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Abstract

Introduction: The credibility of model-based economic evaluations of Alzheimer’s disease (AD) 

interventions is central to appropriate decision-making in a policy context. We report on the 

International PharmacoEconomic Collaboration on Alzheimer’s Disease (IPECAD) Modeling 

Workshop Challenge.

Methods: Two common benchmark scenarios, for the hypothetical treatment of AD mild 

cognitive impairment (MCI) and mild dementia, were developed jointly by 29 participants. Model 

outcomes were summarized, and cross-comparisons were discussed during a structured workshop.

Results: A broad concordance was established among participants. Mean 10-year restricted 

survival and time in MCI in the control group ranged across 10 MCI models from 6.7 to 9.5 

years and 3.4 to 5.6 years, respectively; and across 4 mild dementia models from 5.4 to 7.9 years 

(survival) and 1.5 to 4.2 years (mild dementia).

Discussion: The model comparison increased our understanding of methods, data used, 

and disease progression. We established a collaboration framework to assess cost-effectiveness 

outcomes, an important step toward transparent and credible AD models.

Keywords

Alzheimer’s disease; cross-comparison; decision-analytic modeling; dementia; economic 
evaluation; model validation

1 | BACKGROUND

Nations worldwide are challenged with allocating scarce health care resources to ensure that 

people living with Alzheimer’s disease (AD) and related dementias have access to emerging 

effective interventions. Mathematical model-based economic studies are central to support 

policy discussions, especially where value (cost-effectiveness) is a key consideration. 
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Models extrapolate trial outcomes by synthesizing data from multiple sources (e.g., trials, 

disease registries, and cohort studies) to estimate the long-term costs and benefits of 

alternative options. The transparency and credibility of models are key for their results to be 

used by decision-makers and to support timely access to emerging interventions for people 

living with AD and related dementias.

The AD models published to date have been subject to extensive critical appraisal and have 

been discussed in terms of methods, data, and reporting standards.1–6 Recurring themes are 

limitations in representing the natural history of AD and a lack of empirical evidence for 

extrapolating trial (cognition) outcomes to long-term outcomes (e.g., function, care needs, 

and mortality). In addition, real-world data on the natural progression across the disease 

spectrum and across various outcomes (cognition, function, and behavior) are limited, as 

well as the utility and costs data to associated with these outcomes. On top of this, models 

use different structures, reflect different populations/settings, and can lack transparency 

around data and assumptions.1 This results in unexplained differences in their predicted 

outcomes, which has received relatively little attention to date.

Confidence by decision-makers in using health economic models is key to support 

appropriate decision-making. A lack of clarity and reliability has been cited as a barrier 

to the use of models in decision-making by policymakers, researchers, and health care 

managers.7 Unexplained differences across models for AD and related dementias are a threat 

to their credibility and could lead to inappropriate decision-making in the adoption of new 

interventions, as has been reported, for example, in the field of abdominal aortic aneurysm 

screening.8,9

Comparative modeling (i.e., cross-validation), defined as “examining different models 

that address the same problem and comparing their results” in good research practice 

guidelines10 could increase confidence in models if similar results are observed. This 

has been applied in the fields of diabetes, chronic obstructive pulmonary disease, and 

cancer, operationalized as a series of workshop meetings on comparing models on a 

similar hypothetical benchmark scenario,11–13 externally validating models against clinical 

trials,14–17 comparing extreme modeling scenarios to reveal natural history characteristics,18 

independently replicating models from published details,19 and comparing predictors of 

trial outcomes.20 Comparative modeling is urgently needed in the field of AD and related 

dementias to improve our understanding of models and to ensure their credibility for 

decision-making for new interventions.

We initiated a platform, the International PharmacoEconomic Collaboration on Alzheimer’s 

Disease (IPECAD) Modeling Workshop, for exchange of ideas on health economic 

modeling in AD and related dementias, to discuss and align on key methodological 

issues and to foster the development of robust and transparent models to guide decision-

making around novel intervention scenarios. We report results from a workshop on the 

cross-comparison of models for AD and related dementias.
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2 | METHODS

IPECAD is a broad collaboration of people in academia, government, and industry 

focused on improving mathematical modeling of AD and related dementias and the 

methods available on the economic evaluation of interventions in this field. This is 

accomplished through a recurrent conference, development of open-source modeling 

methods, and workshops related to (www.ipecad.org). The IPECAD Modeling Workshop 

Group (consisting of co-authors L.J., C.G., R.H., B.W., A.W., A.G., A.S., and A.K.) initiated 

a series of modeling workshops to create a dedicated forum. The first workshop was held 

on September 19 and 20, 2019 in Stockholm, Sweden, and the second workshop was held 

virtually (due to the coronavirus disease 2019 [COVID-19] pandemic) on September 17 and 

18, 2020.

The aim of the first workshop, drawing inspiration from the Mount Hood Diabetes 

Challenge Network,14 was to bring together those who are conducting research in the field 

of decision-modeling for AD and related dementias, to create a dedicated forum for an 

exchange of ideas on health economic modeling, to discuss and align on key methodological 

issues, and to foster the development of robust and transparent models to guide decision-

making around potential new treatment options.

Participants were identified using available reviews of model-based frameworks for 

predictive and decision-analytic purposes in the AD context, and also via the IPECAD 

Modeling Workshop Group’s awareness of current research in the subject area, with 

potential participants considered eligible if they were research active in the field of AD 

decision-modeling in a predictive and decision-analytic context. A wide range of modeling 

groups participated, representing models designed for predictive and decision-analytic 

purposes with varying research questions, contexts, methods, outcomes, and underlying 

data. Participants were invited to present their model frameworks, and structured discussions 

covered important areas of development for the field. The meeting successfully achieved key 

objectives including participation, collaboration, and the recommendation from participants 

to develop a format for a second workshop (see Supplementary Material 1 for the agenda 

and Supplementary Material 2 for the minutes).

The second workshop, which is the focus for this report, involved the development of a 

benchmark scenario for modeling of hypothetical AD therapies, the cross-comparison of 

model outcomes submitted by participating modeling groups, and a structured discussion 

in relation to model design choices and parameterization in terms of eligible populations, 

treatment settings, disease progression, mortality, treatment operationalization, and model 

assumptions. Participants for the workshop were identified through a detailed review of the 

current literature in this area and via networks and conferences related to disease progression 

and cost-effectiveness modeling in AD and related dementias. Participants were invited 

if they were research-active in the field of AD modeling and also had a model that (1) 

was a basic reflection of AD disease severity (e.g., mild, moderate, and severe dementia), 

(2) was considered able to reflect the benchmark scenario, and (3) was not yet widely 

represented by other models (e.g., a five-state Markov model using transition probability 
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inputs similar to other models already considered eligible). Eligibility was assessed by the 

IPECAD Modeling Workshop Group.

All participants supported the co-development of workshop procedures, including the 

determination of the benchmark (reference case) scenarios and the reporting methods used. 

Two benchmark scenarios were used (Table 1 and detailed in Supplementary Material 3: 

chapter 2.2), one for models starting with patients with mild cognitive impairment (MCI) 

(Scenario A) and one for models with patients starting with mild dementia (Scenario 

B). Both scenarios can be described in terms of four standardized patients (see Table 

2). A hypothetical disease-modifying treatment effect was specified as a 30% reduction 

in disease progression from the initial disease state to the next (MCI to mild dementia, 

or mild dementia to moderate dementia, respectively). Input data for natural history, 

conceptualization of disease stage, mortality, costs, and utilities as well as choice for 

modeling approach were not pre-specified in order to limit extensive model alterations and 

thus encourage participation. In addition, variation in inputs allowed discussion about their 

impact on model outcome predictions.

Modeling groups were requested (1) to submit—prior to the workshop—transparent 

information on their model characteristics (structure, inputs, and assumptions) and model 

outcomes from applying the specific benchmark scenario over 10- and 20-year time 

horizons; (2) to participate in the workshop and contribute to the discussions; and (3) to 

provide submissions after the meeting on a brief set of questions that sought to address the 

perceived benefits and challenges associated with the cross-comparison and to elicit insights 

on how their model compared to others.

Details on the workshop were shared with all participants and published on the IPECAD 

website (www.ipecad.org; see Supplementary Material 3, 4, and 5).

Data were collected centrally in a structured spreadsheet and an overview of the results from 

the different models was drafted and shared prior to the workshop by the IPECAD Modeling 

Workshop Group. This overview report included figures presenting model outcomes on 

mean time and occupancy in each disease state over 10- and 20-year time horizons, along 

with model descriptions and pre-recorded presentations from each modeling group. After 

the meeting, modeling groups were requested to provide clarifications or perform additional 

analyses (e.g., using amendments to input parameters).

Model submissions included a wide variation in inputs for costs and health-related quality 

of life (QALY) weights that varied in setting (e.g., clinical vs general population) and/or 

perspective (e.g., health care perspective vs societal perspective). Therefore, outcomes and 

results relating to costs, QALYs, and incremental cost-effectiveness ratios were considered 

insufficiently comparable and were not presented.
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3 | RESULTS

3.1 | Model characteristics and outcomes

Twelve modeling groups contributed data to the workshop (see Supplementary Material 

3 for a list of modeling groups and attendees). Eight made a submission for Scenario 

A (MCI), two for Scenario B (mild dementia), and two for both. Table 3 summarizes 

the characteristics of the models and references publications containing more detailed 

information. Nine models had a decision-analytic purpose, two focused on prediction of 

health and policy outcomes, and one on both. Most were cohort state-transition models 

(IPECAD,21 SVEDEM,22 KP,23 DAVIS,24 CPEC,25 CEM26) and others (symptom-based) 

were discrete-time microsimulations (JUTKOWITZ,27 HERRING,28 ADACE,29 FEM30) or 

discrete-event simulations (MISCAN,31 BASQDEM32).

Modeling groups operationalized the benchmark scenario, although in some cases this 

required some adjustment to their previously published model frameworks. In some cases, 

the model structure did not allow for the reporting of the mean time by dementia severity 

state.

Figure 1 presents the mean time in each state in the control group and its difference from 

the intervention group over a 10-year time horizon. Supplementary Material 6 provides an 

alternative representation of Figure 1 for mean survival and time in MCI/mild dementia, 

showing the control, intervention, and difference in one graph (Figure S6.1) and model 

outcomes over time (Figure S6.2 and S6.3).

3.2 | Cross-model variation

The mean survival restricted over a 10-year time horizon in the control group ranged from 

6.7 to 8.6 years in Scenario A (models starting in MCI) and 5.4 to 7.9 years in Scenario 

B (models starting in mild dementia). The difference between the intervention and control 

groups reflected a relatively small impact of the intervention on restricted survival (ranging 

from no effect to 0.4 years).

The mean time in MCI in Scenario A (starting in MCI) ranged from 3.4 (DAVIS) to 5.6 

years (FEM). In Scenario B (starting in mild dementia), the mean time in mild dementia 

ranged from 1.5 (JUTKOWITZ) to 4.2 years (CPEC). The variation in mean time in mild 

and moderate dementia in both scenarios was relatively large.

Broad comparisons on disease progression outcomes were possible as a number of models 

showed a comparable mean time in state (Figures 1 and S6.1) and state occupancy over time 

(Figure S6.2 and S6.3). Where marked differences occurred, we were able to discuss the 

likely cause in terms of model inputs or assumptions.

3.3 | Interpretation of variation in disease progression in the control group

Some differences between models were observed. The SVEDEM model predicted a longer 

restricted survival than most other models. This could be explained by the relatively low 

mortality risks by disease severity applied in the model (e.g., mortality hazard ratios 1.3, 

2.4, and 4.3 in mild, moderate, and severe, respectively, compared to other models like 
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IPECAD and ADACE(A), which applied 2.9, 3.9, and 9.5, respectively). In the SVEDEM 

model, dementia mortality risks were estimated relative to very mild dementia (already at 

some increased mortality risk), and for the IPECAD and ADACE(A) models the risks were 

obtained from an analysis of persons without dementia as a reference.33 The KP model 

predicted a relatively short, restricted survival. This could be explained due to the cohort-

specific mortality rates in dementia (based on the KP cohort of participants 75 years of age 

or older) compared to most other models having implemented a life table starting at age 70 

years. The reasons for the relatively large variation in restricted mean survival across models 

in Scenario B (2.5-year range) were less clear due to input estimates reflecting different 

settings and different methods applied (severity-specific relative risk applied in ADACE(B), 

severity-specific absolute risk in CPEC(B), log-logistic model applied to baseline clinical 

setting data in CEM, and any-stage dementia mortality risk based on clinical record analysis 

in JUTKOWITZ).

The SVEDEM, CPEC(A), KP, HERRING, and ADACE(A) models operationalized a 

biomarker-based definition of AD set in a clinical setting. This probably resulted in a 

faster natural progression from MCI to dementia as compared to, for example, the FEM 

model, which assumed a general population setting with any-type MCI due to a lack of 

data on disease pathology (see Figure S6.2, left top). The DAVIS and IPECAD model 

used similar data on natural progression but applied a different approach to the estimation 

of time-to-event data for transition from MCI to dementia, which likely explained the 

differences in predicted mean time in the MCI health state (i.e., 3.4 years in DAVIS using an 

accelerating rate with age; 4.8 years in IPECAD using a decelerating rate). The HERRING 

model showed a relatively low level of transitioning from MCI to dementia in the first 2 

years followed by a period of high transition (see Figure S6.2, left top), pointing to the 

potential limitations of capturing heterogeneity in a microsimulation model based strictly on 

published aggregate data.

The four models in Scenario B represented three different methods for disease progression, 

comprising a state transition approach in CPEC(B), a time to institutionalization framework 

in CEM, and use of regression equations on multiple continuous measures of dementia 

clinical features in ADACE(B) and JUTKOWITZ. This variation in approaches led to 

difficulty in identifying plausible causes of the variation observed across these models.

3.4 | Interpretation of variation in the impact of treatment on disease progression

All models predicted that the treatment effect would lead to an increase in time spent in 

MCI (Scenario A) or mild dementia (Scenario B) and a reduction in time spent in more 

advanced dementia states. However, there was some variation in the implementation of 

the treatment effect. The six models classified as cohort state-transition models applied 

a relative risk of 0.70 to the rate of disease progression, the four models classified as 

symptoms-based microsimulation models applied a 30%reduction in the rate or transition 

of symptom change (e.g., cognitive score), and the two models classified as discrete-event 

simulations increased the time spent in MCI by 30% (see Table 3 for details). These 

design choices likely produced the differences in time spent in disease states, as well as 

assumptions on immediate or gradual stopping of treatment effect.
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The FEM model showed a relatively small benefit of the treatment. This was possibly 

related to the relatively slow disease progression in the general population with MCI relative 

to models assuming biomarker-positive MCI. The slower rate of progression left a smaller 

window for a relative treatment effect.

The MISCAN and BASQDEM models both represented an individual patient-level discrete-

event simulation, with different implementation of the treatment effect of 30%. MISCAN 

prolonged only the time under treatment during MCI with 30%, and BASQDEM prolonged 

the full time in MCI with 30%, resulting in a lower treatment effect in the MISCAN model.

The IPECAD model showed a relatively long time in moderate dementia compared to 

most other models, possibly related to the definition of this particular state including 

combinations of mild cognition and moderate function, which, if defined by cognition only, 

would have been classified as mild dementia.

The CEM and JUTKOWITZ models were structured to deliver the same survival for control 

and treatment groups, in contrast with the CPEC(B) and ADACE(B) models where disease 

progression was able to reflect an indirect mortality effect.

4 | DISCUSSION

The IPECAD Modeling Workshop Group engaged with and assessed contributions from 12 

modeling teams and cross-comparisons proved feasible. A broadly similar profile of disease 

progression outcomes was observed across models on treatment populations of MCI and 

mild dementia, with 10 submissions starting in MCI (Scenario A) and four in mild dementia 

(Scenario B). The workshop provided a platform to discuss differences between model 

frameworks and their predicted outcomes.

Precisely identifying sources of variability across models was challenging, since models 

differed on multiple aspects simultaneously. However, alignment across models was not the 

objective because different approaches can be valid and provide complementary insights. 

The meaningfulness of cross-comparison decreases if models are too similar, for example 

in terms of using identical input parameters and assumptions.10 Nevertheless, for future 

cross-comparisons, we identified four factors as potential sources of cross-model variability 

that could benefit from narrower specification. Alignment on these factors could increase 

model comparability without forcing participants to change the character of their models or 

resulting in models that are too similar.

First, implementation of mortality was indicated as a probable cause of variation across 

model outcomes. This pertains to (1) background mortality representing the age- and sex-

specific general population mortality, (2) the increased mortality risk due to AD, and (3) 

the (in)direct effect of treatment on mortality. In future cross-comparisons, we propose to 

utilize the same background life table from a specific country (1) and assumptions related to 

treatment mortality effect (3) to limit this source of variability.

Second, the treatment effect was defined as a 30% reduction in progression from MCI to 

dementia (Scenario A) or from mild dementia to moderate dementia (Scenario B). This 
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was implemented by the models in different ways depending on the model structure. It 

is important to note that we did not specify the affected domain or how the treatment 

effect should evolve after treatment is stopped. Alternative assumptions are possible5: (1) 

symptoms will return to what would be expected in natural history (i.e., symptomatic effect); 

(2) treatment gains will remain, but progression will return to its natural course (i.e., disease-

modifying effect); or (3) gained reduction in progression rate will continue (i.e., curative 

effect). In future cross-comparison scenarios, we propose to make these assumptions more 

explicit by expressing the treatment effect in units used as primary end points in a specific 

clinical trial (e.g., clinical dementia rating [CDR] sum of boxes change from baseline in the 

intervention group relative to the control or another trial’s outcomes).

