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Summary
Background Knowledge regarding the modifiable risk factors of dementia is fundamental to guide public health pol-
icy. We aimed to estimate the population attributable fraction of modifiable risk factors of dementia among adults
from a nationwide epidemiological study.

Methods We used the public database of the Brazilian Longitudinal Study of Aging (ELSI-Brazil) to calculate the
Population Attributable Fraction (PAF) for ten risk factors, including education level, hearing loss, hypertension,
alcohol consumption, obesity, active smoking, depression, social isolation, physical inactivity, and diabetes. PAF was
estimated for this sample after accounting for the communality of each risk factor.

Findings The ten preventable risk factors for dementia accounted for 50¢5% of the Population Attributable Fraction
in Brazil. Hearing loss (14¢2%), physical inactivity (11¢2%), and hypertension (10¢4%) accounted for the highest PAF
among all the risk factors. Considerable variation in the relative contribution of the different risk factors was found
in different regions.

Interpretation This study might provide an opportunity to change the impact of dementia in Brazil. By targeting
modifiable risk factors of dementia, the health of individuals in Brazil might be considerably improved.

Funding This study did not receive any funding.

Copyright � 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction
A large number of cases of dementia are expected within
the next few years across the globe.1,2 High-income coun-
tries have demonstrated decreasing rates of dementia,
probably associated with rigorous control of vascular risk
factors in the last decades.3 However, the incidence has
rapidly increased in low and middle-income countries
(LMIC), which account for almost two-thirds of the global
population suffering from dementia.1

Widespread uncontrolled vascular risk factors associ-
ated with low education levels synergistically make older
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people living in LMIC even more vulnerable to cognitive
decline.3 Several modifiable risk factors of dementia
have been established, some of them important in early-
life (poor schooling), midlife (hearing loss, traumatic
brain injury, hypertension, alcohol consumption, and
obesity), and late-life (smoking, diabetes, depression,
social isolation, physical inactivity, and air pollution).
Mukadam et al. analyzed nine modifiable risk factors of
dementia in LMIC and calculated the Population Attrib-
utable Fraction (PAF). For the six Latin American coun-
tries analyzed in the study (Brazil not included), the
PAF estimated was 55¢8%,4 which was higher than the
PAF of high-income countries. Brazil is a large upper-
middle-income country with a unified healthcare sys-
tem. However, a significant share of the adult popula-
tion is still exposed to several risk factors of dementia,5

besides having a low average education level.
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Research in context

Evidence before this study

A systematic review was conducted to retrieve risk fac-
tors for dementia in Medline with the following terms:
"dementia", “risk factors”, "population attributable”,
“Latin America”, “Brazil” from inception until December
7, 2021. Only two references were found and in only
one of them the population attributable fraction (PAF)
was calculated with Brazilian data. The study performed
with the Brazilian data calculated PAF using the
National Health Survey (PNAS) of seven modifiable risk
factors and found that 32.3% of dementia cases could
be related to these factors. The other study was per-
formed in six Latin American countries and analysed
nine risk factors for dementia, totalizing a PAF of 55.8%
for these risk factors.

Added value of this study

We analysed the Brazilian Longitudinal Study of Aging
(ELSI-Brazil) with accurate medical data to estimate the
prevalence of ten risk factors for dementia in Brazil and
to calculate the percentage of reduction of dementia
cases if each risk factor were reduced. Our estimates
were higher than that previously found in Brazil, poten-
tially associated with a more accurate methodology and
the inclusion of more risk factors.

Implications of all the available evidence

The PAF percentage in Brazil is higher than that estimated
worldwide. It indicates the fundamental role of the poten-
tially modifiable risk factors in reducing dementia in devel-
oping countries. Hearing loss, physical inactivity and
hypertension exhibited the highest PAF percentages
among all risk factors. Public health strategies that target
these risk factors may have a massive impact on the inci-
dence of dementia within the next decades.
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Although the adult population of Brazil is large, little
is known about the prevalence of risk factors of dementia
in this population. A nationwide epidemiological task
force was established under the name ELSI-Brazil (Bra-
zilian Longitudinal Study of Aging)6 to conduct a longi-
tudinal study with older adults from Brazil. The data
were collected from a nationally representative sample of
individuals who were 50 years or older, and ten estab-
lished potentially reversible risk factors of dementia were
included. We aimed to calculate the population attribut-
able fraction of modifiable risk factors of dementia from
Brazilian adults by conducting an epidemiological study.
Methods

Study design and sampling
The ELSI-Brazil is an ongoing population-based cohort
to study the social and biological determinants of aging.
The baseline evaluation was performed in 2015−16
and included individuals who were 50 years or older.
All participants signed the informed consent form
before enrollment. The study was conducted by the
Oswaldo Cruz Foundation (FIOCRUZ), Minas Ger-
ais, Brazil, and was approved by the Ethics Commit-
tee of the FIOCRUZ.

