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WS2.1 Deliverables

1) Update systematic review of dementia risk prediction models
Completed, and published.
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Abstract

Background

Accurate identification of individuals at high risk of dementie
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systematic review in 2010 and updated this in 2014 due totl
lished in this area. Here we include a critique of the variable
assessment of model prognostic performance.

Methods

QOur previous systematic review was updated with a search
2014 in electronic datab. (MEDLINE, Embx Scopus,
examining risk of dementia in non-demented individuals an¢
ity, specificity or the area under the curve (AUC) or c-statisti

Findings

Intotal, 1,234 articles were identified from the search; 21 ar
developments in dementia risk prediction include the testing
non-traditional dementia risk factors, incorporation of diet, p
and model development in specific subgroups of the popula
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In the absence of effective treatments for dementia there has been an international focus towards risk reduction
similar to other branches of medicine for example, cardiovascular disease 11. It has been suggested that around a third
of Alzheimer’s disease (AD) cases (2] and about a quarter to a third of dementia cases (3] could be prevented through
the modification of key risk factors linked to health and lifestyle with examples including low educational artainment
and physical inactivity. Some of these factors have been incorporated into models to predict an individual’s risk of
future dementia. However, previous systematic reviews have found that although some risk tools predict dementia
with reasonable accuracy, none are currently recommended for use in clinical settings 14,51. Since the last systematic
review in 2015 there have been further models published. Therefore, the aim of this editorial is to provide an
update on new developments in the dementia risk prediction modeling literarure.

Current developments in dementia risk prediction modeling

Recent updates include: development of new genetic risk scores incorporating non-apolipoprotein (APOE) risk
genes that are associated with incident AD [6; development of a United Kingdom (UK)-based model, incorporating
variables that are easily accessible in primary care [7] and testing of model size reduction and incorporating simple
variables to reduce the cost/expertise needed for dementia risk score calculation 1s); extension of usage of risk scores
into the clinical trial setting; and qualitative assessment of dementia risk reduction. A summary of each of these
developments is included below.

Genetic risk scores

Previous genetic risk scores have assessed the benefits of using APOE e4 and non-APOE e4 genes (PICALM and
CLU) to improve predictive models for incident AD j9). There have been further models based on genetic risk scores
produced since then. One example is a genetic risk score developed in 2016 that used common genetic variants
associated with AD (6. The authors observed that the aggregate measure of single nucleoride polymorphisms was
more significantly associated with incident AD even without the inclusion of APOE ¢4 js]. The authors assessed
a risk model that incorporated age, sex, education and APOE in risk prediction after 7-year follow-up and found
that when the genetic risk score was added to the risk model there was a small improvement in discrimination (s].
These scores could be used in trials to include those found to be at risk but asymptomatic from the disease.

Reducing model complexity

Although no economic analysis has been previously undertaken, a key criticism of past models was that they
often contain resource intensive (in terms of data collection) and costly (in terms of equipment and expertise
needed) variables reducing feasibility of implementation. Four studies have focused on reducing model calculation
cost and complexity. They first developed a score estimating of 5-, 10- and 20-year dementia risk and focused
specifically on risk factors (including age, marital status, body mass index (BMI), stroke, diabetes, ischemic arrack
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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

e Individuals > 65 years

* From: Cuba, Dominican Republic, Peru, Venezuela, Mexico, Puerto Rico and China.

e Baseline interviewin% 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 TN

years follow-up. / \— P 1» * \\

» The sample size was approximately 2,000 participants | "
per country, and the response rate was 860/5. ‘ ~
e All cause dementia was diagnosed according to the 10/66 \ 5 //

diagnosis algorithm.



Summary results previous workshop

 Thirteen dementia risk prediction models selected and tested in the 10/66 cohort.

e 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.

e 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.

e 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
» (-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

e The Australian National University Alzheimer’s Disease Risk Index (ANU-ADRI) score.
e 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)
e USA; n =903; age 253 years; mean follow-up = 6 years);
e The Kungsholmen Project (KP)
* Sweden; n =905; age 275 years; mean follow-up = 6 years)
e The Cardiovascular Health Study (CHS)
e USA; n =2,496; age 265 years; mean follow-up = 3.5 years).



