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Abstract.

Background: The burden of dementia is changing due to population aging and changes in incidence and risk factor profiles.
Reliable projections of future disease burden require accurate estimates of disease duration across different stages of dementia
severity.

Objective: To provide an overview of current evidence on severity stage and disease duration in patients with dementia.
Methods: We reviewed the literature on duration of mild cognitive impairment (MCI), dementia, and various dementia
severity stages. Data on study setting, country, sample size, severity stages, dementia type, and definition of disease duration
was collected. Weighted averages and Q-statistics were calculated within severity stages and duration definitions.

Results: Of 732 screened articles, 15 reported the duration of one or more severity stages and only half of those reported
severity stage onset to conversion to the following stage. In those studies, MCI, very mild dementia, and mild dementia stages
lasted 3-4 years and moderate and severe dementia stages lasted 1-2 years. Information on the disease duration was reported
in 93 (13%) of screened articles and varied from 1 to 17 years. Reporting of dementia severity stage and disease duration in
the literature was highly heterogeneous, which was accounted for only in part by dementia type, study setting, or continent
of data collection.

Conclusion: The duration of dementia disease stages shortens with advancing stage. However, reliable modelling of future
dementia burden and informing of intervention strategies will require more consistently reported duration estimates from
studies that follow individuals longitudinally throughout their entire disease course.
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INTRODUCTION thermore, the stage between the cognitive decline

of normal aging and the more serious decline of

At present, over 50 million people worldwide
are living with dementia, posing a heavy burden
on patients, caregivers, and health care systems
[1]. Dementia is a progressive neurological disease
which, based on symptoms and (in)dependence of
the person with dementia, can be divided into three
severity stages: mild, moderate, and severe [2]. Fur-
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dementia is typically referred to as mild cognitive
impairment (MCI) [3]. The evidence on the duration
of dementia in the literature is primarily focused on
the duration from diagnosis to death. A review on
post-diagnosis survival found average survival rang-
ing between 1.1 and 8.5 years depending on a variety
of factors such as age, severity at diagnosis, gender,
and type of dementia [4]. Another review investi-
gated survival following an Alzheimer’s disease or
dementia with Lewy bodies diagnosis and found aver-
age survival of 5.7 years and 4.1 years, respectively
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[5]. However, evidence on the duration of the dif-
ferent severity stages is fragmented and established
estimates are lacking.

Information on the duration of the severity stages
is useful for a variety of reasons. First, since the sever-
ity stages are directly related to the dependence and
care use of the person with dementia [6], duration
estimates of the severity stages can help patients and
caregivers to plan appropriate services and make nec-
essary arrangements for the future. Second, clinicians
and researchers can use information on severity stage
durations to get a better insight into the progression
and natural history of dementia. Third, policy makers
and health care providers are interested in projections
of the future dementia burden in light of population
aging, changes inrisk factor profiles, and disease inci-
dence. Mathematical models are often used to make
such projections or evaluate the impact of interven-
tions (i.e., early detection) [7, 8]. Future scenarios
can be evaluated in terms of costs and QALYs, but
these vary substantially by dementia severity stage [9,
10]. Assumptions about the duration of the severity
stages are therefore crucial for the accuracy of these
projections.

The aim of the study is to provide an overview of
current evidence on stage duration, and secondarily
on (total) disease duration, in patients with demen-
tia. We therefore reviewed the literature on dementia
severity stages (i.e., MCI or very mild dementia, mild
dementia, moderate dementia, and severe demen-
tia) and, if stages were not reported, on disease
duration.

METHODS

Search strategy

We performed a systematized review on contem-
porary evidence on the durations of dementia severity
stages, by searching Medline Ovid and Embase for
articles published in the English language includ-
ing “dementia” as a major term or “dementia” or
“Alzheimer” in the title, and in addition, the fol-
lowing terms in either abstract or title: “survival”
or “life expectancy” or “staging” or “duration”. For
detailed information on the search terms, see the Sup-
plementary Material. To limit the impact of changes
in diagnostic work-up and incidence over the past
decades, we searched for articles published between
January 2011 and April 2020.

Study selection

A total of 2,445 references were found. As duration
information is often not mentioned in the abstract,
instead of screening the abstract and titles, an auto-
mated search of the full text of the 2,445 references for
the words “stage”, “duration”, and “dementia” was
performed, which resulted in 732 articles. The full
texts of these 732 articles were then screened by a sin-
gle reviewer (C.C.B.) for numerical quantifications
of disease duration. The primary outcome was the
duration of severity stages: MCI, very mild demen-
tia, mild dementia, moderate dementia, and severe
dementia. If stages were not reported, we extracted
(total) dementia disease duration regardless of the
severity stage as the secondary outcome.