The ELSI-Brazil followed a methodology similar to
that of other longitudinal aging studies from other parts
of the world (i.e., the Health and Retirement family of
studies). A complex sampling design was used based on
the size of municipalities to include small, medium,
and large cities of urban and rural areas. The estimated
sample size was 10,000 individuals, at a significance
level of 95% and an effective sample design of 1.5. This
method allowed an estimated prevalence of 1% with a
sample error of 0.25%.

Sample weights were derived to account for differen-
tial probability of selection and differential non-
response. The research procedure included (1) an inter-
view about general household characteristics and socio-
economic conditions; (2) individual consultation to
determine the physical and mental health condition and
other relevant aspects; (3) blood pressure measure-
ments, anthropometric measures, and physical func-
tioning assessment; (4) blood collection. Further details
regarding the procedure are provided elsewhere.6
Variables collected
Ten of the twelve previously potentially modifiable risk
factors of dementia described by Livingston et al.3 were
analyzed in this study, which included education level,
hearing loss, hypertension, alcohol consumption, obe-
sity, active smoking, depression, social isolation, physi-
cal inactivity, and diabetes. Clinical and demographic
data were recorded in a clinical interview based on self-
reported values. Only body mass index was measured
objectively. Skin color was reported according to the
self-description of the subjects and comprised Indige-
nous, Asian, White, Black, and Brown (or Pardo) indi-
viduals. Brown or Pardo individuals constitute an ethnic
category that represents a wide range of skin colors
within the black-white spectrum.7 The variables
we used to define these risk factors are presented in
Panel 1, and their corresponding questions within the
dataset are presented in Supplementary Table 1. For
this study, individuals with a previous diagnosis of
Alzheimer’s disease were excluded. Traumatic brain
injury and air pollution, both risk factors of dementia,
were not included in the ELSI-Brazil cohort.
Statistical analysis
We replicated the methods described by Livingston
et al.3 to calculate the Population Attributable Fraction
for each of the ten risk factors recorded. Unweighted
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Less education (E22)

Self-reported less or equal than 4 years of education (similar to primary education in Brazil).

Hearing loss (N16)

Self-reported hearing impairment.

Hypertension (N28)

Self-reported known diagnosis of hypertension given by a physician.

Heavy drinking (L25 and L26)

Self-reported drinking above 168g of alcohol per week.

Obesity (MF22 and MF13)

Body mass index measured by the ELSI-Brazil team above 29.

Smoking (L30)

Self-reported current smoking.

Depression (N59)

Self-reported previous medical history of major depression.

Physical inactivity (L5)

Self-reported less than 3 days a week of walking or any physical exercise

Social isolation (S2, S5, S8)

Self-reported social contact frequency less than once per month with relatives, friends, or outdoor group activities.

Diabetes (N35)

Self-reported known diagnosis of diabetes given by a physician.

Panel 1: Description and definition of ten risk factors for dementia collected within the ELSI-Brazil cohort and their corresponding codes
in the original dataset (See the supplementary material for full codes description).
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and weighted PAF estimates were calculated (account-
ing for communality of each risk factor for this sample),
followed by the overall national weighted PAF for all ten
risk factors. Calculating PAF required the relative risk
of dementia-associated risk factors and the prevalence
of the same risk factor for the studied population. The
prevalence of each risk factor was calculated based on
complex survey analysis, and a 95% confidence interval
was also generated. The meta-analytic relative risk for
each risk factor was estimated in the previous studies.8

Communality was also estimated to avoid misinterpre-
tation of our results by performing Principal Compo-
nent Analysis, considering the sampling weights and
the tetrachoric correlation. The formula we used to cal-
culate the weighted PAF are described in Supplemen-
tary Panel 1. Further information on the technique used
can be found in the study by Mukadami et al.2. All anal-
yses were performed using the built-in functions and
the packages survey and psych of the R software (V4.1.0).
Role of the funding source
This study did not have a funding source.
Results
The ELSI-Brazil study included 9412 individuals
between 50 and 105 years. We excluded 157 individuals
from the study who were previously diagnosed with
dementia. A total of 9255 (56.6% females) individuals
were included in this analysis, with an average of 63¢4
(SD 10¢1) years of age and 5¢4 (SD 4¢3) years of
www.thelancet.com Vol 11 Month July, 2022
education. There were 2413 (26¢9%) individuals who
could not write or read a note, which was a proxy for
illiteracy. Brown individuals (“Pardo” in Portuguese)
comprised the largest proportion of individuals
included (4,213, 45¢5%), followed by white (3,529,
38¢1%), Black (878, 9¢5%), Indigenous (217, 2¢3%), and
Asian (90, 1%) individuals. Region-wise demographic
characteristics are presented in Table 1.

