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SUPPORTING INFORMATION 1 

Supplementary methods 2 

 3 

AAD diagnosis 4 

AAD refers to dementia that develops in people 65 years or older and includes Alzheimer’s 5 

disease and vascular dementia. Studies have suggested that Alzheimer’s disease in 6 

isolation is rare and frequently co-occurs with other types of dementia.[1] In the different 7 

studies for validation, diagnosis of AAD was defined by neurological assessments from 8 

clinicians using the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition 9 

(DSM-IV) or coded using the International Classification of Diseases, Ninth Revision (ICD-9) 10 

for Alzheimer’s disease, vascular dementia, and generalized dementia (331.0, 290.4X, 11 

294.2X).[2–4] Although different dementia assessment scales were used to diagnose all-12 

cause dementia in the observational cohorts that we used for internal and external 13 

validation, they are all well-described for this purpose[5–8] and we did not validate them 14 

again in this model-based analysis. 15 

 16 

Study characteristics for internal and external validations 17 

Adults in Thought (ACT) Study 18 

From 1994 to 2010, 3,605 participants were followed for up to 16 years, totaling 24,052 19 

person-years, and dementia diagnoses were based on the Cognitive Abilities Screening 20 

Instrument, Informant Questionnaire on Cognitive in the Elderly (IQCODE), the Blessed 21 

Dementia Rating Scale, and neurological assessments using the DSM-IV.[3,9] 22 
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 23 

Framingham Heart Study 24 

From 1975 to 2009, 2,596 participants were followed for up to 25 years, totaling 29,906 25 

person-years, and dementia diagnoses were based on the Kaplan-Albert 26 

neuropsychological test battery, the Mini-Mental State Examination (MMSE), and 27 

neurological assessment from neurologists and neuropsychologists using the DSM-IV.[3] 28 

Prospectively ascertained dementia and cause-specific mortality were used to generate 25-29 

year follow-up risk of dementia in participants 65-85 years old.[6,10] 30 

 31 

Rotterdam Study 32 

From 1990-1994, 7,046 participants were followed for up to 4 years, totaling 15,135 person-33 

years, and dementia diagnoses were determined based on the MMSE, Geriatric Mental 34 

State Schedule, Cambridge Examination for Mental Disorders of the Elderly, and laboratory 35 

testing by trained neurologists and neuropsychologists.[7]  36 

 37 

KPNC Study 38 

From 2000 to 2014, 273,843 participants were followed for up to 14 years, totaling 39 

2,153,092 person-years,[8] and dementia diagnoses were based on ICD-9 diagnostic codes 40 

via chart review.[4] These codes identified Alzheimer’s disease (331.0), vascular dementia 41 

(290.4x), and nonspecific dementia (290.0, 290.1x, 290.2x, 290.3, 294.2x, 294.8). 42 

 43 

 44 

 45 
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Additional model details  46 

The age-associated dementia policy (AgeD-Pol) model was coded using C++ and does not 47 

rely on any closed source software. It has a GUI for the generalist user, and the code is 48 

available upon request. In the following section, we also provide sample calculations and 49 

additional details on implementation of model inputs. 50 

 51 

AAD stage transitions 52 

The monthly probability of transitioning to a more advanced stage of AAD (i.e., from mild to 53 

moderate and from moderate to severe) is informed by the user-defined mean and standard 54 

deviation. The model takes these values and computes a normal distribution. Each month, 55 

the model will randomly draw for the patient’s probability of transitioning from a less 56 

advanced stage of AAD to more advanced stage of AAD, based on this distribution. 57 

