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Abstract

Introduction: Ability to determine dementia prevalence in low- and middle-income
countries (LMIC) remains challenging because of frequent lack of data and large dis-
crepancies in dementia case ascertainment.

Methods: High likelihood of dementia was determined with hierarchical clustering
after principal component analysis applied in 10 population surveys of aging: HRS
(USA, 2014), SHARE (Europe and Israel, 2015), MHAS (Mexico, 2015), ELSI (Brazil,
2016), CHARLS (China, 2015), IFLS (Indonesia, 2014-2015), LASI (India, 2016), SAGE-
Ghana (2007), SAGE-South Africa (2007), SAGE-Russia (2007-2010). We approxi-
mated dementia prevalence using weighting methods.

Results: Estimated numbers of dementia cases were: China, 40.2 million; India, 18.0
million; Russia, 5.2 million; Europe and Israel, 5.0 million; United States, 4.4 million;
Brazil, 2.2 million; Mexico, 1.6 million; Indonesia, 1.3 million; South Africa, 1.0 million;
Ghana, 319,000.

Discussion: Our estimations were similar to prior ones in high-income countries but
much higher in LMIC. Extrapolating these results globally, we suggest that almost
130 million people worldwide were living with dementia in 2015.

KEYWORDS
dementia, low- and middle-income countries, machine learning, population survey, prevalence
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1 | INTRODUCTION

Persons with dementia have acquired cognitive and behavioral disor-
ders leading to progressive functional impairment.! Global dementia
prevalence has been estimated between 43.8 and 46.8 million persons
in 2015-201623 and is expected to increase at a fast pace, especially
in low- and middle-income countries (LMIC) where life expectancy is
rising faster than in high-income countries (HIC).2

Estimation of global dementia prevalence remains a challenge
despite the considerable efforts achieved by large international
consortiums.23 Indeed, data about dementia remain scarce or non-
existent in many LMIC and when data are available, the sample is
often not fully representative of the country but only targets one
or two—often urban—areas.2® Another key challenge is the vari-
ety of case definitions in dementia prevalence studies ranging from
medical records, International Classification of Diseases* (ICD) diag-
noses, and in-person interviews, all of which vary in sensitivity and
specificity.2® Comparison of the Diagnostic and Statistical Manual of
Mental Disorders® (DSM) and 10/66 measures in Latin America, India,
and China has shown that the DSM method tends to underestimate
dementia prevalence.” The use of medical records is also problematic
because up to 50% of persons with dementia might be undiagnosed in
HIC® and up to 75% in LMIC.” Furthermore, although dementia age of
onset is likely younger in LMIC compared to HIC,2 most studied popu-
lations in LMIC are generally older than 60 or 65.°

To address the above challenges, we propose a new approach to
estimate dementia prevalence based on our unsupervised machine
learning classification among international population-based surveys
of aging.® These surveys assess large representative samples of indi-
viduals of age 50 or older from multiple sites within the corresponding
country and collect data related to cognition, neuropsychiatric
symptoms (NPS), functional status, and health through face-to-face
interviews at home. For each assessed individual, a personal weight
is also available, allowing us to project from the sample cohort to the
whole country. Because population-based surveys of aging do not
report the diagnosis of dementia, with the exception of the Health
and Retirement Study (HRS?) and its dementia substudy the Aging,
Demographics, and Memory Study (ADAMS??), we have proposed a
method to identify individuals with high likelihood of dementia.® The
data used for this classification include approximately 100 measures
assessing demographics, health, lifestyle, mobility, cognition, NPS,
and functional status in primary respondents, helped if necessary by
familial informant proxies. Three clusters of participants are created
with this method: “Normal” (healthy aging), “Mobility Impairment”

(without functional impairment), and “Likely Dementia” (with func-
tional impairment). We previously have demonstrated this method
identifies high likelihood of dementia compared to the clinical diag-
nosis of dementia derived from ADAMS and is flexible enough to
be applied to different population surveys, such as the Survey of
Health Ageing and Retirement in Europe (SHARE!').8 Importantly,
this identification mostly relies on functional assessment and yields
similar results when cognitive measures are removed from the analysis
suggesting it is not biased by cultural background or education, a
critical bias in cross-country assessment of dementia prevalence.®
Here, we apply this method to 10 population-based surveys cover-
ing 27 countries from North, Central, and South America; Sub-Saharan
Africa; Western, Central, and Eastern Europe; and East, South-East,
and South Asia. These studied countries represent 64.5% of the world-
wide population over age 50 and 68.3% of the LMIC population over
age 50 (after exclusion of U.S. and European cohorts). Because we
expected dementia prevalence to be underestimated in LMIC, we
sought to estimate the dementia burden worldwide using an innova-
tive approach to better inform public health policy makers and trigger

new interventions.

