
Workstream 2.1
DEVELOPMENT OF ACCURATE AND SIMPLE TOOLS TO 
IDENTIFY INDIVIDUALS AT HIGH RISK OF DEMENTIA



WS2.1 Deliverables
1) Update systematic review of dementia risk prediction models 

Completed, and published.





WS2.1 Deliverables
1) Update systematic review of dementia risk prediction models 

Completed, and published.

2) Undertake systematic review of MCI operationalization and prevalence in LMIC 
Draft manuscript

3) Submit data request to the 10/66 Study Data Management Committee 
Completed

4) Undertake dementia risk prediction model analysis – 10/66 Study data       
Draft manuscript

5) Undertake external model validation using data from Malaysia and Tanzania  
To be completed



Dementia risk prediction model analysis

 The aim is to find a model that is able to identify individuals with a high risk of developing 
dementia over a relative short time. 
 This model could be used to select individuals for dementia prevention trials.  

 First part of this work is:
 Investigate whether current dementia risk prediction models, developed in high income countries 

(HICs), are able to predict risk of developing dementia in elderly from low and middle income countries 
(LMICs).



10/66 Study cohort
• Individuals ≥ 65 years
• From: Cuba, Dominican Republic, Peru, Venezuela, Mexico, Puerto Rico and China. 

• Baseline interviewing was undertaken in 2004 to 2006, in all countries except Puerto Rico 
(baseline: 2007 to 2010).

• Participants were re-seen at approximately three to five 
years follow-up.

• The sample size was approximately 2,000 participants 
per country, and the response rate was 86%.

• All cause dementia was diagnosed according to the 10/66 
diagnosis algorithm.



Summary results previous workshop
• Thirteen dementia risk prediction models selected and tested in the 10/66 cohort.

• Some dementia risk prediction models developed in HIC appear to translate well  
to LMICs.
• However, the performance of the models varied across the 10 / 66 countries. 

• The best performing models incorporated information on age, gender and 
cognitive test performance.



Update analysis
• Testing models with two different approaches.

• Approach 1 (as presented last workshop):
• Testing the models using the exact same variables / risk factors as were used in the original model development study.
• However, the dementia models are updated to the 10/66 setting.
• This means that magnitude at which each factor of the model increases an individual risk was recalculated in the 10/66 study.

• i.e. recalculation of risk scores of each variable incorporated in the model.  

• Approach 2 (added to the previous shown analysis):
• Testing the models using the exact same variables as were used in the original model development study, 
and the exact same risk scores for each variable as found in the original cohort. 

• In addition, a second look was given to the dementia model selection. 

• And, the effect of age on the performance of the models was tested. 



Overview methods
• Five dementia risk prediction models selected

• All developed in high income country cohorts.
• Models incorporate demographics, disease status (e.g. diabetes), lifestyle (e.g. smoking), physical functioning (e.g. need help 

with money), and neurocognitive test performance variables.

• Discriminative model performance was tested in 10 / 66 cohort 
(i.e. complete cohort, and country specific study samples)
• 1) Models tested using development specific statistics 

• Complete risk score calculated according to original publication
• Age only risk score calculated according to original publication
• Cox regression or logistic regression modelling

• 2) Models tested using updated risk scores
• The risk score was re-calculated for each variable included in the models.
• Age was in each tested model incorporated as continuous variable.
• Competing risk regression modelling

• Model performance tested with Harrell’s c-statistic / AUC
• Ability to discriminate between low and high risk cases
• C-statistics values of 0.8–1 (excellent models), 0.7–0.8 (good models) and <0.7 (models of questionable utility)



Selected dementia models
1) ANU-ADRI risk score (age, education, diabetes, depression, TBI, smoking, alcohol intake, 
social engagement, PA, cognitive activity, fish intake, and pesticide exposure)

2) CAIDE risk score (age, education, gender, systolic blood pressure, obesity, cholesterol status, 
and PA)

3) BDSI risk score (age, education, underweight, diabetes, stroke, need help with money / 
medication, and depression)

4) AGECODE risk score (age, subjective memory impairment, verbal fluency, delayed recall, 
MMSE and IADL)

5) Framingham risk score (age, marital status, BMI, stroke, diabetes, TIA, and cancer)



ANU-ADRI score
• The Australian National University Alzheimer’s Disease Risk Index (ANU‐ADRI) score.

• Variables for the model selected from the literature.
• And, risk scores for each individual variable of the model calculated following meta‐analysis.