The total weighted Population Attributable Fraction
for the ten risk factors of dementia analyzed in Brazil
was 50¢5%. The highest PAF corrected for communality
was hearing loss (14¢2%), followed by physical inactivity
(11¢2%), hypertension (10¢4%), and low education level
(9¢5%) (Figure 1). Importantly, the use of hearing aid
was very limited across the nation (165, 1¢7%). Table 2
presents all modifiable risk factors of dementia and
their respective weighted PAF.

Regionally, the prevalence of modifiable risk factors
exhibited a distinct profile. The prevalence of individu-
als with a low education level was the highest in the
northeast (69¢9%), while the highest rate of depression
was observed in the south (26¢8%). Individuals in the
northeast also had the highest rates of hearing loss
(34%), physical inactivity (55¢8%), and social isolation
(5¢7%). Individuals from the southeast had the highest
rates of hypertension (54%), obesity (30¢3%), excessive
alcohol consumption (5¢7%), and diabetes (17¢1%). Indi-
viduals from the midwest presented the highest rate of
smoking (17¢7%) (Figure 2).

Gender-associated differences in risk factors of
dementia were also investigated. Diabetes and social iso-
lation were statistically similar between males and
3



North (n = 743) Northeast (n = 2,549) Southeast (n = 3,922) South (n = 1,278) Midwest (n = 920) P-value

Sex (M) 370 (49.8%) 1,122 (44.0%) 1,660 (42.3%) 535 (41.9%) 411 (44.7%) 0.003

Age (years) 62.9 (§10.1) 64.1 (§10.5) 63.5 (§10.1) 63.2 (§9.6) 63.5 (§10.0) 0.42

Education (years) 4.9 (§4.3) 4.3 (§4.3) 5.9 (§4.2) 5.9 (§4.0) 5.2 (§4.2) < 0.0001

Illiterate 221 (31.1%) 1,051 (43.5%) 755 (19.8%) 173 (14.0%) 253 (28.2%) < 0.0001

Family income 3.8 (§2.5) 3.8 (§2.6) 5.1 (§3.5) 5.1 (§3.3) 4.9 (§3.4) < 0.0001

Race < 0.0001

White 113 (15.2%) 554 (21.7%) 1,702 (43.4%) 918 (71.8%) 303 (32.9%)

Black 51 (6.9%) 321 (12.6%) 384 (9.8%) 44 (3.4%) 87 (9.5%)

Brown 482 (64.9%) 1,548 (60.7%) 1,492 (38.0%) 274 (21.4%) 487 (52.9%)

Asian 7 (0.9%) 27 (1.1%) 39 (1.0%) 7 (0.5%) 10 (1.1%)

Indigenous 87 (11.7%) 31 (1.2%) 79 (2.0%) 6 (0.5%) 17 (1.8%)

Table 1: Regional prevalence of demographic characteristics in the ELSI-Brazil cohort.
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females (p = 0¢09 and p = 0¢05, respectively). Females
exhibited a higher frequency of low education level,
hypertension, obesity, physical inactivity, and depres-
sion than males (p < 0¢01 for all parameters; Figure 2).
However, male individuals presented higher rates of
hearing loss, smoking, and alcohol consumption than
females (p < 0¢01).
Discussion
In this study, we calculated the PAF for ten modifiable
risk factors of dementia in a large sample that repre-
sented the Brazilian population. We found a total
weighted PAF of 50¢5%, indicating that nearly half of
the dementia cases in Brazil are potentially preventable.
Figure 1. The Population Attributable Fraction for pote
A previous study also estimated the PAF for the Brazil-
ian population, though with fewer risk factors and using
another type of sampling and found a lower PAF of
32¢3%.9 Our results were similar to those of a study by
Mukadam et al., who found that PAF from six Latin
American countries was 55¢8%.4

Population Attributable Fraction estimates are vul-
nerable to the accuracy of epidemiological data, espe-
cially risk factors. The cohort from which we estimated
the prevalence of these ten risk factors, ELSI-Brazil, was
established according to the international epidemiologi-
cal guidelines.6 Furthermore, the complex sampling
strategy was previously validated to present national rep-
resentativeness. This was a major advantage in this
cohort compared to the National Health Surveys, where
ntially modifiable risk factors of dementia in Brazil.