2 | METHODS
2.1 | Population surveys of aging

We selected data from 10 nationally representative longitudinal sur-
veys, linked to the HRS family of studies. These surveys study repre-
sentative samples of aging populations in each country. Participants
from these surveys are carefully selected following socio-demographic
methods in the different regions of the country to avoid selection
biases and to provide the best nationwide estimations. The Gateway
to Global Aging platform'? provided data for China (China Health and
Retirement Longitudinal Study, CHARLS,*3 wave 4, 2015), India (Lon-
gitudinal Aging Study in India, LASI,»* wave 0, 2016), Mexico (Mexi-
can Health and Aging Study, MHAS, 5 wave 4, 2015), the United States
(HRS,? wave 12,2014), and Europe (SHARE,! wave 6, 2015). The
SHARE data set included participants from several European countries
(Austria, Belgium, Croatia, Czech Republic, Denmark, Estonia, France,
Germany, Greece, Italy, Luxembourg, Poland, Portugal, Slovenia, Spain,
Sweden, Switzerland) and Israel. In addition, we used data from Brazil
(Brazilian Longitudinal Study of Aging, ELSI,*¢ wave 1, 2016), Indone-
sia (Indonesia Family Life Survey, IFLS,1” wave 5, 2014-2015), Ghana
(Study on global AGEing and adult health, SAGE'8-Ghana, 2007),
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South Africa (SAGE8-South-Africa, 2007), and Russia (SAGE 18-Russia,
2007-2010). All primary respondents aged 50 and over (total 146,694
participants) from these 27 countries were included in this study.

We included variables about demographics (including age, sex,
education, working status, family structure), health (comorbidities),
functional status (activities of daily living such as dressing, eating,
cooking, handling money), mobility (eg, walking, climbing), cognition
(including orientation, immediate and delayed word recall), and NPS
(depression and anxiety) in the different cohorts (see Table S1 in
supporting information for an overview of the measures used in each
cohort). The selected variables were similar to those selected in a pre-
ceding study in HRS and SHARE cohorts.® Variables for which >33%
of the data was missing were discarded. The remaining missing values
were imputed with the regularized iterative principal component

analysis (PCA) algorithm.81?

2.2 | Unsupervised machine learning classification

We ran a PCA in each country study separately and then applied an
agglomerative hierarchical clustering on the 10 first principal compo-
nents resulting from each PCA.820 This data-driven and automated
method allows the classification of participants into different clusters,
so that participants of the same cluster share similar PCA characteris-
tics. In each cohort, three clusters were created following the method
in our previous study.® See also Text S1 in supporting information for
additional details about methods.

2.3 | Sensitivity analysis

Cognitive measures used in the surveys may be culturally sensitive,
influenced by education, and often missing in participants with cog-
nitive impairment.8 For each country, we repeated the unsupervised
machine learning classification after removing the cognitive measures
from each data set. We then compared the outcomes classifications
with and without cognitive measures in each cohort. This sensitiv-
ity analysis was first intended to test the impact of cultural and edu-
cational biases on cognitive assessment and to address the poten-
tial biases of the imputation of missing values. This analysis was also
expected to test the scalability of this unsupervised machine learning
classification, that is, whether it could be applied to population data
sets lacking cognitive measures and nevertheless provide a fair estima-

tion of dementia prevalence.

2.4 | Estimation of dementia prevalence

We used the available personal weight for each participant in each
cohort to adjust the results from the study sample to better fit the
actual distribution of the whole country population.2! To estimate the
number of persons with dementia in each country, we applied the esti-

mated percentage of dementia prevalence to the number of individuals

Clinical Interventions

RESEARCH IN CONTEXT

1. Systematic review: Global dementia prevalence reached
46.8 million in 2015 according to the World Alzheimer
Report, while the Global Burden of Diseases group pro-
vided an estimation of 43.8 million in 2016. Yet, both
groups acknowledged limitations in their studies, because
of lack of data from certain areas, variations in dementia
diagnosis tools, and underdiagnosis of dementia in medi-
cal claims.

2. Interpretation: We identified participants over age 50
with high likelihood of dementia based on similar mea-
sures and similar unsupervised machine learning classi-
fication in 10 population surveys of aging from 27 coun-
tries. We found that global dementia prevalence has been
underestimated and was close to 130 millionin 2015.

