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declined over the past decades, by about 13% per decade 
since 1990 [6, 7]. Although the underlying causes remain 
undetermined, improvements in for example management 
of cardiovascular disease and educational attainment are 
assumed to play a key role [8, 9]. As a result of the steep 
increase in incidence with age, relatively small delays in 
the onset of dementia may have substantial effects on inci-
dence and prevalence [5, 10]. As such, the reported declines 
in age-specific incidence could have a large impact on the 
future burden of disease, but the effect of secular trends on 
absolute disease burden is undetermined.

In order to prepare healthcare systems and policymak-
ers, the WHO estimated that population ageing will cause 
global dementia prevalence to triple in the coming 30 years, 
from 47 million in 2015 to 150 million in 2050 [1]. Simi-
larly, several modeling studies have investigated the effect 
of population ageing on global and country-specific preva-
lence and concluded that dementia prevalence will double 
every 20 years [11–13]. However, these projections do not 
account for secular trends in dementia incidence [8, 14], due 

Introduction

Worldwide, more than 50 million people are currently living 
with dementia [1], which presents a significant public health 
issue [2] and substantial burden on health-care systems and 
society. Dementia is the seventh leading cause of death 
globally [3] and causes 30  million disability-adjusted life 
years (DALYs) annually [4]. Dementia incidence increases 
exponentially with age [5], and the overall incidence is 
therefore expected to increase due to demographic ageing 
of populations worldwide. However, several studies have 
now shown that the age-specific incidence of dementia has 
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a consultant neurologist established the final diagnosis in 
accordance with standard criteria for dementia (DSM-III-
R). As such, 1118 of 10,209 participants were diagnosed 
with dementia during follow-up until 1 January 2016.

Statistics Netherlands is recognized as a leading National 
Statistical Institute and is regularly peer reviewed by Euro-
stat [19]. The accuracy and completeness of its data are 
continuously verified by the Advisory Council of the Dutch 
Director General [20]. We constructed cohort specific birth 
and life tables for 10-year birth cohorts between 1910 and 
1989. The birth tables were based on age- and sex-specific 
death rates [21] and population estimates [22] to represent 
the Dutch population. The life tables were based on historic 
and predicted age- and sex-specific death rates for the years 
1910 to 2089 [23, 24] and adjusted for dementia-related 
mortality [25] (Appendix A). The distribution of individu-
als across the birth cohorts is based on the ratio between 
the historic births of the given cohort and the births in all 
cohorts [24]. The gender distribution in the birth cohorts is 
based on the historic gender distribution in the given decade 
[17]. Improvements in survival of birth cohorts in the Neth-
erlands are similar to those observed in other high-income 
countries [26], including the United States and the United 
Kingdom (see Appendix A for a direct comparison).

Statistical model

MISCAN-Dementia, coded in Python 3.9, is a stochastic, 
semi-Markov microsimulation model that predicts how 
dementia incidence and prevalence will develop until 2050. 
The model simulates the life histories of 10  million indi-
viduals, representative of the Dutch population in 10-year 
birth cohorts from 1910 to 1989. The model allows for uni-
directional stage transitions between cognitively normal, 
mild cognitive impairment (MCI), dementia, and death 
due to dementia. MISCAN-Dementia is a time-to-event 
model; hence transitions are determined by the duration of 
the stages. In any stage, an individual can also die of other 
causes. Differential mortality of individuals with demen-
tia is implicitly introduced by the duration of the dementia 
stage, which is often shorter than the remaining life expec-
tancy without dementia. The model was calibrated to fit 
the age-specific dementia incidence data of the Rotterdam 
Study. Model fit was excellent (Figure C1 in Appendix C). 
Further details on the model development and specification 
can be found in Appendix B.

in part to the lack of available models that account for secu-
lar trends in both demographic build, life-expectancy, and 
dementia incidence in populations. Microsimulation models 
are particularly equipped to allow for the inclusion of trends 
in dementia risk in addition to demographic ageing, due to 
their individual-level model structure [15]. As such, micro-
simulation models can provide valuable projections of the 
future burden of dementia to inform policy priorities and 
resource allocation.

We therefore developed a microsimulation model, with 
the aim of determining the change in the prevalence and 
incidence of dementia until 2050, accounting for long-term 
secular trends and birth cohort effects.

Methods

For this study, we used population-based data from the Rot-
terdam Study [16] and the governmental national institute 
for demographics ‘Statistics Netherlands’ [17] to develop 
a dementia microsimulation model, based on the validated 
Microsimulation Screening Analysis (MISCAN) model 
from cancer research [18].

