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Abstract
Background:Cognitive impairment and disability are frequent among the oldest-old population, particularly in low- and

middle-income countries (LMIC), where this population is rapidly increasing. However, studies on people aged 90 or

older are scarce in these settings. Here we analyze the characteristics of the Brazilian Very Old 90+ (BRAVO 90+)
study, a population-based sample of 90+ older adults who died in Sao Paulo, Brazil.

Objective: To describe clinical and functional characteristics and investigate factors associated with cognitive impairment

in Brazilian adults 90 years or older.

Methods: Data were collected at the time of death. Postmortem cognitive evaluation regarding cognitive abilities three

months before death was performed using the Clinical Dementia Rating (CDR) scale. We investigated factors associated

with cognitive impairment selected by a Lasso regression.

Results: Among 409 participants (mean age = 94 ± 3 years; 72% women; 69% white; average education = 3.3 ± 3.6

years), hypertension, diabetes, and heart failure were prevalent. Most participants had disabilities. The leading causes

of death verified by autopsy were pulmonary edema, pneumonia, and ischemic myocardial disease. Although 48% scored

a CDR greater or equal to 1, only 51% had a previous dementia diagnosis. Sedentary behavior, osteoarthritis, and depres-

sion were associated with higher odds of cognitive impairment, while married status, greater body mass index, hyperten-

sion, and neoplasia were related to lower odds.

Conclusions: Cognitive impairment and disability were common among Brazilians aged 90+. The BRAVO 90+ study will

provide valuable insights into dementia and resilience in this population.
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Introduction
The oldest-old (e.g., individuals aged 90 or older) is the age
group with the fastest population growth rate worldwide.
The number of oldest-old people will grow from 23 to 82
million by 2050.1 However, longer lifespans are not fre-
quently followed by a healthy life in later years.2 The
oldest-old are vulnerable to multiple comorbidities, func-
tional limitations, sensory and cognitive impairments,
mood disorders, and frailty.3

Dementia is also common in this age group, where inci-
dence increases from 13% yearly from 90 to 94 to 41% after
100 years old.4 The incidence in Brazil may be similar, esti-
mated at 39% by one study; however, this rate was found in
a sample of individuals 65 or older and included only two
new cases of dementia in individuals over 90 years old.5

In the United States, dementia affects approximately 33%
of people between the ages of 90 and 94 and 56% of cente-
narians.6 The prevalence in low- to middle-income coun-
tries (LMIC) seems to be higher. For example, dementia
prevalence for people over 90 was estimated to be 43% in
Brazil.7 Neurodegenerative and cerebrovascular patholo-
gies and the combination of two or more pathologies in
the same person are frequently found.8,9 Evidence suggests
people in LMICs are more susceptible to dementia because
of a higher prevalence of modifiable risk factors, socio-
economic and environmental challenges, and rapidly
aging populations.10,11

The lack of region-specific research and interventions
exacerbates this situation. Targeted prevention, better
healthcare access, and increased research are essential to
reduce dementia’s growing impact in these regions, includ-
ing Latin America.9 Risk factors traditionally associated
with a higher risk of dementia in midlife, such as hyperten-
sion, higher body mass index (BMI), hypercholesterolemia,
and apolipoprotein E allele ϵ4 (APOE ϵ4), may become null
or protective after the age of 90.8 Therefore, studies on the
oldest old population are important to understand the con-
nections between dementia and factors related to healthy
brain aging and longevity.

By 2050, more than 70% of people with dementia will
live in LMICs, and the prevalence of dementia in Latin
America is expected to increase four times.12

Additionally, Latin America faces a high burden of
chronic diseases, has high rates of less education, and a
large rural population, which are factors related to disability
and increased healthcare needs.10

The Brazilian Very Old 90+ (BRAVO 90+) study aims
to investigate the clinical profile and dementia-related neu-
ropathologic changes of the oldest-old participants from the
Biobank for Aging Studies (BAS). Here, we described the
BRAVO 90+ sample regarding sociodemographic and clin-
ical profiles and investigated factors related to cognitive
impairment. We also presented the causes of death deter-
mined by a full-body autopsy in this sample.

Methods

Participants
Participants were part of the BAS from the University of
São Paulo Medical School in Brazil. Brain donations
were collected at the São Paulo Autopsy Service (SPAS),
which is responsible for investigating the causes of non-
traumatic deaths that occurred without medical assistance
or unclear etiology within the city of São Paulo. The decea-
sed’s next of kin signed a written informed consent form for
brain donation and answered an interview on sociodemo-
graphic and clinical variables. BAS inclusion criterion
was age at death of 18 years or older. Individuals were
excluded in the presence of damage to the brain tissue
that caused the material to be unsuitable for analysis, such
as brain tumors, macroscopic hemorrhages, and severe
acidosis (pH 6.5). For this study, we included all individuals
aged 90 years or older who were part of the BAS collection.
The exclusion criterion was incomplete data in the Clinical
Dementia Rating (CDR).

Participants underwent a full-body autopsy examination.
Weight and height were measured before autopsy in the
supine position, without clothing or shoes, using an elec-
tronic scale and a stadiometer, respectively. The BMI was
calculated as kilograms per square of height. The brains
were then removed and processed. The causes of death
were determined by the autopsy examination and classified
using the International Statistical Classification of Diseases
and Related Health Problems 10th revision (ICD-10).13

Postmortem clinical assessment
Trained gerontologists collected sociodemographic data like
age (years), sex (men or women), race (White, Black, or
Asian), education (in years), and marital status. The next of
kin described the deceased’s primary occupation as the one
they had during most of their lives. This information was
then categorized according to the International Standard
Classification of Occupations 2008 (ISCO-2008), which
classifies occupations into four skill levels based on the
nature of the work and the level of formal education required,
from 1 (lowest) to 4 (highest): level 1 included physical or
manual tasks like cleaning, building, and farming; level 2
required advanced literacy and numeracy skills and manual
dexterity, like butchers, drivers, secretaries, and electricians;
level 3 involved complex technical and practical tasks and
level 4 required higher educational levels, advanced
problem-solving, and decision-making based on specific the-
oretical and factual knowledge.14 The Brazilian Criteria score
assessed the socioeconomic classification. This instrument
includes information on the education level of the person
in charge of the household, home structure (number of bath-
rooms and household staff), access to public services such as
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running water and paved streets, and long-term consumer
items. Based on this information, participants were classified
as having a high, middle, or low socioeconomic level.15 The
use of private health services was also investigated.

The interview also includes the next of kin’s report on
lifestyle habits (physical activity, smoking, and alcohol
consumption) and the presence of previous diagnoses of
hypertension, diabetes, heart failure, coronary artery
disease, osteoarthritis, stroke, arrhythmia, neoplasia, osteo-
porosis, peripheral vascular disease (venous and arterial dis-
eases), dyslipidemia, chronic obstructive pulmonary
disease, thyroid disease, depression, renal failure, and trau-
matic brain injury. Medication use was asked as an open
question and categorized by the interviewer as treatments
for hypertension, diabetes (including insulin), dyslipidemia,
heart failure, antidepressants, antipsychotics, cholinesterase
inhibitors, and memantine.