Exclusion/inclusion criteria

Results were limited to studies involving
human subjects and the following dementia types:
Alzheimer’s disease (excluding early onset), fron-
totemporal dementia, dementia with Lewy bodies,
vascular dementia, combinations thereof and all-
cause dementia. Reviews, meta-analyses, conference
or poster abstracts, letters, notes, authors responses,
or editorials were excluded.

Data extraction and analyses

For the primary analysis, stage duration estimates
for the beforementioned stages were extracted and
for the secondary analysis, disease duration estimates
were extracted. For all articles, data on the setting
(population-based or clinical), country of data col-
lection, dementia type, sample size, and definition of
disease duration was extracted. The collected defi-
nitions were then grouped into six post-hoc defined
categories: (a) severity stage onset to conversion to
the following stage, (b) overall disease onset to study
entry, (c) overall disease onset to diagnosis, (d) diag-
nosis to death, (e) overall disease onset to death, and
(f) study entry to death. “Overall disease onset” refers
to onset of symptoms according to the patient, the
caregiver or a clinician’s indication. “Severity stage
onset” refers to time of conversion from the preced-
ing stage. Study entry is defined as the baseline study
assessment. The analysis was performed separately
for the primary outcome (severity stage durations)
and the secondary outcome (disease duration). Within
the severity stages (only for primary analysis) and
definition categories, we calculated weighted aver-
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Fig. 1. Flowchart of identification, screening, and inclusion of studies.

ages by sample size and Q-statistics (calculated as
the, by sample size weighted, sum of squared dif-
ferences between individual study estimates and the
weighted average) [11].

RESULTS
Severity stage durations

Of 732 screened articles, 15 reported the dura-
tion of one or more severity stages. Most articles
reported estimates based on clinical data (13/15;
87%), whereas one article reported population-based
estimates and another reported both clinical and
population-based estimates. Clinical duration esti-
mates were on average higher than population-based
estimates (Supplementary Table 1). Eleven articles
focused on Alzheimer’s disease, two on all-cause
dementia, one on frontotemporal dementia and one
on dementia with Lewy bodies. Duration estimates
for Alzheimer’s disease were on average higher than
for mixed dementia or dementia with Lewy bodies.
The data used in the articles originated mostly from

Europe (8/15; 53%), followed by North America
(4/15; 27%) and Asia (3/15; 20%). American dura-
tion estimates were on average higher than European
estimates.

The definition of stage duration varied (Fig. 2),
and only half of the studies reported the dura-
tion from onset of one stage to conversion to the
next. Of the articles reporting stage specific dura-
tions (i.e., severity stage onset to progression), two
articles reported estimates for all severity stages
and six reported estimates only for the MCl/very
mild dementia stage (Fig. 2A). The MCI/very mild
dementia stage lasted on average 3.1 years, the
mild dementia stage 3.5 years, the moderate demen-
tia stage 2.0 years, and severe dementia stage 1.3
years (Table 1). The variability was higher in the
MCI stage (Q-statistic=2.29) than in any of the
other stages (Q-statistic = 0.39-0.64). This variability
decreased considerably when stratifying the anal-
ysis by dementia type, study setting (clinical or
population-based) and continent of data collection
(Supplementary Table 1). The variability in the MCI
stage was higher in population-based than in clinical
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Fig. 3. Total disease duration estimates in years (grey dots) with weighted average (black line, weighed by sample size) by duration definition.

studies, and higher in studies from Europe than North
America (Supplementary Table 1).

For articles reporting on duration from overall dis-
ease onset to study entry, the stage durations naturally
increased with severity (Fig. 2B), as onset was defined
as the onset of dementia instead of the onset of a par-
ticular severity stage. The variability was generally
lower among these studies than amongst the studies
reporting stage specific durations.