3. Future directions: Further studies must confirm our
provocative estimation of global prevalence of demen-
tia and test: (1) whether dementia age of onset is
really younger in low- and middle-income countries than
in high-income countries and (2) which risk factors of
dementia should be targeted for prevention.

above age 50 in the corresponding country and year.22 To allow cross-
country comparisons despite different population distributions and life
expectancies, we standardized our estimations of dementia prevalence
by applying age- and sex- specific prevalence for each country to a sin-
gle reference country distribution, the U.S. population in 2014. Given
the 10 cohorts we analyzed are representative of 64.5% of the world-
wide population over age 50, we extrapolated the dementia preva-
lence estimated in those studies to approximate worldwide dementia

prevalence.

3 | RESULTS

Variable domains influencing the five first components of the PCA of
each cohort are described in Table S2 in supporting information. In
every cohort, the first component represents mobility, ADL, and IADL
measures which are critical for dementia assessment.

3.1 | Two detailed examples: the CHARLS and ELSI
cohorts

To demonstrate our results in detail, we chose two cohorts, CHARLS
and ELSI, from two LMIC, China and Brazil, in two continents. Similar
approaches were conducted on each cohort. For all cohorts, three
clusters of individuals were identified. Details about demograph-

ics, clinical profile, and associated comorbidities for the clusters in
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TABLE 1 Demographics and profile in machine learning clusters for dementia likelihood created in CHARLS (China) and ELSI (Brazil) cohorts

CLERET DE LANGAVANT ET AL.

CHARLS (China)

Mobility

Normal Impairment
N 8904 6044
Demographics Mean (SD) - N (%)
Age (years) 60.0(7.7) 65.2(9.3)
Male sex 65% 28%
Education (years) 7.1(3.9) 2.9(3.4)
Married 94.6% 72.2%
Working 80.0% 59.2%
Clinical scales mean (SD)
Delayed recall (0-10) 3.3(1.9) 1.7 (1.8)
ADL’ 0.0(0.2) 0.2(0.4)
IADL’ 0.1(0.3) 0.6 (0.9)
Mobility” 0.5(0.8) 2.1(1.5)
Depression scale’ 5.1(4.1) 11.2(6.3)
Comorbidities” N (%)
Stroke 173(1.9) 264 (4.4)
Diabetes 709 (8.0) 751(12.4)
Heart disease 1245 (13.4) 1420 (20.5)
Hypertension 2547 (28.6) 2554 (42.3)
Dyslipidemia 1482 (15.9) 1124 (18.6)
Lung disease 955(10.7) 1212 (20.1)
Cancer 110(1.2) 146 (2.4)
Depression 85 (1.0) 228(3.8)
Arthritis 2912(32.7) 3710(61.4)

Notes: In both cohorts, participants assigned to cluster 3 (Likely Dementia) show low memory performance, and both functional and mobility impairment.

ELSI (Brazil)
Likely Mobility Likely
Dementia Normal Impairment Dementia
1597 5767 3158 487
69.0(10.2) 61.3(8.7) 66.1(10.5) 73.7(13.2)
39% 53.0% 27.0% 38.6%
3.2(3.8) 6.8 (4.84) 3.8(3.8) 24(3.2)
66.6% 65.1% 48.2% 34.5%
32.1% 48.9% 14.8% 2.9%
1.3(1.7) 3.2(1.8) 2.2(1.7) 1.4(1.6)
24(1.2) 5.1(0.3) 5.8(1.3) 12.3(4.4)
2.7(1.5) 5.4(1.0) 7.4(2.8) 15.2(4.1)
4.8(1.4) 4.9 (1.6) 9.2(3.4) 14.2(2.6)
15.1(6.8) 1.9(1.9) 4.5(2.4) 4.5(2.2)
257(16.1) 127(2.2) 266(8.4) 143(29.4)
280(17.5) 756 (13.1) 644 (20.4) 125(25.7)
486 (30.6) 194 (3.4) 313(9.9) 49(10.1)
953(59.7) 2658 (46.1) 2054 (65.0) 306 (62.8)
412(25.8) 1607 (27.9) 1162 (36.8) 124 (25.5)
382(23.9) 226(3.9) 281(8.9) 56(11.5)
51(3.2) 253(4.4) 218(6.9) 33(6.8)
92(5.8) 597 (10.4) 991(31.4) 128 (26.3)
1028 (64.4) 816(14.1) 1091(34.5) 129(26.5)

‘ ADL = Activities of Daily Living on a 0-5 scale in CHARLS and 5-20 scale in ELSI.