Third, the treatment-eligible population was relatively loosely defined in order to 

accommodate models utilizing different data sources with varying inclusion criteria. 

Models operationalized the starting population of AD MCI or AD dementia by using data 

reflecting (1) the etiological diagnosis set in clinical practice (IPECAD, DAVIS, CEM); 

(2) a biomarker-driven diagnosis from published estimates in Vos et al.34 (SVEDEM, KP, 

and CPEC) or other source (MISCAN, HERRING, ADACE, and BASQDEM); or (3) 

a diagnosis of any-type dementia or cognitive impairment reflecting clinical or general 

population setting (FEM, JUTKOWITZ). Because the starting population is closely related 

to disease progression, this likely affected model outcomes. In a future cross-comparison 

scenario, we propose to express the characteristics of the treatment-eligible population more 

explicitly, specifying a standardized patient population in the reference case.

Fourth, health economic input estimates (e.g., institutionalization; medical, social, and 

informal care costs; and patient and caregiver utility) were left unspecified. In a future 

cross-comparison, we propose to standardize health economic inputs for a reference case 

analysis, as linking them to disease progression comes with challenges and could drive 

variation in predicted model outcomes.

4.1 | Strengths and limitations

Participants indicated that the workshop provided them with potential (common) areas for 

future model development and improved their understanding of differences across models. 

They expressed appreciation for the transparency and collegiality of the collaboration. 

Organizers experienced high participation engagement and an interest by most participants 

to continue in supporting future events.

Our cross-comparison approach had several limitations: (1) no criteria were employed 

to judge the significance or relevance of cross-model differences; (2) alignment across 

models is not necessarily a reflection of model validity, as similar outcomes across models 

might result from using, for example, the same invalid data source; (3) in contrast to 

predictive or descriptive modeling of real-world evidence, no gold standard of truth was 

available to benchmark outcomes; (4) multiple differences between models could have 

effects in opposite directions and thus eliminate differences; (5) the results are based on 

a non-systematic identification and selection of models and participants, and might not be 

generalizable to all decision-analytic models in AD; and (6) half-cycle corrections were 

applied only if applicable to the model and could have led to variability in the output. 
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Therefore, we did not seek to rank or otherwise qualitatively assess individual model 

performance. Nevertheless, we believe the models represent a rich variety in terms of 

structure and data sources, the participants originate from leading research groups, and the 

workshop allowed for a valuable discussion on the possible causes of variation in model 

outcomes. Furthermore, a gold data standard (i.e., clinical trial with long-term reference 

data) is not available in AD, which makes comparative modeling even more vital, such as in 

epidemiology.35,36

We collected model outcomes on a highly aggregated level (i.e., symptoms categorized as 

mild, moderate, or severe dementia) to allow a comparison between simple (e.g., categories 

from composite CDR) and complex (e.g., combined Mini-Mental State Examination 

[MMSE] neuropsychiatric inventory and disability assessment dementia/functional activities 

questionnaire scales on continuous level) structures (see Table 3). Validated cross-mappings 

between single and composite outcome measures are needed to increase the comparability 

across outcomes.37

Finally, not all models were designed to implement our benchmark scenario, and thus their 

results do not reflect model validity.

4.2 | Implications

We expect that the workshop results will increase the understanding of alternative designs 

and structures when modeling AD and related dementias, which may facilitate further 

developments in this field. This specifically applies to the methods and/or data used to 

implement disease progression, mortality, and intervention effect, some aspects of which 

have received relatively little attention to date. This is important to increase the trust in 

these models, which is necessary for an appropriate assessment of the cost-effectiveness of 

interventions for people affected by AD and related dementias.

We propose a future effort to cross-compare models with increased model alignment 

in four aspects: mortality, intervention effect, population, and health economic input 

estimates. Based on the results of our work we believe this is feasible, further contributes 

to model understanding, and does not jeopardize the character of the models. In 

addition, we recommend following guidance for multi-model comparisons38 to increase 

the methodological quality of cross-comparison. At last, we recommend transparent and 

open-source access to models to further increase their understanding.39

5 | CONCLUSION

The IPECAD modeling workshop collaboration is intended as a step toward increasing the 

transparency and credibility of health economic models in AD and related dementias. The 

model cross-comparison results offered a better understanding of models and suggested 

further validation of methods related to structure, disease progression, mortality, and 

intervention effect.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RESEARCH IN CONTEXT

1. Systematic review: Recent (systematic) reviews assessed Alzheimer’s 

disease (AD) models, and discussed limitations and variation across them. 

However, comparison of model outcomes has not been reported.

2. Interpretation: Our findings can be considered a step toward increasing the 

transparency and credibility of health economic models in AD and related 

dementias, which led to better understanding of models in terms of structure, 

disease progression, mortality, and treatment effect.

3. Future directions: We propose a future effort to cross-compare models in 

AD and related dementias, with increased model alignment in four aspects: 

mortality, treatment effect, population, and health economic input estimates. 

Based on the current results we believe this is feasible, further contributes to 

model understanding, and does not jeopardize the character of the models. 

In addition, we recommend transparent and open-source access to models to 

further increase their understanding.
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FIGURE 1. 
Model outcomes in terms of mean time (years) in disease state in the control setting (left 

column) and difference in mean time in terms of the intervention minus control setting (right 

column) over a 10-year time horizon for models in Scenario A (models starting in mild 

cognitive impairment [MCI]; top row) and models in Scenario B (models starting in mild 

dementia; bottom row). Some models combined mild/moderate/severe states (gray bars) 

because they were not designed to generate state-specific outcomes.

Handels et al. Page 16

Alzheimers Dement. Author manuscript; available in PMC 2023 May 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Handels et al. Page 17

TA
B

L
E

 1

B
en

ch
m

ar
k 

sc
en

ar
io

 a
nd

 r
ep

or
tin

g 
ou

tc
om

es
 f

or
 S

ce
na

ri
os

 A
 (

st
ar

tin
g 

in
 M

C
I)

 a
nd

 B
 (

st
ar

tin
g 

in
 m

ild
 d

em
en

tia
)

A
sp

ec
t

Sp
ec

if
ic

at
io

n

Po
pu

la
tio

n
Sc

en
ar

io
 A

: p
er

so
ns

 w
ith

 M
C

I 
du

e 
to

 A
D

 (
an

al
ys

t t
o 

de
ta

il 
di

ag
no

st
ic

 c
ri

te
ri

a 
us

ed
, f

or
 e

xa
m

pl
e,

 o
n 

us
e 

of
 b

io
m

ar
ke

rs
 o

r 
cl

in
ic

al
 c

ri
te

ri
a)

.
Sc

en
ar

io
 B

: p
er

so
ns

 w
ith

 A
D

-t
yp

e 
m

ild
 d

em
en

tia
 (

an
al

ys
t t

o 
de

ta
il 

di
ag

no
st

ic
 c

ri
te

ri
a)

.

St
ar

tin
g 

ag
e

70
 y

ea
rs

.

Se
tti

ng
C

lin
ic

al
 (

ty
pi

ca
lly

 m
em

or
y 

cl
in

ic
),

 w
ith

 p
at

ie
nt

s 
al

re
ad

y 
id

en
tif

ie
d 

fo
r 

tr
ea

tm
en

t (
no

 p
ro

ce
du

re
s 

or
 c

os
ts

 f
or

 d
ia

gn
os

tic
s 

to
 b

e 
in

cl
ud

ed
).

C
on

tr
ol

 s
tr

at
eg

y
U

su
al

 c
ar

e 
(e

.g
., 

in
cl

ud
in

g 
ch

ol
in

es
te

ra
se

 in
hi

bi
to

r 
tr

ea
tm

en
t)

.

In
te

rv
en

tio
n 

st
ra

te
gy

D
is

ea
se

-m
od

if
yi

ng
 in

te
rv

en
tio

n,
 r

es
ul

tin
g 

in
 3

0%
 r

ed
uc

tio
n 

in
 p

ro
gr

es
si

on
 (

e.
g.

, r
at

e 
ra

tio
 o

f 
0.

70
 f

or
 c

on
ve

rs
io

n 
fr

om
 M

C
I 

to
 d

em
en

tia
 [

Sc
en

ar
io

 A
] 

or
 m

ild
 to

 m
od

er
at

e 
de

m
en

tia
 [

Sc
en

ar
io

 B
] 

or
 o

th
er

 c
om

pa
ra

bl
e 

ef
fe

ct
 a

s 
de

fi
ne

d 
by

 a
na

ly
st

).
 A

na
ly

st
 d

et
er

m
in

es
 c

ri
te

ri
a 

of
 m

ild
 a

nd
 m

od
er

at
e 

de
m

en
tia

, w
he

th
er

 tr
ea

tm
en

t e
ff

ec
ts

 e
xt

en
d 

af
te

r 
di

sc
on

tin
ua

tio
n 

of
 tr

ea
tm

en
t, 

an
d 

w
he

th
er

 tr
ea

tm
en

t e
ff

ec
ts

 m
or

ta
lit

y.

St
op

pi
ng

 r
ul

e
Sc

en
ar

io
 A

: i
nt

er
ve

nt
io

n 
in

 M
C

I 
st

at
e 

an
d 

tr
ea

te
d 

un
til

 c
on

ve
rs

io
n 

to
 d

em
en

tia
.

Sc
en

ar
io

 B
: i

nt
er

ve
nt

io
n 

in
 d

em
en

tia
 s

ta
te

 a
nd

 tr
ea

te
d 

un
til

 m
od

er
at

e 
de

m
en

tia
.

B
ot

h 
in

 S
ce

na
ri

o 
A

 a
nd

 B
: t

re
at

m
en

t f
or

 a
 m

ax
im

um
 o

f 
5 

ye
ar

s.

T
re

at
m

en
t d

is
co

nt
in

ua
tio

n
10

%
 p

er
 y

ea
r.

T
im

e 
ho

ri
zo

n
10

 a
nd

 2
0 

ye
ar

s.

D
is

co
un

t r
at

e
C

os
ts

 a
nd

 Q
A

LY
s 

bo
th

 3
.5

%
.

H
al

f-
cy

cl
e 

co
rr

ec
tio

n
If

 a
pp

lic
ab

le
 (

i.e
., 

if
 M

ar
ko

v-
ty

pe
 c

yc
le

 d
ur

at
io

n 
w

as
 u

se
d)

.

O
ut

co
m

es
M

ea
n 

pe
rs

on
-y

ea
rs

: a
liv

e,
 in

 M
C

I,
 m

ild
 d

em
en

tia
, m

od
er

at
e 

de
m

en
tia

, s
ev

er
e 

de
m

en
tia

, o
n 

in
te

rv
en

tio
n,

 f
ul

l-
tim

e 
ca

re
, o

r 
liv

in
g 

in
 in

st
itu

tio
na

liz
ed

 s
et

tin
g.

 P
ro

po
rt

io
n/

oc
cu

pa
nc

y 
of

 p
at

ie
nt

s 
in

 s
ta

te
s 

M
C

I,
 m

ild
, m

od
er

at
e,

 s
ev

er
e,

 a
nd

 d
ea

th
 b

y 
ye

ar
 s

in
ce

 b
as

el
in

e.
 M

ea
n 

di
sc

ou
nt

ed
 c

os
ts

 (
di

sa
gg

re
ga

te
d 

to
 in

te
rv

en
tio

n,
 d

ir
ec

t m
ed

ic
al

, d
ir

ec
t 

no
nm

ed
ic

al
 c

os
ts

),
 m

ea
n 

di
sc

ou
nt

ed
 Q

A
LY

 (
pa

tie
nt

 o
nl

y)
, i

nc
re

m
en

ta
l c

os
t-

ef
fe

ct
iv

en
es

s 
ra

tio
.

A
bb

re
vi

at
io

ns
: A

D
, A

lz
he

im
er

’s
 D

is
ea

se
; M

C
I,

 M
ild

 C
og

ni
tiv

e 
Im

pa
ir

m
en

t; 
Q

A
LY

, q
ua

lit
y-

ad
ju

st
ed

 li
fe

 y
ea

r.

Alzheimers Dement. Author manuscript; available in PMC 2023 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Handels et al. Page 18

TA
B

L
E

 2

C
ha

ra
ct

er
is

tic
s 

of
 s

ta
nd

ar
di

ze
d 

pa
tie

nt
 b

as
ed

 o
n 

th
e 

be
nc

hm
ar

k 
sc

en
ar

io
, t

w
o 

fo
r 

ea
ch

 s
ce

na
ri

o 
(m

al
e 

an
d 

fe
m

al
e)

, a
s 

bo
th

 s
ce

na
ri

os
 d

id
 n

ot
 s

pe
ci

fy
 s

ex
 a

s 

it 
w

as
 in

te
nd

ed
 to

 r
ef

le
ct

 th
e 

di
st

ri
bu

tio
n 

of
 s

ex
es

 to
 b

e 
ex

pe
ct

ed
 in

 th
e 

ta
rg

et
 p

op
ul

at
io

n

A
ge

Se
x

Sy
nd

ro
m

e
C

au
se

70
Fe

m
al

e
M

C
I

A
D

70
M

al
e

M
C

I
A

D

70
Fe

m
al

e
M

ild
 d

em
en

tia
A

D

70
M

al
e

M
ild

 d
em

en
tia

A
D

Alzheimers Dement. Author manuscript; available in PMC 2023 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Handels et al. Page 19

TA
B

L
E

 3

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
m

od
el

s

C
ha

ra
ct

er
is

ti
c

IP
E

C
A

D
Sv

eD
em

K
P

F
E

M
H

er
ri

ng
A

D
A

C
E

B
A

SQ
D

E
M

M
IS

C
A

N
D

av
is

C
P

E
C

Ju
tk

ow
it

z
C

E
M

A
bb

re
vi

at
io

n
In

te
rn

at
io

na
l 

Ph
ar

m
ac

oe
co

no
m

ic
s 

C
ol

la
bo

ra
tio

n 
A

lz
he

im
er

’s
 

D
is

ea
se

Sw
ed

is
h 

D
em

en
tia

 
R

eg
is

tr
y

K
un

gs
ho

lm
en

 
Pr

oj
ec

t
Fu

tu
re

 E
ld

er
ly

 
M

od
el

(a
ut

ho
r 

na
m

e)
A

lz
he

im
er

’s
 

D
is

ea
se

 
A

rc
hi

m
ed

es
 

co
nd

iti
on

 e
ve

nt
 

si
m

ul
at

or

B
as

qu
e 

de
m

en
tia

 m
od

el
M

Ic
ro

si
m

ul
at

io
n 

SC
re

en
in

g 
A

N
al

ys
is

 
(D

em
en

tia
)

(a
ut

ho
r 

na
m

e)
C

ar
e 

Po
lic

y 
E

va
lu

at
io

n 
C

en
tr

e
(a

ut
ho

r 
na

m
e)

n/
a

D
ev

el
op

er
(s

) 
w

ho
 w

er
e 

pr
es

en
t d

ur
in

g 
th

e 
w

or
ks

ho
p

C
G

a , A
G

,A
K

, A
W

, 
A

S,
B

W
, L

J,
 R

H
A

W
a , R

H
A

Sa , A
W

B
T

a , J
H

W
L

H
a

A
T

a , J
M

JM
, M

S-
G

C
B

a , I
dK

M
D

, S
J,

 

R
E

a ,
R

A
a , R

W
, R

H
E

J,
 L

M
L

a , P
S

M
B

a , M
H

R
ef

er
en

ce
21

22
23

30
28

29
32

31
24

25
27

26

St
ar

tin
g 

in
M

C
I 

du
e 

to
 A

D
M

C
I 

du
e 

to
 A

D
M

C
I 

du
e 

to
 A

D
M

C
I

M
C

I 
du

e 
to

 A
D

M
C

I 
du

e 
to

 A
D

M
C

I 
du

e 
to

 A
D

M
C

I 
du

e 
to

 A
D

M
C

I 
du

e 
to

 
A

D
M

C
I 

du
e 

to
 A

D
M

ild
 d

em
en

tia
M

ild
 A

D
 d

em
en

tia

G
oa

l
D

ec
is

io
n-

an
al

yt
ic

D
ec

is
io

n-
an

al
yt

ic
D

ec
is

io
n-

an
al

yt
ic

G
en

er
al

 
po

pu
la

tio
n 

he
al

th
 a

nd
 

po
lic

y 
ou

tc
om

es

D
ec

is
io

n-
an

al
yt

ic
D

ec
is

io
n-

an
al

yt
ic

D
ec

is
io

n-
an

al
yt

ic
G

en
er

al
 

po
pu

la
tio

n 
he

al
th

 a
nd

 
po

lic
y 

ou
tc

om
es

D
ec

is
io

n-
an

al
yt

ic
D

ec
is

io
n-

an
al

yt
ic

D
ec

is
io

n-
an

al
yt

ic
 

an
d 

ge
ne

ra
l 

po
pu

la
tio

n 
he

al
th

 
an

d 
po

lic
y 

ou
tc

om
es

D
ec

is
io

n-
an

al
yt

ic

O
ri

gi
na

l a
im

E
st

im
at

e 
co

st
-

ef
fe

ct
iv

en
es

s 
of

 
tr

ea
tm

en
t i

n 
th

e 
pr

ed
em

en
tia

 A
D

 in
 

a 
tr

an
sp

ar
en

t o
pe

n-
so

ur
ce

 w
ay

.

