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Abstract
Background: In light of the increasing trend in the global 
number of individuals affected by dementia and the lack of 
any available disease-modifying therapies, it is necessary to 
fully understand and quantify the global burden of demen-
tia. This work aimed to estimate the proportion of dementia 
due to Down syndrome, Parkinson’s disease, clinical stroke, 
and traumatic brain injury (TBI), globally and by world re-
gion, in order to better understand the contribution of clini-
cal diseases to dementia prevalence. Methods: Through lit-
erature review, we obtained data on the relative risk of de-
mentia with each condition and estimated relative risks by 
age using a Bayesian meta-regression tool. We then calcu-
lated population attributable fractions (PAFs), or the propor-
tion of dementia attributable to each condition, using the 
estimates of relative risk and prevalence estimates for each 
condition from the Global Burden of Disease Study 2019. Fi-
nally, we multiplied these estimates by dementia prevalence 
to calculate the number of dementia cases attributable to 
each condition. Findings: For each clinical condition, the rel-
ative risk of dementia decreased with age. Relative risks were 
highest for Down syndrome, followed by Parkinson’s dis-
ease, stroke, and TBI. However, due to the high prevalence 
of stroke, the PAF for dementia due to stroke was highest. 
Together, Down syndrome, Parkinson’s disease, stroke, and 

TBI explained 10.0% (95% UI: 6.0–16.5) of the global preva-
lence of dementia. Interpretation: Ten percent of dementia 
prevalence globally could be explained by Down syndrome, 
Parkinson’s disease, stroke, and TBI. The quantification of the 
proportion of dementia attributable to these 4 conditions 
constitutes a small contribution to our overall understand-
ing of what causes dementia. However, epidemiological re-
search into modifiable risk factors as well as basic science 
research focused on elucidating intervention approaches to 
prevent or delay the neuropathological changes that com-
monly characterize dementia will be critically important in 
future efforts to prevent and treat disease.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Over the past few decades, there have been large in-
creases in the numbers of people affected by dementia due 
to population aging and population growth [1–3]. These 
rising trends in the global burden of dementia are only 
expected to continue into the future [4–6]. Given these 
increases and the lack of any significant progress toward 
disease-modifying therapies, increasing attention has 
been directed toward dementia prevention and the devel-
opment of a better understanding of disease etiology [7].
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Recently, modifiable risk factors for dementia have 
received increasing attention, with the 2020 update to 
the Lancet Commission report concluding that 39.7% 
of dementia can be attributed to 12 major modifiable 
risk factors encompassing a range of modifiable lifestyle 
factors and clinical conditions [8]. Additionally, evi-
dence based on autopsy studies has pointed to several 
neuropathological features, including neuritic and dif-
fuse plaques, neurofibrillary tangles, and small vessel 
vascular disease, as the key drivers of dementia at the 
biological level [9–11]. However, these analyses do not 
directly address the fraction of dementia that can be 
etiologically caused by other clinical diseases, such as 
clinical stroke (stroke) or Parkinson’s disease. Interac-
tions with the health system for the diagnosis or treat-
ment of these other clinical conditions may provide a 
critical delivery point for interventions designed to pre-
vent or delay the development of dementia in individu-
als with these conditions.

This paper will specifically focus on dementia due to 
stroke, Parkinson’s disease, Down syndrome, and trau-
matic brain injury (TBI). These diverse conditions were 
selected as the set of clinical conditions currently quanti-
fied within the Global Burden of Diseases, Injuries, and 
Risk Factors (GBD) Study 2019 and for which there is 
evidence supporting a quantifiable and potentially causal 
association with dementia [12–16]. Evidence suggesting 
a link between these conditions and dementia may indi-
cate that preventing or treating these conditions could 
delay the onset of dementia. Risk factors for some of these 
conditions may also overlap with known modifiable risk 
factors for dementia, strengthening the evidence for pre-
vious identified associations.

Previous efforts to quantify the relationships between 
dementia and clinical conditions such as stroke and Par-
kinson’s disease have remained isolated, and results have 
not been summarized across disease topics [12, 16–19]. 
Additionally, while recent work has shown that the pro-
portion of dementia attributable to lifestyle factors may 
vary substantially by geography, the impact of differences 
in the prevalence of clinical disease by geography on the 
proportion of dementia prevalence that can be attributed 
to these conditions has not previously been explored [20]. 
This paper aims to synthesize the evidence on the asso-
ciation between dementia and each of these disease cat-
egories and to calculate the proportion of dementia at-
tributable to each disease by age and sex, both globally 
and by world region.

