a 25-year interval.
• No consideration of competing risk of death in the analyses.  
• Increased risk of dementia among participants with “MetS”

Study 2:
• Logistic regression models
• Small number of dementia cases (n < 100)
• No association between MetS and dementia

Recent research on Asian
populations

Higher risk of all-cause dementia
(follow-up < 10 years)

Atti AR. Am J Geriatr psychiatry 2019;27:625-37

METABOLIC SYNDROME AND DEMENTIA

Kaljmin S. Arterioscler Thromb Vasc Biol 2000;20:2255-60

Creavin ST. J Alzheimers Dis 2012;28:931-9
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The aim of our study, using data spanning nearly 30 years, 
was to examine the role of age at measurement of MetS

and its components for incident dementia. 

METABOLIC SYNDROME AND DEMENTIA
OBJECTIVE
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Criteria AHA/NHBLI (2009)

Any 3 of the following criteria

Anthropometry
Central obesity (population- and country-specific measures)

WC ≥ 102 cm male, WC ≥ 88 cm female (EUROPE)

Triglycerides
Elevated triglycerides

≥ 150 mg/dL (1.7 mmol/L)

or specific treatment

HDL cholesterol
Low HDL-cholesterol

< 40 mg/dL (1.03 mmol/L) male

< 50 mg/dL (1.29 mmol/L) female

or under specific treatment

Blood pressure

Elevated Blood Pressure
systolic BP ≥ 130 mm Hg

or diastolic BP ≥ 85 mm Hg

or under specific treatment

Glucose
Elevated fasting glucose

FG ≥ 100 mg/dL (5.6 mmol/L)

or under specific treatment

Alberti KG. Circulation 2009;120:1640-5.

METABOLIC SYNDROME AND DEMENTIA
Metabolic syndrome (exposure)
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Dementia
Electronic health records:
• Hospital Episode Statistics (HES)
• Mental Health services dataset
• Mortality register using ICD-10 codes F00-03, F05.1, G30 and G31
Date of dementia was set at the first record of dementia diagnosis 
in any of these three databases.

METABOLIC SYNDROME AND DEMENTIA
Dementia (outcome)
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Sociodemographic:
• Age
• Sex
• Educational level
• Ethnicity
• Birth cohort (5-year range)

Health-related behaviors:
• Smoking (never, former and current smoker)
• Alcohol consumption (no consumption, 1-14 units/wk, >14 units/wk)
• Fruits and vegetables consumption (les tan daily, once a day, twice or more a day)
• Moderate and vigorous physical activity (hours per week).

METABOLIC SYNDROME AND DEMENTIA
Covariates
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Incident dementia (31 March 2019)MetS

1991-93 1997-99 2002-04 2007-09 2012-13 2015-16

WHITEHALL II COHORT STUDY

METABOLIC SYNDROME AND DEMENTIA
Study design
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Typical approach:
Include participants with a 
wide age range at baseline

Older participants are more likely to develop dementia during
the short follow-up but are also more likely to be in the
preclinical pase of dementia

2 novel features:
1. Alternative thresholds to define “high metabolic risk”.
2. Assessment of MetS components in midlife and later life.

METABOLIC SYNDROME AND DEMENTIA
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MetS: ≥3 cardiometabolic components

Non-MetS: 0-2 cardiometabolic components

MetS
definition

Heterogeneity in metabolic risk in the reference category

A previous study on Korean adults, mean age 53.1 years at baseline, also found higher risk 
of dementia in those with one or more MetS components

Walker KA. JAMA 2019;322:535-545.
Singh-Manoux A. Alzheimers Dement 2018;14:178-186. 

Individual components of MetS
are associated with dementia, 

notably when assessed at midflife

We found elevated WC, low HDL-C and elevated blood pressure to be 
associated with dementia when prevalent before age 60. 