www.thelancet.com Vol 11 Month July, 2022



RR for dementia Overall prevalence calculated CI 95% Communality PAF Weighted PAF

Less education 1.6 (1.3−2) 51.1% 47.7−55 59.3% 23.5% 9.5%

Hearing loss 1.9 (1.4−2.7) 29.4% 28−31 32.0% 20.9% 14.2%

Hypertension 1.6 (1.2−2.2) 52.0% 50.1−54 56.4% 23.8% 10.4%

Alcohol (>21 units/week) 1.2 (1.1−1.3) 4.3% 3.5−5 73.5% 0.9% 0.2%

Obesity 1.6 (1.3−1.9) 29.2% 27.9−31 57.6% 14.9% 6.3%

Smoking 1.6 (1.2−2.2) 17.1% 15.6−19 68.6% 9.3% 2.9%

Depression 1.9 (1.6−2.3) 18.1% 16.5−20 51.1% 14.1% 6.9%

Low social contact 1.6 (1.3−1.9) 5.1% 4.4−6 49.1% 3.0% 1.5%

Physical inactivity 1.4 (1.2−1.7) 47.2% 44−50 29.0% 15.9% 11.3%

Diabetes 1.5 (1.3−1.8) 15.7% 14.5−17 50.2% 7.2% 3.6%

Overall Weighted PAF 50.5%

Table 2: Risk factors prevalence and their calculated weighted PAF.
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a different methodology was applied. Thus, the esti-
mates in this study accurately reflected the prevalence
of risk factors in the country.

Only ten risk factors were enough to demonstrate a
higher PAF in Brazil than the PAF calculated for high-
income countries.3 Approximately half of the cases of
dementia are potentially preventable in Brazil, com-
pared to 39¢7% of the cases estimated for HIC and
41¢2% of the cases estimated for LMIC.4 Interestingly,
Spanish-speaking Latin America presented a similar
overall PAF (55¢8%), which was estimated by the 10/66
Dementia Research Group. Furthermore, Latin Amer-
ica and Brazil showed a similar PAF for the majority of
the presented risk factors, except for a higher weighted
PAF for hearing loss (14¢2% vs. 7¢7%) and physical inac-
tivity (11¢2% vs. 4¢5%), and lower for smoking rate
(2¢9% and 5¢7%). Rigorously managing the risk factors
might decrease over 300,000 new cases of dementia by
2050 in Brazil.9 Understanding regional differences for
each modifiable risk factor could guide public health
policies.10 We performed a detailed analysis of each risk
factor to provide information to policymakers world-
wide.

Hearing loss had the most robust effect as a poten-
tially modifiable risk factor for dementia in this study.
Almost one-third of the studied population had some
type of hearing loss, which was more than that esti-
mated for Latin America or the rest of the world.2 Self-
reported hearing loss is potentially underestimated, as
almost one-third of the individuals with confirmed hear-
ing loss reported normal hearing.11 Theoretically, hear-
ing loss might contribute to cognitive decline due to
social and environmental isolation, direct effects on
brain structure integrity, and a constant load on cortical
resources that otherwise could have buffered other neu-
ropathologies.12 Hearing loss may be easily underdiag-
nosed in primary care settings13 and raising awareness
is the first step to decrease its burden. The World Report
on Hearing estimated that 80% of the individuals with
hearing loss are from LMIC and comprise 340 million
individuals.14 Screening programs for identifying
www.thelancet.com Vol 11 Month July, 2022
hearing loss in adults are cost-effective and might miti-
gate its impact on age-related diseases. Thus, auditory
alterations might be critical for primary care
interventions.15

The PAF for a low education level in our study was
9¢5%. Low educational level is associated with cognitive
decline throughout the lifespan.5 Here, it was defined
as less than four years of schooling, and it is a major
preventable risk factor of dementia but challenging to
improve in LMIC.16 Illiteracy is not specifically high in
Brazil, but unequal distribution of literacy rates exists
among states, especially among females (Figure 2). The
ELSI-Brazil population sample included individuals
born from 1915 to 1965, which was a period of political
transitioning in Brazil that impacted education policies.
More recent estimates show that 6¢6% of Brazilians are
illiterate.17 The relative impact of education on dementia
in the following generations will probably be lower than
that in the one studied here.