E
st

im
at

e 
C

os
ts

 
an

d 
Q

A
LY

s 
of

 
A

D
 p

at
ie

nt
s 

ac
ro

ss
 d

is
ea

se
 

pr
og

re
ss

io
n 

an
d 

ill
us

tr
at

e 
th

e 
po

te
nt

ia
l 

he
al

th
-

ec
on

om
ic

 
ef

fe
ct

s 
of

 a
 

hy
po

th
et

ic
al

 
A

D
-D

M
T.

E
st

im
at

e 
po

te
nt

ia
l 

ec
on

om
ic

 im
pa

ct
 

of
 D

M
T

 in
 A

D
.

E
st

im
at

e 
he

al
th

 
an

d 
po

lic
y 

ou
tc

om
es

 in
 th

e 
U

S 
po

pu
la

tio
n.

 
Fo

cu
se

d 
on

 r
is

k 
fa

ct
or

s,
 c

hr
on

ic
 

co
nd

iti
on

s,
 

fu
nc

tio
na

l 
lim

ita
tio

ns
, 

m
or

ta
lit

y,
 a

nd
 

he
al

th
-r

el
at

ed
 

ec
on

om
ic

 
ou

tc
om

es
.

E
st

im
at

e 
th

e 
po

te
nt

ia
l c

os
t-

ef
fe

ct
iv

en
es

 o
f 

di
se

as
e-

m
od

if
yi

ng
 

tr
ea

tm
en

ts
 

ta
rg

et
in

g 
th

e 
pr

ed
em

en
tia

 
st

ag
es

 o
f 

A
D

.

E
co

no
m

ic
 

ev
al

ua
tio

n 
on

 
va

ri
ou

s 
in

te
rv

en
tio

ns
 

th
ro

ug
h 

cl
os

e 
tr

ac
ki

ng
 o

f 
di

se
as

e 
pr

og
re

ss
io

n 
an

d 
th

e 
re

la
te

d 
cl

in
ic

al
 

ou
tc

om
es

.

A
ss

es
s 

th
e 

co
st

-
ut

ili
ty

 o
f 

So
uv

en
ai

d 
co

m
pa

re
d 

to
 

pl
ac

eb
o 

in
 

pa
tie

nt
s 

w
ith

 
pr

od
ro

m
al

 A
D

 
un

de
r 

th
e 

co
nd

iti
on

s 
ap

pl
ie

d 
in

 
L

ip
iD

iD
ie

t t
ri

al
.

E
va

lu
at

e 
th

e 
im

pa
ct

 o
f 

pr
im

ar
y 

(r
is

k 
fa

ct
or

s)
, 

se
co

nd
ar

y 
(p

op
ul

at
io

n 
sc

re
en

in
g 

an
d 

tr
ea

tm
en

t)
, a

nd
 

te
rt

ia
ry

 (
ca

re
 a

nd
 

cu
re

) 
pr

ev
en

tio
n 

st
ra

te
gi

es
 o

n 
po

pu
la

tio
n 

tr
en

ds
 in

 
de

m
en

tia
 

in
ci

de
nc

e 
an

d 
m

or
ta

lit
y.

E
st

im
at

e 
an

nu
al

 
pr

og
re

ss
io

n 
ra

te
s 

ac
ro

ss
 

th
e 

A
D

 
co

nt
in

uu
m

 
an

d 
ev

al
ua

te
 

th
e 

im
pa

ct
 

of
 a

 d
el

ay
 in

 
M

C
I 

du
e 

to
 

A
D

 o
n 

th
e 

tr
aj

ec
to

ry
 o

f 
A

D
 

de
m

en
tia

 
an

d 
cl

in
ic

al
 

ou
tc

om
es

.

U
si

ng
 th

e 
th

re
sh

ol
d 

of
 £

20
,0

00
 p

er
 

Q
A

LY
 to

 e
st

im
at

e 
th

e 
m

ax
im

um
 p

ri
ce

 
of

 a
 h

yp
ot

he
tic

al
 

th
er

ap
y 

w
hi

ch
 

re
du

ce
s 

tr
an

si
tio

n 
to

 A
D

, a
nd

 w
ith

in
 

A
D

 f
ro

m
 s

ta
ge

 to
 

st
ag

e,
 b

y 
gi

ve
n 

pe
rc

en
ta

ge
s.

Pr
ed

ic
t t

he
 

lif
et

im
e 

U
S 

co
st

 
of

 d
em

en
tia

 a
nd

 
es

tim
at

e 
th

e 
co

st
-

ef
fe

ct
iv

en
es

s 
of

 
no

nd
ru

g 
in

te
rv

en
tio

ns
 th

at
 

am
el

io
ra

te
 

de
cl

in
es

 in
 

ph
ys

ic
al

 f
un

ct
io

n,
 

de
m

en
tia

-r
el

at
ed

 
be

ha
vi

or
s 

or
 r

at
e 

of
 n

ur
si

ng
 h

om
e 

tr
an

si
tio

n.

To
 a

ss
es

s 
th

e 
co

st
-

ef
fe

ct
iv

en
es

s 
of

 a
 

di
se

as
e 

m
od

if
yi

ng
 

tr
ea

tm
en

t i
n 

pa
tie

nt
s 

w
ith

 m
ild

 
to

 m
od

er
at

e 
A

D
.

M
od

el
 ty

pe
co

ho
rt

 s
ta

te
-

tr
an

si
tio

n
C

oh
or

t s
ta

te
-

tr
an

si
tio

n
C

oh
or

t s
ta

te
-

tr
an

si
tio

n
D

yn
am

ic
 

m
ic

ro
si

m
ul

at
io

n
Pa

tie
nt

-l
ev

el
 

si
m

ul
at

io
n

In
di

vi
du

al
-

pa
tie

nt
 

si
m

ul
at

io
n 

(D
IC

E
)

D
is

cr
et

e-
ev

en
t 

si
m

ul
at

io
n

Po
pu

la
tio

n-
ba

se
d 

m
ic

ro
si

m
ul

at
io

n 
an

d 
tim

e-
to

-
ev

en
t m

od
el

C
oh

or
t 

st
at

e-
tr

an
si

tio
n

C
oh

or
t s

ta
te

-
tr

an
si

tio
n

M
ic

ro
si

m
ul

at
io

n
C

oh
or

t s
ta

te
-

tr
an

si
tio

n

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
da

ta
 

fr
om

 w
hi

ch
 th

e 
st

ar
tin

g 
po

pu
la

tio
n 

w
as

 
ob

ta
in

ed

Se
e 

ta
bl

e 
ite

m
s 

‘p
ro

gr
es

si
on

 d
ur

in
g 

M
C

I’

Se
e 

ta
bl

e 
ite

m
s 

‘p
ro

gr
es

si
on

 
du

ri
ng

 M
C

I’

Se
e 

ta
bl

e 
ite

m
s 

‘p
ro

gr
es

si
on

 
du

ri
ng

 M
C

I’
R

ep
re

se
nt

at
iv

e 
U

.S
. b

as
ed

 
sa

m
pl

e 
fr

om
 

H
ea

lth
 a

nd
 

Sa
m

pl
ed

 f
ro

m
 

ch
ar

ac
te

ri
st

ic
s 

in
 

V
os

 [
20

13
] 

(p
re

cl
in

ic
al

 A
D

 
st

ag
e 

3)
 a

nd
 

Se
e 

ta
bl

e 
ite

m
s 

‘p
ro

gr
es

si
on

 
du

ri
ng

 M
C

I’

L
ip

iD
iD

ie
t t

ri
al

 

[S
oi

ni
ne

n,
 2

01
7 ]

(n
on

)a
m

ne
st

ic
 

an
d 

am
yl

oi
d 

po
si

tiv
e 

M
C

I,
 

on
se

t a
ge

 
ca

lib
ra

te
d 

to
 

R
ot

te
rd

am
 S

tu
dy

 

Se
e 

ta
bl

e 
ite

m
s 

‘p
ro

gr
es

si
on

 
du

ri
ng

 
M

C
I’

Se
e 

ta
bl

e 
ite

m
s 

‘p
ro

gr
es

si
on

 d
ur

in
g 

M
C

I’

R
an

do
m

ly
 

de
te

rm
in

ed
 f

ro
m

 
pu

bl
is

he
d 

U
S 

in
ci

de
nt

 s
ta

tis
tic

s 
an

d 
ot

he
r 

ob
se

rv
at

io
na

l 

Pa
tie

nt
s 

w
ith

 M
ild

 
A

D
 in

 th
e 

co
m

m
un

ity
 f

ro
m

 
G

E
R

A
S 

st
ud

y 
(F

ra
nc

e,
 G

er
m

an
y,

 
an

d 
U

K
).

Alzheimers Dement. Author manuscript; available in PMC 2023 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Handels et al. Page 20

C
ha

ra
ct

er
is

ti
c

IP
E

C
A

D
Sv

eD
em

K
P

F
E

M
H

er
ri

ng
A

D
A

C
E

B
A

SQ
D

E
M

M
IS

C
A

N
D

av
is

C
P

E
C

Ju
tk

ow
it

z
C

E
M

R
et

ir
em

en
t 

Su
rv

ey
Pe

te
rs

en
 [2

01
0]

 
M

C
I

de
m

en
tia

 
in

ci
de

nc
e.

da
ta

 

[J
ut

ko
w

itz
, 2

01
7 ]

.

P
ro

gr
es

si
on

 d
ur

in
g 

M
C

I:

C
ha

ra
ct

er
is

tic
s 

of
 u

nd
er

ly
in

g 
em

pi
ri

ca
l d

at
a

U
.S

. N
A

C
C

 
m

em
or

y 
cl

in
ic

 
se

tti
ng

 d
at

a 
fr

om
 

20
05

-2
01

7 
on

 
35

53
 in

di
vi

du
al

s 
w

ith
 c

om
m

un
ity

-
dw

el
lin

g 
pr

ev
al

en
t 

an
d 

in
ci

de
nt

 M
C

I 
du

e 
to

 A
D

, 
w

ith
 c

au
se

 d
ef

in
ed

 
as

 p
ri

m
ar

y 
or

 
co

nt
ri

bu
tin

g 
ca

us
e 

(i
.e

., 
20

11
 N

IA
-A

A
 

cr
ite

ri
a 

or
 N

IN
C

D
S-

A
D

R
D

A
);

 a
ge

 r
an

ge
 

=
 6

0-
89

).

E
st

im
at

e 

[V
os

, 2
01

5 ]
 

ba
se

d 
on

 m
ul

ti-
co

un
tr

y 
(E

U
/

U
.S

.)
 m

em
or

y 
cl

in
ic

 r
es

ea
rc

h 
se

tti
ng

 s
am

pl
e 

of
 I

W
G

-1
 

ba
se

d 
di

ag
no

si
s 

of
 p

ro
dr

om
al

 
A

D
-M

C
I 

w
ith

 
m

ea
n 

2.
4-

ye
ar

 
fo

llo
w

-u
p 

to
 

A
D

-t
yp

e 
de

m
en

tia
.

E
st

im
at

e 

[V
os

, 2
01

5 ]
 b

as
ed

 
on

 m
ul

ti-
co

un
tr

y 
(E

U
/U

.S
.)

 
m

em
or

y 
cl

in
ic

 
re

se
ar

ch
 s

et
tin

g 
sa

m
pl

e 
of

 I
W

G
-1

 
ba

se
d 

di
ag

no
si

s 
of

 p
ro

dr
om

al
 A

D
-

M
C

I 
w

ith
 m

ea
n 

2.
4-

ye
ar

 f
ol

lo
w

-
up

 to
 A

D
-t

yp
e 

de
m

en
tia

.

H
R

S 
da

ta
 

re
st

ri
ct

ed
 to

 
st

ar
tin

g 
ag

es
 

69
-7

0 
(m

ea
n 

70
.1

, S
D

 0
.5

4)
, 

of
 w

hi
ch

 3
9%

 
ar

e 
m

al
e,

 in
 

bo
th

 
co

m
m

un
ity

 a
nd

 
nu

rs
in

g 
ho

m
es

 
w

ith
 M

C
I 

(o
pe

ra
tio

na
liz

ed
 

by
 T

IC
S 

sc
or

e 
of

 7
-1

1 
po

in
ts

 
or

 p
ro

xy
 

ju
dg

em
en

t)
.

Sy
m

pt
om

 le
ve

ls
 

le
ad

in
g 

up
 to

 
de

m
en

tia
: 

M
M

SE
: U

.S
. 

po
pu

la
tio

n 
no

rm
s,

 th
e 

Fr
en

ch
 P

aq
ui

d 
co

ho
rt

 (
9-

ye
ar

 
st

ud
y 

of
 2

15
 

fu
tu

re
 A

D
 

su
bj

ec
ts

),
 a

nd
 

A
D

N
I 

(3
98

 
pa

tie
nt

s 
w

ith
 

M
C

I)
; N

PI
: 5

0 
pa

tie
nt

s 
w

ith
 A

D
 

an
d 

40
 c

on
tr

ol
s;

 
D

A
D

: 1
96

 
pa

tie
nt

s 
w

ith
 A

D
, 

70
 p

at
ie

nt
s 

w
ith

 
M

C
I,

 a
nd

 7
5 

co
nt

ro
ls

.

17
35

 p
at

ie
nt

-
le

ve
l d

at
a 

fr
om

 
A

D
N

I 
da

ta
se

t 
co

lle
ct

ed
 f

ro
m

 
20

03
 to

 2
01

8.

L
ip

iD
iD

ie
t t

ri
al

: 
m

em
or

y 
cl

in
ic

 
in

di
vi

du
al

s 
w

ith
 

pr
od

ro
m

al
 A

D
, 

IW
G

-1
 c

ri
te

ri
a:

 
ep

is
od

ic
 

m
em

or
y 

di
so

rd
er

 a
nd

 a
 

po
si

tiv
e 

bi
om

ar
ke

r 
(e

ith
er

 C
SF

, 
M

R
I,

 o
r 

PE
T

).
 

M
ea

n 
ag

e 
=

 7
1,

 
50

%
 m

al
e,

 o
f 

31
1 

pa
rt

ic
ip

an
ts

. 
M

ea
n 

st
ar

tin
g 

M
M

SE
 w

as
 

26
.4

, 6
0%

 A
PO

-
e4

.

M
C

I 
on

se
t 

ca
lib

ra
te

d 
on

 
de

m
en

tia
 

in
ci

de
nc

e 
=

 
R

ot
te

rd
am

 S
tu

dy
 

de
m

en
tia

 
[W

ol
te

rs
, 2

01
7]

 
in

ci
de

nc
e 

by
 a

ge
 

(6
8,

36
7 

pe
rs

on
-

ye
ar

s)
; M

C
I 

du
ra

tio
n 

=
 

po
ol

ed
 5

 
m

em
or

y 
cl

in
ic

 
co

ho
rt

s 
(A

D
C

, 
D

E
SC

R
IP

A
, 

A
D

N
I,

 A
IB

L
, 

G
ot

he
nb

ur
g 

H
70

) 

[V
er

m
un

t, 
20

19
],

 
n 

=
 7

29
 (

57
%

 
fe

m
al

e,
 m

ea
n 

ag
e 

=
 7

2 
(M

C
I 

de
fi

ne
d 

as
 

am
yl

oi
d 

ac
cu

m
ul

at
io

n 
an

d 
(n

on
)a

m
ne

st
ic

 
M

C
I.

U
.S

. N
A

C
C

 
m

em
or

y 
cl

in
ic

 
se

tti
ng

 d
at

a 
fr

om
 

20
05

-2
01

4 
on

 1
8,

10
3 

in
di

vi
du

al
s 

in
 

co
m

m
un

ity
 

dw
el

lin
g 

an
d 

as
si

st
ed

 
liv

in
g 

re
si

de
nc

es
 

w
ith

 ≥
1 

vi
si

t w
hi

le
 

≥6
5 

ye
ar

s,
 

im
pa

ir
ed

 
no

t M
C

I,
 

M
C

I,
 o

r 
de

m
en

tia
 

an
d 

a 
pr

im
ar

y 
et

io
lo

gi
c 

di
ag

no
si

s 
of

 
pr

ob
ab

le
 o

r 
po

ss
ib

le
 

A
D

. 
B

as
el

in
e 

m
ea

n 
ag

e 
76

, 5
7%

 
fe

m
al

e,
 

19
%

 (
N

 =
 

33
70

) 
in

 
M

C
I 

du
e 

to
 

A
D

.

E
st

im
at

e 

[V
os

, 2
01

5 ]
 b

as
ed

 
on

 m
ul

ti-
co

un
tr

y 
(E

U
/U

S)
 m

em
or

y 
cl

in
ic

 r
es

ea
rc

h 
se

tti
ng

 s
am

pl
e 

of
 I

W
G

-1
 b

as
ed

 
di

ag
no

si
s 

of
 

pr
od

ro
m

al
 A

D
-M

C
I 

w
ith

 m
ea

n 
2.

4-
ye

ar
 

fo
llo

w
-u

p 
to

 A
D

-
ty

pe
 d

em
en

tia
.

n/
a

n/
a

M
od

el
/

fu
nc

tio
n/

es
tim

at
e

W
ei

bu
ll 

fu
nc

tio
n;

 
m

ea
n 

=
 2

.7
, m

ed
iu

m
 

=
 2

.1
, m

ax
im

um
 

fo
llo

w
-u

p 
=

 1
0.

4 
ye

ar
s.