In addition, we assessed disabilities like sensory impair-
ments, teething, enteral feeding, waking difficulties, and
bedridden status. Teething was the term utilized to describe
dentition, in which “normal” denotes the existence of all
teeth until edentulism, which is the absence of all teeth.
Enteral nutrition involves using a nasoenteral tube or gas-
trostomy, in contrast to oral feeding. Ultimately, Katz and
Lawton scores were implemented to evaluate functionality.
The Katz Index for Activities of Daily Living (ADL) mea-
sures a person’s ability to bathe, dress, use the toilet, trans-
fer, maintain urinary and fecal continence, and feed
independently. Grading each activity yields a total score
from 0 (dependent) to 6 (independent).16 The Lawton
Instrumental Activities of Daily Living (IADL) scale mea-
sures a person’s ability to use the telephone, shop, prepare
meals, do housekeeping, do laundry, use transportation,
self-administer medication, and manage their finances.
Scores range from 0 (totally dependent) to 8 (independ-
ent).17 This study classified participants as independent if
the ADL or IADL score was 6 or 8, respectively; dependent
if ADL or IADL was 0, or partially dependent when scores
were between 1 and 5 for the ADL scale or between 1 and 7
for the AIDL scale. A detailed description of the study vari-
ables is presented in Supplemental Table 1.

Postmortem cognitive assessment
The cognitive assessment was performed postmortem with
the deceased’s next of kin using the informant part of the
CDR scale.18 The next of kin was asked to answer questions
about the deceased’s cognitive status three months before
death to avoid delirium or other altered mental states that
may be present by the time of death. The BAS informant
interview has a sensitivity of 87% and a specificity of
84% for the diagnosis of dementia. The agreement
between the CDR acquired by informant interview and
the CDR assessed by a team of specialists was 86%.18

The CDR evaluates six cognitive and functional domains:
memory, orientation, judgment and problem-solving, com-
munity affairs, home and hobbies, and personal care. These
ratings were then used to derive a global CDR score,
which indicated dementia presence and severity.19

Participants were then classified into two groups: normal
cognition (CDR 0) or cognitive impairment (CDR greater
or equal to 0.5). The CDR sum of boxes (CDR-SB) was cal-
culated by summing the domain scores, which ranged from 0
to 18, with larger values indicating more impairment.
Neuropsychiatric symptoms were evaluated using the
Neuropsychiatric Inventory (NPI), which evaluates 12 symp-
toms, such as delusions, hallucinations, dysphoria, anxiety,
agitation, euphoria, disinhibition, irritability, apathy, motor
disturbances, appetite changes and sleep disturbances.20

Statistical analyses
We used the mean and standard deviation (SD) or median
and interquartile range (IQR) to describe quantitative data
and relative frequencies to describe categorical data. The
unpaired t-test or the Wilcoxon Rank Sum test was used
for continuous variable, while the chi-square test or
Fisher’s exact test was employed for categorical data. All
sociodemographic and clinical variables from Table 1
were considered potential risk factors for dementia and
were included in the LASSO model for variable selection.
We used this method because there were several potential
risk factors and a limited number of observations.21 The
k-fold cross-validation was conducted to determine the
lambda value. The chosen value was the one with the
lowest test mean squared error to optimize the model’s pre-
dictive performance. The selected variables were then used
in a logistic regression model to determine their association
with cognitive impairment. A sensitivity analysis was per-
formed using the CDR-SB as the outcome to confirm our
findings. Finally, stratified analyses by sex were performed
to further elaborate on the associations in our results. Data
analyses were performed using R v. 4.0.5.6.

Results
Of 508 autopsied individuals with +90 years in the BAS, 23
were excluded due to the family’s withdrawal or the need to
retain the brain to elucidate the cause of death. Seventy-six
were destined for other projects and did not have the CDR
data collected. The 99 not included cases showed similar
sociodemographic characteristics to the final sample
(Supplemental Table 2). The final sample comprised 409
individuals, primarily women (72%), aged 94.0± 3.4
years old. Most informants were family members who regu-
larly interacted with the deceased: 73% had daily contact,
21% had weekly contact, and 7% had biweekly contact.
Most respondents were children (71%) or grandchildren
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(18%). Informants had an average education of 11.0± 4.5
years, with only seven illiterates. Seventy percent of partici-
pants were declared as white, with a median education of 4
years (Interquartile Range 0–4 years). Sixty percent of indi-
viduals had low or middle socioeconomic levels, and 84%
worked in unskilled positions. Sociodemographic charac-
teristics like age, race and socioeconomic classification
were similar between men and women, except for married
status and higher educational attainment, which was more

common among men, and lower-skilled jobs, which were
more common among women (Supplemental Table 3).

Smoking and alcohol consumption were uncommon.
Almost 70% of the participants had never smoked or con-
sumed alcohol (Table 1), and both habits were more
common in men than in women (Supplemental Table 3).
Cardiovascular comorbidities were prevalent, with hyper-
tension, diabetes, and heart failure being the three most fre-
quent disorders (Table 1). Most of the participants had

Table 1. Sociodemographic and clinical characteristics according to the presence of cognitive impairment by CDR global score (n=
409).

Overall Normal cognition Cognitive impairment p

N= 409 N= 162 N= 247

Age (y), mean (SD)* 94 (3.45) 93.5 (3.23) 94.3 (3.56) 0.01

Women, n (%) † 297 (72.6) 99 (61.1) 198 (80.2) <0.001

Race, n (%) †
White 283 (69.5%) 116 (72.0%) 167 (67.9%) 0.24

Black 103 (25.3%) 34 (21.1%) 69 (28.0%)

Asian 21 (5.2%) 11 (6.8%) 10 (4.1%)

Married, n (%) † 61 (14.9) 38 (23.5) 23 (9.3) <0.001

Education (y), median (IQR) ‡ 4 (0–4) 4 (0–4) 4 (0–4) 0.45

Socioeconomic classification, n (%) †
Low income 47 (11.7%) 24 (15.1%) 23 (9.4%) 0.16

Middle income 197 (48.9%) 79 (49.7%) 118 (48.4%)

High income 159 (39.5%) 56 (35.2%) 103 (42.2%)

ISCO-08 skill level, n (%) § 0.17

1 228 (55.7) 86 (53.1) 142 (57.5)

2 118 (28.9) 46 (28.4) 72 (29.1)

3 4 (1.0) 3 (1.9) 1 (0.4)

4 15 (3.7) 9 (5.6) 6 (2.4)

Private health system users, n (%) † 60 (14.7) 19 (11.7) 41 (16.6) 0.22

Body Mass Index (kg/m²), mean (SD) * 20.1 (4.55) 21 (4.55) 19.5 (4.47) 0.001

Sedentary behavior, n (%) † 295 (72.1) 92 (56.8) 203 (82.2) 0.001

Tobacco use, n (%) † 0.04

Never 283 (69.2) 107 (66.0) 176 (71.3)

Current 20 (4.9) 13 (8.0) 7 (2.8)

Previous 98 (24.0) 41 (25.3) 57 (23.1)