• The final model consisted of eleven risk factors and four protective factors, namely: 
• Age, sex, education, BMI (only for people < 60 years), diabetes, depression, serum cholesterol (only for 
people < 60 years), TBI, smoking, alcohol intake, social engagement, physical activity (PA), cognitive 
activity, fish intake and pesticide exposure. 

• The discriminative performance of the risk score was tested in three independent cohorts:
• The Rush Memory and Aging Project (MAP)

• USA; n = 903; age ≥53 years; mean follow‐up = 6 years);

• The Kungsholmen Project (KP)
• Sweden; n = 905; age ≥75 years; mean follow‐up = 6 years)

• The Cardiovascular Health Study (CHS)
• USA; n = 2,496; age ≥65 years; mean follow‐up = 3.5 years). 



ANU-ADRI score

The total individual risk score can range 
between the -11 and 66 points.



Harrell’s C statistic and 95%CI 

MAP cohort: 0.72 (0.68 – 0.76) 
KP cohort: 0.65 (0.62 – 0.69)
CVHS cohort: 0.73 (0.70 – 0.75)

Complete score: 0.70 (0.68 – 0.72) 
Age only score: 0.68 (0.67 – 0.70)

Age only score      
Complete score



AGECODE score
• The AGECODE score The Aging, Cognition and Dementia (AGECODE) score.

• Dementia prediction score for individuals ≥ 75 years

• This score was developed following identification of predictors of dementia in the AGECODE 
study (Germany; n=3,055; age ≥75 years; mean follow-up = 3.8 years). 
• The final risk score consisted of 6 risk factors, namely: age, subjective memory impairment (SMI), 

verbal fluency, delayed recall, Mini Mental State Examination (MMSE), and IADL. 
• The beta-coefficients of the selected risk factors, following cox regression analysis, were converted into a 

risk score. 

• No data was available in the 10/66 Study for the variable MMSE, instead is a comparable 
neuropsychological test score used (i.e. Clinical Dementia Rating; CDR). 



AGECODE score

The total individual score can 
range between the 0 – 21 points. 



Harrell’s C statistic and 95%CI 

Development sample: 0.84 (0.80 – 0.88) 
Test sample: 0.79 (0.74 – 0.84)

Complete score: 0.65 (0.63 – 0.67) 
Age only score: 0.57 (0.56 – 0.59)

Age only score      
Complete score



Updated AGECODE model

Age: 0.69 (0.68 – 0.71)
Complete: 0.75 (0.73 – 0.76) 

Age: 0.70 (0.66 – 0.75)
Complete: 0.82 (0.79 – 0.85) 

Age: 0.69 (0.66 – 0.73)
Complete: 0.71 (0.67 – 0.75) 

Age only model      
Complete model



Re-calculation AGECODE risk scores

AGECODE Full cohort Cuba DR Peru Venezuela Mexico Puerto Rico China
score score score score score score score score score

GMS SMI scale 0 points 0 0 0 0 0 0 0 0 0
0 - 3 points 2 0 1 0 1 1 0 0 2
≥ 3 points 4 1 1 0 1 2 0 0 3

Animal naming < 18 named 4 2 2 2 2 2 3 2 1

Delayed recall ≥ 7 recall 0 0 0 0 0 0 0 0 0
5 - 7 recall 2 1 2 2 4 5 0 2 0
0 - 5 recall 4 2 2 4 8 7 3 4 1

CDR ≥ 0.5 4 2 3 1 2 2 3 3 -1

ADL / IADL 2 1 1 1 0 2 0 1 1



Summary results
• The ANU-ADRI score performed well in the 10/66 cohort.

• However, the performance of the score was primarily determined by the factor age.

• Update of the models to the 10/66 dataset suggest that:
• Next to age, primarily factors associated with the dementia disease pathway are good predictors for the 

risk developing dementia, in elderly from LMICs.
• However, the AGECODE model, incorporating these variables, did not performed well across all 10/66 

countries.   



Discussion
 Dementia diagnosed by 10/66 algorithm

Missing data

 Not able to test al types of dementia models 



Conclusion
 Currently, there is no robust dementia risk prediction model that performs well 
across the different countries in the 10/66 cohort.

More research is needed to develop a dementia model that is able to identify 
high risk dementia cases across culturally and economically diverse settings. 



Next steps?
1. Dementia risk model development in the 10 / 66 cohort:
◦ Identify feasible, and robust, predictors for the risk of developing dementia across the different countries 

in the 10/66 cohort. 