 58 

AAD-associated and non-AAD-associated mortality 59 

We first derived non-AAD mortality from US life tables that were stratified by sex and by age 60 

in 1-year increments.[11,12] We removed any deaths with AAD listed as a primary or 61 

secondary cause of death [13] to create 1-year increment AAD-deleted life tables. We then 62 

grouped these estimates of non-AAD-associated deaths in 5-year age strata for males and 63 

females by showing the lower and upper bound values of the rates. Therefore, the non-AAD-64 

associated mortality rates are in 1-year age increments, which we show in Table 1 as 5-year 65 

age strata that relate linearly. 66 

 67 
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Mortality is incorporated in the model by taking the monthly probability, P(i), for each 68 

mortality risk (either AAD-associated or non-AAD-associated mortality), i, and calculating the 69 

probability of ‘No Death’ during a specific month as follows:   70 

 71 

P(No Death) = ∏ (1 – P(i)) 72 

 73 

The probability of mortality during the month is then calculated from the ‘No Death’ 74 

probability:   75 

 76 

P(Death) = 1 – P(No Death) 77 

 78 

Each simulated patient faces a monthly probability of death, P(Death). If the patient draws 79 

for death, then the model calculates the monthly rate of each cause of death (either AAD-80 

associated or non-AAD-associated mortality) occurring:  81 

 82 

R(i) = -ln(1 – P(i)) 83 

 84 

The model will then normalize the individual mortality rates by dividing each by their sum 85 

and randomly draw from the normalized distribution of rates: 86 

 87 

R_normalized(i) = R(i)/(∑R(i)) 88 

 89 

AAD incidence probabilities 90 
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The AAD incidence rates, R(AAD incidence), are converted to monthly AAD probabilities, 91 

P(AAD incidence), for each distinct age and sex category using the following formula: 92 

 93 

P(AAD incidence, 65 years) = 1 – e^(-R(AAD incidence, 65 years) * (1/12)) 94 

 95 

Each month, the AgeD-Pol model will evaluate whether or not a patient develops AAD using 96 

the AAD probability informed by the simulated person’s age and sex. 97 

 98 

Sensitivity analysis 99 

AAD-associated mortality 100 

We performed a sensitivity analysis in which AAD-associated mortality was not only incurred 101 

by persons with severe AAD but also experienced by persons with mild or moderate AAD. 102 

To derive age- and sex-stratified AAD-associated mortality for mild, moderate, and severe 103 

AAD, we calculated the overall monthly mortality rate among persons with AAD (i.e., a Mini-104 

Mental Status Exam [MMSE] score of 0-24), 0.0106 deaths/month (S2 Table).[14] Then, we 105 

used the reported hazard ratios (HR) of mortality stratified by AAD severity (mild AAD 106 

[MMSE, 21-24], HR 1.55; moderate AAD [MMSE, 16-20], HR, 1.92; severe AAD [MMSE, 0-107 

15], 2.68) compared with people without AAD (MMSE, 28-30)[14] and then recalculated an 108 

HR that compares each mortality in each MMSE strata to the strata of MMSE 21-24. We 109 

used these derived HRs to calculate a mortality rate multiplier (i.e., the mortality rate for 110 

each MMSE strata compared with the non-AAD mortality rate), which we applied to the age- 111 

and sex-stratified mortality of persons in the mild, moderate, or severe AAD state. Results of 112 

the sensitivity analysis are shown in S3 Figure. 113 
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Supplementary tables and figures 

S1 Table. Internal and External Validation Cohort Characteristics and Outcomes 

 Cohort characteristics  Outcomes* Ref. 

 

Year 

Base-

line 

age, 

years 

Race, % 

Inci-

dence 

rate, per 

1,000 PY 

Non-AAD-

associated 

mortality, 

% monthly 

 

Cumulative 

incidence 
Survival 

 

 White Asian Black Latino Other     

Internal validation   

ACT 1994-2010 ≥65 90.8 3.4 4.1 N/A 1.6 3.2-94.1 0.06-3.04  Available Available [5,11,13] 

External validation 

Framingham 1975-2009 65 100 0 0 0 0 1.7-73.6 0.09-11.21  Available N/A [6,15,16] 

Rotterdam 1990-1994 55 98.6 0 0 0 1.4 0.9-57.6 0.07-1.60 Available Available [7,17] 