O
bs

er
ve

d 
3-

ye
ar

 s
ur

vi
va

l 
pr

ob
ab

ili
ty

 w
as

 
50

%
 a

nd
 

co
nv

er
te

d 
to

 
20

.6
%

 a
nn

ua
l 

tr
an

si
tio

n 
pr

ob
ab

ili
ty

, 
ap

pl
ie

d 
in

de
fi

ni
te

ly
.

O
bs

er
ve

d 
3-

ye
ar

 
su

rv
iv

al
 

pr
ob

ab
ili

ty
 w

as
 

50
%

 a
nd

 
co

nv
er

te
d 

to
 

20
.6

%
 a

nn
ua

l 
tr

an
si

tio
n 

pr
ob

ab
ili

ty
, 

ap
pl

ie
d 

in
de

fi
ni

te
ly

.

Pr
ob

it 
m

od
el

 
fo

r 
2-

ye
ar

 
in

ci
de

nc
e 

of
 

de
m

en
tia

, 
co

nd
iti

on
al

 o
n 

ha
vi

ng
 M

C
I.

 
W

e 
fo

llo
w

 
na

tu
ra

l l
if

e-
tim

e 
pr

og
re

ss
io

n 
of

 
se

le
ct

 
in

di
vi

du
al

s 
in

 2
-

ye
ar

 
in

cr
em

en
ts

.

E
xp

on
en

tia
l 

cu
rv

es
: M

M
SE

: 
ba

se
lin

e 
va

lu
e 

=
 

1.
7 

be
lo

w
 a

ge
- 

an
d 

ed
uc

at
io

n-
ad

ju
st

ed
 n

or
m

s;
 

ba
se

lin
e 

ra
te

 o
f 

ch
an

ge
 =

 −
0.

7 
pe

r 
ye

ar
, a

nn
ua

l 
in

cr
ea

se
 in

 r
at

e 
of

 
ch

an
ge

 =
 2

3.
0%

 
(N

PI
: v

al
ue

 =
 

3.
9,

 r
at

e 
=

 0
.9

, 

In
te

rc
on

ne
ct

ed
 

lin
ea

r 
m

ix
ed

 
m

od
el

in
g 

di
se

as
e 

eq
ua

tio
ns

 f
or

 k
ey

 
A

D
 b

io
m

ar
ke

rs
 

an
d 

va
ri

ou
s 

re
le

va
nt

 p
at

ie
nt

-
le

ve
l s

ca
le

s 
of

 
co

gn
iti

on
, 

be
ha

vi
or

, 
fu

nc
tio

n,
 a

nd
 

de
pe

nd
en

ce
 

M
ix

ed
 m

od
el

 
re

pr
od

uc
in

g 
C

D
R

-S
B

 
pr

og
re

ss
io

n 
by

 
re

w
ri

tin
g 

th
e 

fo
rm

ul
a 

to
 g

et
 a

 
tim

e 
to

 e
ve

nt
 f

or
 

m
ild

 d
em

en
tia

 
an

d 
m

od
er

at
e-

se
ve

re
 d

em
en

tia
.

T
im

e-
to

-e
ve

nt
 

m
od

el
 b

as
ed

 o
n 

m
ea

n 
M

C
I 

du
ra

tio
n 

(m
al

e 
=

 
4.

8,
 f

em
al

e 
=

 
4.

0)
, m

ul
tip

lie
d 

by
 g

am
m

a 
di

st
ri

bu
te

d 
ra

nd
om

 v
ar

ia
bl

e.
 

O
ns

et
 b

ef
or

e 
65

: 
G

am
m

a 
(5

, 0
.2

5)
 

O
ns

et
 6

5-
69

: 
G

am
m

a 
(3

, 0
.4

) 

m
ul

tiv
ar

ia
te

 
or

de
re

d 
pr

ob
it 

fo
r 

ag
e-

sp
ec

if
ic

 
tr

an
si

tio
n 

pr
ob

ab
ili

tie
s 

to
 e

ac
h 

he
al

th
 s

ta
te

, 
co

nt
ro

lli
ng

 
fo

r 
he

al
th

 
st

at
e 

at
 th

e 
pr

io
r 

vi
si

t 
an

d 
cu

rr
en

t 

O
bs

er
ve

d 
3-

ye
ar

 
su

rv
iv

al
 p

ro
ba

bi
lit

y 
w

as
 5

0%
 a

nd
 

co
nv

er
te

d 
to

 2
0.

6%
 

an
nu

al
 tr

an
si

tio
n 

pr
ob

ab
ili

ty
, a

pp
lie

d 
in

de
fi

ni
te

ly
.

n/
a

n/
a

Alzheimers Dement. Author manuscript; available in PMC 2023 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Handels et al. Page 21

C
ha

ra
ct

er
is

ti
c

IP
E

C
A

D
Sv

eD
em

K
P

F
E

M
H

er
ri

ng
A

D
A

C
E

B
A

SQ
D

E
M

M
IS

C
A

N
D

av
is

C
P

E
C

Ju
tk

ow
it

z
C

E
M

in
cr

ea
se

 =
 2

4.
7%

 
D

A
D

: v
al

ue
 =

 
95

.5
, r

at
e 

=
 

−
1.

46
, i

nc
re

as
e 

=
 

38
.7

%
.

(d
is

ea
se

 
pr

og
re

ss
io

n 
is

 
de

co
up

le
d 

fr
om

 
A

D
 s

ev
er

ity
).

O
ns

et
 a

ft
er

 7
0:

 
G

am
m

a 
(1

.7
5,

 
0.

7)
.

ag
e.

 A
 

co
va

ri
at

e 
fo

r 
da

ys
 

el
ap

se
d 

si
nc

e 
th

e 
pr

io
r 

vi
si

t 
w

as
 

in
cl

ud
ed

 to
 

ad
ju

st
 f

or
 

va
ri

at
io

n 
in

 
vi

si
t 

fr
eq

ue
nc

y.

In
pu

t a
nd

/o
r 

si
m

ul
at

io
n-

ob
se

rv
ed

 
co

nv
er

si
on

 r
at

e 
fr

om
 M

C
I 

to
 

de
m

en
tia

 (
ye

ar
 

1–
3)

In
pu

t: 
ye

ar
 1

 =
 1

9%
, 

ye
ar

 2
 =

 1
4%

, a
nd

 
ye

ar
 3

 a
nd

 f
ur

th
er

 =
 

8-
9%

.

In
pu

t: 
20

.6
%

 
(i

nd
ef

in
ite

ly
).

In
pu

t: 
20

.6
%

 
(i

nd
ef

in
ite

ly
).

In
pu

t: 
14

.6
%

 
(2

-y
ea

r 
ho

ri
zo

n)
.

O
bs

er
ve

d:
 f

ro
m

 
M

ar
ko

v 
tr

ac
e 

m
od

el
 o

ut
pu

ts
 

(c
on

di
tio

ne
d 

on
 

su
rv

iv
al

):
 6

.5
%

 in
 

ye
ar

 1
; 1

7.
9%

 in
 

ye
ar

 2
; 3

4.
5%

 in
 

ye
ar

 3
.

O
bs

er
ve

d:
 f

ro
m

 
m

od
el

 o
ut

pu
ts

 
(1

8.
7%

 w
ith

 A
D

 
af

te
r 

2 
ye

ar
s)

.

O
bs

er
ve

d:
 4

1%
 

at
 y

ea
r 

2.
O

bs
er

ve
d:

 
C

on
ve

rs
io

n 
ra

te
 

(M
C

I 
to

 
de

m
en

tia
) 

in
 

ye
ar

 1
 =

 1
8%

, 
ye

ar
 2

 =
 2

8%
, 

an
d 

ye
ar

 3
 =

 
13

%
.

In
pu

t 
(p

re
di

ct
ed

 
fr

om
 

or
de

re
d 

pr
ob

it 
ag

e 
66

):
 7

6.
4%

 
to

 M
C

I,
 

22
%

 to
 m

ild
 

A
D

, 0
.1

%
 

to
 m

od
er

at
e 

A
D

, <
 0

.1
%

 
to

 s
ev

er
e 

A
D

.

In
pu

t: 
20

.6
%

 
(i

nd
ef

in
ite

ly
).

n/
a

n/
a

L
an

di
ng

 s
ta

te
 

fr
om

 M
C

I 
to

 
de

m
en

tia
 (

if
 

m
od

el
 r

ef
le

ct
s 

st
at

es
) 

or
 

co
nn

ec
tio

n 
of

 
co

nt
in

uo
us

 
ou

tc
om

es
 

ac
ro

ss
 d

is
ea

se
 

st
ag

es
 (

if
 m

od
el

 
re

fl
ec

ts
 

co
nt

in
uo

us
 

sc
al

es
).

L
an

di
ng

 in
 2

7 
st

at
es

 d
is

tr
ib

ut
ed

 
as

 e
m

pi
ri

ca
lly

 
ob

se
rv

ed
 f

ro
m

 th
e 

W
ei

bu
ll 

an
al

ys
is

 
(n

 =
 7

60
; 7

1%
 

m
ild

) 
an

d 
as

su
m

ed
 

co
m

m
un

ity
-

dw
el

lin
g.

A
ll 

m
ild

 
de

m
en

tia
.

A
ll 

m
ild

 
de

m
en

tia
.

n/
a

D
em

en
tia

: i
f 

M
M

SE
 ≤

1.
5 

SD
 

be
lo

w
 a

ge
- 

an
d 

ed
uc

at
io

n-
ad

ju
st

ed
 n

or
m

s,
 

M
M

SE
 a

nn
ua

l 
ch

an
ge

 ≥
0.

5 
SD

 
fa

st
er

 th
an

 a
ge

- 
an

d 
ed

uc
at

io
n-

ad
ju

st
ed

 n
or

m
s,

 
an

d 
D

A
D

 ≤
93

.

Pa
tie

nt
s 

pr
og

re
ss

 
to

 m
ild

 A
D

 f
ro

m
 

M
C

I 
du

e 
to

 A
D

 
on

ce
 th

ei
r 

es
tim

at
ed

 
C

D
R

SB
 g

oe
s 

ab
ov

e 
4.

5 
du

ri
ng

 
a 

m
od

el
 c

yc
le

.

Pa
tie

nt
s 

ex
pe

ri
en

ce
 f

ir
st

 
m

ild
 d

em
en

tia
 

(C
D

R
-S

B
 c

ut
-

of
f 

of
 4

.5
),

 th
en

 
m

od
er

at
e 

de
m

en
tia

 (
C

D
R

-
SB

 c
ut

-o
ff

 o
f 

9.
5)

.

A
ll 

in
 m

ild
 

de
m

en
tia

.
M

ild
, 

m
od

er
at

e,
 

an
d 

se
ve

re
 

A
D

 la
nd

in
g 

st
at

es
 a

s 
pr

ed
ic

te
d 

fr
om

 th
e 

or
de

re
d 

pr
ob

it 
re

gr
es

si
on

.

A
ll 

in
 m

ild
 

de
m

en
tia

.
n/

a
n/

a

P
ro

gr
es

si
on

 d
ur

in
g 

de
m

en
ti

a:

C
ha

ra
ct

er
is

tic
s 

of
 u

nd
er

ly
in

g 
em

pi
ri

ca
l d

at
a

Sa
m

e 
da

ta
 s

ou
rc

e 
as

 f
or

 p
ro

gr
es

si
on

 
in

 M
C

I 
(N

A
C

C
).

 
44

23
 p

ar
tic

ip
an

ts
 

(a
ge

 r
an

ge
 =

 6
0-

89
) 

w
ith

 p
re

va
le

nt
 a

nd
 

in
ci

de
nt

 d
em

en
tia

 
an

d 
A

D
 p

ri
m

ar
y 

or
 c

on
tr

ib
ut

in
g 

ca
us

e 
an

d 
at

 
le

as
t 2

 c
on

se
cu

tiv
e 

as
se

ss
m

en
ts

.

Sw
ed

is
h 

de
m

en
tia

 
re

gi
st

ry
 

(S
ve

D
em

) 
an

y-
ty

pe
 d

em
en

tia
 

(m
em

or
y 

cl
in

ic
, 

G
P,

 n
ur

si
ng

 
ho

m
e)

; 5
3,

88
0 

pe
rs

on
s 

(2
00

7-
20

16
);

 
ba

se
lin

e 
ag

e 
=

 
80

, S
D

 =
 7

.8
; 

59
%

 f
em

al
e;

 

T
he

 tr
an

si
tio

n 
pr

ob
ab

ili
tie

s 
in

cl
ud

in
g 

m
or

ta
lit

y 
fi

gu
re

s 
fr

om
 g

en
er

al
 

po
pu

la
tio

n-
ba

se
d 

K
un

gs
ho

lm
en

 
pr

oj
ec

t i
n 

Sw
ed

en
 

[F
ra

tig
lio

ni
, 1

99
2;

 

Jo
ns

so
n,

 2
01

1 ]
.

n/
a 

(m
od

el
 d

oe
s 

no
t r

ef
le

ct
 

st
ag

in
g 

of
 

de
m

en
tia

).
 

Pr
og

re
ss

io
n 

re
fl

ec
te

d 
by

 
m

or
ta

lit
y 

(s
ee

 
be

lo
w

).

Pu
bl

is
he

d 
sy

m
pt

om
 

tr
aj

ec
to

ri
es

 

[G
uo

, 2
01

4 ]
: 

M
M

SE
: C

E
R

A
D

 
an

d 
7 

do
ne

pe
zi

l 
tr

ia
ls

; N
PI

: 
do

ne
pe

zi
l t

ri
al

s;
 

D
A

D
: D

A
D

E
 

st
ud

y 
(2

49
 

co
m

m
un

ity
/

in
st

itu
tio

n 
pa

tie
nt

s 
w

ith
 

Sa
m

e 
da

ta
 s

ou
rc

e 
as

 f
or

 
pr

og
re

ss
io

n 
in

 
M

C
I 

(A
D

N
I)

.

Sa
m

e 
da

ta
 

so
ur

ce
 a

s 
fo

r 
pr

og
re

ss
io

n 
in

 
M

C
I 

(L
ip

iD
iD

ie
t)

.

R
ot

te
rd

am
 S

tu
dy

 
de

m
en

tia
 

in
ci

de
nc

e 
an

d 
su

rv
iv

al
 b

y 
ag

e 
(6

8,
36

7 
pe

rs
on

-
ye

ar
s)

.

Sa
m

e 
da

ta
 

so
ur

ce
 a

s 
M

C
I 

pr
og

re
ss

io
n 

(N
A

C
C

).
 

A
ll 

pa
tie

nt
s 

in
 A

D
 

he
al

th
 s

ta
te

s 
ha

ve
 

di
ag

no
si

s 
of

 
de

m
en

tia
 a

t 
≥1

 v
is

it 
A

N
D

 

M
ild

 to
 m

od
er

at
e:

 
as

su
m

pt
io

n 
on

 
nu

rs
in

g 
ho

m
e 

ad
m

is
si

on
 a

ft
er

 
m

ea
n 

6 
ye

ar
s 

fr
om

 d
ia

gn
os

is
 

[B
ro

ok
m

ey
er

, 2
00

7 ]
; 

M
od

er
at

e 
to

 
se

ve
re

: N
A

C
C

 
3,

85
2 

pa
tie

nt
s 

ag
ed

 7
7 

po
ss

ib
le

/

U
.S

. N
A

C
C

 
co

m
m

un
ity

-
dw

el
lin

g 
ne

w
ly

 
di

ag
no

se
d 

(i
nc

id
en

t)
 

in
di

vi
du

al
s 

w
ith

 
an

y-
ty

pe
 

de
m

en
tia

, m
ea

n 
ag

e 
=

 8
0,

 5
5%

 
m

al
e 

[J
ut

ko
w

itz
, 2

01
7 ]

.

14
95

 p
at

ie
nt

s 
fr

om
 

G
E

R
A

S 
36

-m
on

th
 

ob
se

rv
at

io
na

l s
tu

dy
 

(F
R

, D
E

, U
K

, 
20

10
) 

co
m

m
un

ity
 

dw
el

lin
g,

 p
ro

ba
bl

e 
A

D
 (

N
IN

C
D

S-
A

D
R

D
A

),
 

M
M

SE
≤2

6,
 a

ge
 

78
, 3

8%
 m

ild
, 3

2%
 

m
od

er
at

e,
 3

1%
 

m
od

er
at

el
y 

se
ve

re
/

Alzheimers Dement. Author manuscript; available in PMC 2023 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Handels et al. Page 22

C
ha

ra
ct

er
is

ti
c

IP
E

C
A

D
Sv

eD
em

K
P

F
E

M
H

er
ri

ng
A

D
A

C
E

B
A

SQ
D

E
M

M
IS

C
A

N
D

av
is

C
P

E
C

Ju
tk

ow
it

z
C

E
M

M
M

SE
 =

 2
0.

9)
 

[H
an

de
ls

, 2
02

0;
 

W
im

o,
 2

02
0 ]

.

po
ss

ib
le

/p
ro

ba
bl

e 
A

D
).

pr
im

ar
y 

et
io

lo
gi

c 
di

ag
no

si
s 

of
 

pr
ob

ab
le

 o
r 

po
ss

ib
le

 A
D

 
at

 a
ny

 ti
m

e.

pr
ob

ab
le

 A
D

 

[S
pa

ck
m

an
, 2

01
2 ]

.

se
ve

re
 

[W
im

o,
 2

01
3 ]

.