Cardiovascular risk factors such as hypertension, dia-
betes, smoking, sedentary lifestyle, and obesity are asso-
ciated with cognition.18 The PAFs for hypertension,
diabetes, physical inactivity, obesity, and smoking were
10¢4%, 6¢3%, 11¢2%, 6¢3%, and 2¢9%, respectively,
accounting for more than a quarter of the overall PAF.
Controlling hypertension and diabetes in adults and
older adults can decrease the incidence of cognitive
decline.19 However, operational diagnosis and manage-
ment of these risk factors are still insufficient in pri-
mary care but account for the most impactful lifestyle
changes.20 Brazilian adult subjects exhibited a worse
clinical profile compared to their English peers, though
the frequency of disability was similar for both sam-
ples.21 The ELSI-Brazil cohort included individuals who
were 50 years or older. Thus, we were able to measure
midlife obesity. Physical activity can have a direct and
indirect impact in preventing dementia, with increasing
evidence supporting the positive effect of aerobic exer-
cises.22 Additionally, a low PAF of smoking in Brazil
reflects strong and successful nationwide anti-tobacco
policies.23 Strategies targeted toward gender-associated
5



Figure 2. The prevalence of modifiable risk factors of dementia in each region of Brazil and genders.
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risk factors might also benefit the population, as
females showed more hypertension, obesity, and physi-
cal inactivity, while males presented higher rates of sub-
stance use. Overall, making behavioral changes and
improving lifestyle habits can enhance the quality of life
at old age.24

Mental health is a major determinant of wellness in
older adults. Depression is associated with increased
mortality, substantial healthcare, and social costs.25

Depression presented a weighted PAF of 6¢9%, and its
prevalence was higher in this study compared to others
in the Brazilian population. In this study, women
reported significantly higher instances of depression
than men (24% vs. 10%). However, the prevalence of
depression in Brazil was lower than that estimated in
Latin America 29¢9%).2 The prevalence of depression
varies largely among Brazilian studies (3¢9% to
17%)26,27 mostly due to different methods of evaluating
depression. The relationship between depression and
dementia is complex, as severe depression might be a
risk factor or a consequence of dementia,28 where
depressive states are suggested as prodromal stages of
Alzheimer’s disease. Finally, we found a low PAF for
alcohol consumption and social contact of 0¢2% and
1¢5%, respectively.

Public health policies might benefit from epidemio-
logical studies like this one. Identifying adults at risk of
developing dementia is pivotal for long-term public
health planning, but studies on this issue are absent in
Latin America.29,30 Latin American countries have one
of the highest prevalence rates of dementia worldwide
because of their unique characteristics, such as low liter-
acy and multiethnic background.31 Preventable risk fac-
tors comprise a large part of the risk factors of dementia
in Latin America. Thus, a coordinated plan to address
these factors among nations can benefit the popula-
tion.32 Compared to other Latin American countries,
Brazil has a highly heterogeneous culture because of
miscegenation between different ethnic groups. Addi-
tionally, older adults with dementia in Brazil represent
two-thirds of the individuals diagnosed with dementia
worldwide who live in a middle-income country with
low education level.1 Further studies might benefit from
conducting comparative efficiency research to deter-
mine the cost-effectiveness of primary care interven-
tions targeting the abovementioned risk factors.

This study has some limitations. Some individuals
included in the cohort might have underdiagnosed
dementia,33 which could impact the estimation of PAF.
Although including these individuals can overestimate
the results, their proportion in the population is proba-
bly very small; moreover, our results were consistent
with those of previous studies. Genetic data was
unavailable for the analysis, though it is known that
genetic factors substantially influence some of the
abovementioned risk factors. The relationship between
genetic and non-genetic risk factors of dementia was
www.thelancet.com Vol 11 Month July, 2022
assumed while designing the methods but should be
further investigated. The original ELSI-Brazil cohort
was based on epidemiological sampling, and the major-
ity of data were self-reported. PAF might be underesti-
mated in regions with poor primary healthcare coverage
due to a higher rate of underdiagnosis of risk factors
(such as hypertension and diabetes). Self-reported cases
might underestimate the PAFs across the nation, espe-
cially for diabetes and alcohol abuse. Additionally, hear-
ing loss was determined from the cohort through a
single question. Finally, due to the original content of
the ELSI-Brazil study questionnaire, we could not calcu-
late the PAF for air pollution and traumatic brain injury.
Future epidemiological studies evaluating the risk fac-
tors of dementia should include these two factors,
besides genetic factors and multidimensional commu-
nication to get adequate successful responses from the
population.34
Conclusion
We found a high Population Attributable Fraction for
ten preventable risk factors of dementia in Brazil. The
results of this study might provide an opportunity to
change the impact of dementia in Brazil. The propor-
tion of new cases of dementia that can be prevented by
acting upon the ten risk factors studied in Brazil can
substantially affect public health. Policymakers and
public health services might be able to develop a nation-
wide strategy focusing on the improvement of lifestyle.
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