KPNC 2000-2014 73-83 75.4 8.4 6.9 7.7 1.6 3.2-94.1 0.06-3.04 Available Available [5,8,11,13] 
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114 

AAD: age-associated dementia; ACT: Adult Changes in Thought Study; KPNC: Kaiser Permanente Northern California; PY: person-year; N/A: not 

available 

*Outcome data reported in the corresponding study for internal and external validation are denoted as ‘Available;’ data are denoted as 

‘N/A,’ if not available in the study. 
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S2 Table. Calculations for sensitivity analysis on AAD-associated mortality in the ACT Study 

Dementia 

severity 

Mortality 

rate, deaths 

per person-

month 

HR 

compared 

with MMSE 

28-30 

HR 

compared 

with MMSE 

21-24 

Mortality 

rate 

multiplier 

Reference 

Mild 0.0082 1.55 1.00 0.78 [14] 

Moderate 0.010 1.92 1.24 0.96  

Severe 0.014 2.68 1.73 1.34  

All 0.011 - 1.29 1.00  

AAD: age-associated dementia; ACT: Adult Changes in Thought Study; HR: Hazard ratio; 

MMSE: Mini-Mental Status Exam 

  115 
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S3 Table. Additional input parameters for the sensitivity analysis of the ACT Study and external 

validation of the Framingham Heart Study (US) and Rotterdam Study (Netherlands) 

Input parameter Value Reference 

Framingham and Rotterdam AAD prevalence at 

model start 

Males Females 
 

 0 0 Assumption 

Framingham AAD incidence, per 1,000 PY Males 

N=1,059 

Females 

N=1,537 

 

Age, years   [6] 

65-69 3.4 1.7  

 70-74 7.8 9.2 

75-79 22.6 17.8 

80-84 25.0 41.0 

≥ 85 73.6 67.9 

Rotterdam AAD incidence, per 1,000 PY Males 

N=2,825 

Females 

N=4,221 

 

Age, years   [7] 

60-64 0.9 1.2  

65-69 0.8 1.9  

70-74 4.5 3.6  

75-79 14.8 17.8  

80-84 25.1 25.2  

≥ 85 26.1 57.6  
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  116 

S3 Table (continued). Additional input parameters for the sensitivity analysis of the ACT Study 

and external validation of the Framingham Heart Study (US) and Rotterdam Study (Netherlands) 

Input parameter Value Reference 

US: Non-AAD-associated mortality, 1975, % monthly Males Females  

Age, years   [15] 

60-64 0.18-0.24 0.09-0.12  

65-69 0.26-0.50 0.12-0.18  

70-74 0.39-0.55 0.20-0.30  

75-79 0.59-0.81 0.34-0.49  

80-84 0.87-1.07 0.54-0.77  

≥ 85 1.07-11.21 0.66-9.20  

US: Non-AAD-associated mortality, 2009, % monthly Males Females  

Age, years   [16] 

60-64 0.09-0.13 0.06-0.08  

65-69 0.14-0.19 0.09-0.12  

70-74 0.21-0.29 0.14-0.20  

75-79 0.32-0.47 0.22-0.33  

80-84 0.52-0.78 0.36-0.57  

≥ 85 0.89-3.33 0.64-2.82  
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  117 

S3 Table (continued).  Additional input parameters for the sensitivity analysis of the ACT 

Study and external validation of the Framingham Heart Study (US) and Rotterdam Study 

(Netherlands) 

Input parameter Value Reference 

Netherlands: Non-AAD-associated mortality, 1990-

1995, % monthly 

Males Females  

Age, years   [17] 

60-64 0.13 0.07  

65-69 0.22 0.10  

70-74 0.35 0.17  

75-79 0.54 0.30  

80-84 0.79 0.52  

85-99 1.09-1.60 0.85-1.54  

US: AAD-associated mortality, % monthly Males Females  

Mild AAD, by age, years   [11,14] 