M
od

el
/

fu
nc

tio
n/

es
tim

at
e

T
hr

ee
 o

rd
er

ed
 

pr
ob

it 
fu

nc
tio

ns
 (

3-
cl

as
s 

M
M

SE
, F

A
Q

, 
an

d 
N

PI
-Q

),
 e

ac
h 

in
cl

ud
in

g 
pr

ev
io

us
 

ye
ar

’s
 c

at
eg

or
iz

ed
 

M
M

SE
, F

A
Q

, a
nd

 
N

PI
-Q

. P
re

di
ct

ed
 

tr
an

si
tio

ns
 f

ro
m

 
ea

ch
 f

un
ct

io
n 

w
er

e 
m

ul
tip

lie
d 

to
 o

bt
ai

n 
27

 s
ta

te
 tr

an
si

tio
n 

pr
ob

ab
ili

ty
 m

at
ri

x.

O
rd

er
ed

 p
ro

bi
t 

on
 2

3,
14

6 
an

nu
al

iz
ed

 
tr

an
si

tio
ns

, 
ad

ju
st

ed
 f

or
 

et
io

lo
gy

 (
A

D
-

sp
ec

if
ic

),
 a

nd
 

in
ve

rs
e 

pr
ob

ab
ili

ty
 o

f 
ce

ns
or

in
g 

w
ei

gh
ts

 to
 

ad
ju

st
 f

or
 

se
le

ct
iv

e 
dr

op
-

ou
t.

n/
s

n/
a

M
M

SE
: 

pi
ec

ew
is

e 
lin

ea
r 

re
gr

es
si

on
 

eq
ua

tio
n 

pr
ed

ic
tin

g 
an

nu
al

 
ch

an
ge

 r
at

e;
 N

PI
: 

lin
ea

r 
re

gr
es

si
on

 
pr

ed
ic

tin
g 

ch
an

ge
 

si
nc

e 
di

ag
no

si
s;

 
D

A
D

: l
in

ea
r 

re
gr

es
si

on
 

pr
ed

ic
tin

g 
D

A
D

 
fr

om
 M

M
SE

 a
nd

 

N
PI

 [
G

uo
, 2

01
4 ]

.

Sa
m

e 
as

 M
C

I 
m

od
el

/f
un

ct
io

n
M

ix
ed

 m
od

el
 

fo
r 

C
D

R
-S

B
 

pr
og

re
ss

io
n 

to
 

m
ild

 a
nd

 
m

od
er

at
e-

to
-

se
ve

re
 d

em
en

tia
 

co
ns

id
er

in
g 

C
D

R
-S

B
 

lo
ng

itu
di

na
l 

da
ta

 to
 

ex
tr

ap
ol

at
e 

pr
og

re
ss

io
n 

to
 

th
e 

lo
ng

er
 te

rm
. 

D
ea

th
 f

ro
m

 
de

m
en

tia
 a

nd
 

ot
he

r 
ca

us
es

 
be

ha
ve

 a
s 

a 
co

m
pe

tit
iv

e 
ri

sk
.

T
im

e-
to

-e
ve

nt
 

m
od

el
 b

as
ed

 o
n 

m
ea

n 
de

m
en

tia
 

du
ra

tio
n 

(m
al

e:
 

7.
5;

 f
em

al
e:

 9
.9

) 
m

ul
tip

lie
d 

by
 a

 
G

am
m

a 
di

st
ri

bu
te

d 
ra

nd
om

 v
ar

ia
bl

e 
to

 in
tr

od
uc

e 
ra

nd
om

 v
ar

ia
tio

n 
be

tw
ee

n 
th

e 
si

m
ul

at
ed

 
in

di
vi

du
al

s.

Sa
m

e 
as

 
M

C
I 

m
od

el
/

fu
nc

tio
n.

A
nn

ua
l t

ra
ns

iti
on

 
pr

ob
ab

ili
ty

: M
ild

 to
 

m
od

er
at

e 
=

 0
.1

67
; 

m
od

er
at

e 
to

 s
ev

er
e 

=
 0

.2
0 

(r
ou

nd
ed

 
or

de
re

d 
pr

ob
it 

pr
ed

ic
te

d 
pr

ob
ab

ili
ty

 
of

 0
.2

14
 a

t a
ve

ra
ge

 
de

m
og

ra
ph

ic
s 

ch
ar

ac
te

ri
st

ic
s)

. N
o 

va
ri

at
io

n 
by

 a
ge

, 
tim

e 
in

 s
ta

ge
 o

r 
an

y 
ot

he
r 

fa
ct

or
.

M
ix

ed
 r

eg
re

ss
io

n 
pr

ed
ic

tin
g 

M
M

SE
, F

A
Q

, a
nd

 
N

PI
-Q

. M
on

th
ly

 
nu

rs
in

g 
ho

m
e 

tr
an

si
tio

n 
pr

ob
ab

ili
ty

 f
ro

m
 

W
ei

bu
ll 

fu
nc

tio
n 

in
cl

ud
in

g 
M

M
SE

, 
FA

Q
, a

nd
 N

PI
 

(e
xi

t p
ro

ba
bi

lit
y 

fr
om

 M
ed

ic
ar

e 
da

ta
),

 to
ta

l 
nu

rs
in

g 
ho

m
e 

tim
e 

ca
lib

ra
te

d 
to

 
M

ed
ic

ar
e.

T
im

e 
to

 e
ve

nt
s 

fu
nc

tio
n 

fo
r 

in
st

itu
tio

na
liz

at
io

n 
an

d 
de

at
h.

 
R

eg
re

ss
io

n 
fu

nc
tio

n 
fo

r 
ch

an
ge

 o
ve

r 
tim

e 
in

 M
M

SE
, i

A
D

L
, 

an
d 

bA
D

L
 

[B
el

ge
r, 

20
19

; 

B
on

d,
 2

01
2 ]

.

C
at

eg
or

iz
at

io
n 

fo
r 

m
ild

, 
m

od
er

at
e,

 a
nd

 
se

ve
re

 
de

m
en

tia
 (

as
 

ap
pl

ie
d 

fo
r 

th
e 

be
nc

hm
ar

k 
cr

os
s-

co
m

pa
ri

so
n 

re
su

lts
 ta

bl
es

)

M
M

SE
: m

ild
 =

 
21

-3
0,

 m
od

er
at

e 
=

 
10

-2
0,

 s
ev

er
e 

=
 0

-9
; 

FA
Q

 =
 0

-8
, 9

-2
3,

 
24

-3
0;

 N
PI

-Q
 =

 
ea

ch
 it

em
≤1

, e
ac

h 
ite

m
≤2

, a
t l

ea
st

 o
ne

 
ite

m
 =

 3
.

M
M

SE
: m

ild
 =

 
21

-3
0,

 
m

od
er

at
e 

=
 

10
-2

0,
 s

ev
er

e 
=

 
0-

9.

M
M

SE
: m

ild
 =

 
18

-2
3,

 m
od

er
at

e 
=

10
-1

7,
 s

ev
er

e 
=

 
0-

9.

n/
a

n/
a

C
D

R
SB

: m
ild

 =
 

4.
5-

9.
5,

 
m

od
er

at
e 

=
 

9.
5-

16
.5

, s
ev

er
e 

=
 ≥

16
.5

.

C
D

R
-S

B
: m

ild
 

=
 4

.5
-9

.5
, 

m
od

er
at

e/
se

ve
re

 
=

 >
 9

.5
.

n/
a

C
D

R
: m

ild
 

<
 2

, 
m

od
er

at
e 

=
 

2,
 s

ev
er

e 
=

 
3.

M
M

SE
: m

ild
 =

 
21

-3
0,

 m
od

er
at

e 
=

 
10

-2
0,

 s
ev

er
e 

0-
9.

M
M

SE
: m

ild
 =

 >
 

19
, m

od
er

at
es

 =
 

19
-1

0,
 s

ev
er

e 
=

 <
 

10
 (

on
ly

 d
on

e 
fo

r 
th

is
 a

na
ly

si
s,

 
m

od
el

 in
cl

ud
e 

di
se

as
e 

st
ag

e 
in

 
th

es
e 

te
rm

s)
.

M
M

SE
: m

ild
 =

 
21

-2
6,

 m
od

er
at

e 
=

 
15

-2
0,

 m
od

er
at

el
y 

se
ve

re
/s

ev
er

e 
=

 <
 

15
 (

on
ly

 f
or

 
ba

se
lin

e 
se

ve
ri

ty
 

st
ra

tif
ic

at
io

n)
.

M
or

ta
lit

y:

B
ac

kg
ro

un
d 

m
or

ta
lit

y
A

ge
-s

pe
ci

fi
c 

fr
om

 
20

13
 U

.S
. l

if
e 

ta
bl

e.
A

ge
-s

pe
ci

fi
c 

fr
om

 
20

00
-2

01
6 

Sw
ed

is
h 

lif
e 

ta
bl

e.

n/
a

2-
ye

ar
 m

or
ta

lit
y 

ra
te

s 
fr

om
 H

R
S 

up
 to

 2
01

6,
 

co
nt

ro
lli

ng
 f

or
 a

 
br

oa
d 

se
t o

f 
ri

sk
 

fa
ct

or
s.

A
ge

- 
an

d 
se

x-
sp

ec
if

ic
 f

ro
m

 
20

10
 U

.S
. l

if
e 

ta
bl

e.

A
ge

-s
pe

ci
fi

c 
fr

om
 2

01
7 

U
.S

. 
lif

e 
ta

bl
e.

T
im

e 
un

til
 d

ea
th

 
fr

om
 o

th
er

 
ca

us
es

 u
si

ng
 

G
om

pe
rt

z 
fu

nc
tio

n 
fo

r 
ea

ch
 s

ex
 a

nd
 

Sp
an

is
h 

ag
e 

m
or

ta
lit

y 
ra

te
s.

A
ge

-s
pe

ci
fi

c 
lif

e 
ta

bl
e 

fo
r 

19
50

 
bi

rt
h 

co
ho

rt
.

N
ot

 
ex

pl
ic

itl
y 

m
od

el
ed

.

A
ge

-s
pe

ci
fi

c 
fr

om
 

20
16

-2
01

8 
E

ng
la

nd
 

lif
e 

ta
bl

e.

n/
a

T
im

e 
to

 d
ea

th
 

ba
se

d 
on

 G
E

R
A

S 
da

ta
.

M
C

I-
re

la
te

d 
m

or
ta

lit
y

A
ss

um
ed

 s
am

e 
as

 b
ac

kg
ro

un
d 

m
or

ta
lit

y.

A
ss

um
ed

 s
am

e 
as

 b
ac

kg
ro

un
d 

m
or

ta
lit

y.

St
at

ic
 m

or
ta

lit
y 

ra
te

 o
f 

73
-y

ea
r-

ol
d 

pe
rs

on
 f

ro
m

 
th

e 
20

05
 S

w
ed

is
h 

lif
e 

ta
bl

e.

In
cl

ud
ed

 a
s 

a 
pr

ed
ic

to
r 

in
 th

e 
H

R
S-

ba
se

d 
m

or
ta

lit
y 

m
od

el
.

H
R

 a
pp

lie
d 

to
 

ba
ck

gr
ou

nd
 

m
or

ta
lit

y 
[W

ils
on

, 2
00

9]
 

fr
om

 C
hi

ca
go

 
H

ea
lth

 a
nd

 A
gi

ng
 

Pr
oj

ec
t.

A
ss

um
ed

 s
am

e 
as

 b
ac

kg
ro

un
d 

m
or

ta
lit

y.

A
ss

um
ed

 s
am

e 
as

 b
ac

kg
ro

un
d 

m
or

ta
lit

y.

A
ss

um
ed

 s
am

e 
as

 b
ac

kg
ro

un
d 

m
or

ta
lit

y.

H
ea

lth
 s

ta
te

 
sp

ec
if

ic
 

m
or

ta
lit

y 
ra

te
s 

es
tim

at
ed

 
us

in
g 

a 
pr

ob
it 

fu
nc

tio
n 

A
ss

um
ed

 s
am

e 
n/

a 
as

 b
ac

kg
ro

un
d 

m
or

ta
lit

y.

n/
a

n/
a

Alzheimers Dement. Author manuscript; available in PMC 2023 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Handels et al. Page 23

C
ha

ra
ct

er
is

ti
c

IP
E

C
A

D
Sv

eD
em

K
P

F
E

M
H

er
ri

ng
A

D
A

C
E

B
A

SQ
D

E
M

M
IS

C
A

N
D

av
is

C
P

E
C

Ju
tk

ow
it

z
C

E
M

an
d 

th
e 

N
A

C
C

 d
at

a.

D
em

en
tia

-
re

la
te

d 
m

or
ta

lit
y

R
R

 r
ef

le
ct

in
g 

ex
ce

ss
 

m
or

ta
lit

y 
in

 m
ild

, 
m

od
er

at
e,

 a
nd

 
se

ve
re

 d
em

en
tia

 

[A
nd

er
se

n,
 2

01
0 ]

 
D

an
is

h 
po

pu
la

tio
n 

co
ho

rt
 (

19
90

’s
) 

ad
ju

st
ed

 f
or

 a
ge

 a
nd

 
C

D
R

-s
ta

gi
ng

.

H
R

 b
as

ed
 o

n 
W

ei
bu

ll 
su

rv
iv

al
 

fu
nc

tio
n 

by
 

de
m

en
tia

 
se

ve
ri

ty
 

(S
ve

D
em

 d
at

a)
; 

ve
ry

 m
ild

 
de

m
en

tia
 a

s 
re

fe
re

nc
e 

(s
ee

 
de

m
en

tia
 

pr
og

re
ss

io
n)

.

St
at

ic
 s

ev
er

ity
-

sp
ec

if
ic

 m
or

ta
lit

y 
pr

ob
ab

ili
ty

 a
s 

ob
se

rv
ed

 in
 th

e 
K

P 
co

ho
rt

 

[J
on

ss
on

, 2
01

1 ]
. 

K
P 

Sw
ed

is
h 

ge
ne

ra
l 

po
pu

la
tio

n 
st

ud
y 

ag
e 

75
-7

8 
fo

llo
w

ed
 u

p 
to

 9
 

ye
ar

s.

E
nd

og
en

ou
sl

y 
de

te
rm

in
ed

 in
 

th
e 

m
ic

ro
si

m
ul

at
io

n 
ba

se
d 

on
 a

 
ra

ng
e 

of
 

co
m

or
bi

di
tie

s 
an

d 
ri

sk
 f

ac
to

rs
.

H
R

 a
pp

lie
d 

to
 

ba
ck

gr
ou

nd
 

m
or

ta
lit

y 
(s

am
e 

so
ur

ce
 a

s 
M

C
I 

m
or

ta
lit

y 
H

R
).

R
R

 r
ef

le
ct

in
g 

ex
ce

ss
 m

or
ta

lit
y 

in
 m

ild
, 

m
od

er
at

e,
 a

nd
 

se
ve

re
 d

em
en

tia
 

[A
nd

er
se

n,
 2

01
0 ]

 
D

an
is

h 
po

pu
la

tio
n 

co
ho

rt
 (

19
90

’s
) 

ad
ju

st
ed

 f
or

 a
ge

 
an

d 
C

D
R

-
st

ag
in

g.

M
od

el
ed

 a
s 

pa
ra

m
et

er
iz

ed
 

tim
e 

fr
om

 th
e 

on
se

t o
f 

m
od

er
at

e-
to

-
se

ve
re

 d
em

en
tia

 
to

 d
ea

th
 

[D
od

ge
, 2

00
3 :

 
ta

bl
e 

SM
1]

.

M
or

ta
lit

y 
du

e 
to

 
de

m
en

tia
 is

 
de

te
rm

in
ed

 b
y 

th
e 

du
ra

tio
n 

of
 

th
e 

M
C

I,
 a

nd
 

de
m

en
tia

 
st

ag
es

).

H
ea

lth
 

st
at

e/
se

ve
ri

ty
 

sp
ec

if
ic

 
m

or
ta

lit
y 

ra
te

s 
es

tim
at

ed
 

us
in

g 
a 

pr
ob

it 
fu

nc
tio

n 
an

d 
th

e 
N

A
C

C
 d

at
a.

E
xc

es
s 

m
or

ta
lit

y 
pe

r 
an

nu
m

 
ov

er
 b

ac
kg

ro
un

d 
m

or
ta

lit
y 

in
 

m
od

er
at

e 
an

d 
se

ve
re

 d
em

en
tia

 

[B
ro

ok
m

ey
er

, 2
00

7 ]
.

B
ac

kg
ro

un
d 

m
or

ta
lit

y 
no

t 
se

pa
ra

te
d 

fr
om

 
de

m
en

tia
-r

el
at

ed
 

m
or

ta
lit

y,
 to

ta
l 

m
or

ta
lit

y 
ba

se
d 

on
 a

ge
 o

f 
de

m
en

tia
 o

ns
et

, 
se

x,
 a

nd
 r

ac
e 

[M
ay

ed
a,

 2
01

7 ]
.

T
im

e 
to

 d
ea

th
 a

s 
fu

nc
tio

n 
of

 a
ge

, 
co

gn
iti

on
, 

fu
nc

tio
n,

 a
nd

 
be

ha
vi

or
, b

as
ed

 o
n 

G
E

R
A

S 
da

ta
. 

M
od

el
 a

ss
um

ed
 n

o 
m

or
ta

lit
y 

be
ne

fi
t 

fo
r 

th
e 

in
te

rv
en

tio
n.