Alcohol use, n (%) † 0.002

Never 299 (73.1%) 111.0 (68.5%) 188.0 (76.1%)

Current 56 (13.7%) 34.0 (21.0%) 22.0 (8.9%)

Previous 54 (13.2%) 17.0 (10.5%) 37.0 (15.0%)

Hypertension, n (%) † 231 (56.5) 104 (64.2) 127 (51.4) 0.02

Diabetes, n (%) † 76 (18.6) 29 (17.9) 47 (19.0) 0.88

Cardiac failure, n (%) † 63 (15.4) 30 (18.5) 33 (13.4) 0.21

Neoplasia, n (%) † 60 (14.7) 33 (20.4) 27 (10.9) 0.01

Osteoarthritis, n (%) † 57 (13.9) 14 (8.6) 43 (17.4) 0.02

Coronary Artery Disease, n (%) † 56 (13.7) 20 (12.3) 36 (14.6) 0.61

Stroke, n (%) † 52 (12.7) 16 (9.9) 36 (14.6) 0.22

Arrhythmia, n (%) † 49 (12.0) 21 (13.0) 28 (11.3) 0.74

Peripheral Vascular Disease, n (%) † 47 (11.5) 24 (14.8) 23 (9.3) 0.12

Osteoporosis, n (%) † 45 (11.0) 13 (8.0) 32 (13.0) 0.16

Dyslipidemia, n (%) † 43 (10.5) 17 (10.5) 26 (10.5) 1.00

Chronic obstructive pulmonary disease, n (%) † 37 (9.0) 15 (9.3) 22 (8.9) 1.00

Thyroid disease, n (%) † 27 (6.6) 9 (5.6) 18 (7.3) 0.45

Depression, n (%) § 26 (6.4) 4 (2.5) 22 (8.9) 0.01

Renal failure, n (%) † 22 (5.4) 10 (6.2) 12 (4.9) 0.72

Traumatic Brain Injury, n (%) § 11 (2.7) 3 (1.9) 8 (3.2) 0.34

*T-test; † Chi-square test; ‡ Wilcoxon Rank Sum Test; § Fisheŕs exact test; ISCO-08: International Standard Classification of Occupations 2008.
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edentulism (nonatural teeth left), sensory impairment, anddif-
ficulty walking, with 25% being bedridden. Dysphagia was
reported in nearly one-fourth of cognitively impaired partici-
pants; however, enteral nutrition was not frequent. Over
70% of the sample had some degree of dependence on ADL,
and 99% on IADL (Table 2). Women were more frequently
dependent on both ADL and IADL (Supplemental Table 4).
Most took at least one type of medication.
Antihypertensives, heart disease-related drugs, and antidia-
betics were the most frequently prescribed medications, fol-
lowing the most prevalent illnesses (Supplemental Table 5).

Forty percent had a CDR equal to 0, 12% had a CDR
equal to 0.5, and 48% had a CDR greater or equal to 1,
and therefore considered as having dementia. Fifty-one
percent (n= 102) of those with CDR greater or equal to 1
had never been diagnosed with dementia during life
(Figure 1). The most common neuropsychiatric symptoms
were appetite changes (34%), followed by sleep disorders
(25%), apathy (21%), depression (21%), and hallucinations
(21%) (Supplemental Table 6).

Cardiovascular diseases were the most frequent cause of
death in both groups. The most frequent causes of death in
participants with normal cognition were pulmonary edema,
pneumonia, ischemic heart disease, thromboembolic dis-
eases, and pericardial effusion. In the cognitive impairment
group, the most frequent causes were pulmonary edema,
bronchopneumonia, thromboembolic disorders, ischemic
heart diseases, and pericardial infusion (Figure 2).

Age, female sex, being married, education, sedentary
behavior, BMI, hypertension, peripheral vascular
disease, cardiac failure, neoplasia, osteoarthritis, and
depression were selected by the Lasso regression. When
these variables were entered into a logistic regression
model, being married, higher BMI values, hypertension,
peripheral vascular disease, and neoplasia were related to
lower odds of cognitive impairment. In contrast, sedentary
behavior, osteoarthritis, and depression were associated
with higher odds (Table 3). The sensitivity analysis
using CDR-SB as the outcome showed similar results,
except for being married and osteoarthritis, which were
no longer associated with cognitive impairment
(Supplemental Table 7).

Lastly, stratified analyses were conducted to examine the
differences in the sample associated with sex. Sedentary
behavior was consistently associated with higher odds of
cognitive impairment in men and women alike. Being
married and having a cancer history were associated with
decreased odds of cognitive impairment in men but not in
women. On the other hand, peripheral vascular disease,
hypertension, and higher BMI were associated with
decreased odds of cognitive impairment only in women.
Men had higher odds of cognitive impairment associated
with osteoarthritis, while women had a borderline associ-
ation. Depression was associated with increased odds of
cognitive impairment in women and had a borderline asso-
ciation in men (Supplemental Table 8).

Table 2. Frequencies of disabilities according to the presence of cognitive impairment by CDR global score (n= 409).

Overall Normal cognition Cognitive impairment p

N= 409 N= 162 N= 247

Visual impairment, n (%) † 260 (63.6) 96 (59.3) 164 (66.4) 0.09

Use of Glasses, n (%) † 146 (35.7) 61 (37.7) 85 (34.4) 0.81

Hearing impairment, n (%) † 214 (52.3) 88 (54.3) 126 (51.0) 0.65

Hearing aid use, n (%) † 33 (8.1) 12 (7.4) 21 (8.5) 0.81

Teething, n (%) † 0.25

Normal 22 (5.4) 12 (7.6) 10 (4.3)

Partially toothless 78 (19.1) 34 (21.5) 44 (18.7)

Edentulous 293 (71.6) 112 (70.9) 181 (77.0)

Dental prosthesis, n (%) † 244 (59.7) 96 (59.3) 148 (59.9) 0.47

Dysphagia, n (%) † 65 (15.9) 7 (4.3) 58 (23.5) <0.001

Enteral feeding, n (%) § 20 (4.9) 4 (2.5) 16 (6.5) 0.10

Urinary incontinence, n (%) † 133 (32.5) 35 (21.6) 98 (39.7) <0.001

Walking difficulty, n (%) † 285 (69.7) 87 (53.7) 198 (80.2) <0.001

Bedridden, n (%) † 96 (23.5) 10 (6.2) 86 (34.8) <0.001

Pressure ulcer, n (%) † 73 (17.8) 9 (5.6) 64 (25.9) <0.001

ADL Score, n (%) † <0.001

Independent 117 (28.7) 89 (54.9) 28 (11.3)

Partially dependent 199 (48.8) 66 (40.7) 133 (53.8)

Dependent 92 (22.5) 6 (3.7) 86 (34.8)

IADL Score, n (%) § <0.001

Independent 2 (0.5) 2 (1.3) 0 (0)

Partially dependent 150 (36.9) 118 (73.8) 32 (13.0)

Dependent 255 (62.7) 40 (25.0) 215 (87.0)

†Chi-square test; § Fisher’s exact test; ADL: Activities of Daily Life; IADL: Instrumental Activities of Daily Life.
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Figure 1. Absolute and relative frequencies of cognitive status according to the clinical dementia rating (CDR). The right bar describes

the absolute and relative frequencies of diagnosed and undiagnosed dementia among participants with dementia (CDR equal to or

greater than 1).