"JADL = Instrumental Activities of Daily Living on a 0-5 scale in CHARLS and 5-20 scale in ELSI.

“Mobility range 0-7 in CHARLS, and 4-16 in ELSI.
‘CESD (Center for Epidemiologic Studies-Depression) scale on a 0-30 in CHARLS and 0-10 in ELSI.
‘Self-declared comorbidities: the participant was asked to answer the question: “Has your doctor ever told you suffered from...?”

Abbreviations: CHARLS, China Health and Retirement Longitudinal Study; ELSI, Brazilian Longitudinal Study of Aging; SD, standard deviation.

CHARLS and ELSI are described in Table 1. Other cohorts’ clusters
are detailed in Table S3 in supporting information. The smaller cluster
in each cohort corresponds to participants with high likelihood of
dementia (labelled “Likely Dementia”): they are older, have lower
education, lower memory performance, more functional impairment,
physical impairment, and higher rate of comorbidities compared to
participants in other clusters. Participants in an intermediate cluster
show significant mobility impairment but no clear functional impair-
ment, suggesting they are free from dementia (labelled “Mobility
Impairment”). Participants in the largest cluster show neither phys-
ical nor functional impairment (labelled “Normal”). For each cohort,
omitting cognitive measures had a minor impact on classifications,
with concordant classification of individuals in the cluster “Likely
Dementia” >98%.

3.2 | Conditions associated with dementia in
CHARLS and ELSI cohorts

Dementia is classically associated with a series of risk factors and
conditions.232* We built two logistic regression models in CHARLS
and ELSI cohorts to assess other conditions associated with the risk of
being classified into the cluster “Likely Dementia” (Table 2). We found
that older age (Figure 1), lower education, diabetes, stroke, and depres-
sion were associated with higher risk of dementia in both cohorts. In
China, male sex, high blood pressure, and heart disease were addi-
tional risk factors of dementia, while drinking alcohol daily and current
smoking seemed protective factors. Yet, the latter two factors, drink-
ing alcohol and smoking, should be examined with caution given the
cross-sectional nature of this study and the possibility of a survival bias
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TABLE 2 Conditions associated with the risk of dementia in China and in Brazil

China (CHARLS)

Odds ratio (Cl 95%)
1.07 (1.06 - 1.08)
1.33(1.15 - 1.55)
0.94(0.92 - 0.95)
1.56(1.36-1.79)
1.46(1.23-1.74)
1.06 (0.90 - 1.24)
Body mass index (kg/m?) 1.02(1.00- 1.03)
Stroke 5.22(4.29 - 6.35)
1.17(1.02 - 1.35)
0.67(0.53-0.84)
0.64(0.54-0.77)
1.16(1.15-1.17)

Age (years)

Sex (male)
Education (years)
Hypertension
Diabetes

Dyslipidemia

Heart disease
Drinking alcohol daily
Current smoking

Depression (CESD scale)

Brazil (ELSI)

P-value Odds ratio (Cl 95%) P-value
<.001 1.08 (1.07 - 1.09) <.001
<.001 1.07 (0.86 - 1.33) .6
<.001 0.88(0.85-0.91) <.001
<.001 0.86(0.69 - 1.08) 2
<.001 1.74(1.37 - 2.23) <.001

5 0.72(0.57 - 0.92) .009

.068 0.91(0.89 -0.94) <.001
<.001 5.97(4.61-7.74) <.001

.029 1.07(0.75 - 1.53) 7
<.001 0.36(0.13-1.02) .054
<.001 0.77 (0.57 - 1.04) .087
<.001 1.37(1.31 - 1.44) <.001

Abbreviations: CESD, Center for Epidemiologic Studies-Depression scale; CHARLS, China Health and Retirement Longitudinal Study; Cl, confidence interval;

ELSI, Brazilian Longitudinal Study of Aging.

that could be demonstrated with longitudinal studies. In Brazil, dyslipi-
demia and higher body mass index might be protective factors against
dementia. Further longitudinal studies are, however, needed to estab-
lish the possible causality links between the above factors and the risk
of dementia.