METABOLIC SYNDROME AND DEMENTIA

Cho Y. Endocrinol Metab 2021;36:424-35
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• The conventional definition of MetS, requiring the prevalence of
three or more components, is not optimal as risk for dementia
accumulates over the entire scale of MetS components.

• MetS components when present before age 70 are associated with
an increased risk of late-onset dementia.

• Our results show the importance of targeting all metabolic risk
factors rather than the presence of metabolic risk clusters.

METABOLIC SYNDROME AND DEMENTIA
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HEARING AND DEMENTIA

Lancet Commission on Dementia Prevention, Intervention, and Care 2024
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HEARING AND DEMENTIA

Lancet Commission on Dementia Prevention, Intervention, and Care 2024

6 studies were used to estimate HR for PAF
• 4 were based on people >65 years.
• 1 included people >50 years but mean age at hearing 

assessment was ≈70 years.
• 1 measured hearing status at a median age of 59.9 years. 

All studies have a follow-up between 6 and 12 years
All used objective measures
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HEARING AND DEMENTIA

Lancet Commission on Dementia Prevention, Intervention, and Care 2024

6 studies were used to estimate HR for PAF
• 4 were based on people >65 years.
• 1 included people >50 years but mean age at hearing 

assessment was ≈70 years.
• 1 measured hearing status at a median age of 59.9 years. 

All studies have a follow-up between 6 and 12 years
All used objective measures

Stephan BCM. Lancet Healthy 

Longev. 2024

PAF Hearing Impairment = 7.2%

15 included studies
Objective & Self-reported hearing impairment
Most studies had a mean age >65 years
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HEARING AND DEMENTIA

Our aim was to examine the association of hearing impairment and hearing aid use in midlife with 

incident late-onset dementia (after 65 years) using data from the Whitehall II (WII) and UK Biobank 

(UKB) studies.
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HEARING AND DEMENTIA

Our aim was to examine the association of hearing impairment and hearing aid use in midlife with 

incident late-onset dementia (after 65 years) using data from the Whitehall II (WII) and UK Biobank 

(UKB) studies.

Whitehall II

Self-reported
Hearing impairment
and aid

Assessed at ≈56 years

UK Biobank

Self-reported
Hearing impairment
and aid

Objective hearing 
impairment

Assessed at ≈56 years

Exposure
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Our aim was to examine the association of hearing impairment and hearing aid use in midlife with 

incident late-onset dementia (after 65 years) using data from the Whitehall II (WII) and UK Biobank 

(UKB) studies.
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Self-reported
Hearing impairment
and aid

Assessed at ≈56 years

UK Biobank

Self-reported
Hearing impairment
and aid

Objective hearing 
impairment

Assessed at ≈56 years

Exposure

Whitehall II

All-cause dementia
EHR

Follow-up until March 2023
Median follow-up: 25 years

UK Biobank

All-cause dementia
EHR

Follow-up until October 2022
Median follow-up: 14 years

Outcome



96

HEARING AND DEMENTIA

Our aim was to examine the association of hearing impairment and hearing aid use in midlife with 

incident late-onset dementia (after 65 years) using data from the Whitehall II (WII) and UK Biobank 

(UKB) studies.

Whitehall II

Self-reported
Hearing impairment
and aid

Assessed at ≈56 years

UK Biobank

Self-reported
Hearing impairment
and aid

Objective hearing 
impairment

Assessed at ≈56 years

Exposure

Whitehall II

All-cause dementia
EHR

Follow-up until March 2023
Median follow-up: 25 years

UK Biobank

All-cause dementia
EHR

Follow-up until October 2022
Median follow-up: 14 years

Outcome

Sociodemographic: age (as timescale), sex, ethnicity, living alone 

(marital status in the WII cohort) and education.

BMI and health-related behaviors (smoking, alcohol consumption, fruit 

and vegetable consumption, and physical activity).