Disease duration

In our search for severity stage durations, we also
identified ninety-three articles that reported disease
duration, irrespective of the severity stage. These
93 articles included 144 estimates of disease dura-
tion, as some articles reported different durations
by age, sex, or dementia type. Most of the arti-
cles based their estimates on clinical data (75/93;
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Severity stage duration and total disease duration estimates and Q-statistic

Articles Estimates Stage duration Q-statistic
(n) (n) (weighted
average, y)
Severity Stage Duration 15 42
Severity stage onset to conversion 8 21
MCl/very mild dementia 8 11 3.11 2.29
Mild 2 4 3.32 0.39
Moderate 2 4 1.99 0.42
Severe 1 2 1.30 0.64
Overall disease onset to study entry 5 15
MCl/very mild dementia 5 5 2.27 0.25
Mild 4 4 2.96 0.89
Moderate 4 4 4.90 0.83
Severe 2 2 8.94 1.19
Diagnosis to death 1 2
MClI/very mild or mild dementia 1 1 7.17 -
Moderate to severe 1 1 6.58 -
Overall disease onset to death 1 4
MClI/very mild dementia 1 1 12.5 -
Mild 1 1 11.6 -
Moderate 1 1 11.8 -
Severe 1 1 6.7 -
Disease Duration 93 144
Overall disease onset to diagnosis 5 6 2.63 1.32
Overall disease onset to study entry 58 78 3.03 2.19
Diagnosis to death 14 38 5.12 1.53
Overall disease onset to death 14 20 6.61 3.69
Study Entry to death 2 2 6.77 0.06

80%), whereas 18 (20%) used population-based data.
Again, clinical duration estimates were on average
higher than population-based estimates (Supplemen-
tary Table 1). The articles used data from Europe
(45/93), the United States and Canada (36/93), Asia
(12/93), Australia (2/93), and South America (1/93).
Estimates from Asia were on average higher than
those from North America or Europe.

Disease duration estimates ranged from 1 to 17
years. However, the definition of disease duration was
heterogeneous and could refer to every possible sec-
tion of the natural history (i.e., overall disease onset to
study entry, diagnosis to death, overall disease onset
to death) (Fig. 3). The average time between overall
disease onset and diagnosis was 2.6 years, the aver-
age time from diagnosis to death 5.1 years, and the
average time from overall disease onset to death 6.6
years (Table 1). The variability was highest in overall
disease onset to death (Q-statistic = 3.69) and overall
disease onset to study entry (Q-statistic=2.19).

On the estimate level, different types of dementia
were studied: 74 estimates for Alzheimer’s disease,
16 for dementia with Lewy bodies, 11 for frontotem-
poral dementia, 3 for vascular dementia, and 40 for
a study population with mixed or all-cause demen-
tia. Across the different duration categories, no clear

pattern between average duration and dementia types
was visible.

When stratifying by dementia type, study set-
ting and continent of data collection, the variability
decreased in most cases (Supplementary Table 1).
Higher variability was found in studies from Asia,
and, in some duration categories, for studies about
dementia with Lewy bodies and frontotemporal
dementia.

DISCUSSION

Despite their importance for policy and care plan-
ning, information on the duration of the severity
stages of dementia is scarce on the basis of this review.
We identified fifteen articles mentioning severity
stage durations, of which eight provided estimates
from the severity stage onset to progression and only
two reported severity stage durations within indi-
viduals across more than one stage. Severity stage
durations decreased with severity, with MCI or very
mild dementia and mild dementia stages lasting 3-
4 years and moderate and severe dementia stages
lasting 1-2 years.

Mathematical models that simulate the develop-
ment and progression of dementia in a population
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require accurate duration information to inform the
natural history structure of the model. For evalua-
tions in terms of health care use, costs and QALYs,
which vary substantially by severity [9, 10], the
stratification by different severity stages is of great
importance. There are two types of simulation mod-
els that require different duration information. First,
state-transition models with fixed cycle lengths (i.e.,
one year) require transition probabilities that describe
the changes between stages at the end of a cycle (i.e.,
[12-15]). Second, models that simulate dementia on
a continuous time scale require duration estimates
that are often calibrated based on trial or observa-
tional data (i.e., [16—18]). The estimates presented in
this paper can be used as input for the second model
type without the need of parameter calibration. Accu-
rate duration estimates are crucial for the estimation
of model output. Given a certain incidence, assuming
durations that are too short will result in an underesti-
mation of important measures such as the prevalence
of dementia, costs or QALY's lost. Similarly, too long
durations will result in an overestimation. Therefore,
models that project the future burden of dementia or
evaluate the potential effects of interventions require
accurate estimates of dementia severity stage duration
to avoid an under- or overestimation of, for example,
dementia prevalence or the effect of an interven-
tion. Additional reports of severity stage durations
spanning the entire disease course are needed to facil-
itate development of consistent models predicting the
future burden of dementia.