Materials and Methods

The entity “dementia” as referenced in this paper is equivalent 
to the disease category of “Alzheimer’s disease and other demen-
tias” within the Global Burden of Disease (GBD) study. The case 
definition for dementia is a clinical or adjudicated diagnosis of 
dementia using Diagnostic Statistical Manual of Mental Disorders 
(DSM) (III, III-R, IV, or 5) or International Classification of Dis-
eases (ICD) definitions from within population-representative 
studies [21, 22]. Briefly, dementia prevalence in the GBD study is 
estimated by collating all information on prevalence and incidence 
globally through systematic review, adjusting the data to account 
for nonstandard case definitions or ascertainment methods, and 
using Bayesian meta-regression methods to estimate prevalence 
[23]. Other general GBD methods can be found in previous pub-
lications on dementia and the GBD overview papers [3, 23, 24].

Literature Reviews
We conducted literature reviews on the association between de-

mentia and Parkinson’s disease, Down syndrome, stroke, and TBI. 
We searched all articles in PubMed and did not restrict articles 
based on publication date. The PubMed search for Down syndrome 
resulted in 355 hits, and 25 were ultimately extracted. For Parkin-
son’s disease, the PubMed search terms yielded 1,475 hits, of which 
53 were accepted and extracted. A recent systematic review (2018) 
on the relationship between stroke and dementia yielded 31 sourc-
es [17]. This review was updated with a PubMed search on articles 
published after the most recent source identified in the systematic 
review. Of 504 hits, 2 were accepted and added. Three recent meta-
analyses (2016, 2016, and 2019) were identified on the relationship 
between TBI and dementia, and we cross-checked all articles cited 
by these reviews to identify 47 unique sources for inclusion [19, 25, 
26]. As the most recent systematic review was published within a 
year of this analysis, we did not conduct an additional literature 
review. Additional details on literature reviews including search 
strings are available in online suppl. Table 1 (for all online suppl. 
material, see www.karger.com/doi/10.1159/000515393).

All of the literature reviews targeted papers on population-rep-
resentative samples and excluded studies on patients in nursing 
homes. However, clinical samples (studies that recruited patients 
from a health-care setting) were accepted and were adjusted for in 
the meta-regression. We accepted case-control, cross-sectional, 
and longitudinal studies that reported on relative risks, hazard ra-
tios, and odds ratios for dementia or the proportion of exposed 
individuals with dementia. We required that each source reported 
on the mean age of the study population or presented results by 
age. For stroke, we excluded studies on the risk of dementia with 
transient ischemic attacks or other markers of subclinical vascular 
disease, as this analysis was limited to overt clinical stroke, a subset 
of all vascular dementia.

The available data on stroke and TBI primarily described the 
relationship between these causes and dementia using relative 
risks or odds ratios, and these data were modeled together. How-
ever, the literature on dementia and Parkinson’s disease or Down 
syndrome more commonly reported the proportion of patients 
who had dementia. Using these data, we approximated relative 
risks by dividing each extracted proportion by the age-sex-loca-
tion-year-specific dementia prevalence estimate from GBD.
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Relative Risk Models
We modeled the relative risk of dementia, given the exposure 

of each disease included, using a Bayesian meta-regression model-
ing framework. This model includes trimming, a form of outlier 
detection within the likelihood function. Using this framework, a 
data point with very low variance, and which is a moderate dis-
tance from the mean at a given set of age and covariate values, is 
more likely to be identified as an outlier than a data point with high 
variance farther from the mean (additional details are given in the 
online suppl. material).

Each model included dummy variables on the following study 
characteristics: study population (clinical vs. population-based sam-
ples), diagnosis (Alzheimer’s disease vs. all dementia), and factors 
controlled for in each component study, such as education, smoking, 
or vascular risks (full list of study characteristics is given in the online 
suppl. material). We also specified cubic splines on age with 3 knots 
equally spaced across the density of the input data and priors of zero 
slope on the terminal segments to prevent the extrapolation of trends 
based on small amounts of data at the youngest and oldest ages. Rel-
ative risks were estimated by predicting out 1,000 draws from each 
model for the set of gold standard covariates in each analysis (e.g., 
exposure definition of DSM dementia rather than Alzheimer’s dis-
ease). Negative draws were set to zero as these exposures were a pri-
ori believed to be harmful, not protective.

Calculation of Population Attributable Fractions and 
Attributable Prevalence
Population attributable fractions (PAFs) were estimated using 

relative risk estimates from the meta-regression models and the 
GBD 2019 age-sex-location-year-specific estimates of the preva-
lence of each clinical condition included. They were calculated us-
ing the formula below [27]:

( )
( )

1
.