Figure 2. Bar graphs comparing the frequency of causes of death between individuals with normal cognition and those with cognitive

impairment. Frequencies were similar between groups in the univariate analysis (p= 0.31).
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Discussion
In our sample of 409 Brazilians who died over 90 years,
most participants were women, had low education, and
belonged to low and medium socioeconomic levels. Most
had functional limitations and cardiovascular diseases,
such as hypertension, diabetes, and heart failure.
Although 48% of the sample scored a CDR greater or
equal to 1, and only 51% had a previous dementia diagno-
sis. Higher BMI, hypertension, peripheral vascular disease,
and neoplasia were related to lower odds of cognitive
impairment, while physical inactivity, osteoarthritis, and
depression were associated with higher odds.

Organ donation programs are prone to several biases due
to socioeconomic status, cultural and religious beliefs,
family dynamics, and geographic disparities of potential
donors. Several studies report that donors tend to be dispro-
portionately white, highly educated, and from affluent
neighborhoods. Even cognitive factors can introduce
biases such as the “healthy volunteer bias”, where cognitive
deficits might reduce participation and favor individuals
with preserved cognition.22 However, our study design
mitigates these biases by originating from the SPAS,
which encompasses the entire city of São Paulo and
includes individuals from all neighborhoods and socio-
economic backgrounds, regardless of cognitive status. We
observe a similar composition when comparing our
sample to the 85+ population of São Paulo (n= 20,177),
based on the general mortality data for the city of São
Paulo available for 202023 and the data of individuals
with 90+ years old autopsied at the SVO in 2023 (n=
1636).24 There is a similar female predominance: 60% in
São Paulo, 71% in the SVO, and 73% in our sample. The
racial composition is also consistent, with 78% white indi-
viduals in São Paulo, 76% in the SVO, and 69% in our
sample. These similarities suggest that our sample repre-
sents the population of São Paulo.

Our sample stands out from other autopsy studies on the
oldest-old due to its diversity. While most participants were
white, there was a significant representation of black and
Asian individuals. The educational level was notably low.
Most individuals were from the lower or middle classes,
had unskilled occupations, and only a minority had
private health coverage. Other autopsy studies were con-
ducted in the United States and Europe and comprised
most white participants with at least a high school educa-
tion.25–27

Brazilians live an average of 76 years,28 and those who
survive above 90 are considered to have exceptional lon-
gevity. Hypertension, diabetes, and coronary artery
disease were the main comorbidities in our sample.
Despite their extremely long life, most of our sample had
several disabilities, including walking difficulties, bedrid-
den status, urinary incontinence, and dysphagia, and they
were dependent on others for everyday activities. The
prevalence of dementia in this sample was also high, and
49% of the participants who had dementia (CDR greater
or equal to 1) were not diagnosed during their life.
Dementia underdiagnosis is common in high-income and
low- and middle-income countries, which may occur due
to inadequate healthcare access, stigma, and lack of aware-
ness.7,29,30 We can suppose that the diagnosis gap may be
even larger since the BAS postmortem cognitive evaluation
was performed with an informant. A previous study showed
that our cognitive evaluation had a sensitivity of 87% and a
specificity of 84% for dementia diagnosis compared to
dementia evaluation during life, and we might not have
diagnosed some dementia cases since we interviewed
only the next of kin.18

Compared to the oldest old in HIC, those in LMIC have
more disabilities. A review showed 44% independence in
ADL in the USA and Europe versus 28% in our
sample.31 For IADLs, a French study found 68% depend-
ence, defined as any impairment in instrumental activities,32

whereas nearly 100% of our sample was dependent since
only two participants were independent. Family members
provide most of the care in LMIC, which can strain
family resources and lead to inconsistent care quality.33

Current evidence suggests that women present more dis-
abilities than men in the oldest old, in line with our find-
ings.31,34 In the same way, socioeconomic disparities,
including gender inequalities and access to healthcare, can
contribute.31 It is also possible that survival bias may
present since higher morbidity rates are observed in older
women than in men of the same age,35,36 and women
tend to live longer than men, both in total life span and in
years living with disabilities.31,34

While “old age” has often been reported as a cause of
death, it is nonspecific and vague. Autopsy studies
showed that organ failure is the leading cause of death in
the oldest old.37 Our results show that cardiovascular
disease and pneumonia are the leading causes of death in

Table 3. Factors associated with cognitive impairment (n= 409).

Odds

Ratio

95% Confidence

Interval p

Age (y) 1.04 0.97–1.12 0.30

Woman 1.64 0.94–2.84 0.08

Married 0.45 0.22–0.90 0.02

Education (y) 0.96 0.90–1.02 0.20

Sedentary behavior 3.66 2.20–6.16 <0.001

Body Mass Index (kg/

m²)

0.94 0.89–0.99 0.02

Hypertension 0.59 0.36–0.96 0.03

Peripheral Vascular

Disease

0.41 0.19–0.87 0.02

Cardiac Failure 0.64 0.33–1.22 0.17

Neoplasia 0.52 0.27–0.98 0.04

Osteoarthritis 2.27 1.11–4.87 0.03

Depression 6.36 1.92–26.97 0.01

Logistic Regression model.
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this sample. In line with these findings, the primary causes
of death for those over 80 years old in Brazil are cardiovas-
cular diseases, followed by pulmonary diseases and neopla-
sia,38 and this trend is also observed in the oldest-old in
Europe and North America.39,40 However, the leading
cause of death in our study was pulmonary edema, a non-
specific term that does not accurately reflect the underlying
cause of death.37

The complex association between the variables under
investigation and cognitive impairment among the oldest
individuals in a cross-sectional study is influenced by
reverse causation and survival bias. Survival bias occurs
because 90+ studies included those who survived to
advanced age or presented milder manifestations of risk
factors.41 Therefore, the sample may appear healthier only
because those at higher risk may have died before the
study.28 Another contributor is reverse causation, as demen-
tia itself could affect some conditions, such as hypertension,
depression, and BMI.42 It is essential to consider all these
factors to interpret the findings accurately. Cognitive
reserve can also explain some of our findings since indivi-
duals who live to advanced ages despite having cardiovas-
cular risk factors probably have protective factors against
cognitive decline.8 Age remains the primary risk factor
for neurodegenerative diseases, especially Alzheimer’s
disease.6 However, our model did not show an association,
probably due to the narrow range of age of the participants.
Likewise, education is a known predictor of dementia,43,44

but most participants had low educational attainment in our
sample.

Research indicates that women typically exhibit a greater
prevalence of dementia, particularly Alzheimer’s disease,4
mostly attributable to increased life expectancy and hormo-
nal changes such as menopause.45,46 Additionally, women
have increased vulnerability to Alzheimer’s disease neuro-
pathologic changes.47,48 Genetic factors such as APOE ϵ4
status seem to affect both sexes equally.49 However, the
genetic influence decreases with older age.4 Biological dif-
ferences, education, and social roles are other contributing
factors.48,50 Though, we did not find an association
between sex and cognitive impairment. This finding could
provide additional evidence supporting the lack of associ-
ation described in previous studies45,50 but also may indi-
cate that our sample size was not large enough to
establish a conclusive association.