Data

Age- and sex-specific dementia and mortality data were 
derived from participants of the Rotterdam Study, an ongo-
ing population-based cohort study of 14,926 individuals 
aged > 40 years who reside in the Ommoord suburb of Rot-
terdam, the Netherlands. Details of the study design and of 
case ascertainment for dementia and mortality have been 
described previously [10, 16]. For the current study, we 
included all 10,209 participants who were alive and non-
demented before start of the fourth examination cycle on 1 
January 2002. Information on vital status was obtained reg-
ularly from the municipal health authorities in Rotterdam. 
Participants were screened for dementia at each four-yearly 
center visit using the Mini-Mental State Examination and 
the Geriatric Mental Schedule organic level, and screen-
positives underwent further investigation and informant 
interviews, including the Cambridge Examination for Men-
tal Disorders of the Elderly. All participants also underwent 
routine cognitive assessment, including a verbal fluency 
test (animal categories), 15-word learning test, letter-digit 
substitution task, Stroop test, and Purdue pegboard task. In 
addition, they were under continuous surveillance for the 
detection of interval cases between center visits, through 
electronic linkage of the study base with medical records 
from general practitioners and the regional institute for 
outpatient mental healthcare. A consensus panel headed by 
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Sensitivity analysis

We performed two types of sensitivity analyses. First, we 
investigated the effect of varying the magnitude of the lin-
ear trend by repeating the analysis with the 95% confidence 
intervals (7–19%) of the linear trend estimate in the prior 
meta-analysis (‘linear low’ and ‘linear high’ in Table 1) [6]. 
Second, we relaxed the linearity assumption for the trend 
in incidence, examining three types of nonlinear trends: 
(1) linear decline across the 1910 to 1940 birth cohorts 
and decelerating or no decline across the later birth cohorts 
(‘nonlinear stable’ in Table  1); (2) decelerating decline 
across all birth cohorts (‘nonlinear decelerating’ in Table 1) 
and (3) accelerating decline across the 1910 to 1940 birth 
cohorts and decelerating decline across the later birth 
cohorts (‘nonlinear accelerating’ in Table 1). The nonlinear 
trends were chosen such that the overall change in incidence 
rate between the 1910 and 1940 birth cohorts and the aver-
age incidence rate of the 1910 and 1940 birth cohorts were 
similar to the overall change and average incidence rate of 
the linear trend for the same birth cohorts.

Results

Base case analysis

Figures 1 and 2 show the total incidence and total preva-
lence of dementia in the Dutch population per calendar year 
for the various assumed trends. Model calibration was good, 
as can be appreciated from the similar number of incidence 
cases in the different trend scenarios in the period 2002 to 
2016 (i.e., the last year of calibration). The lines from 2017 
to 2050 show the projected effect of the various secular 
trends on incidence and prevalence from 2016 onwards. 

Trend analysis

Base case analysis

As base case scenarios, we calibrated a stable and a linear 
trend in age-specific dementia incidence to fit the observed 
incidence data from the Rotterdam Study [16]. First, we 
determined prevalence and incidence for the scenario in 
which age-specific incidence remains stable (‘no decline’ 
trend in Table  1). Every birth cohort was calibrated to fit 
the age-specific dementia incidence rates of the Rotterdam 
Study. Second, we calibrated the same model using a linear 
decline in the age-specific incidence of 13% per decade, as 
was recently observed in a meta-analysis of North-Amer-
ican and European cohorts (‘linear trend’ in Table  1) [6]. 
Since we used Rotterdam Study data from 2002 onwards, 
the 1940s birth cohort was the most suitable ‘base cohort’ 
for participants aged 60–69 as most participants of that 
age group in the data collection period were born during 
the 1940s. Similarly, the 1930s birth cohort was most suit-
able for those aged 70–79, 1920s for individuals of 80–89 
years, and 1910s for participants of 90 years and older. Base 
cohorts have incidence rates equal to the age group estimate 
from the Rotterdam Study. Compared to the base cohort, 
later birth cohorts are calibrated with a 13% lower age-spe-
cific dementia incidence, whereas earlier birth cohorts are 
assumed to have a 13% higher incidence. For the different 
trend scenarios, dementia incidence rates and prevalence 
were calculated for the calendar years 1995 to 2050, using 
(projected) demographic data of the Dutch population > 65 
years for the same period [22, 27].