1 1

prevalence RR
PAF

prevalence RR

´ -
= é ù´ - +ê úë û

PAFs were then multiplied by the corresponding age-sex-loca-
tion-year-specific estimates of dementia prevalence from GBD to 
estimate the amount of dementia prevalence attributable to each 
disease.

Compilation of Results
Age-standardized estimates were calculated using weights de-

rived from the global age distribution of dementia cases in 2019 
[23]. All calculations were done with 1,000 draws to incorporate 
uncertainty from each step of the modeling process. Uncertainty 
intervals were defined as the 25th and 975th values of the ordered 
draws. Differences were defined as statistically significant if the 
uncertainty intervals did not intersect the null value.

Table 1. Distribution of data sources by world region and disease exposure, N (%)

Down 
syndrome, n (%)

Parkinson’s 
disease, n (%)

Stroke, 
n (%)

TBI, 
n (%)

Sources, N 25 54 36 49
Global 0 (0) 0 (0) 0 (0) 3 (6.1)
Andean Latin America 0 (0) 0 (0) 0 (0) 0 (0)
Australasia 1 (4) 4 (7.4) 3 (8.3) 2 (4.1)
Caribbean 0 (0) 0 (0) 0 (0) 0 (0)
Central Asia 0 (0) 0 (0) 0 (0) 0 (0)
Central Europe 0 (0) 0 (0) 0 (0) 0 (0)
Central Latin America 0 (0) 0 (0) 0 (0) 0 (0)
Central sub-Saharan Africa 0 (0) 0 (0) 0 (0) 0 (0)
East Asia 0 (0) 3 (5.6) 3 (8.3) 4 (8.2)
Eastern Europe 0 (0) 1 (1.9) 0 (0) 1 (2)
Eastern sub-Saharan Africa 0 (0) 0 (0) 0 (0) 0 (0)
High-income Asia Pacific 1 (4) 4 (7.4) 2 (5.6) 1 (2)
High-income North America 5 (20) 11 (20.4) 15 (41.7) 25 (51)
North Africa and Middle East 0 (0) 1 (1.9) 0 (0) 0 (0)
Oceania 0 (0) 0 (0) 0 (0) 0 (0)
South Asia 0 (0) 1 (1.9) 0 (0) 0 (0)
Southeast Asia 0 (0) 1 (1.9) 0 (0) 0 (0)
Southern Latin America 0 (0) 2 (3.7) 0 (0) 0 (0)
Southern sub-Saharan Africa 0 (0) 0 (0) 0 (0) 0 (0)
Tropical Latin America 1 (4) 2 (3.7) 0 (0) 0 (0)
Western Europe 17 (68) 24 (44.4) 13 (36.1) 12 (24.5)
Western sub-Saharan Africa 0 (0) 0 (0) 0 (0) 1 (2)

Sources labeled “Global” used individual level data in >1 region and therefore are not tagged to 1 specific lo-
cation. TBI, traumatic brain injury.
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Results

The literature reviews for the 4 conditions modeled in 
this analysis yielded 158 sources on the association between 
dementia and Down syndrome (n = 25), Parkinson’s dis-
ease (n = 53), stroke (n = 33), and TBI (n = 47). The major-
ity of the data were from North America and Western Eu-
rope (shown in Table 1 and online suppl. Appendix 1).

For all 4 diseases included in the analysis, although the 
absolute risk of dementia increased with age, the relative 
risk of dementia decreased with age due to the increasing 

prevalence of dementia in the oldest age groups of the un-
exposed (individuals without each clinical condition) pop-
ulations. This decrease in relative risk was most extreme for 
Down syndrome. The relationship between stroke and de-
mentia was approximately logarithmic over age, and for 
Parkinson’s disease, the relative risk of dementia was high 
in the youngest ages but decreased fairly quickly from age 
70 onward. When compared to the other diseases evaluat-
ed, the relative risks for dementia in those with TBI were the 
lowest in the youngest age group and decreased further 
across the age range (shown in Fig. 1).
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Fig. 1. Meta-regression of relative risk of dementia by age for Down syndrome, stroke, TBI, and Parkinson’s dis-
ease. Trimmed data refer to data points that were identified as outliers in the modeling framework. The inverse 
variance scale sizes the data points according to the certainty of the data such that larger points have less uncer-
tainty and more weight in the model. TBI, traumatic brain injury.
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The proportion of dementia cases due to Down syn-
drome decreased with age, while for the other diseases, the 
proportion of dementia cases attributable displayed an in-
verted U-shaped curve over age, increasing until approxi-
mately age 70 years before decreasing. For TBI, Parkin-
son’s disease, and stroke (in younger ages), the propor-
tions of dementia attributable to each condition were 
higher in men than in women, owing to the higher preva-
lence of these conditions in men (shown in Fig. 2). How-
ever, these sex differences were not statistically significant.