Married status may be related to a lower risk for demen-
tia for a variety of reasons. In addition to enjoying higher
social interaction and support, married individuals fre-
quently had healthier lifestyles and lower death rates.51

Although previous research suggests that marriage may
have a more robust protective impact against dementia in
men than in women, our stratified analyses revealed no dif-
ference. This could be attributed to societal patterns among
the older population, such as the fact that widowed women
remarry less frequently than widowed men, which could

impact the risk profiles given that women are already at
higher risk of having dementia.52

Previous research has demonstrated that regular physical
activity in mid-life decreases the probability of developing
cognitive impairment53 and that sedentary behavior is a risk
factor for dementia.54 Still, these results are unclear in the
oldest old, since no specific studies exist on this age
group. The fact that cognitive impairment reduces mobility
and physical activity54,55 suggests that the findings could be
interpreted as reverse causality.

Depression and dementia are both prevalent illnesses
among older people, exhibiting considerable overlap. In a
nationwide Brazilian study relying on self-reported diagno-
sis, depression may impact as much as 13% of individuals
aged over 60,56 and another study showed a prevalence of
13% of those 90+ years.57 Depression prevalence was 7%
among those with cognitive impairment and over 60 years
old,7 but rates as high as 46% in patients with Alzheimer’s
disease were described previously.58 Multiple studies indi-
cate that depression is associated with an increased risk of
developing dementia, including Alzheimer’s disease and all-
cause dementia.59,60 However, it is unclear how this causal
mechanism occurs and whether depression is an actual risk
factor for dementia or a prodromic symptom of the
condition.59

Osteoarthritis also showed increased odds of cognitive
impairment but no significant association in the sensitivity
analysis. Decreased daily physical activity due to osteoarth-
ritis may contribute to the onset of dementia. Both diseases
share inflammatory pathways, and it has also been sug-
gested that osteoarthritis-induced inflammation may con-
tribute to the development of Alzheimer’s disease and
other dementias, as well as chronic pain and depression,
which are commonly present in osteoarthritis.61,62

Structural neuroimaging markers, such as hippocampal,
entorhinal, ventricular, and grey matter volumes, indicate
that cerebral atrophy may be a mechanism underlying the
association,63 while another study demonstrated that knee
osteoarthritis accelerated amyloid beta deposition and neu-
rodegeneration in a mouse model of Alzheimer’s disease.64

Consistent with recent literature, our results indicate a
greater BMI,65 hypertension,66 and peripheral vascular
disease67 are associated with lower odds of cognitive
impairment. As discussed above, to accurately interpret
the causal relationships between cardiovascular risk
factors and cognitive impairment in the oldest old, it is
essential to consider survival bias, cognitive reserve and
reverse causation.

Hypertension in mid to late life correlates with an
increased risk of dementia, linked to impaired cerebral per-
fusion and neuroinflammation. However, the age of onset
seems significant, as the occurrence of hypertension after
the age of 80 is likely to confer a protective effect.68,69 In
the oldest old, hypotension has been associated with
worse cognitive function.69 Dementia can cause weight
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loss up to ten years before clinical symptoms appear, pro-
viding a better cognitive outcome for people with a higher
BMI at the time of death.65 Neuropathological changes
associated with dementia in the oldest old are often
related to multiple diseases other than Alzheimer’s
disease and vascular dementia that may not be affected by
cardiovascular risk factors.70 The mechanisms underlying
peripheral vascular disease in this setting are less apparent;
however, this association has been previously described.71

We also found an inverse association between neoplasia
and cognitive impairment. This association has been previ-
ously described in other studies and is not entirely explained
by reverse causation or selection bias.72 This is particularly
notable in Alzheimeŕs disease, which is associated with a
lower frequency of cancer in the oldest old, in contrast to
vascular dementia, which has been linked to a higher
cancer risk.73 The biological mechanisms of apoptosis
and cell survival may explain this inverse relationship.
Increased apoptosis may decrease cancer risk but can con-
tribute to neurodegeneration, while enhanced cell survival
reduces neurodegeneration but encourages tumor growth.
Metabolic dysregulation, especially via the Warburg
effect – the observation that most cancers utilize exclusively
aerobic glycolysis – underscores contrasting metabolic pro-
cesses in cancer and Alzheimer’s disease. The shared
genetic pathways that include genes, such as Pin1 and
p53, highlight the intricate nature of these diseases, while
genetic factors like APOE4 can affect the risk of both
cancer and Alzheimer’s disease.72,74

In the stratified analyses by sex, being married was asso-
ciated with lower odds of cognitive impairment only in
men, which is in line with previous findings.75 Sedentary
behavior was associated with cognitive impairment in
both men and women, as previously shown.53

Hypertension was associated to lower cognitive impairment
odds in women but not in men. The literature on sex-
specific differences in late-life hypertension and the risk
of dementia is inconsistent, with a systematic review indi-
cating that there were no sex differences.76 However, hor-
monal variations across the life cycle, particularly
estrogen in pregnancy and menopause, may help explain
a shift in risk in women.76 Similarly, the hormonal influence
may explain the decreased odds of cognitive impairment of
peripheral vascular disease for women.46 However, we did
not find studies that specifically address the risk of periph-
eral vascular disease by sex in late life. The odds of cogni-
tive impairment associated with neoplasia was significant in
men but not women. We were unable to locate any add-
itional studies that specifically addressed this association
by sex, but the literature establishes that men present a
higher incidence of cancer at older age.77 Indeed, the preva-
lence of cancer was higher among men in our sample, which
could help to explain these findings. Osteoarthritis seems to
have higher odds for cognitive impairment in men;
however, the correlation for women was borderline.

Previous studies did not find sex differences in the associ-
ation between osteoarthritis and dementia.61,62 Depression
was associated with an increased odd of dementia only in
women, but the association was borderline in men. The lit-
erature on this topic is inconsistent. Some studies found a
higher risk for women, and others found a higher risk for
men.78 Our study suggests that depression may increase
the odd of dementia in both sexes.

Our study has strengths. It includes a racially and socio-
economically diverse sample and provides valuable insights
into cognitive health among the oldest-old in an LMIC. The
comprehensive clinical and functional assessment, the full-
body autopsy, and stratified analysis by sex enhance the
depth of our findings. However, our study had limitations.
Firstly, there was no longitudinal follow-up of the sample
before death, which limits our ability to establish causal
relations. We also lacked access to health records or a
unified medical registry. Additionally, we did not conduct
any in vivo assessment of clinical (e.g., measurements of
blood pressure or weight), functional, or cognitive evalua-
tions. In this context, we could not evaluate potential
changes in BMI over time or any weight changes resulting
from neoplasia or other factors. Yet, assessments with a
proxy were previously validated and largely accepted as a
reliable source of information.18 The absence of APOE
data in our study is a limitation. APOE ϵ4 is a significant
genetic risk factor for late-onset Alzheimer’s disease and
can modify the associations between risk factors and
dementia.79 For example, midlife hypertension, followed
by late-life hypotension possibly resulting from a reduced
concentration of norepinephrine in the brain due to neuro-
degeneration, enhances amyloidogenesis and tauopathy.
Higher systolic and diastolic blood pressure levels were
associated with better cognitive performance, particularly
in APOE ϵ4 carriers, whereas hypertension was associated
with increased dementia risk in non-carriers.80,81 Future
research aims to incorporate genetic investigation into the
BAS sample.