Table 1  Trend scenarios expressed in percentage change between birth cohorts
Trend Type No. 1910-19 to

1920-29
1920-29
to
1930-39

1930-39 to
1940-49

1940-49
to
1950-59

1950-59 to
1960-69

1960-69 to
1970-79

1970-79
to
1980-89

No decline 1.0 0% 0% 0% 0% 0% 0% 0%
Linear 2.0 -13% -13% -13% -13% -13% -13% -13%
Linear (low) 2.1 -7% -7% -7% -7% -7% -7% -7%
Linear (high) 2.2 -19% -19% -19% -19% -19% -19% -19%
Nonlinear stable 3.0 -13% -13% -13% -10% -7% -5% -4%
Nonlinear stable 3.1 -13% -13% -13% 0% 0% 0% 0%
Nonlinear decelerating 4.0 -18% -13% -8% -5% -3% -1% 0%
Nonlinear decelerating 4.1 -18% -13% -8% 0% 0% 0% 0%
Nonlinear decelerating 4.2 -22% -11% -5% -4% -3% -2% -1%
Nonlinear decelerating 4.3 -22% -11% -5% 0% 0% 0% 0%
Nonlinear decelerating 4.4 -24% -12% -2% 0% 0% 0% 0%
Nonlinear accelerating 5.0 -8 -13% -18% -13% -8% -5% -3%
Nonlinear accelerating 5.1 -5 -11% -22% -11% -5% -3% -1%
Nonlinear accelerating 5.2 -2 -12% -24% -12% -2% 0% 0%
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than the no decline projections (Figs. 1 and 2). Assuming 
the upper bound resulted in 26% lower incidence and 22% 
lower prevalence projections by 2050, compared to the lin-
ear trend.

Results of the main sensitivity analyses with stable (3.0), 
decelerating (4.0), and accelerating (5.0) trends all fell within 
the 95% confidence limits of the linear trend (Figs. 1 and 
2). The stable (3.0) and decelerating (4.0) nonlinear trends 
thereby resulted in higher incidence and prevalence projec-
tions than the linear trend (+ 9 to + 25% in 2050, Table 2) but 
well below the no decline projections (-20 to -34% in 2050). 
The accelerating (5.0) nonlinear trend resulted in roughly 
equal incidence and prevalence projections compared to the 
linear trend (-4% in 2030, 0% to + 2% in 2050). Compari-
sons of other nonlinear trends from Table 1 with the linear 
trends scenario were broadly similar (Appendix C Figures 
C2 and C3, Tables C2 and C3), with one important excep-
tion: the nonlinear scenarios in which decline in incidence 
decelerated to 0 from 1940 onwards (i.e., scenarios 3.1, 4.1, 
4.3, and 4.4), projected incidence and prevalence by 2050 
were closer to the no decline trends than to the linear trend 
scenario from the main analysis (Tables C2 and C3).

Assuming a continuing, linearly declining trend resulted 
in significantly lower incidence and prevalence projections 
than assuming no decline (Figs.  1 and 2). This difference 
increased with calendar time, such that by 2030, the linear 
trend simulation projected 22% fewer incident cases and 
15% fewer prevalent cases of dementia than the projections 
assuming no decline. By 2050, this difference amounted to 
39% for the incidence and 36% for the prevalence (Table 2).

The projected scenario with no decline resulted in a more 
than doubling of dementia incidence and prevalence until 
2050 (+ 130% incident cases, and + 118% prevalent cases). 
According to the linear declining trend, dementia burden 
still increased from 2020 to 2050, but by a much smaller 
magnitude (+ 58% incident cases, and + 43% prevalent 
cases).

Sensitivity analysis

The blue shaded area in Figs. 1 and 2 represents the variation 
in projected dementia burden within the 95% confidence 
limits of the linear trend. Assuming the lower bound of the 
95% confidence interval of the linear trend estimate results 
in higher incidence and prevalence projections compared to 
the linear trend (+ 28% and + 25% in 2050, Table C2 and 
C3 in Appendix C), but these were still substantially lower 

Fig. 1  Total dementia incidence in the Netherlands per calendar year assuming no trend, a linear trend of 13% (shaded area 
95% CI) and three nonlinear trends
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important implications for care organization. Findings from 
this microsimulation model can inform healthcare providers 
and policymakers on preparing the healthcare system for the 
coming years.

It is important to note that projections are based on 
observed incidence trends in high income countries only. 
While this is highly relevant in light of anticipated increases 
in dementia prevalence in for example the United States [11, 
12, 28], Canada [29], the United Kingdom [30], and Spain 
[31], the global increase in the prevalence of dementia will 
affect predominantly those in low- and middle-income 
countries, as the elderly population will grow faster in low- 
and middle-income countries than in high-income countries 
[32]. Moreover, consistent declines in dementia incidence 
in high-income countries do not necessarily apply to other 
regions. In fact, preliminary evidence from Asia and Africa 
shows stable or even increasing dementia incidence rates 
[33–35]. Additional high-quality data on incidence trends 
across the globe are needed to inform models for more pre-
cise projections in currently underrepresented regions.