ANU-ADRI score

Variable

Age

< 65 years

65 - 70 years

70 - 75 years

75 - 80 years

80 - 85 years

> 90 years

Education

Completed secondary school
Completed primary school
No education / primary school not completed
Diabetes

Symptoms of depression
Traumatic brain injury
Smoking

Never

Ever

Current

0

1 men | 5 women
12 men | 14 women
18 men | 21 women
33 men | 35 women

38 men | 41 women

BRNW Yy WO

K S T

Light / modcrate alcohol intake

Social engagement

Lowest 6

Low to medium 4

Medium to high 1

Highest 0

Physical activity

Not (very) physical active 0

Fairly physical active -2
Very physical active 3
Fish intake

Never 0

Some days -3
Most days -4
Every day -5

The total individual risk score can range

between the -11 and 66 points.




Harrell’s C statistic and 95%CI

ANU-ADRI score
Original cohorts:
MAP (0=903) —— MAP cohort: 0.72 (0.68 — 0.76)
KP (1=905) Lo L, KP cohort: 0.65 (0.62 — 0.69)
CVHS (n—2.496) e CVHSI cohort: 0.73 (0.70 — 0.75)
10/66 cohort: Complete score: 0.70 (0.68 — 0.72)
Complete cohort (n=10,354) e Age only score: 0.68 (0.67 —0.70)
Cuba (n=2,242) o
DR (n=1,401) I —
Peru (n=1,264) e ———
Venezuela (n=755) e —~a—
Mexico (n=1,494) ——r
Puerto Rico (n=1,367) e,
China (n=1,494) =%,
<> Age only score 050 060 070 080 090 1.00
@ Complete score c-statistic (95% CT)




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

Risk score

Age

75-79 years 0

3

= 80 years

Subjective memory impairment (SMI)
0 points on the GMS SMI scale

1 - 3 points on the GMS SMI scale

>3 poinls on the GMS SMI scale

E R S

Verbal fluency < 18 animals named
Delayed recall

7-10 words

5-6 words

0-4 words

CDR = 0.5

>1 reported difficulty with ADL/IADL

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

[N R S S =




Harrell’s C statistic and 95%CI

AGECODE score
Original cohort:
Development sample (n=1,520) i ?:s\;esl;rr:lr;llzr'ltossg?ée&ff‘(‘) (80450 —0.88)
Test sample (n=1,529) e |
10:66 coherr: Complete score: 0.65 (0.63 — 0.67)
Complete cohort (n=4,548) HOH | e Age only score: 0.57 (0.56 — 0.59)

Cuba (n=1,003) /—>— | o |

DR (n=632) e

Peru (n=556) S
Venezuela (n=391) P
Mexico (n=606) ~— ¢ — &
Puerto Rico (n=724) E—0—— | &

China (n=0636) =%

2 ége Oiﬂy score 050 060 070 080 090  1.00
t
omplete score c-statistic (95% CI)




Updated AGECODE model

Updated AGECODE model
10/66 cohort:

Complete cohort (n—11,066) Age: 0.69 (0.68 —0.71)

Complete: 0.75 (0.73 — 0.76)

Cuba (n=2,282) T e

Dominican Republic (n=1,433) e
Peru (0=1,308) 6 Age: 0.70 (0.66 — 0.75)
Venezuela (n=1,340) @ Complete: 0.82 (0.79 — 0.85)
Mexico (n=1,514) 0 o
Puerto Rico (n=1,370) 0 4
China (a=1,819) Age: 0.69 (0.66 — 0.73)
Complete: 0.71 (0.67 — 0.75)

<> Age only model 0.50 0.60 0.70 0.80 0.90 1.00
@ Complete model C-statistic (95%CI)



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

e The ANU-ADRI score performed well in the 10/66 cohort.

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

e 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:

o [dentify 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:
o The Ibadan Study from Nigeria
o The Epidemiology of Dementia in Central Africa Study from Congo (EPIDEMCA-FU)
o The Mexican Health and Aging Study (MHAYS)
o Chinese longitudinal Healthy Longevity Survey (CLHLS)



Systematic review

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




MCI review

* MClI 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.

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



Records identified through database
searching
(n=5.826)

A

Records after duplicates removed
(n=1279)

Y

Records screened
(n=4,547)

i

Full-text articles assessed for

(n=109)

Studies included in
gualitative synthesis
n=39)

Records excluded
(n=4.438)

eligibility -,

70 full-text articles excluded:
- No LMIC (n=27)

- No description of MCI
criteria used (n = 20)

- No MCI prevalence data
available (n = 18)

- Cases with dementia or
severe cognitive impairment
not excluded from MCI cases
(n=4)

-Review (n=1)




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.

e 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

e 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

* [n addition:
e CIND criteria

 Study specific criteria
» Cut-off scores for neuropsychological assessment tools (e.g. MMSE)



Summary of core MCI criteria

Name MCI criteria, Clobal coenitive
year of publication Cognitive complaint function g Cognitive impairment Physical functioning Dementia
1) Original Mayo-clinic / .
M 1 1 A 1 fi 1ADL
Petersen criteria, 1999 emory complaint Norma bnormal memory for age |Norma Not demented
” i
. . . (;ognl Ve de(? %ne over . ADL preserved, and IADL
2) International Working Group | Report of cognitive time, or cognitive deficits ) .
o . N/A .. are either intact or Not demented
(IWG) on MCI criteria, 2004  |decline (+ subjective report of .. : .
L . minimally impaired
cognitive decline)
E rti Report of iti : . .
3) ur‘op ea’n C‘onso lum O.n °po .0 cognt Wé . Impairment in any of the | Absence of major
Alzheimer’s disease criteria, complaints + cognitive  |N/A o } . S Not demented
. cognitive domains repercussions on daily life
2006 decline
4) NIA-AA criteria, 2011 Report of concern N/A Impairment in any of the | Preserved functional Not demented
cognitive decline cognitive domains abilities.
Cognitive deficits do not
5) DSM-V criteria, 2013 Repo.r‘F of con(j,ern mild N/A Modest impa}rment in' any %nterfere with (?apacity for N/A
cognitive decline of the cognitive domains [independence in everyday
activities




Author, year - country (cases; sample size) aMCI prevalence (95% CI)

Qui, 2003 - China (94: 3 910) o 24(2.0-2.9)
Guo, 2012 - China (35: 264) : * 13.3(9.4-17.6)
Xu, 2014 - China (526; 2.426) —— 21.7(20.1-23.3)
Wang, 2017 - China (224;1,005) —— 223 (19.8-24.9)
Eenao, 2008 - Columbia (82: 848) —— 9.7(7.8-11.8)
Tiwari, 2013 - India (98; 2,146) —— 46(3.7-55)
Tnarez, 2013 - Mexico (146; 2.944) = o 50(42-58)
Ogunniyi, 2016 - Nigeria (92; 613) ——— 15.0(12.3-15.0)
Sosa, 2012 - Cuba (47;2,614) H- B8(13-24)
Sosa, 2012 -DR (25;1,767) - 4(09-2.0)
Sosa, 2012 - Peru (55; 1,767) o 1(24-4.0)
Sosa, 2012 - Venezuela (22; 1.820) 144 2(08-1.8)
Sosa, 2012 - Mexico (58; 1,821) o ("’ 4-40)
Sosa, 2012 - China (16;2,014) e 8(0.5-1.2)
Sosa, 2012 - India (77;1,802) o 3(34-53)
Sosa, 2012 - PuertoRico(69; 1,765) —— 9(3.1-49)

Pooled effect ;_<>_< 56(32-87)

0% 5% 10% 15% 20% 25% 30%
aMCT prevalence

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.



Author, year - country (cases; sample size) MCT prevalence (95% CT)
Li, 2013 - China (160; 1,020) —— 15.7(13.5-18.0)
Jia, 2014 - China (2,137;10,276) o 20.8(20.0-21.6)
Su, 2014 - China (145; 796) : > | 182(156-21.0)
Ding, 2015 - China (601; 2 985) —— 20.1(18.7-21.6)
Ma, 2016 - China (574; 5.214) ——| 11.0(10.2-11.9)
Rao, 2018 - China (299:2.111) —— 142(12.7-15.7)
Lee, 2012 - Malaysia (67;318) [ g I 21.1(16.8-25.7)
Vanoh, 2016 - Malaysia (315;1,993) —— 158(142-17.4)
Ramlall, 2013 - South-Africa (38; 140) [ +» 27.1(20.1 -34.8)
Paddick, 2015 - Tanzania (46; 296) I L 4 I 155(11.6-19.9)
Pilleron, 2015 - CAR (62;973) —— 6.4(4.9-8.0)
Pilleron, 2015 -ROC (56;1,029) Ho— 54(41-609)
Pooled effect | ¢, | 152(12.0-18.7)
0% 5% 10% 15% 20% 25% 30%
MCT prevalence

Figure 1B Forest plot of MCl 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%ClI Confidence Interval. CAR Central African Republic. MCI Mild Cognitive Impairment. ROC Republic of Congo.



CIND prevalence (95% CT)

6.1(2.9-10.4)
214(183-24.7)
9.7(9.0-10.4)
23.3(22.2-245)
25.1(24.1-26.1)

Author, vear - country (cases; sample size)
Brucki, 2014 - Brazil (10; 163) ——
Cesar, 2016 - Brazil (135; 630) ——
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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.




Summary results: MCI prevalence in LMICs

» 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
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