In conclusion, our study of oldest-old Brazilians pro-
vides insights into the health, socioeconomic, and lifestyle
challenges faced by this age group in an LMIC. Less educa-
tion, high rates of disability, and significant levels of cogni-
tive impairment without medical diagnoses were present in
our sample. Moreover, we described factors associated with
cognitive impairment in 90+ older adults. Future studies on
the neuropathologic changes associated with dementia in
this oldest-old sample will enhance the understanding of
cognitive aging in diverse populations.

Acknowledgments
The authors have no acknowledgments to report.

ORCID iDs
Aline Maria Macagnan Ciciliati https://orcid.org/0009-0003-
1428-4745

Ciciliati et al. 9

https://orcid.org/0009-0003-1428-4745
https://orcid.org/0009-0003-1428-4745
https://orcid.org/0009-0003-1428-4745


Lea T Grinberg https://orcid.org/0000-0002-6809-0618
Carlos Augusto Pasqualucci https://orcid.org/0000-0001-6608-
2473
Vitor Ribeiro Paes https://orcid.org/0000-0001-8752-5624
Alberto Fernando Oliveira Justo https://orcid.org/0000-0001-
5531-0485
Renata Eloah de Lucena Ferretti-Rebustini https://orcid.org/
0000-0002-6159-5787
Eduardo Ferrioli https://orcid.org/0000-0002-5028-2451
Claudia Kimie Suemoto https://orcid.org/0000-0002-5942-
4778

Statements and declarations

Ethical considerations
The local ethical committee approved this study (protocol number
52180321.2.0000.0068).

Consent to participate
Written informed consent was obtained from the deceased’s next
of kin for brain donation and information use.

Consent for publication
Not applicable.

Author contributions/CRediT
Aline Maria Macagnan Ciciliati (Data curation; Formal analysis;
Methodology; Writing – original draft); Renata Elaine Paraizo
Leite (Methodology; Resources; Writing – review & editing);
Lea T. Grinberg (Methodology; Resources; Writing – review &
editing); Carlos Augusto Pasqualucci (Methodology; Resources;
Writing – review & editing); Vitor Ribeiro Paes (Investigation;
Methodology; Resources; Writing – review & editing); Alberto
Fernando Oliveira Justo (Investigation; Methodology;
Resources; Writing – review & editing); Renata Eloah de
Lucena Ferretti-Rebustini (Methodology; Resources; Writing –
review & editing); Eduardo Ferrioli (Methodology; Resources;
Writing – review & editing); Claudia Kimie Suemoto
(Conceptualization; Investigation; Methodology; Resources;
Visualization; Writing – original draft; Writing – review &
editing).

Funding
The authors disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: The
Biobank for Aging Studies was funded by Fundação de Apoio a
Pesquisa do Estado de São Paulo (06/55318, 2009/09134-4,
2012/07526-5, 2024/03917-7), Alzheimer’s Association
(AARG-20-678884 and 24CBIDR-1185483). Dr Suemoto is sup-
ported by the National Council for Scientific and Technological
Development research productivity grant (303883/2021-9).

Conflicting interests
The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Data availability
Data is available upon request to the corresponding author (CKS).

Supplemental material
Supplemental material for this article is available online.

References
1. World Health Organization. World report on ageing and

health. Geneva: World Health Organization, https://apps.
who.int/iris/handle/10665/186463 (2015, accessed 12
February 2022).

2. Zaninotto P and Steptoe A. Association between subjective
well-being and living longer without disability or illness.
JAMA Netw Open 2019; 2: e196870.

3. Cresswell-Smith J, Amaddeo F, Donisi V, et al. Determinants
of multidimensional mental wellbeing in the oldest old: a
rapid review. Soc Psychiatry Psychiatr Epidemiol 2019; 54:
135–144.

4. Corrada MM, Brookmeyer R, Paganini-Hill A, et al.
Dementia incidence continues to increase with age in the
oldest old: the 90+ study. Ann Neurol 2010; 67: 114–121.

5. Nitrini R, Caramelli P, Herrera EJ, et al. Incidence of demen-
tia in a community-dwelling Brazilian population. Alzheimer
Dis Assoc Disord 2004; 18: 241.

6. Corrada MM, Brookmeyer R, Berlau D, et al. Prevalence of
dementia after age 90: results from the 90+ study. Neurology
2008; 71: 337–343.

7. Bertola L, Suemoto CK, Aliberti MJR, et al. Prevalence of
dementia and cognitive impairment no dementia in a large
and diverse nationally representative sample: the
ELSI-Brazil study. J Gerontol A Biol Sci Med Sci 2023;
78: 1060–1068.

8. Kawas CH, Legdeur N and Corrada MM. What have we
learned from cognition in the oldest-old. Curr Opin Neurol
2021; 34: 258.

9. Parra MA, Baez S, Sedeño L, et al. Dementia in Latin
America: paving the way toward a regional action plan.
Alzheimers Dement 2021; 17: 295–313.

10. Trani J, Zhu Y, Babulal GM, et al. Multidimensional poverty
increases dementia risk in South Africa, Afghanistan, and
Pakistan among adults age 50 and older. Alzheimers
Dement 2023; 19: e082882.

11. Mukadam N, Sommerlad A, Huntley J, et al. Population
attributable fractions for risk factors for dementia in low-
income and middle-income countries: an analysis using
cross-sectional survey data. Lancet Glob Health 2019; 7:
e596–e603.

12. Prince M, Wimo A, Guerchet M, et al. World Alzheimer
Report 2015. The global impact of dementia: An analysis
of prevalence, incidence, cost and trends. London, UK:
Alzheimer’s Disease International, 2015.

13. International Statistical Classification of Diseases and
Related Health Problems 10th Revision (ICD-10

10 Journal of Alzheimer’s Disease Reports

https://orcid.org/0000-0002-6809-0618
https://orcid.org/0000-0002-6809-0618
https://orcid.org/0000-0001-6608-2473
https://orcid.org/0000-0001-6608-2473
https://orcid.org/0000-0001-6608-2473
https://orcid.org/0000-0001-8752-5624
https://orcid.org/0000-0001-8752-5624
https://orcid.org/0000-0001-5531-0485
https://orcid.org/0000-0001-5531-0485
https://orcid.org/0000-0001-5531-0485
https://orcid.org/0000-0002-6159-5787
https://orcid.org/0000-0002-6159-5787
https://orcid.org/0000-0002-6159-5787
https://orcid.org/0000-0002-5028-2451
https://orcid.org/0000-0002-5028-2451
https://orcid.org/0000-0002-5942-4778
https://orcid.org/0000-0002-5942-4778
https://orcid.org/0000-0002-5942-4778
https://apps.who.int/iris/handle/10665/186463
https://apps.who.int/iris/handle/10665/186463
https://apps.who.int/iris/handle/10665/186463


Version):2019, https://icd.who.int/browse10/2019/en (2019,
accessed 31 August 2023).