3.3 | Estimation of dementia prevalence for each
country

Estimation of dementia prevalence for persons over age 50 in each
cohort was computed based on our classifications with cognitive mea-
sures and on personal weights available in data sets (Table 3). The
total estimated number of persons with dementia in the 27 countries
assessed in this study reached 82.2 million, with a mean prevalence of
7.8%. If we extrapolate this prevalence to the whole world population
over age 50,22 the estimated number of persons with dementia in 2015
was 127.8 million. To better compare dementia prevalence between
countries, we computed standardized dementia prevalence by apply-
ing each country-specific prevalence to the U.S. population distribu-
tion used as a reference. High standardized dementia prevalence was
observed in LMIC such as China, India, Russia, Ghana, and South Africa
(Table 3). In all countries, dementia affected more women than men. In
the 27 assessed countries, we estimated 16.7 million persons between
the age of 50 and 60 were living with dementia, a 3.5% prevalence,

which would correspond to >25 million persons worldwide in 2015.

4 | DISCUSSION

In this study, we approximated dementia prevalence in 27 coun-

tries using unsupervised machine learning and data from 10 recent

population-based cohorts. According to this approach, the total num-
ber of persons with dementia in the 27 studied countries amounted to
82.2 million in 2015. Extrapolating from this, the worldwide dementia
prevalence in 2015 was approaching 130 million. Compared to previ-
ous studies of global dementia prevalence, our estimations of numbers
of persons with dementia are much higher, especially in China, India,
Russia, Ghana, and South Africa.

4.1 | Dementia prevalence in HIC versus LMIC and
comparisons to prior estimates

Our high estimation dementia prevalence is mostly driven by the
high numbers we found in LMIC. According to our method, dementia
prevalence in China would reach 40.2 million while the Global Burden
of Disease (GBD) group reports 10.4 million.? In India, our estimation
reaches 18.0 million while the GBD group estimates 2.9 million.
However, our estimations are fairly similar to previous ones for HIC: in
the United States, our estimation is 4.4 million compared to 4.0 million
for the GBD group.® Similarly, in France, we estimate that 859,000
persons would have dementia while the GBD group proposes a preva-
lence of 870,000.% Our hypothesis is that dementia prevalence might
have been severely underestimated in LMIC because of obstacles for
dementia prevalence assessment including: scarcity of studies about
dementiain LMIC, insensitive case ascertainment, studies of nongener-
alizable cohorts combined with unawareness of dementia in many
areas.” We suggest that because our method?® is based on measures
gathered through culturally adapted and language-specific interviews
in representative samples of aging populations and combined with the
power of data-driven analysis through unsupervised machine learning,
many of these obstacles have been overcome. The relatively similar
estimates for HIC from our approach with prior approaches further
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FIGURE 1 Probability of dementia according to age and sex in
China (2015), panel (A) and Brazil (2016), panel (B). Shading indicates
95% confidence intervals

suggests that our method is reliable and may be more optimal for
LMIC.

4.2 | Younger onset of dementia in LMIC

Part of our important estimation of dementia prevalence includes
studied participants older than age 50, while previous studies have
focused on persons older than age 60 or 65.2°> This may be especially
important in LMIC in which life expectancy is rising but environmental
stressors, education, and health conditions exert a toll in such a way
that dementia incidence likely occurs at a younger age than in HIC.2
According to our estimation, 16.7 million persons were living with
dementia before the age of 60 in the 27 studied countries, with a
dementia prevalence more than 5% in people between 50 and 60
in China, South Africa, and Ghana. Although dementia is a condition
associated with older age, the young onset of dementia we observe in
many LMIC might reflect health disparities between LMIC and HIC.
This result was anticipated in the World Alzheimer Report in 2015: “an

indicator of successful dementia risk reduction is deferral of dementia
incidence to older ages.”? Efficient dementia prevention policies would
yield “the compression of cognitive morbidity”2° with an older age of
onset of dementia and a shorter disease duration.

4.3 | Factors associated with dementia

We found that individuals with high likelihood of dementia not only
show clinical features observed in dementia such as memory loss, func-
tional disability, and mobility difficulties, but also exhibit conditions or
comorbidities often associated with dementia risk such as stroke or
diabetes (Table 1). Older age remains the most important risk factor
associated with dementia whatever the country (see China and Brazil,
Figure 1, Table 2). Given that life expectancy is rising faster in LMIC
compared to HIC, a steep increase in dementia prevalence is expected
in LMIC in the next future.222 Several other factors were associated
with dementia risk in both China and Brazil, such as lower education,
diabetes, stroke, or depression. Some of these factors are potentially
modifiable through social and health policies and could be the basis of
ambitious programs of dementia prevention.2 Because other factors
are not associated with dementia risk similarly in both China and Brazil,
prevention strategies could benefit from a customization according to