The projections from our model encourage redoubled 
efforts to sustain the declining incidence trends into the 21st 
century. This is especially important given the less optimis-
tic results from sensitivity analyses, in which declines in 
dementia incidence were not sustained for those born after 

Discussion

Using long-term population-based data from the Nether-
lands, we showed that incorporation of previously estab-
lished dementia incidence trends in a microsimulation 
study has major effects on the projected dementia burden 
until 2050. The overall disease burden is set to increase 
due to aging of the population, but accounting for changes 
in life-expectancy and population structure, a continued 
13% decline in age-specific dementia incidence per decade 
would result in 36% lower prevalence than widely upheld 
projections. These projections foster hope for curbing the 
dementia epidemic in high-income countries, and underline 
the need to similarly fulfil preventive potential worldwide.

Several studies, including the widely cited World 
Alzheimer reports, have reported on the basis of an ageing 
population, that the number of people living with dementia 
will triple between 2015 and 2050 [1, 13]. These projections, 
not accounting for secular trends in dementia incidence, are 
in line with the projection in the ‘no decline’ scenario in the 
current study. Incorporation of established temporal trends 
in incidence rates, however, substantially attenuates the pro-
jected increase in the burden of dementia. Relatively small 
changes over time in dementia incidence can have a major 
impact on the burden of disease at a population level, with 

Fig. 2  Total dementia prevalence in the Netherlands per calendar year assuming no trend, a linear trend of 13% (shaded area 95% CI) and three 
nonlinear trends
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1950– a cohort for which only limited population-based 
dementia incidence data is yet available. The precise causes 
of the declining trends in dementia incidence rates have 
not been established, but likely include a combination of 
improvements in cardiovascular health [36, 37], educational 
attainment [38, 39], and lifestyle [40, 41], and maternal and 
child health. Prevention initiatives are needed to promote 
brain health worldwide, if we are to achieve the full poten-
tial of dementia prevention. Given the lag time between 
improvements (or deteriorations) in exposure and demen-
tia onset, it may take years or even decades before public 
health improvements in prenatal development or reduction 
of midlife hypertension translate into changes in demen-
tia incidence. As noted before and corroborated by present 
projections, declining trends may be easily overturned by 
increases in, for example, the global prevalence of obesity 
and hypertension [42]. It is therefore important to gain fur-
ther insight into the causes and development of the declin-
ing trends, to be able to make better predictions of the future 
incidence and prevalence of dementia, as well as to deter-
mine the focus of prevention initiatives.

To our knowledge, MISCAN-Dementia is the first micro-
simulation model that provides projections for the general 
population and evaluates changes in dementia risk across 
birth cohorts. MISCAN-Dementia synthesizes all avail-
able information on the natural history of dementia by 
using input values taken from observed population-based 
data and peer-reviewed literature. Although we believe 
the model provides valid scenarios for the future demen-
tia burden, some limitations should be taken into account. 
First, this model was developed on the basis of Dutch 
data. Although changes in population structure and rela-
tive reductions in dementia incidence are similar across 
high-income countries [6, 26], this may hamper generaliz-
ability of the projections. Also, the Rotterdam Study popu-
lation is predominantly White. Future calibrations of the 
MISCAN-Dementia model using data from the U.S. and 
other geographical regions may further refine global projec-
tions. Second, any model is a simplification of reality, the 
accuracy of which depends on the underlying structure and 
assumptions about the demographics of the simulated birth 
cohorts and the (heterogeneous) natural history of demen-
tia. Although differences in demographics between birth 
cohorts were explicitly modeled, factors such as migration 
patterns or the effect of pandemics (i.e. SARS-CoV-2) were 
not taken into account. In order to increase validity, we used 
population-representative data, and created insight in the 
uncertainty by various sensitivity analyses. The prevalence 
projections of this study (~ 190,000 cases in 2019) com-
pare well to existing estimates in the Netherlands based on 
GP registries (~ 184,000 in 2019) [43] and healthcare use 
claims data (~ 250,000 in 2017) [44]. Nevertheless, repeated 
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updates of the model will be needed as additional disease 
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To conclude, changes in dementia incidence between 
birth cohorts need to be taken into account to provide realis-
tic projections of the future burden of dementia. We devel-
oped a microsimulation model that is capable of projecting 
secular trends on future dementia incidence and prevalence. 
Applied to the Dutch population, this results in projections 
of incidence and prevalence that are 20–39% lower than 
currently assumed. These projections allow policymakers, 
healthcare providers and researchers to ensure appropriate 
allocation of funds, training of healthcare personnel and 
accurately estimating potential effects of future interven-
tions, and emphasize the need for efforts to fulfill the poten-
tial for dementia prevention globally.
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