14. International Labour Organisation (ILO). International
standard classification of occupations: ISCO-08. Geneva:
International Labour Office, 2012.

15. Brazilian Market Research Association. Changes in the appli-
cation of the Brazilian Criteria, https://www.abep.org/
criterioBr/01_cceb_2022_eng.pdf (2024).

16. Katz S. Assessing self-maintenance: activities of daily living,
mobility, and instrumental activities of daily living. J Am
Geriatr Soc 1983; 31: 721–727.

17. LawtonMP and Brody EM. Assessment of older people: self-
maintaining and instrumental activities of daily living.
Gerontologist 1969; 9: 179–186.

18. de Lucena Ferretti REAE , Damin, , et al. Post-mortem diag-
nosis of dementia by informant interview. Dement
Neuropsychol 2010; 4: 138–144.

19. Morris JC. The clinical dementia rating (CDR): current
version and scoring rules. Neurology 1993; 43: 2412.2-
2412-a.

20. Cummings JL. The neuropsychiatric inventory. Neurology
1997; 48: 10S–16S.

21. Tibshirani R. Regression shrinkage and selection via
the Lasso. J R Stat Soc Ser B Stat Methodol 1996; 58:
267–288.

22. Francis PT, Costello H and Hayes GM. Brains for dementia
research: evolution in a longitudinal brain donation cohort
to maximize current and future value. J Alzheimers Dis
2018; 66: 1635–1644.

23. Brazilian Ministry of Health on openDataSUS. Mortalidade
Geral 2023, https://opendatasus.saude.gov.br/pt_BR/
dataset/sim/resource/2a7269c5-91b2-4569-8b36-3ab77532
8555 (2023, accessed 29 October 2024).

24. Health Department of the City of São Paulo. TabNet Win32
3.0, http://tabnet.saude.prefeitura.sp.gov.br/cgi/deftohtm3.
exe?secretarias/saude/TABNET/Minvest/minvest.def (2024,
accessed 29 October 2024).

25. Matthews FE, Arthur A, Barnes LE, et al. A two-decade com-
parison of prevalence of dementia in individuals aged 65
years and older from three geographical areas of England:
results of the cognitive function and ageing study I and II.
Lancet 2013; 382: 1405–1412.

26. Corrada MM, Berlau DJ and Kawas CH. A population-based
clinicopathological study in the oldest-old: the 90+ study.
Curr Alzheimer Res 2012; 9: 709–717.

27. Hall A, Pekkala T, Polvikoski T, et al. Prediction models for
dementia and neuropathology in the oldest old: the vantaa 85
+ cohort study. Alzheimers Res Ther 2019; 11: 11.

28. Projeções da População | IBGE, https://www.ibge.gov.br/
estatisticas/sociais/populacao/9109-projecao-da-populacao.
html (2023, accessed 19 September 2023).

29. Nakamura AE, Opaleye D, Tani G, et al. Dementia under-
diagnosis in Brazil. Lancet 2015; 385: 418–419.

30. Matthews FE, Stephan BCM, Robinson L, et al. A two
decade dementia incidence comparison from the cognitive

function and ageing studies I and II. Nat Commun 2016; 7:
11398.

31. Lee J, Meijer E, Phillips DF, et al. Disability incidence rates
for men and women in 23 countries: evidence on health
effects of gender inequality. J Gerontol A Biol Sci Med Sci
2020; 76: 328–338.

32. Escourrou E, Durrieu F, Chicoulaa B, et al. Cognitive, func-
tional, physical, and nutritional status of the oldest old
encountered in primary care: a systematic review. BMC
Fam Pract 2020; 21: 58.

33. Custodio N, Wheelock A, Thumala D, et al. Dementia in
Latin America: epidemiological evidence and implications
for public policy. Front Aging Neurosci 2017; 9: 221.

34. Strauss EV, Agüero-Torres H, Kåreholt I, et al. Women are
more disabled in basic activities of daily living than men
only in very advanced ages: a study on disability, morbidity,
and mortality from the Kungsholmen project. J Clin
Epidemiol 2003; 56: 669–677.

35. Kingston A, Davies K, Collerton J, et al. The contribution of
diseases to the male-female disability-survival paradox in the
very old: results from the Newcastle 85+ study. PLoS One
2014; 9: e88016.

36. Berlau DJ, Corrada MM and Kawas C. The prevalence of dis-
ability in the oldest-old is high and continues to increase with
age: findings from the 90+ study. Int J Geriatr Psychiatry
2009; 24: 1217–1225.

37. Meslé F and Vallin J. Causes of death at very old ages,
including for supercentenarians. In: H Maier, B Jeune and
JW Vaupel (eds) Exceptional lifespans. Cham: Springer
International Publishing, 2021, pp.69–84.

38. Brazilian Ministry of Health. Painéis Saúde Brasil: mortali-
dade geral – Causas de óbito, https://svs.aids.gov.br/daent/
centrais-de-conteudos/paineis-de-monitoramento/saude-
brasil/mortalidade-geral/ (2024, accessed 18 June 2024).

39. Alpérovitch A, Bertrand M, Jougla E, et al. Do we really
know the cause of death of the very old? Comparison
between official mortality statistics and cohort study classifi-
cation. Eur J Epidemiol 2009; 24: 669–675.

40. Centers forDiseaseControl and Prevention,NationalCenter for
Health Statistics. National Vital Statistics System, Mortality
2018–2021 on CDC WONDER Online Database. Underlying
Cause of Death, 2018–2021, http://wonder.cdc.gov/ucd-icd10-
expanded.html (2021, accessed 13 August 2023).

41. Banack HR, Kaufman JS, Wactawski-Wende J, et al.
Investigating and remediating selection bias in geriatrics
research: the selection bias toolkit. J Am Geriatr Soc 2019;
67: 1970–1976.

42. Sattar N and Preiss D. Reverse causality in cardiovascular
epidemiological research: more common than imagined?
Circulation 2017; 135: 2369–2372.

43. Gallistl J. Education and environment dementia risk factors: a
literature review. J Intellect Disabil Diagn Treat 2022; 10:
21–30.