In
pu

t a
nd

/o
r 

si
m

ul
at

io
n-

ob
se

rv
ed

 
re

la
tiv

e 
ri

sk
 f

or
 

de
m

en
tia

-
re

la
te

d 
m

or
ta

lit
y

In
pu

t: 
m

ild
 (

2.
92

),
 

m
od

er
at

e 
(3

.8
5)

, 
an

d 
se

ve
re

 (
9.

52
).

In
pu

t: 
m

ild
 

(1
.3

),
 m

od
er

at
e 

(2
.4

),
 a

nd
 

se
ve

re
 (

4.
3)

.

n/
s

In
pu

t: 
2-

ye
ar

 
ri

sk
 M

C
I 

=
 

16
.5

%
 d

em
en

tia
 

in
cr

ea
se

s 
m

ar
gi

na
l r

is
k 

by
 

4.
8 

pe
rc

en
ta

ge
 

po
in

ts
.

In
pu

t: 
M

C
I 

du
e 

to
 A

D
 (

1.
48

) 
an

d 
A

D
 d

em
en

tia
 

(2
.8

4)
.

In
pu

t: 
m

ild
 

(2
.9

2)
, m

od
er

at
e 

(3
.8

5)
, a

nd
 

se
ve

re
 (

9.
52

).

O
bs

er
ve

d:
 m

ea
n 

su
rv

iv
al

 9
.0

 
ye

ar
s,

 
re

pr
es

en
tin

g 
29

%
 r

ed
uc

tio
n 

ve
rs

us
 1

2.
7 

ye
ar

s 
in

 g
en

er
al

 
po

pu
la

tio
n.

O
bs

er
ve

d:
 R

R
 

de
m

en
tia

 p
er

 a
ge

 
gr

ou
p:

 5
0-

59
: 

5.
0,

 6
0-

69
: 4

.3
, 

70
-7

9:
 4

.8
, 

80
-8

9:
 3

.2
, 

90
-9

9:
 1

7

In
pu

t 
(p

re
di

ct
ed

 
va

lu
e 

fr
om

 
pr

ob
it 

ag
e 

70
 r

el
at

iv
e 

to
 M

C
I)

: 
m

ild
 (

3.
29

) 
m

od
er

at
e 

(6
.5

9)
 a

nd
 

se
ve

re
 

(1
1.

88
).

In
pu

t: 
ex

ce
ss

 to
 

m
or

ta
lit

y 
pr

ob
ab

ili
ty

 
is

 0
.1

1.

Se
e 

pr
ev

io
us

.
Se

e 
pr

ev
io

us
.

T
re

at
m

en
t 

ef
fe

ct
:

Im
pl

em
en

ta
tio

n 
of

 e
ff

ec
t

M
C

I 
to

 A
D

-
de

m
en

tia
 r

at
e 

w
as

 
m

ul
tip

lie
d 

w
ith

 
0.

70
.

M
C

I 
to

 A
D

-
de

m
en

tia
 r

at
e 

w
as

 m
ul

tip
lie

d 
w

ith
 0

.7
0.

M
C

I 
to

 A
D

-
de

m
en

tia
 r

at
e 

w
as

 
m

ul
tip

lie
d 

w
ith

 
0.

70
.

M
C

I 
to

 A
D

-
de

m
en

tia
 r

at
e 

w
as

 m
ul

tip
lie

d 
w

ith
 0

.7
0.

30
%

 r
ed

uc
tio

n 
in

 
an

nu
al

 r
at

es
 o

f 
ch

an
ge

 f
or

 
M

M
SE

, N
PI

, a
nd

 
D

A
D

.

A
m

yl
oi

d 
le

ve
l 

ca
lib

ra
te

d 
to

 
ob

ta
in

 3
0%

 
re

du
ct

io
n 

in
 A

D
 

co
nv

er
si

on
 r

at
e 

in
 2

 y
ea

rs
.

T
im

e 
fr

om
 M

C
I 

to
 m

ild
 o

r 
m

od
er

at
e 

de
m

en
tia

 
m

ul
tip

lie
d 

by
 

1.
3.

M
C

I 
du

ra
tio

n 
pr

ol
on

ge
d 

w
ith

 
30

%
 o

f 
tr

ea
tm

en
t 

du
ra

tio
n.

T
ra

ns
iti

on
 

ra
te

s 
fr

om
 

M
C

I 
to

 e
ac

h 
of

 A
D

-
de

m
en

tia
 

st
at

es
 

m
ul

tip
lie

d 
by

 0
.7

0.

M
C

I 
to

 A
D

 
de

m
en

tia
 r

at
e 

w
as

 
m

ul
tip

lie
d 

by
 0

.7
0.

30
%

 r
ed

uc
tio

n 
in

 
5-

ye
ar

 p
ro

po
rt

io
n 

of
 tr

an
si

tio
ni

ng
 to

 
m

od
er

at
e 

de
m

en
tia

.

30
%

 r
ed

uc
tio

n 
in

 
ch

an
ge

 in
 M

M
SE

 
an

d 
A

D
L

 o
ve

r 
18

 
m

on
th

s.

D
is

co
nt

in
ua

tio
n

10
%

 p
er

 y
ea

r 
up

 to
 5

 y
ea

rs
 

or
 c

on
ve

rs
io

n 
to

 
de

m
en

tia
.

10
%

 p
er

 y
ea

r 
up

 to
 5

 y
ea

rs
 o

r 
co

nv
er

si
on

 to
 

de
m

en
tia

.

n/
s

20
%

 e
ve

ry
 2

 
ye

ar
s 

un
til

 
de

m
en

tia
 

co
nv

er
si

on
, o

r 
up

 to
 5

 y
ea

rs
.

10
%

 p
er

 y
ea

r 
up

 
to

 5
 y

ea
rs

 o
r 

co
nv

er
si

on
 to

 A
D

 
de

m
en

tia
.

10
%

 p
er

 y
ea

r 
up

 
to

 5
 y

ea
rs

 o
r 

co
nv

er
si

on
 to

 
A

D
 d

em
en

tia
.

T
re

at
m

en
t e

ff
ec

t 
di

sa
pp

ea
re

d 
af

te
r 

on
se

t 
m

od
er

at
e 

de
m

en
tia

.

Fo
r 

ye
ar

 1
-5

: 
10

%
, 9

%
, 8

.1
%

, 
7.

3%
, 6

.6
%

; o
r 

tr
an

si
tio

n 
to

 
m

ild
 d

em
en

tia
.

10
%

 p
er

 
ye

ar
 u

p 
to

 5
 

ye
ar

s 
or

 
co

nv
er

si
on

 
to

 d
em

en
tia

.

10
%

 p
er

 y
ea

r 
up

 to
 5

 
ye

ar
s 

or
 c

on
ve

rs
io

n 
to

 d
em

en
tia

.

10
%

 p
er

 y
ea

r 
ab

ov
e 

m
or

ta
lit

y 
di

se
as

e 
st

at
us

 
ch

an
ge

. A
t 5

-
ye

ar
s 

on
 

tr
ea

tm
en

t.

10
%

 p
er

 y
ea

r 
un

til
 

on
se

t m
od

er
at

e 
de

m
en

tia
.

In
di

re
ct

 e
ff

ec
t 

af
te

r 
di

sc
on

tin
ua

tio
n

R
at

e 
re

ve
rt

s 
to

 
co

nt
ro

l a
ft

er
 5

 y
ea

rs
.

R
at

e 
re

ve
rt

s 
to

 
co

nt
ro

l a
ft

er
 5

 
ye

ar
s.

n/
s

R
at

e 
re

ve
rt

s 
to

 
co

nt
ro

l a
ft

er
 5

 
ye

ar
s,

 
ac

co
un

tin
g 

fo
r 

be
tte

r 
he

al
th

 
du

e 
to

 
tr

ea
tm

en
t.

Sy
m

pt
om

 r
at

es
 

re
ve

rt
 to

 w
ha

t 
w

ou
ld

 h
av

e 
ex

pe
ri

en
ce

d 
w

ith
 

na
tu

ra
l h

is
to

ry
; 

ga
in

s 
in

 a
ct

ua
l 

sy
m

pt
om

 le
ve

ls
 

ar
e 

m
ai

nt
ai

ne
d.

N
at

ur
al

 A
m

yl
oi

d 
di

se
as

e 
pr

og
re

ss
io

n 
af

te
r 

di
sc

on
tin

ua
tio

n.

T
re

at
m

en
t e

ff
ec

t 
di

sa
pp

ea
re

d 
af

te
r 

m
od

er
at

e 
de

m
en

tia
 

pr
og

re
ss

io
n.

In
di

re
ct

 e
ff

ec
t 

on
 m

or
ta

lit
y 

(d
ue

 to
 

pr
ol

on
ge

d 
du

ra
tio

n 
in

 M
C

I/
de

m
en

tia
) 

re
m

ai
ns

.

R
at

e 
re

ve
rt

s 
to

 c
on

tr
ol

 
af

te
r 

5 
ye

ar
s.

R
at

e 
re

ve
rt

s 
to

 
un

tr
ea

te
d 

af
te

r 
5 

ye
ar

s.

Sy
m

pt
om

s 
re

tu
rn

 
to

 s
am

e 
le

ve
l a

s 
co

nt
ro

l g
ro

up
.

T
re

at
m

en
t e

ff
ec

t 
ex

tr
ap

ol
at

ed
 to

 7
 

ye
ar

s 
an

d 
th

en
 

m
ai

nt
ai

ne
d;

 g
ai

ne
d 

pr
og

re
ss

io
n 

de
la

y 
re

m
ai

ns
 o

ve
r 

lif
et

im
e.

Alzheimers Dement. Author manuscript; available in PMC 2023 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Handels et al. Page 24

C
ha

ra
ct

er
is

ti
c

IP
E

C
A

D
Sv

eD
em

K
P

F
E

M
H

er
ri

ng
A

D
A

C
E

B
A

SQ
D

E
M

M
IS

C
A

N
D

av
is

C
P

E
C

Ju
tk

ow
it

z
C

E
M

O
th

er
 c

ha
ra

ct
er

is
ti

cs

C
yc

le
/u

pd
at

e 
tim

e 
an

d 
tim

in
g 

of
 e

ve
nt

s

A
nn

ua
lly

.
A

nn
ua

lly
.

A
nn

ua
lly

.
2-

ye
ar

 c
yc

le
, 

w
ith

 h
al

f-
cy

cl
e 

co
rr

ec
tio

n.

Sy
m

pt
om

 le
ve

ls
 

up
da

te
d 

an
d 

A
D

 
de

m
en

tia
 

di
ag

no
st

ic
 

cr
ite

ri
a 

ch
ec

ke
d 

an
nu

al
ly

.

D
is

ea
se

 
eq

ua
tio

ns
 

ev
al

ua
te

d 
ev

er
y 

6 
m

on
th

s,
 o

th
er

 
ev

en
ts

 (
e.

g.
, 

m
or

ta
lit

y)
 o

n 
co

nt
in

uo
us

 s
ca

le
.

D
is

cr
et

e 
tim

e 
un

til
 m

ild
 

de
m

en
tia

 a
nd

 
m

od
er

at
e 

de
m

en
tia

.

M
C

I,
 d

em
en

tia
, 

an
d 

m
or

ta
lit

y 
tim

in
gs

 o
n 

co
nt

in
uo

us
 

sc
al

e.

A
nn

ua
lly

.
A

nn
ua

lly
.

M
on

th
ly

.
6-

m
on

th
 in

te
rv

al
.

H
al

f-
cy

cl
e 

co
rr

ec
tio

n 
of

 
m

ea
n 

ou
tc

om
es

b

Y
es

Y
es

n/
s

Y
es

N
o

N
o

n/
a

n/
a

Y
es

Y
es

Y
es

N
o

H
al

f-
cy

cl
e 

co
rr

ec
tio

n 
of

 
pr

op
or

tio
ns

 in
 

ea
ch

 s
ta

te
b,

c

Y
es

Y
es

n/
s

N
o

N
o

N
o

N
o

N
o

Y
es

Y
es

Y
es

N
o

A
ss

um
pt

io
ns

1)
 s

ep
ar

at
e 

m
od

el
s 

fo
r 

M
C

I 
an

d 
de

m
en

tia
 a

ss
um

ed
 

co
nn

ec
te

d 
w

ith
 

sa
m

e 
un

de
rl

yi
ng

 
pr

og
re

ss
io

n 
sp

ee
d;

 
2)

 o
rd

er
ed

 
pr

ob
it 

as
su

m
es

 
pr

op
or

tio
na

l e
ff

ec
ts

 
of

 p
re

di
ct

or
s 

an
d 

no
 in

te
ra

ct
io

ns
 

w
er

e 
te

st
ed

; 3
) 

M
C

I 
de

m
en

tia
 

pr
og

re
ss

io
n 

as
su

m
ed

 
in

de
pe

nd
en

t f
ro

m
 

ag
e;

 4
) 

co
gn

iti
on

, 
fu

nc
tio

n,
 a

nd
 

be
ha

vi
or

 a
re

 
pr

ed
ic

to
rs

 f
or

 
on

e 
an

ot
he

r’
s 

ne
xt

 s
ta

te
. 6

) 
m

or
ta

lit
y 

lif
e 

ta
bl

e 
in

cl
ud

es
 d

em
en

tia
-

re
la

te
d 

de
at

h.

1)
 E

ff
ec

t o
nl

y 
ap

pl
y 

w
he

n 
tr

ea
te

d;
 2

) 
C

on
ve

rs
io

n 
ri

sk
 

in
de

pe
nd

en
t 

fr
om

 a
ge

; 3
) 

C
os

ts
, 

ou
tc

om
es

 
(Q

A
LY

s)
, 

m
or

ta
lit

y 
ra

te
 

de
pe

nd
en

t o
n 

ag
e;

 4
) 

or
de

re
d 

pr
ob

it 
as

su
m

ed
 

pr
op

or
tio

na
l 

ef
fe

ct
s 

of
 A

D
 

ve
rs

us
 o

th
er

/
un

sp
ec

if
ie

d 
de

m
en

tia
s 

an
d 

no
 in

te
ra

ct
io

ns
 

w
er

e 
te

st
ed

; 5
) 

m
or

ta
lit

y 
lif

e 
ta

bl
e 

in
cl

ud
es

 
de

m
en

tia
-

re
la

te
d 

de
at

h.

1)
 M

C
I 

w
as

 
as

su
m

ed
 to

 o
nl

y 
co

nv
er

t t
o 

m
ild

, 
m

ild
 c

ou
ld

 
co

nv
er

t t
o 

m
od

er
at

e 
an

d 
se

ve
re

, a
nd

 
m

od
er

at
e 

on
ly

 to
 

se
ve

re
 d

is
ea

se
; 2

) 
N

o 
ba

ck
w

ar
ds

 
tr

an
si

tio
ns

 w
er

e 
al

lo
w

ed
.

1)
 e

ff
ec

t l
as

ts
 

on
ly

 w
hi

le
 

be
in

g 
tr

ea
te

d,
 

na
tu

ra
l 

pr
og

re
ss

io
n 

fo
llo

w
in

g 
di

sc
on

tin
ua

tio
n;

 
2)

 b
en

ef
its

 o
f 

in
te

rv
en

tio
n 

ar
e 

ca
lc

ul
at

ed
 in

 
Q

A
LY

 te
rm

s,
 

co
st

-
ef

fe
ct

iv
en

es
s 

m
ay

 n
ot

 ta
ke

 
in

to
 a

cc
ou

nt
 

co
st

 s
av

in
gs

 o
r 

co
st

 in
cr

ea
se

 
du

e 
to

 th
e 

in
te

rv
en

tio
n.

1)
 p

re
de

m
en

tia
 

ex
po

ne
nt

ia
l 

cu
rv

es
 a

ss
um

ed
 

15
 y

ea
rs

 b
et

w
ee

n 
no

rm
al

 c
og

ni
tio

n 
an

d 
A

D
 d

em
en

tia
 

di
ag

no
si

s;
 2

) 
di

ag
no

st
ic

 
th

re
sh

ol
ds

 f
or

 
A

D
 d

em
en

tia
 b

y 
cl

in
ic

al
 

di
ag

no
st

ic
 

gu
id

el
in

es
 

[M
cK

ha
nn

, 2
01

1 ]
 

an
d 

ca
lib

ra
te

d 
ba

se
d 

on
 m

ea
n 

sy
m

pt
om

 le
ve

ls
 

at
 d

ia
gn

os
is

; 3
) 

bi
om

ar
ke

r 
po

si
tiv

ity
 o

nl
y 

re
fl

ec
te

d 
in

 
ba

se
lin

e 
sy

m
pt

om
 le

ve
ls

; 
4)

 b
as

el
in

e 
pa

tie
nt

 
ch

ar
ac

te
ri

st
ic

s 
A

PO
E

 a
nd

 A
D

 
fa

m
ily

 h
is

to
ry

 n
ot

 
in

cl
ud

ed
 b

ec
au

se
 

m
ix

ed
 e

vi
de

nc
e 

of
 in

de
pe

nd
en

t 
ef

fe
ct

 o
n 

pr
og

re
ss

io
n 

in
 

bi
om

ar
ke

r 
po

si
tiv

e 
pa

tie
nt

s;
 

1)
 D

is
ea

se
 

pr
og

re
ss

io
n 

m
od

el
in

g 
w

as
 

de
co

up
le

d 
fr

om
 

di
se

as
e 

st
ag

in
g;

 
2)

 T
he

 m
od

el
 

re
lie

s 
on

 a
 

no
ni

nt
er

ve
nt

io
na

l 
st

ud
y 

to
 

re
pr

es
en

t d
is

ea
se

 
pr

og
re

ss
io

n;
 3

) 
M

od
if

yi
ng

 th
e 

co
m

po
ne

nt
s 

of
 

th
e 

di
se

as
e 

pa
th

op
hy

si
ol

og
y 

th
at

 a
re

 
pr

ed
ic

tiv
e 

of
 

fu
tu

re
 d

is
ea

se
 

pr
og

re
ss

io
n 

in
 

na
tu

ra
l h

is
to

ry
 is

 
ca

us
at

iv
e 

an
d 

th
ei

r 
ca

us
al

 r
ol

e 
is

 r
ev

er
si

bl
e.