Number of chronic conditions including coronary heart disease, 

stroke, hypertension, heart failure, diabetes, cancer, chronic kidney 

disease, chronic obstructive pulmonary disease, liver disease, 

depression, mental disorders, and arthritis or rheumatoid arthritis.

Covariates
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PAF is calculated
from

Risk ratio

1.40 Lancet Commission on Dementia Prevention, Intervention, and Care 2024

1.14 WII
1.12 UKB
1.12 Pooled 

Studies assessing HI <60 years

Study assessing HI <60 years 
and follow-up >20 years

Cantuaria ML. JAMA Otolaryngol. 20241.08

1.15 Osler M. Eur. J. 

Epidemiol. 2019

1.09 Myrstad C. EClinicalMedicine. 2023

Prevalence
Hearing Impairment
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Risk ratio
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1.14 WII
1.12 UKB
1.12 Pooled 

Studies assessing HI <60 years

Study assessing HI <60 years 
and follow-up >20 years

Cantuaria ML. JAMA Otolaryngol. 20241.08

1.15 Osler M. Eur. J. 

Epidemiol. 2019

1.09 Myrstad C. EClinicalMedicine. 2023

Prevalence
Hearing Impairment

59% Lancet Commission on Dementia Prevention, Intervention, and Care 2024
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1.15 Osler M. Eur. J. 

Epidemiol. 2019

1.09 Myrstad C. EClinicalMedicine. 2023
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10.9% 60-69 years

23.4% 70-79 years

42.0% 80-89 years

56.5% ≥90 years
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PAF is calculated
from

Risk ratio

1.40 Lancet Commission on Dementia Prevention, Intervention, and Care 2024

1.14 WII
1.12 UKB
1.12 Pooled 

Studies assessing HI <60 years

Study assessing HI <60 years 
and follow-up >20 years

Cantuaria ML. JAMA Otolaryngol. 20241.08

1.15 Osler M. Eur. J. 

Epidemiol. 2019

1.09 Myrstad C. EClinicalMedicine. 2023

Prevalence
Hearing Impairment

59% Lancet Commission on Dementia Prevention, Intervention, and Care 2024

18.9% in WII
37.2% in UKB

20.5% in WII
41.9% in UKB

11.3% in UKB

WHO estimates for Europe

10.9% 60-69 years

23.4% 70-79 years

42.0% 80-89 years

56.5% ≥90 years

In participants <60 years

In the total sample

Objective Hearing Impairment

14.8% Myrstad C. EClinicalMedicine. 2023



112

HEARING AND DEMENTIA

Unweighted PAF Weighted PAF

Lancet Commission on Dementia 
Prevention, Intervention, and Care 2024

19.1% 7.2%

Stephan BCM. Lancet Healthy 
Longev. 2024

15.6% 7%

Reported Hearing Impairment (Pooled) 4.7%

Concordant Hearing Impairment (UKB) 2.9%

Objective Hearing Impairment (UKB) 3.4%
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• Age at measurement of hearing impairment (for prevalence), and the length of follow-

up (to exclude reverse causation) play a role in estimates of PAF for late-onset 

dementia.

• Our findings suggest a modest association between midlife hearing impairment and 

incident dementia, and do not support the unweighted PAF estimates of 15.6% and 

19.1% in recent meta-analyses, in which the results on both the risk ratio and 

prevalence of hearing impairment are based primarily on data on older adults.

• Although our findings suggest weaker associations than those in recent meta-

analyses, they do not refute a potential link between hearing impairment and dementia.
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CONCLUSIONS

Age is not just a covariate; it is central to dementia research

•Follow-up matters: short follow-up can capture preclinical dementia rather than causal risk. 

•Repeated measures matter: trajectories can reveal patterns missed by single assessments. 

•Methods matter: observational studies must explicitly address age, reverse causation and competing risk 

•Timing matters: risk factors may have different meanings in midlife and late life. 

Take-home message:
In dementia epidemiology, when we measure risk factors may be as important as what we measure.
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