44. Suemoto CK, Bertola L, Grinberg LT, et al. Education, but
not occupation, is associated with cognitive impairment: the

Ciciliati et al. 11

https://icd.who.int/browse10/2019/en
https://icd.who.int/browse10/2019/en
https://www.abep.org/criterioBr/01_cceb_2022_eng.pdf
https://www.abep.org/criterioBr/01_cceb_2022_eng.pdf
https://www.abep.org/criterioBr/01_cceb_2022_eng.pdf
https://opendatasus.saude.gov.br/pt_BR/dataset/sim/resource/2a7269c5-91b2-4569-8b36-3ab775328555
https://opendatasus.saude.gov.br/pt_BR/dataset/sim/resource/2a7269c5-91b2-4569-8b36-3ab775328555
https://opendatasus.saude.gov.br/pt_BR/dataset/sim/resource/2a7269c5-91b2-4569-8b36-3ab775328555
https://opendatasus.saude.gov.br/pt_BR/dataset/sim/resource/2a7269c5-91b2-4569-8b36-3ab775328555
http://tabnet.saude.prefeitura.sp.gov.br/cgi/deftohtm3.exe?secretarias/saude/TABNET/Minvest/minvest.def
http://tabnet.saude.prefeitura.sp.gov.br/cgi/deftohtm3.exe?secretarias/saude/TABNET/Minvest/minvest.def
http://tabnet.saude.prefeitura.sp.gov.br/cgi/deftohtm3.exe?secretarias/saude/TABNET/Minvest/minvest.def
https://www.ibge.gov.br/estatisticas/sociais/populacao/9109-projecao-da-populacao.html
https://www.ibge.gov.br/estatisticas/sociais/populacao/9109-projecao-da-populacao.html
https://www.ibge.gov.br/estatisticas/sociais/populacao/9109-projecao-da-populacao.html
https://www.ibge.gov.br/estatisticas/sociais/populacao/9109-projecao-da-populacao.html
https://svs.aids.gov.br/daent/centrais-de-conteudos/paineis-de-monitoramento/saude-brasil/mortalidade-geral/
https://svs.aids.gov.br/daent/centrais-de-conteudos/paineis-de-monitoramento/saude-brasil/mortalidade-geral/
https://svs.aids.gov.br/daent/centrais-de-conteudos/paineis-de-monitoramento/saude-brasil/mortalidade-geral/
https://svs.aids.gov.br/daent/centrais-de-conteudos/paineis-de-monitoramento/saude-brasil/mortalidade-geral/
http://wonder.cdc.gov/ucd-icd10-expanded.html
http://wonder.cdc.gov/ucd-icd10-expanded.html
http://wonder.cdc.gov/ucd-icd10-expanded.html


role of cognitive reserve in a sample from a
low-to-middle-income country. Alzheimers Dement 2022;
18: 2079–2087.

45. Merrick R and Brayne C. Sex differences in dementia, cogni-
tion, and health in the cognitive function and ageing studies
(CFAS). J Alzheimers Dis 2024; 100: S3–S12.

46. Rahman A, Jackson H, Hristov H, et al. Sex and gender
driven modifiers of Alzheimer’s: the role for estrogenic
control across age, race, medical, and lifestyle risks. Front
Aging Neurosci 2019; 11: 315.

47. Hu Y-T, Boonstra J, McGurran H, et al. Sex differences in the
neuropathological hallmarks of Alzheimer’s disease: focus
on cognitively intact elderly individuals. Neuropathol Appl
Neurobiol 2021; 47: 958–966.

48. Arenaza-Urquijo EM, Boyle R, Casaletto K, et al. Sex and
gender differences in cognitive resilience to aging and
Alzheimer’s disease. Alzheimers Dement 2024; 20: 5695–
5719.

49. Beam CR, Kaneshiro C, Jang JY, et al. A twin study of sex
differences in genetic risk for all dementia, Alzheimer’s
disease (AD), and non-AD dementia. J Alzheimers Dis
2020; 76: 539–551.

50. Alzheimer’s Association. 2024 Alzheimer’s disease facts and
figures. Alzheimers Dement 2024; 20: 3708–3821.

51. Sommerlad A, Ruegger J, Singh-Manoux A, et al. Marriage
and risk of dementia: systematic review and meta-analysis
of observational studies. J Neurol Neurosurg Psychiatry
2018; 89: 231–238.

52. Vespa J. Union formation in later life: economic determinants
of cohabitation and remarriage among older adults.
Demography 2012; 49: 1103–1125.

53. Livingston G, Huntley J, Liu KY, et al. Dementia prevention,
intervention, and care: 2024 report of the Lancet standing
commission. Lancet 2024; 404: 572–628.

54. Yan S, Fu W, Wang C, et al. Association between sedentary
behavior and the risk of dementia: a systematic review and
meta-analysis. Transl Psychiatry 2020; 10: 112.

55. Demurtas J, Schoene D, Torbahn G, et al. Physical activity
and exercise in mild cognitive impairment and dementia: an
umbrella review of intervention and observational studies. J
Am Med Dir Assoc 2020; 21: 1415–1422.e6.

56. Brasil. Ministério da Saúde. Secretaria de Vigilância em
Saúde. Departamento de Análise em Saúde e Vigilância de
Doenças Não Transmissíveis. Vigitel Brazil 2021: surveil-
lance of risk and protective factors for chronic diseases by
telephone survey: estimates of frequency and sociodemo-
graphic distribution of risk and protective factors for
chronic diseases in the capitals of the 26 Brazilian states
and the Federal District in 2021.

57. Leles da Costa Dias F, Teixeira AL, Cerqueira Guimarães H,
et al. Prevalence of late-life depression and its correlates in a
community-dwelling low-educated population aged 75+
years: the Pietà study. J Affect Disord 2019; 242: 173–179.

58. de Oliveira FF, Bertolucci PHF, Chen ES, et al. Risk factors
for age at onset of dementia due to Alzheimer’s disease in a

sample of patients with low mean schooling from São Paulo,
Brazil. Int J Geriatr Psychiatry 2014; 29: 1033–1039.

59. YangW, Li X, Pan K, et al. Association of life-course depres-
sion with the risk of dementia in late life: a nationwide twin
study. Alzheimers Dement 2021; 17: 1383–1390.

60. Sáiz-Vázquez O, Gracia-García P, Ubillos-Landa S, et al.
Depression as a risk factor for Alzheimer’s disease: a system-
atic review of longitudinal meta-analyses. J Clin Med 2021;
10: 1809.

61. Wang S-T and Ni G-X. Depression in osteoarthritis:
current understanding. Neuropsychiatr Dis Treat 2022; 18:
375–389.

62. Weber A, Mak SH, Berenbaum F, et al. Association between
osteoarthritis and increased risk of dementia: a systemic
review and meta-analysis. Medicine (Baltimore) 2019; 98:
e14355.

63. Li X, Tong Q, Gao J, et al. Osteoarthritis was associated with
a faster decline in hippocampal volumes in cognitively
normal older people. Front Aging Neurosci 2020; 12: 190.

64. Gupta DP, Lee Y-S, Choe Y, et al. Knee osteoarthritis accel-
erates amyloid beta deposition and neurodegeneration in a
mouse model of Alzheimer’s disease.Mol Brain 2023; 16: 1.

65. Ciciliati AMM, Adriazola IO, Souza Farias-Itao D, et al.
Severe dementia predicts weight loss by the time of death.
Front Neurol 2021; 12: 610302.

66. Tan S, Liu D, Zhang Y, et al. Trends in blood pressure and
hypertension among older adults and oldest-old individuals
in China between 2008–2018. Hypertens Res 2023; 46:
1145–1156.

67. Sobolewska-Nowak J, Wachowska K, Nowak A, et al.
Exploring the heart–mind connection: unraveling the shared
pathways between depression and cardiovascular diseases.
Biomedicines 2023; 11: 1903.

68. Corrada MM, