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INTRODUCTION

Alzheimer’s Disease is defined as a long degenerative 
process that starts with the development of specific 

neuropathological changes in the brain (Aβ deposition)

Asyntomatic

Mild Cognitive Impairment

Autonomy Loss
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Prevention strategies… 

Intervention involving modifiable risk factors 

Specific etiopathogenic therapies in people 
with pre-symptomatic AD

Delay Dementia Onset
You Only Live and Die Once

INTRODUCTION
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INTRODUCTION

Symptomatic and 
etiopathogenic

pharmacological 
interventions have been 
the focus of research

Drugs:
 Small effect sizes
 DMT have failed to show efficacy

Overdiagnosis
Dementia has been shown to never 
develop in 2/3 of subjects with some 
degree of beta-amyloid deposition 

Modifiable risk factors

Prevention strategies
Secondary prevention
Primary prevention
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OBJECTIVE

The objective of this study was to 

measure the effect of primary 

prevention interventions to 
reduce obesity and hypertension on 

the prevalence of AD-related 
dementia in the population. 
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CONCEPTUAL MODEL

AD is defined as a long degenerative process that starts with the

development of specific neuropathological changes in the brain that are
not accompanied by clinical manifestations ("preclinical" AD), then
progress to a mild cognitive impairment (MCI) ("prodromal" AD) stage
and, finally, to dementia. 8



CONCEPTUAL MODEL

DementiaPre-dementiaFree of amyloid-beta

Onset of amyloid-
beta deposition
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Steps in model construction
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Conceptual 
model

Programming

Input data

Result  
obtaining

Model 
validation

Discrete Event Simulation ARENA ©
Karnon J, Stahl J, Brennan A, Caro JJ, Mar J, Moller J, (2012) Modeling
using discrete event simulation: a report of the ISPOR-SMDM Modeling
Good Research Practices Task Force--4. Value Health 15, 821-827

Our model represented the Spanish population aged 40 years or more 
from 2010 to 2050. 
First, we represented the initial situation (2009) by a preload, meaning 
that for the first running year (2009), the whole population aged 40 or 
more in 2010 was introduced in the model on the basis of their 
corresponding age and risk factors. 
Every individual was assigned a CAIDE score and ages for predementia
onset, dementia onset and death (Figure 1a). Those individuals whose 
age of dementia onset fell before their current age were considered to 
have already reached the dementia stage. 
Subsequently (2011 to 2050), new 40-year-old cohorts were introduced 
on a yearly basis, and the same features were assigned to these 
individuals. 
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CAIDE Risk Score



Parameters used in the model
Male Female Source

Time until death due to other causes1 Gompertz

ln(α) -9.579 -10.177
[27, 38]

β 0.084 0.084

Time until dementia Gompertz

ln(α) -17.825 16.772
[24]

β 0.164 0.157

Dementia survival Poliynomic

b0 30.835 42.767

[26]b1 -0.447 -0.709

b2 0.002 0.003

CAIDE Risk Score Risk

0-5 0.7 0.65

[8]

6-7 1.33 1.235

8-9 2.94 2.73

10-11 5.18 4.81

12-15 11.48 10.66 12



Parameters used in the model
Risk/protective factors prevalence

BMI>30 (Obesity) 28.0% 28.3% [33]

Hypertension (If Obese) 64.3% 63.4%
[34, 35]

Hypertension (If Not Obese) 32.0% 28.7%

Total cholesterol (If Obese) 50.0% 53.8%
[34, 35]

Total cholesterol (If Not Obese) 36.5% 31.1%

Physical activity (If Obese) 68.9% 65.6%
[36, 37]

Physical activity (If Not Obese) 73.2% 70.1%

Education 0-6 years (If Physically active) 39.7% 79.8%

[27]

Education 0-6 years  (If Physically inactive) 43.9% 84.5%

Education 7-9 years (If Physically active) 38.1% 10.8%

Education 7-9 years (If Physically inactive) 40.1% 10.9%

Education ≥ 10 years  (If Physically active) 22.2% 9.4%

Education ≥ 10 years (If Physically inactive) 16.0% 4.6%
13
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DementiaPre-dementiaFree of amyloid-beta

Onset of amyloid-
beta deposition

When entering the system 
individuals are classified in 
different risk groups depending on 
their situation related to the 
following risk/protective factors
• Sex 
• Obesity
• Hypertension
• Hypercholesterolemia
• Educational level
• Physical activity

Different risk of 
developing dementia
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RESULTS

Prevalence projections

People in working age for each AD-demented 
person

Avoided-prevalence and savings for the analyzed
scenarios

Model validation and calibration
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SIMULATION MODELING
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Observed
Data (Braak)

Model 
Functions

Validation 
Results

Wrong

Adjustment

Calibration

Right
Research Results 
(preclinical time 

and others)



MODEL VALIDATION

Pre-Dementia
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MODEL VALIDATION
Dementia
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RESULTS

2010 2020 2030 2040 2050

Dementia 366.000 482.300 526.100 648.200 731.100

Pre-dementia 5.816.000 6.759.900 7.426.900 7.765.200 7.752.800

0

1.000.000

2.000.000

3.000.000

4.000.000

5.000.000

6.000.000

7.000.000

8.000.000

9.000.000

Prevalence projections
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RESULTS

2010 2020 2030 2040 2050

People in working-age 

(millions) 31.7 29.4 27.6 24.8 21.9

People with AD-dementia 366.000 482.300 526.100 648.200 731.100

Number of people in 

working per person with 

AD-Dementia 86,6 61,1 52,5 38,3 30,0

Nearly 1/3 people 

People in working age for each AD-demented 
person
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RESULTS
Impact (2050) of obesity and hypertension 

reduction (Population indicators)
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RESULTS
Impact of obesity and hypertension reduction

Individual indicators
AD-related dementia Risk

HR p-value

Obesity

A scenario with an obesity prevalence reduction compared to a non-

intervention scenario

10% reduction 0.98 0.049

20% reduction 0.96 <0.001

A cohort of no obese compared to an obese cohort

Not obese 0.44 <0.001

Hypertension

A scenario with a hypertension prevalence reduction compared to a non-

intervention scenario

10% reduction 0.98 0.032

20% reduction 0.96 <0.001

A cohort of no hypertensive compared to a hypertensive cohort

No hypertension 0.57 <0.001
23



RESULTS

Savings (Population indicators)

Avoided prevalence

Avoided

prevalence

(%)

Total 

savings

(m€)

2050

RISK FACTOR INTERVENTION

Obesity prevalence reduction
-10% 12,500 3.38% 599.5

-20% 24,720 6.68% 1185.6

Hipertension prevalence

reduction

-10% 10,805 2.92% 518.2

-20% 20,825 5.62% 998.8

Obesity and hypertension 

prevalence reduction

-10% 22,345 6.03% 1071.7

-20% 42,570 11.50% 2041.7
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DISCUSSION

 The number of cases of AD-related dementia is
predicted to double by 2050 in the Spanish population
unless effective interventions are implemented.

The ratio of individuals at working age per person with
AD-related dementia will be reduced to almost one
third from 2010 to 2050.

ECONOMIC BURDEN WILL BECOME BARELY 
SUSTAINABLE
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DISCUSSION

Based on the assumption that the reduction in the
risk factor is related to the observed association, the
burden of AD is sensitive to changes in obesity and
hypertension prevalence.

However, due to ageing of the population, the total
number would still be 89% higher in 2050 than in
2010.

Reduction of 20%
-Obesity
-Hypercholesterolemia

A decrease of 11% in the 
number of AD-related
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DISCUSSION

While these results that are focused on reduction of obesity

and hypertension by primary prevention might be
interpreted as only modest, interventions in this regard
should be seriously considered. First, as of today, there is no
alternative.

Secondary prevention. As the target population (obese
and hypertensive patients) would be already identified
from the general population, new programs would not be
needed since evidence of the high efficacy and efficiency of
interventions for obesity and hypertension is already
available
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DISCUSSION

The model accounts for
the entire natural
history of the disease

we used the CAIDE Risk
Score to represent the
profile of combined risk
factors.

Incorporates the excess
mortality risk associated
with risk factors

LIMITATIONS

 We have estimated the 
benefit of controlling a 
risk factor in the function 
of the associated risk. 

 Currently, that 
relationship has not been 
empirically proved

 Pure AD model. No mix 
approach.

STRENGHTS
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