The greatest challenge in providing accurate esti-
mates of severity stages, is the heterogeneity in
reported estimates in literature. The term “disease
duration” can refer to every possible section of the
natural history (i.e., overall disease onset to death,
diagnosis to death) as well as study design specific
measures (i.e., overall disease onset to study entry).
Measures with study design specific start or end
points provide limited information regarding total
disease duration as study entry may occur at any
point in the progression of the disease. Furthermore,
details on the definition of disease duration are in
almost half of the articles not mentioned explicitly
(46/100; 46%). This lack of transparency and wide
range of possible definitions are a clear source of the
heterogeneity and ambiguity in reporting of disease
duration. Reporting of the start (i.e., overall disease
onset, study entry or diagnosis) and the end point
(i.e., study entry, diagnosis, or death) of the dura-
tion measure can help to avoid ambiguity. Consistent
terminology, with clear definitions of terms such as

disease duration or survival, can facilitate comparison
and meta-analyses of reported duration estimates. As
advocated previously [4], we therefore recommend 1)
reporting the definition of disease duration explicitly;
and 2) using consistent terminology.

Furthermore, the estimates of dementia disease
duration within the same duration category vary
substantially, due in part to the heterogeneity of
dementia, as a syndrome diagnosis, and the inclusion
of various study populations in terms of dementia
type, study setting and location. In addition, there
are a number of methods to assess the severity of
dementia (i.e., CDR, MMSE) which are often highly
correlated [19, 20] but can give different results, thus
influencing the comparability of studies using differ-
ent methods. The heterogeneity in the severity stage
duration estimates might therefore be partly due to
the use of different severity assessments (Supple-
mentary Table 2). Even with consistent diagnostic
criteria, dementia remains a syndrome diagnosis
without biological measurements or imaging markers
[2], inevitably introducing heterogeneity. Most arti-
cles report duration estimates based on clinical data,
collected for example in memory clinics or hospitals.
Patients included in clinical studies do not necessarily
reflect their community-dwelling counterparts, and
limited follow-up may prohibit accurate estimation of
the entire disease course of study participants. These
limitations could be alleviated by following individ-
uals longitudinally throughout the disease course in
clinical studies as well as unselected populations.

Some limitations to our analysis should be taken
into account. First, severity stage duration estimates
are often not the main topic of an article, hampering
a truly systematic search of the literature. Never-
theless, by performing a thorough full-text rather
than title/abstract search, we expect to have identi-
fied most of the relevant reports on stage duration.
In contrast, we did not intend to provide a com-
plete literature overview of (total) dementia disease
durations, as these were derived only from studies
that were identified within the main search on stage
severity. This may have biased total disease durations,
if for instance clinical studies report more often on
disease duration than population-based studies. Nev-
ertheless, the post-diagnosis survival estimates of this
study compare well with those of the beforemen-
tioned systematic reviews: this study finds an overall
average of 5.12 years, 6.30 years for Alzheimer’s dis-
ease and 4.00 years for dementia with Lewy bodies,
Brodaty et al. [4] found a range of 1.1 to 8.5 years,
and Mueller et al. [5] found an average of 5.7 years
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for Alzheimer’s disease and 4.1 years for dementia
with Lewy bodies. Although the information gathered
on (total) disease duration might not be complete,
we believe the here presented results remain highly
informative, especially regarding the heterogeneity of
the disease duration definition. Third, there was sub-
stantial heterogeneity in duration estimates between
studies. Identifying sources of heterogeneity in future
studies may benefit reliability of patient information
and generalizability of prediction models. Fourth,
the identified studies were published within the last
10 years, and when extrapolating these findings to
future dementia risk it is important to consider poten-
tial changes in stage durations, due to for instance
changes in diagnostic practices or compression of
morbidity [21].

As a conclusion, time durations of dementia sever-
ity stages are scarcely reported in literature, and
differences in included populations and duration def-
inition hamper comparability. On average we found
that severity stage durations decrease with severity,
with MCI or very mild dementia and mild demen-
tia stages lasting 3-4 years and moderate and severe
dementia stages lasting 1-2 years. Accurate descrip-
tions of the natural history of disease are important
for care planning for individual patients, as well as
mathematical models that predict the future burden
of dementia and evaluate effects of interventions in
healthcare systems. To enable reliable modelling of
dementia disease durations in the population, there is
need for consistently reported estimates from stud-
ies that follow individuals longitudinally throughout
their disease course.
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