the country.2¢

4.4 | Limitations

Although we acknowledge unsupervised machine learning cannot
provide a definite diagnosis of dementia, the individuals classified
within the Likely Dementia cluster show the clinical characteristics
typical of dementia (Table 1) and the estimation of dementia preva-
lence is close to previous estimates in HIC, further suggesting the
accuracy of our method. However, clinical assessment of dementia in
a sample of participants of these cohorts would be useful to validate
our estimations. Another possible limitation of our approach is the
cognitive assessment included in the datasets because it might not be
appropriate for testing persons from different cultures and different
educational background, especially in LMIC. Yet, our classification
method does not solely rely on cognitive function; removing cognitive
measures from the datasets before unsupervised classification does
not greatly influence the outcomes.? Although cognitive measure-
ments are required for a proper clinical assessment of dementia, we
suggest that these measures are not necessary at a population level
when provided with sufficient information about functional abilities
and demographics. In this sense, our method could be very scalable and
be used to identify dementia using electronic health records or other
datasets without cognitive assessments. The imputation technique
and the weighting methods might have introduced slight uncertainties
in the results. Another limitation could be that data for SAGE cohorts
were older than 2015. Yet, given the global aging tendency and its
well-known impact on increasing dementia prevalence, this might

only yield an underestimation of 2015 dementia prevalence in these
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TABLE 3 Estimated dementia prevalence and numbers of persons with dementia

Dementia
Countries Year prevalence %
China 2015 10.4
India 2016 7.5
Russia 2007 11.6
United States 2014 4.0
Mexico 2015 7.1
Brazil 2016 4.7
Germany 2015 6.3
Italy 2015 6.7
Indonesia 2015 2.7
Spain 2015 6.0
South Africa 2007 14.3
France 2015 &5
Poland 2015 4.8
Portugal 2015 9.3
Ghana 2010 13.4
Belgium 2015 4.8
Greece 2015 4.5
Czech Republic 2015 4.9
Austria 2015 4.3
Israel 2015 6.7
Sweden 2015 3.2
Switzerland 2015 &2
Denmark 2015 4.2
Croatia 2015 52
Slovenia 2015 4.7
Estonia 2015 6.3
Luxembourg 2015 5.0

Standardized
N thousand dementia

persons % Male prevalence
40,227 34.4 15.5
17,956 30.4 13.7
5228 224 14.9
4384 38.1 4.0
1626 34.3 8.5
2211 42.3 8.0
2208 34.1 5.6
1738 252 5.1
1287 39.3 5.2
1010 312 4.6
1004 333 19.2
859 324 2.6
683 36.3 4.9
393 34.1 7.7
319 43.9 19.2
205 32.1 4.0
201 37.8 3.8
194 33.0 47
145 30.7 3.7
136 37.3 6.4
117 317 2.8
99 334 2.8
89 44.0 3.9
89 27.3 4.6
39 40.1 4.4
32 316 5.6
9 37.9 4.9

Notes: Estimates are for persons over the age of 50 in the 27 assessed countries. To allow cross-country comparisons, we provide standardized dementia

prevalence using the U.S. population distribution in 2014 as a reference.

countries. Also, despite the high quality of the datasets used in this
study, some cohorts such as that from India has small sample size,
which could affect the precision of our estimation of dementia preva-
lence in such a populated country. Similarly, extrapolating globally
our results from the 27 studied countries representing 64.5% of the
worldwide population remains an approximation. Finally, we acknowl-
edge some circularity in the logistic regression models because the
same variables (including those about comorbidities) were used for
machine-learning classification and for the latter models. However,
the primary goal of this research which was to identify participants
with dementia using any relevant measures in datasets and provide
the best estimation of dementia prevalence. We show in Table S2
that variables related to comorbidities are not the most influent
on the first components of the PCA. Consequently, the results of
the logistic regression models are not modified highly when clus-

tering is achieved without variables about comorbidities (data not

shown).

4.5 | Conclusions and perspectives

Our unsupervised machine learning classification method provides
provocative results of dementia prevalence worldwide. Although our
identification of high likelihood of dementia cannot be considered
as an equivalent of clinical diagnosis of dementia, we suggest that
this approach is less biased, truly population based, and more capa-
ble of comparing dementia prevalence between countries all over the
world than previous dementia prevalence studies. Health policy mak-
ers should acknowledge the threat and face the challenge of dementia

worldwide.
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