Down syndrome, Parkinson’s disease, stroke, and 
TBI together accounted for 10.0% (95% UI 6.0–16.5) of 
the all-age global prevalence of dementia. There was a 
strong gradient with age, with only 2.6% (0.1–6.7) of the 
global prevalence of dementia in 2019 explained by 
these conditions in the 95 years and older age group, 

whereas 26.8% (11.6–50.8) of dementia prevalence was 
explained by the 4 diseases in the 40–44 years age group 
(shown in Fig. 3).

For every region, stroke accounted for the largest 
number of dementia cases, totaling 3.70 million (95% UI 
2.00–5.68) cases globally. Parkinson’s disease accounted 
for the second largest number of global cases (1.71 million 
cases; 0.14–5.79), followed by Down syndrome (0.80 mil-
lion cases; 0.23–2.03) and then TBI (0.42 million cases; 
0.20–0.69).

Eastern Europe was the region with the highest age-
standardized proportion of dementia attributable to 
stroke (8.5%; 95% UI 4.6–12.5). East Asia had the highest 
age-standardized PAFs of dementia attributable to Par-
kinson’s disease (3.0%; 0.3–9.8). Australasia had the high-
est age-standardized PAF of dementia attributable to 
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Down syndrome (2.3%; 0.7–5.3), and both central Europe 
and Australasia had the highest age-standardized preva-
lence of dementia attributable to TBI (central Europe: 
1.9% [0.9–3.1]; Australasia: 1.9% [0.8–3.1]) (shown in Ta-
ble 2).

Before age 60 years, Down syndrome was responsible 
for the largest number of dementia cases of the diseases 
evaluated. However, as age increases, the fraction of de-
mentia due to both stroke and Parkinson’s disease in-
creases. The absolute numbers of dementia cases attribut-
able to Down syndrome, Parkinson’s disease, TBI, and 
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stroke are fairly similar between men and women, despite 
men having a lower prevalence of dementia in each age 
group.

Discussion

Globally, the proportion of dementia prevalence at-
tributable to Down syndrome, Parkinson’s disease, 
stroke, and TBI was 10.0% (95% UI 6.0–16.5). Of these 
diseases, stroke accounted for the largest total number of 
dementia cases. However, at the youngest ages (40–50 
years), Down syndrome and TBI accounted for larger 
proportions of dementia prevalence.

These results demonstrate the relative impact of a di-
verse set of clinical conditions (Down syndrome, Parkin-
son’s disease, stroke, and TBI) on dementia prevalence. Rel-
ative risks were highest in Down syndrome, particularly at 
the youngest ages, which is hypothesized to be due to the 
overexpression of genes involved in the processing of amy-
loid precursor protein and Alzheimer’s neuropathic chang-
es caused by trisomy 21 in combination with the low back-
ground risk of dementia in the youngest ages [28]. Despite 
the fact the development of dementia is likely an eventual-
ity among those with Down syndrome, the quantification 
of dementia in this population is still of interest, as risk fac-
tor-based interventions or amyloid-targeting therapies may 
still be able to delay the onset of dementia in this popula-
tion. The estimated relative risks were also high for Parkin-
son’s disease, and these relative risks remained higher in 
older ages, where individuals may be affected by the com-
bined burden of Lewy body pathology due to Parkinson’s 
disease as well as other neuropathologies, which often joint-
ly lead to the expression of clinical dementia [29].

Despite the higher relative risks in Down syndrome 
and Parkinson’s disease, stroke was responsible for the 
largest number of global dementia cases due to the larger 
prevalence of stroke. Given that an estimated 88.8% (95% 
UI 86.5–90.9) of the global burden of stroke can be attrib-
uted to modifiable risk factors, this presents opportuni-
ties for interventions that could impact not only stroke 
outcomes but dementia outcomes as well [30]. As cardio-
vascular disease risk factors have also been shown to be 
associated with dementia independently of clinical stroke, 
addressing these risk factors may have an impact above 
and beyond affecting dementia through clinical stroke 
[31]. Potential gains may also be larger in low-income 
countries as compared to high-income countries, where 
there is currently inadequate identification and treatment 
of many of these risks [32].