2. External validation of the new model in cohorts from LMICs:
◦ The Ibadan Study from Nigeria
◦ The Epidemiology of Dementia in Central Africa Study from Congo (EPIDEMCA-FU)
◦ The Mexican Health and Aging Study (MHAS) 
◦ Chinese longitudinal Healthy Longevity Survey (CLHLS) 



Systematic review
MILD COGNITIVE IMPAIRMENT (MCI) 
OPERATIONALISATION AND PREVALENCE IN LOW AND 
MIDDLE INCOME COUNTRIES. 



MCI review
• MCI is an intermediate stage of cognitive function between normal age related changes and 
dementia.

• MCI could potentially be used to identify individuals with a high risk of developing dementia in 
the near future.  

• Study selection criteria: 
• Mild Cognitive Impairment (MCI) prevalence in LMICs. 
• No restriction in definition of MCI and / or population characteristics. 
• Literature search up to January 2018





Study characteristics 
• Data available from 22 countries including:

• Brazil, Bulgaria, Central African Republic, China, Columbia, Cuba, Dominican Republic, Egypt, Ghana, 
India, Iran, Malaysia, Mexico, Nigeria, Peru, Philippines, Puerto Rico, Republic of Congo, Russia, 
South-Africa, Tanzania, Venezuela. 

• Sample size ranged from 99 to 32,715 participants. 

• All studies were conducted in a elderly population (at least ≥ 50 years), except one study, which 
studied MCI prevalence in middle age cardiac surgery patients. 



MCI criteria
• Criteria used:

• Original Mayo-clinic / Petersen criteria, 1999 
• International Working Group (IWG) on MCI criteria, 2004 
• European Consortium on Alzheimer’s disease criteria, 2006 
• NIA-AA criteria, 2011 
• DSM-V criteria, 2013 

• In addition:
• CIND criteria
• Study specific criteria 
• Cut-off scores for neuropsychological assessment tools (e.g. MMSE) 



Name MCI criteria, 
year of publication

Summary of core MCI criteria 

Cognitive complaint Global cognitive 
function Cognitive impairment Physical functioning Dementia 

1) Original Mayo-clinic / 
Petersen criteria, 1999 Memory complaint Normal Abnormal memory for age Normal ADL Not demented 

2) International Working Group 
(IWG) on MCI criteria, 2004

Report of cognitive 
decline N/A

Cognitive decline over 
time, or cognitive deficits 
(+ subjective report of 
cognitive decline)

ADL preserved, and IADL 
are either intact or 
minimally impaired

Not demented 

3) European Consortium on 
Alzheimer’s disease criteria, 
2006

Report of cognitive 
complaints + cognitive 
decline

N/A Impairment in any of the 
cognitive domains

Absence of major 
repercussions on daily life Not demented

4) NIA-AA criteria, 2011 Report of concern 
cognitive decline N/A Impairment in any of the 

cognitive domains
Preserved functional 
abilities. Not demented

5) DSM-V criteria, 2013 Report of concern mild 
cognitive decline N/A Modest impairment in any 

of the cognitive domains

Cognitive deficits do not 
interfere with capacity for 
independence in everyday 
activities

N/A 



Figure 1A Forest plot of aMCI prevalence according to Petersen’s criteria (1999).
Studies excluded from the meta-analysis if only the very old elderly were included in the study (Hai, 2012), the same 
study cohort was used twice (Wang, 2015), or if aMCI prevalence was studied in a very specific study population (Gao, 
2016). Pooled effect was calculated according to random model analysis with the MetaXL software. 95%CI Confidence 
Interval. aMCI Amnestic Mild Cognitive Impairment. DR Dominican Republic. 



Figure 1B Forest plot of MCI prevalence according to the International Working Group (IWG) criteria (2004). 
Study excluded from the meta‐analysis, as the same study cohort was used twice (Shahar, 2013). Pooled effect was calculated according to random model 
analysis with the MetaXL software. 95%CI Confidence Interval. CAR Central African Republic. MCI Mild Cognitive Impairment. ROC Republic of Congo.  



Figure 1B Forest plot of CIND prevalence.
Study excluded from the meta-analysis, because the same study cohort was used twice (Shahar, 2013). Pooled effect was calculated according to random 
model analysis with the MetaXL software. 95%CI Confidence Interval. CIND Cognitive Impairment No Dementia. 



 Heterogeneity in criteria and operationalisation of MCI.

 Variability in MCI prevalence.

 Future work to look at whether MCI is predictive of dementia in LMIC settings 
 Next planned systematic review

Summary results: MCI prevalence in LMICs 



THANK YOU