C
D

R
-S

B
 li

ne
al

 
pr

og
re

ss
io

n 
un

til
 m

od
er

at
e 

de
m

en
tia

.

1)
 d

em
en

tia
 

st
ag

e 
du

ra
tio

ns
 

ar
e 

no
t a

ge
-

de
pe

nd
en

t, 
th

e 
ag

e-
de

pe
nd

en
cy

 
ob

se
rv

ed
 in

 
lit

er
at

ur
e 

is
 

as
su

m
ed

 to
 b

e 
pr

es
en

t d
ue

 to
 

ri
sk

 o
f 

dy
in

g 
du

e 
to

 c
om

pe
tin

g 
ri

sk
s.

 S
ta

ge
 

du
ra

tio
ns

 f
or

 a
ll 

ag
e 

gr
ou

ps
 a

re
 

ta
ke

n 
fr

om
 th

e 
yo

un
ge

st
 a

ge
 

gr
ou

p 
of

 
V

er
m

un
t, 

20
19

; 
2)

 p
ro

gr
es

si
on

 in
 

th
e 

di
ff

er
en

t 
st

ag
es

 is
 

co
rr

el
at

ed
 w

ith
in

 
a 

ce
rt

ai
n 

in
di

vi
du

al
 

(i
nd

iv
id

ua
l w

ith
 

fa
st

 p
ro

gr
es

si
ng

 
M

C
I 

w
ill

 a
ls

o 
ha

ve
 f

as
t 

pr
og

re
ss

in
g 

de
m

en
tia

);
 3

) 
no

 
tr

an
si

tio
ns

 b
ac

k 
to

 p
re

vi
ou

s 
st

ag
es

.

1)
 o

ne
 

si
ng

ul
ar

 
m

od
el

 f
or

 
M

C
I 

an
d 

th
re

e 
A

lz
he

im
er

’s
 

di
se

as
e 

de
m

en
tia

 
st

at
es

; 2
) 

ag
e-

sp
ec

if
ic

 
tr

an
si

tio
ns

; 
3)

 m
or

ta
lit

y 
ri

sk
 w

as
 a

ge
 

an
d 

he
al

th
-

st
at

e 
de

pe
nd

en
t 

an
d 

ba
se

d 
on

 o
bs

er
ve

d 
m

or
ta

lit
y 

in
 

th
e 

N
A

C
C

 
da

ta
 a

s 
op

po
se

d 
a 

co
m

bi
na

tio
n 

of
 

po
pu

la
tio

n 
le

ve
l 

m
or

ta
lit

y 
an

d 
de

m
en

tia
 

sp
ec

if
ic

 
ha

za
rd

 
ra

tio
s;

 4
) 

th
e 

m
od

el
 

di
d 

no
t 

al
lo

w
 f

or
 

1)
 R

at
ch

et
 im

po
se

d:
 

no
 tr

an
si

tio
n 

ba
ck

 to
 

a 
le

ss
 s

ev
er

e 
st

at
e.

 
2)

 M
ar

ko
v 

m
od

el
 

w
hi

ch
 in

cl
ud

ed
 M

C
I 

as
 a

 p
re

lim
in

ar
y 

st
at

e 
be

fo
re

 A
D

. 
3)

 I
n 

A
D

 a
na

ly
si

s 
m

od
el

 is
 s

et
 to

 s
ta

rt
 

at
 th

e 
A

D
 m

ild
 

de
m

en
tia

 s
ta

ge
.

1)
 e

ff
ec

t l
as

ts
 

on
ly

 w
hi

le
 b

ei
ng

 
tr

ea
te

d,
 n

at
ur

al
 

pr
og

re
ss

io
n 

fo
llo

w
in

g 
di

sc
on

tin
ua

tio
n;

 
2)

 tr
ea

tm
en

t h
as

 
no

 e
ff

ec
t o

n 
m

or
ta

lit
y;

 3
) 

m
ild

, m
od

er
at

e,
 

an
d 

se
ve

re
 

de
m

en
tia

 d
ef

in
ed

 
on

ly
 f

or
 th

e 
cr

os
s-

m
od

el
 

co
m

pa
ri

so
ns

 
ex

er
ci

se
 a

nd
 

ba
se

d 
on

 M
M

SE
 

th
re

sh
ol

ds
 

re
po

rt
ed

 in
 th

e 
lit

er
at

ur
e;

 4
) 

m
od

el
 d

id
 n

ot
 

in
co

rp
or

at
e 

ut
ili

ty
 

es
tim

at
es

.

1)
 tr

ea
tm

en
t e

ff
ec

t 
ex

tr
ap

ol
at

ed
 f

or
 

bo
th

 c
og

ni
tio

n 
an

d 
fu

nc
tio

n 
be

yo
nd

 
th

e 
in

iti
al

 1
8 

m
on

th
s 

as
 a

 li
ne

ar
 

fu
nc

tio
n 

2)
 c

os
ts

 
an

d 
ut

ili
tie

s 
m

od
el

ed
 a

s 
fu

nc
tio

n 
of

 ti
m

e 
be

fo
re

 
In

st
itu

tio
na

liz
at

io
n,

 
pa

tie
nt

s 
w

ith
 

pr
ed

ic
te

d 
tim

e 
<

 6
 

m
on

th
s 

ha
ve

 c
os

t/
ut

ili
ty

 e
qu

al
 to

 
th

os
e 

in
st

itu
tio

na
liz

ed
. 3

) 
in

st
itu

tio
na

liz
ed

 
pa

tie
nt

s 
ha

ve
 f

ix
ed

 
co

st
 a

nd
 u

til
ity

 
w

hi
le

 th
ey

 r
em

ai
n 

in
 th

at
 h

ea
lth

 s
ta

te
. 

4)
 a

ss
um

e 
tr

ea
tm

en
t d

oe
s 

no
t 

ha
ve

 a
 d

ir
ec

t 
im

pa
ct

 o
n 

m
or

ta
lit

y.

Alzheimers Dement. Author manuscript; available in PMC 2023 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Handels et al. Page 25

C
ha

ra
ct

er
is

ti
c

IP
E

C
A

D
Sv

eD
em

K
P

F
E

M
H

er
ri

ng
A

D
A

C
E

B
A

SQ
D

E
M

M
IS

C
A

N
D

av
is

C
P

E
C

Ju
tk

ow
it

z
C

E
M

5)
 s

ym
pt

om
at

ic
 

tr
ea

tm
en

t u
se

 n
ot

 
co

ns
id

er
ed

 in
 

D
M

T
 a

rm
, i

t w
as

 
in

iti
at

ed
 in

 th
e 

st
an

da
rd

 o
f 

ca
re

 
ar

m
 a

t A
D

 
de

m
en

tia
 

di
ag

no
si

s 
bu

t d
id

 
no

t i
nf

lu
en

ce
 

di
se

as
e 

pr
og

re
ss

io
n.

re
ve

rs
io

n 
to

 
le

ss
 s

ev
er

e 
he

al
th

 
st

at
es

; 5
) 

ha
lf

 c
yc

le
 

co
rr

ec
tio

n 
im

pa
ct

s 
fi

rs
t 

ye
ar

 o
f 

tr
ea

tm
en

t 
bu

t d
oe

s 
no

t 
im

pa
ct

 5
th

 
ye

ar
 o

f 
tr

ea
tm

en
t.

A
bb

re
vi

at
io

ns
: A

D
, A

lz
he

im
er

’s
 d

is
ea

se
; A

D
N

I,
 A

lz
he

im
er

’s
 D

is
ea

se
 N

eu
ro

im
ag

in
g 

In
iti

at
iv

e;
 b

A
D

L
, b

as
ic

 a
ct

iv
iti

es
 o

f 
da

ily
 li

vi
ng

; C
D

R
-S

B
, C

lin
ic

al
 D

em
en

tia
 R

at
in

g 
sc

al
e 

Su
m

 o
f 

B
ox

es
; 

C
SF

, c
er

eb
ro

sp
in

al
 f

lu
id

; D
A

D
, D

is
ab

ili
ty

 A
ss

es
sm

en
t D

em
en

tia
; D

IC
E

, D
is

cr
et

el
y 

In
te

gr
at

ed
 C

on
di

tio
n 

E
ve

nt
; D

M
T,

 d
is

ea
se

-m
od

if
yi

ng
 tr

ea
tm

en
t; 

E
U

, E
ur

op
ea

n 
U

ni
on

; F
A

Q
, f

un
ct

io
na

l a
ct

iv
iti

es
 

qu
es

tio
nn

ai
re

; H
R

, h
az

ar
d 

ra
tio

; H
R

S,
 H

ea
lth

 a
nd

 R
et

ir
em

en
t S

tu
dy

; i
A

D
L

, i
ns

tr
um

en
ta

l a
ct

iv
iti

es
 o

f 
da

ily
 li

vi
ng

; I
W

G
, I

nt
er

na
tio

na
l W

or
ki

ng
 G

ro
up

; K
P,

 K
un

gs
ho

lm
en

 p
ro

je
ct

; M
C

I,
 m

ild
 c

og
ni

tiv
e 

im
pa

ir
m

en
t; 

M
M

SE
, m

in
i-

m
en

ta
l s

ta
te

 e
xa

m
in

at
io

n;
 M

R
I,

 m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g;
 n

/a
, n

ot
 a

pp
lic

ab
le

; n
/s

 n
ot

 s
ta

te
d;

 N
A

C
C

, N
at

io
na

l A
lz

he
im

er
’s

 C
oo

rd
in

at
in

g 
C

en
te

r;
 N

IA
-A

A
, N

at
io

na
l I

ns
tit

ut
e 

on
 A

gi
ng

-A
lz

he
im

er
’s

 A
ss

oc
ia

tio
n;

 N
IN

C
D

S-
A

D
R

D
A

, N
at

io
na

l I
ns

tit
ut

e 
of

 N
eu

ro
lo

gi
ca

l a
nd

 C
om

m
un

ic
at

iv
e 

D
is

or
de

rs
 a

nd
 S

tr
ok

e 
an

d 
th

e 
A

lz
he

im
er

’s
 D

is
ea

se
 a

nd
 R

el
at

ed
 D

is
or

de
rs

 A
ss

oc
ia

tio
n;

 N
PI

, 
N

eu
ro

ps
yc

hi
at

ri
c 

In
ve

nt
or

y;
 P

E
T,

 p
os

itr
on

 e
m

is
si

on
 to

m
og

ra
ph

y;
 Q

A
LY

, q
ua

lit
y-

ad
ju

st
ed

 li
fe

 y
ea

r;
 R

R
, r

el
at

iv
e 

ri
sk

;S
D

, s
ta

nd
ar

d 
de

vi
at

io
n;

 T
IC

S,
 T

el
ep

ho
ne

 I
nt

er
vi

ew
 f

or
 C

og
ni

tiv
e 

St
at

us
; U

S,
 U

ni
te

d 
St

at
es

.

a Pr
im

ar
y 

m
od

el
er

 to
 im

pl
em

en
t t

he
 b

en
ch

m
ar

k 
sc

en
ar

io
 a

nd
 g

en
er

at
e 

th
e 

re
su

lts
.

b A
s 

ap
pl

ie
d 

fo
r 

th
e 

be
nc

hm
ar

k 
cr

os
s-

co
m

pa
ri

so
n 

re
su

lts
 ta

bl
es

.

c T
ha

t i
s,

 o
ut

co
m

e 
re

fl
ec

tin
g 

m
id

-y
ea

r 
es

tim
at

e.

R
ef

er
en

ce
s 

m
en

tio
ne

d 
in

 th
e 

ta
bl

e:

A
nd

er
se

n 
K

, L
ol

k 
A

, M
ar

tin
us

se
n 

T,
 K

ra
gh

-S
ør

en
se

n 
P.

 V
er

y 
m

ild
 to

 s
ev

er
e 

de
m

en
tia

 a
nd

 m
or

ta
lit

y:
 A

 1
4-

ye
ar

 f
ol

lo
w

-u
p 

– 
T

he
 O

de
ns

e 
st

ud
y.

 D
em

en
t G

er
ia

tr
 C

og
n 

D
is

or
d.

 2
01

0;
29

(1
):

61
-7

. h
ttp

s:
//

do
i.o

rg
/1

0.
11

59
/0

00
26

55
53

. E
pu

b 
20

10
 J

an
 2

7.
 P

M
ID

: 2
01

10
70

2.

B
el

ge
r 

M
, H

ar
o 

JM
, R

ee
d 

C
, H

ap
pi

ch
 M

, A
rg

im
on

 J
M

, B
ru

no
 G

, D
od

el
 R

, J
on

es
 R

W
, V

el
la

s 
B

, W
im

o 
A

. D
et

er
m

in
an

ts
 o

f 
tim

e 
to

 in
st

itu
tio

na
lis

at
io

n 
an

d 
re

la
te

d 
he

al
th

ca
re

 a
nd

 s
oc

ie
ta

l c
os

ts
 in

 a
 

co
m

m
un

ity
-b

as
ed

 c
oh

or
t o

f 
pa

tie
nt

s 
w

ith
 A

lz
he

im
er

’s
 d

is
ea

se
 d

em
en

tia
. E

ur
 J

 H
ea

lth
 E

co
n.

 2
01

9 
A

pr
;2

0(
3)

:3
43

-3
55

. h
ttp

s:
//d

oi
.o

rg
/1

0.
10

07
/s

10
19

8-
01

8-
10

01
-3

. E
pu

b 
20

18
 S

ep
 3

. P
M

ID
: 3

01
78

14
8;

 
PM

C
ID

: P
M

C
64

38
94

4.

B
on

d 
M

, R
og

er
s 

G
, P

et
er

s 
J,

 A
nd

er
so

n 
R

, H
oy

le
 M

, M
in

er
s 

A
, M

ox
ha

m
 T

, D
av

is
 S

, T
ho

ka
la

 P
, W

ai
lo

o 
A

, J
ef

fr
ey

s 
M

, H
yd

e 
C

. T
he

 e
ff

ec
tiv

en
es

s 
an

d 
co

st
-e

ff
ec

tiv
en

es
s 

of
 d

on
ep

ez
il,

 g
al

an
ta

m
in

e,
 

ri
va

st
ig

m
in

e 
an

d 
m

em
an

tin
e 

fo
r 

th
e 

tr
ea

tm
en

t o
f 

A
lz

he
im

er
’s

 d
is

ea
se

 (
re

vi
ew

 o
f 

Te
ch

no
lo

gy
 A

pp
ra

is
al

 N
o.

 1
11

):
 a

 s
ys

te
m

at
ic

 r
ev

ie
w

 a
nd

 e
co

no
m

ic
 m

od
el

. H
ea

lth
 T

ec
hn

ol
 A

ss
es

s.
 2

01
2;

16
(2

1)
:1

-4
70

. 
ht

tp
s:

//d
oi

.o
rg

/1
0.

33
10

/h
ta

16
21

0.
 P

M
ID

: 2
25

41
36

6;
 P

M
C

ID
: P

M
C

47
80

92
3.

B
ro

ok
m

ey
er

 R
, J

oh
ns

on
 E

, Z
ie

gl
er

-G
ra

ha
m

 K
, A

rr
ig

hi
 H

M
. F

or
ec

as
tin

g 
th

e 
gl

ob
al

 b
ur

de
n 

of
 A

lz
he

im
er

’s
 d

is
ea

se
. A

lz
he

im
er

s 
D

em
en

t. 
20

07
 J

ul
;3

(3
):

18
6-

91
. h

ttp
s:

//d
oi

.o
rg

/1
0.

10
16

/j.
ja

lz
.2

00
7.

04
.3

81
. 

PM
ID

: 1
95

95
93

7.

D
od

ge
 H

H
, S

he
n 

C
, P

an
da

v 
R

, D
eK

os
ky

 S
T,

 G
an

gu
li 

M
. F

un
ct

io
na

l t
ra

ns
iti

on
s 

an
d 

ac
tiv

e 
lif

e 
ex

pe
ct

an
cy

 a
ss

oc
ia

te
d 

w
ith

 A
lz

he
im

er
 d

is
ea

se
. A

rc
h 

N
eu

ro
l. 

20
03

 F
eb

;6
0(

2)
:2

53
-9

. h
ttp

s:
//d

oi
.o

rg
/1

0.
10

01
/

ar
ch

ne
ur

.6
0.

2.
25

3.
 P

M
ID

: 1
25

80
71

2.