The largest portion of dementia cases (90.0%; 95% UI 
83.5–94.0) remained unexplained by the clinical condi-
tions examined in this paper. Many of these cases are like-
ly attributable to pathologies such as amyloid beta, tau, 
α-synuclein, or a mix of these pathologies along with sub-
clinical vascular disease, TDP-43, and other pathological 
changes [33–37]. Prior work on autopsy samples reports 
that 25% of dementia risk is attributable to Alzheimer’s 
disease pathologies (including amyloid plaques, neurofi-
brillary tangles, and cerebral amyloid angiopathy) [9]. 
However, additional large population-based autopsy 
studies are needed to better characterize the distribution 
of these and other etiologies.

Furthermore, the quantification of the residual de-
mentia category within this study, that is, dementia not 
due to other clinical conditions, is important within the 
context of the GBD project, as it ensures that GBD results 
are mutually exclusive and collectively exhaustive. This 
principle of GBD facilitates valid comparisons between 
diseases by avoiding double counting any health loss 
across disease categories [38].

A number of limitations require consideration. First, 
we only examined 4 clinical conditions, rather than all 
possible causes of dementia. We chose to focus on these 
clinical conditions because the ascertainment of these 
conditions is more widely standardized as compared to 
other causes of dementia, including Lewy body dementia 
and frontotemporal dementia. Additionally, while the 
quantification of dementia due to clinical conditions has 
received less attention compared to research on modifi-
able risk factors or neuropathological etiologies, focusing 
on clinical conditions that require interaction with 
health-care systems ensures that there are points of con-
tact to enable the rollout of preventative interventions or 
potential future amyloid-targeting treatments. Stroke, 
Parkinson’s disease, Down syndrome, and TBI were spe-
cifically chosen for inclusion in this analysis because they 
are currently quantified within the GBD framework, al-
lowing for global estimation. Although HIV fulfilled our 
criteria for inclusion in this study, we were unable to in-
clude HIV due to the use of a different definition of de-
mentia (HIV-associated dementia) in the HIV literature, 
which relies principally on neuropsychological testing 
cutoffs rather than the more comprehensive DSM-based 
diagnostic criteria for dementia [39]. Second, there was 
a large amount of heterogeneity in the literature on the 
relative risk of dementia due to Down syndrome, Parkin-
son’s disease, stroke, and TBI. We attempted to control 
for some of these differences through the use of covari-
ates, but some bias due to these study attributes may re-



GBD 2019 Dementia CollaboratorsNeuroepidemiology 2021;55:286–296294
DOI: 10.1159/000515393

main due to measurement error in the discretization and 
categorization of study traits. Third, the majority of the 
sparse data available on relative risks came from high-
income settings in North America and Western Europe, 
and we have assumed that these data apply globally. To 
the extent that the increased risk due to each clinical con-
dition is attributable to the biological link between each 
exposure and dementia, this may be a reasonable as-
sumption, but the addition of new data sources would 
greatly strengthen the analysis. Fourth, when individual 
draws from our models of relative risk estimated protec-
tive effects (relative risks <1), we set these draws to 1 to 
conceptually align with our belief that these clinical con-
ditions should lead to increased risk rather than acting as 
protective factors. However, this adjustment biases the 
mean of the draws upward. For example, in Parkinson’s 
disease, which had the largest number of draws under 1 
at the oldest ages, the relative risk in the 95 years and 
older age group increased from 1.50 to 1.62 after adjust-
ment. Fifth, the estimation of attributable burden is de-
pendent on the estimation of dementia prevalence, which 
is subject to limitations related to data sparsity and het-
erogeneity.

Further inclusion of other clinical conditions such as 
diabetes, alcohol use disorders, and encephalitis should 
be considered as well, contingent on the evaluation of the 
strength of the evidence suggesting an association with 
dementia. Additionally, to refine our current estimates, 
future work should seek to distinguish between ischemic 
and hemorrhagic stroke, as recent research indicates that 
the association with dementia differs by stroke subtype 
[40].

Despite the limitations of the data and methods, this 
study synthesized available data to compare the relative 
risk and attributable burden of clinical diseases associated 
with dementia. This analysis complements prior work on 
modifiable risk factors and neuropathological etiologies 
by more fully elucidating the contribution of clinical con-
ditions to dementia prevalence. The ability to compare 
both across clinical conditions and across regions sup-
ports more informed decision-making related to distrib-
uting research funds across the clinical conditions exam-
ined, as well as planning interventions to target modifi-
able risks for conditions such as TBI or stroke.
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