60-64 0.0013 0.0010  

65-69 0.0034 0.0028  

70-74 0.010 0.0089  

75-79 0.028 0.026  

80-84 0.072 0.072  

≥ 85 0.22 0.27  
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S3 Table (continued). Additional input parameters for the sensitivity analysis of the ACT Study 

and external validations of the Framingham Heart Study (US) and Rotterdam Study (Netherlands) 

Input parameter Value Reference 

US: AAD-associated mortality, % monthly 

(continued) 

Males Females  

Moderate AAD, by age, years   [11,14] 

60-64 0.0016 0.0013  

65-69 0.0042 0.0034  

70-74 0.013 0.011  

75-79 0.034 0.033  

80-84 0.089 0.089  

≥ 85 0.27 0.34  

Severe AAD, by age, years   [11,14] 

60-64 0.0023 0.0018  

65-69 0.0059 0.0048  

70-74 0.017 0.015  

75-79 0.048 0.046  

80-84 0.12 0.12  

≥ 85 0.38 0.47  

AAD: age-associated dementia; PY: person-years 

*If parameters are not included in this Table, then they are the same as in Table 1. 
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S1 Figure. Schematic of the health states and transitions in the AgeD-Pol model. 119 

This figure represents a simplified depiction of AAD states and transitions. The ovals 120 

represent health states: no AAD; mild, moderate, or severe AAD; and death. The arrows 121 

represent monthly transitions by which individuals can progress to a different state or 122 

remain in the same health state at each monthly time step. AAD: age-associated 123 

dementia. 124 

 125 

S2 Figure. Sensitivity analysis: The effect of AAD-associated mortality stratified 126 

by AAD severity on (A) AAD cumulative incidence and (B) survival among those 127 

at risk for AAD 128 

Panel A displays the comparison of the AAD cumulative incidence over the 16-year 129 

follow-up period from the ACT Study (blue bars) with the model-projected AAD 130 

cumulative incidence in the base case (black bars), which assumed that mortality 131 

occurred only among those with severe AAD, and in a sensitivity analysis (gray bars), 132 

which included AAD-associated mortality for simulated persons with mild and moderate 133 

AAD. Panel B shows the comparison of observed survival from the ACT Study (blue 134 

bars) with model-projected survival among those at risk for AAD with the model-135 

projected AAD survival in the base case (black bars) and in sensitivity analysis (gray 136 

bars). Minimal changes occurred in model-projected AAD cumulative incidence and 137 

overall survival when AAD-associated mortality was stratified by severity. 138 

 139 

S3 Figure. Observed survival from the KPNC Study compared with projected 140 

results for the AgeD-Pol model among people with AAD at model start. 141 
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Panels A-D depict the comparison of observed survival from the KPNC Study with 142 

model-projected survival under different assumptions regarding the stage at which AAD 143 

was diagnosed: A) mild AAD, B) moderate AAD, C) severe AAD, D) a mixture of 144 

moderate or severe AAD. The purple lines represent observed survival among people 145 

following a clinical AAD diagnosis in the KPNC cohort based on Kaplan-Meier analysis. 146 

The black lines represent AgeD-Pol model-projected survival among those following 147 

AAD diagnosis, depending on stage of disease severity. We found the best fit of model 148 

projections to KPNC survival data was when 75% of simulated people were diagnosed 149 

when they had progressed to severe AAD and 25% were diagnosed when they had 150 

moderate AAD (solid black line, Panel D). KPNC: Kaiser Permanente Northern 151 

California; AAD: age-associated dementia. 152 

  153 
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S2 Figure. Sensitivity analysis: AAD mortality risk by severity on (A) AAD cumulative incidence and (B) survival among 156 

those at risk for AAD: observed results for the ACT Study and projected results for the AgeD-Pol model. 157 

 158 

 159 

AAD: age-associated dementia; ACT: Adult Changes in Thought; BC: base case; SA: sensitivity analysis   160 

A. B. 
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