F
ra

ti
gl

io
ni

 L
, V

iit
an

en
 M

, B
äc

km
an

 L
, S

an
dm

an
 P

O
, W

in
bl

ad
 B

. O
cc

ur
re

nc
e 

of
 d

em
en

tia
 in

 a
dv

an
ce

d 
ag

e:
 th

e 
st

ud
y 

de
si

gn
 o

f 
th

e 
K

un
gs

ho
lm

en
 P

ro
je

ct
. N

eu
ro

ep
id

em
io

lo
gy

. 1
99

2;
11

 S
up

pl
 1

:2
9-

36
. 

ht
tp

s:
//d

oi
.o

rg
/1

0.
11

59
/0

00
11

09
58

. P
M

ID
: 1

60
32

45
.Alzheimers Dement. Author manuscript; available in PMC 2023 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Handels et al. Page 26
G

uo
 S

, G
et

si
os

 D
, R

ev
an

ka
r 

N
, X

u 
P,

 T
ho

m
ps

on
 G

, B
ob

ul
a 

J,
 L

ac
ey

 L
, G

au
di

g 
M

. E
va

lu
at

in
g 

di
se

as
e-

m
od

if
yi

ng
 a

ge
nt

s:
 a

 s
im

ul
at

io
n 

fr
am

ew
or

k 
fo

r 
A

lz
he

im
er

’s
 d

is
ea

se
. P

ha
rm

ac
oe

co
no

m
ic

s.
 2

01
4 

N
ov

;3
2(

11
):

11
29

-3
9.

 h
ttp

s:
//d

oi
.o

rg
/1

0.
10

07
/s

40
27

3-
01

4-
02

03
-5

. P
M

ID
: 2

51
24

74
7.

H
an

de
ls

 R
, J

ön
ss

on
 L

, G
ar

ci
a-

Pt
ac

ek
 S

, E
ri

ks
do

tte
r 

M
, W

im
o 

A
. C

on
tr

ol
lin

g 
fo

r 
se

le
ct

iv
e 

dr
op

ou
t i

n 
lo

ng
itu

di
na

l d
em

en
tia

 d
at

a:
 A

pp
lic

at
io

n 
to

 th
e 

Sv
eD

em
 r

eg
is

tr
y.

 A
lz

he
im

er
s 

D
em

en
t. 

20
20

 
M

ay
;1

6(
5)

:7
89

-7
96

. h
ttp

s:
//d

oi
.o

rg
/1

0.
10

02
/a

lz
.1

20
50

. E
pu

b 
20

20
 M

ar
 2

2.
 P

M
ID

: 3
22

02
07

7;
 P

M
C

ID
: P

M
C

79
84

34
8.

Jo
ns

so
n 

L
, W

in
bl

ad
 B

, F
ra

tig
lio

ni
 L

, W
im

o 
A

. M
or

ta
lit

y 
in

 r
el

at
io

n 
to

 d
is

es
e 

se
ve

ri
ty

 in
 s

ub
je

ct
s 

w
ith

 d
em

en
tia

 (
A

bs
tr

ac
t)

. I
SP

O
R

; S
ep

te
m

be
r 

8-
 1

0 
20

11
; M

ex
ic

o 
ci

ty
 2

01
1.

Ju
tk

ow
it

z 
E

, K
an

e 
R

L
, G

au
gl

er
 J

E
, M

ac
L

eh
os

e 
R

F,
 D

ow
d 

B
, K

un
tz

 K
M

. S
oc

ie
ta

l a
nd

 F
am

ily
 L

if
et

im
e 

C
os

t o
f 

D
em

en
tia

: I
m

pl
ic

at
io

ns
 f

or
 P

ol
ic

y.
 J

 A
m

 G
er

ia
tr

 S
oc

. 2
01

7 
O

ct
;6

5(
10

):
21

69
-2

17
5.

 
ht

tp
s:

//d
oi

.o
rg

/1
0.

11
11

/jg
s.

15
04

3.
 E

pu
b 

20
17

 A
ug

 1
7.

 P
M

ID
: 2

88
15

55
7;

 P
M

C
ID

: P
M

C
56

57
51

6.

Ju
tk

ow
it

z 
E

, M
ac

L
eh

os
e 

R
F,

 G
au

gl
er

 J
E

, D
ow

d 
B

, K
un

tz
 K

M
, K

an
e 

R
L

. R
is

k 
Fa

ct
or

s 
A

ss
oc

ia
te

d 
W

ith
 C

og
ni

tiv
e,

 F
un

ct
io

na
l, 

an
d 

B
eh

av
io

ra
l T

ra
je

ct
or

ie
s 

of
 N

ew
ly

 D
ia

gn
os

ed
 D

em
en

tia
 P

at
ie

nt
s.

 J
 

G
er

on
to

l A
 B

io
l S

ci
 M

ed
 S

ci
. 2

01
7 

Fe
b;

72
(2

):
25

1-
25

8.
 h

ttp
s:

//d
oi

.o
rg

/1
0.

10
93

/g
er

on
a/

gl
w

07
9.

 E
pu

b 
20

16
 A

pr
 2

9.
 P

M
ID

: 2
71

29
91

7;
 P

M
C

ID
: P

M
C

53
44

79
7.

M
ay

ed
a 

E
R

, G
ly

m
ou

r 
M

M
, Q

ue
se

nb
er

ry
 C

P,
 J

oh
ns

on
 J

K
, P

ér
ez

-S
ta

bl
e 

E
J,

 W
hi

tm
er

 R
A

. S
ur

vi
va

l a
ft

er
 d

em
en

tia
 d

ia
gn

os
is

 in
 f

iv
e 

ra
ci

al
/e

th
ni

c 
gr

ou
ps

. A
lz

he
im

er
s 

D
em

en
t. 

20
17

 J
ul

;1
3(

7)
:7

61
-7

69
. 

ht
tp

s:
//d

oi
.o

rg
/1

0.
10

16
/j.

ja
lz

.2
01

6.
12

.0
08

. E
pu

b 
20

17
 F

eb
 5

. P
M

ID
: 2

81
74

06
9;

 P
M

C
ID

: P
M

C
54

96
78

3.

M
cK

ha
nn

 G
M

, K
no

pm
an

 D
S,

 C
he

rt
ko

w
 H

, H
ym

an
 B

T,
 J

ac
k 

C
R

 J
r, 

K
aw

as
 C

H
, K

lu
nk

 W
E

, K
or

os
he

tz
 W

J,
 M

an
ly

 J
J,

 M
ay

eu
x 

R
, M

oh
s 

R
C

, M
or

ri
s 

JC
, R

os
so

r 
M

N
, S

ch
el

te
ns

 P
, C

ar
ri

llo
 M

C
, T

hi
es

 B
, 

W
ei

nt
ra

ub
 S

, P
he

lp
s 

C
H

. T
he

 d
ia

gn
os

is
 o

f 
de

m
en

tia
 d

ue
 to

 A
lz

he
im

er
’s

 d
is

ea
se

: r
ec

om
m

en
da

tio
ns

 f
ro

m
 th

e 
N

at
io

na
l I

ns
tit

ut
e 

on
 A

gi
ng

-A
lz

he
im

er
’s

 A
ss

oc
ia

tio
n 

w
or

kg
ro

up
s 

on
 d

ia
gn

os
tic

 g
ui

de
lin

es
 f

or
 

A
lz

he
im

er
’s

 d
is

ea
se

. A
lz

he
im

er
s 

D
em

en
t. 

20
11

 M
ay

;7
(3

):
26

3-
9.

 h
ttp

s:
//d

oi
.o

rg
/1

0.
10

16
/j.

ja
lz

.2
01

1.
03

.0
05

. E
pu

b 
20

11
 A

pr
 2

1.
 P

M
ID

: 2
15

14
25

0;
 P

M
C

ID
: P

M
C

33
12

02
4.

P
et

er
se

n 
R

C
, A

is
en

 P
S,

 B
ec

ke
tt 

L
A

, D
on

oh
ue

 M
C

, G
am

st
 A

C
, H

ar
ve

y 
D

J,
 J

ac
k 

C
R

 J
r, 

Ja
gu

st
 W

J,
 S

ha
w

 L
M

, T
og

a 
A

W
, T

ro
ja

no
w

sk
i J

Q
, W

ei
ne

r 
M

W
. A

lz
he

im
er

’s
 D

is
ea

se
 N

eu
ro

im
ag

in
g 

In
iti

at
iv

e 
(A

D
N

I)
: c

lin
ic

al
 c

ha
ra

ct
er

iz
at

io
n.

 N
eu

ro
lo

gy
. 2

01
0 

Ja
n 

19
;7

4(
3)

:2
01

-9
. h

ttp
s:

//d
oi

.o
rg

/1
0.

12
12

/W
N

L
.0

b0
13

e3
18

1c
b3

e2
5.

 E
pu

b 
20

09
 D

ec
 3

0.
 P

M
ID

: 2
00

42
70

4;
 P

M
C

ID
: P

M
C

28
09

03
6.

So
in

in
en

 H
, S

ol
om

on
 A

, V
is

se
r 

PJ
, H

en
dr

ix
 S

B
, B

le
nn

ow
 K

, K
iv

ip
el

to
 M

, H
ar

tm
an

n 
T;

 L
ip

iD
iD

ie
t c

lin
ic

al
 s

tu
dy

 g
ro

up
. 2

4-
m

on
th

 in
te

rv
en

tio
n 

w
ith

 a
 s

pe
ci

fi
c 

m
ul

tin
ut

ri
en

t i
n 

pe
op

le
 w

ith
 p

ro
dr

om
al

 
A

lz
he

im
er

’s
 d

is
ea

se
 (

L
ip

iD
iD

ie
t)

: a
 r

an
do

m
is

ed
, d

ou
bl

e-
bl

in
d,

 c
on

tr
ol

le
d 

tr
ia

l. 
L

an
ce

t N
eu

ro
l. 

20
17

 D
ec

;1
6(

12
):

96
5-

97
5.

 h
ttp

s:
//d

oi
.o

rg
/1

0.
10

16
/S

14
74

-4
42

2(
17

)3
03

32
-0

. E
pu

b 
20

17
 O

ct
 3

0.
 P

M
ID

: 
29

09
71

66
; P

M
C

ID
: P

M
C

56
97

93
6.

Sp
ac

km
an

 D
E

, K
ad

iy
al

a 
S,

 N
eu

m
an

n 
PJ

, V
ee

ns
tr

a 
D

L
, S

ul
liv

an
 S

D
. M

ea
su

ri
ng

 A
lz

he
im

er
 d

is
ea

se
 p

ro
gr

es
si

on
 w

ith
 tr

an
si

tio
n 

pr
ob

ab
ili

tie
s:

 e
st

im
at

es
 f

ro
m

 N
A

C
C

-U
D

S.
 C

ur
r 

A
lz

he
im

er
 R

es
. 2

01
2 

N
ov

;9
(9

):
10

50
-8

. h
ttp

s:
//d

oi
.o

rg
/1

0.
21

74
/1

56
72

05
12

80
35

69
04

6.
 P

M
ID

: 2
21

75
65

5;
 P

M
C

ID
: P

M
C

36
90

57
9.

V
er

m
un

t 
L

, S
ik

ke
s 

SA
M

, v
an

 d
en

 H
ou

t A
, H

an
de

ls
 R

, B
os

 I
, v

an
 d

er
 F

lie
r 

W
M

, K
er

n 
S,

 O
us

se
t P

J,
 M

ar
uf

f 
P,

 S
ko

og
 I

, V
er

he
y 

FR
J,

 F
re

un
d-

L
ev

i Y
, T

so
la

ki
 M

, W
al

lin
 Å

K
, O

ld
e 

R
ik

ke
rt

 M
, S

oi
ni

ne
n 

H
, S

pi
ru

 L
, Z

et
te

rb
er

g 
H

, B
le

nn
ow

 K
, S

ch
el

te
ns

 P
, M

un
iz

-T
er

re
ra

 G
, V

is
se

r 
PJ

; A
lz

he
im

er
 D

is
ea

se
 N

eu
ro

im
ag

in
g 

In
iti

at
iv

e;
 A

IB
L

 R
es

ea
rc

h 
G

ro
up

; I
C

T
U

S/
D

SA
 s

tu
dy

 g
ro

up
s.

 D
ur

at
io

n 
of

 p
re

cl
in

ic
al

, 
pr

od
ro

m
al

, a
nd

 d
em

en
tia

 s
ta

ge
s 

of
 A

lz
he

im
er

’s
 d

is
ea

se
 in

 r
el

at
io

n 
to

 a
ge

, s
ex

, a
nd

 A
PO

E
 g

en
ot

yp
e.

 A
lz

he
im

er
s 

D
em

en
t. 

20
19

 J
ul

;1
5(

7)
:8

88
-8

98
. h

ttp
s:

//d
oi

.o
rg

/1
0.

10
16

/j.
ja

lz
.2

01
9.

04
.0

01
. E

pu
b 

20
19

 J
un

 
1.

 P
M

ID
: 3

11
64

31
4;

 P
M

C
ID

: P
M

C
66

46
09

7.

V
os

 S
J,

 V
er

he
y 

F,
 F

rö
lic

h 
L

, K
or

nh
ub

er
 J

, W
ilt

fa
ng

 J
, M

ai
er

 W
, P

et
er

s 
O

, R
üt

he
r 

E
, N

ob
ili

 F
, M

or
be

lli
 S

, F
ri

so
ni

 G
B

, D
rz

ez
ga

 A
, D

id
ic

 M
, v

an
 B

er
ck

el
 B

N
, S

im
m

on
s 

A
, S

oi
ni

ne
n 

H
, K

ło
sz

ew
sk

a 
I,

 
M

ec
oc

ci
 P

, T
so

la
ki

 M
, V

el
la

s 
B

, L
ov

es
to

ne
 S

, M
us

ci
o 

C
, H

er
uk

ka
 S

K
, S

al
m

on
 E

, B
as

tin
 C

, W
al

lin
 A

, N
or

dl
un

d 
A

, d
e 

M
en

do
nç

a 
A

, S
ilv

a 
D

, S
an

ta
na

 I
, L

em
os

 R
, E

ng
el

bo
rg

hs
 S

, V
an

 d
er

 M
us

se
le

 
S;

 A
lz

he
im

er
’s

 D
is

ea
se

 N
eu

ro
im

ag
in

g 
In

iti
at

iv
e,

 F
re

un
d-

L
ev

i Y
, W

al
lin

 Å
K

, H
am

pe
l H

, v
an

 d
er

 F
lie

r 
W

, S
ch

el
te

ns
 P

, V
is

se
r 

PJ
. P

re
va

le
nc

e 
an

d 
pr

og
no

si
s 

of
 A

lz
he

im
er

’s
 d

is
ea

se
 a

t t
he

 m
ild

 c
og

ni
tiv

e 
im

pa
ir

m
en

t s
ta

ge
. B

ra
in

. 2
01

5 
M

ay
;1

38
(P

t 5
):

13
27

-3
8.

 h
ttp

s:
//d

oi
.o

rg
/1

0.
10

93
/b

ra
in

/a
w

v0
29

. E
pu

b 
20

15
 F

eb
 1

7.
 P

M
ID

: 2
56

93
58

9;
 P

M
C

ID
: P

M
C

50
13

93
0.

W
im

o 
A

, R
ee

d 
C

C
, D

od
el

 R
, B

el
ge

r 
M

, J
on

es
 R

W
, H

ap
pi

ch
 M

, A
rg

im
on

 J
M

, B
ru

no
 G

, N
ov

ic
k 

D
, V

el
la

s 
B

, H
ar

o 
JM

. T
he

 G
E

R
A

S 
St

ud
y:

 a
 p

ro
sp

ec
tiv

e 
ob

se
rv

at
io

na
l s

tu
dy

 o
f 

co
st

s 
an

d 
re

so
ur

ce
 u

se
 in

 
co

m
m

un
ity

 d
w

el
le

rs
 w

ith
 A

lz
he

im
er

’s
 d

is
ea

se
 in

 th
re

e 
E

ur
op

ea
n 

co
un

tr
ie

s–
st

ud
y 

de
si

gn
 a

nd
 b

as
el

in
e 

fi
nd

in
gs

. J
 A

lz
he

im
er

s 
D

is
. 2

01
3;

36
(2

):
38

5-
99

. h
ttp

s:
//d

oi
.o

rg
/1

0.
32

33
/J

A
D

-1
22

39
2.

 P
M

ID
: 2

36
29

58
8.

W
im

o 
A

, H
an

de
ls

 R
, W

in
bl

ad
 B

, B
la

ck
 C

M
, J

oh
an

ss
on

 G
, S

al
om

on
ss

on
 S

, E
ri

ks
do

tte
r 

M
, K

ha
nd

ke
r 

R
K

. Q
ua

nt
if

yi
ng

 a
nd

 D
es

cr
ib

in
g 

th
e 

N
at

ur
al

 H
is

to
ry

 a
nd

 C
os

ts
 o

f 
A

lz
he

im
er

’s
 D

is
ea

se
 a

nd
 E

ff
ec

ts
 o

f 
H

yp
ot

he
tic

al
 I

nt
er

ve
nt

io
ns

. J
 A

lz
he

im
er

s 
D

is
. 2

02
0;

75
(3

):
89

1-
90

2.
 h

ttp
s:

//d
oi

.o
rg

/1
0.

32
33

/J
A

D
-1

91
05

5.
 E

rr
at

um
 in

: J
 A

lz
he

im
er

s 
D

is
. 2

02
1;

80
(2

):
90

5.
 P

M
ID

: 3
23

90
61

7;
 P

M
C

ID
: P

M
C

73
69

10
1.

Alzheimers Dement. Author manuscript; available in PMC 2023 May 13.


	Abstract
	BACKGROUND
	METHODS
	RESULTS
	Model characteristics and outcomes
	Cross-model variation
	Interpretation of variation in disease progression in the control group
	Interpretation of variation in the impact of treatment on disease progression

	DISCUSSION
	Strengths and limitations
	Implications

	CONCLUSION
	References
	FIGURE 1
	TABLE 1
	TABLE 2
	TABLE 3

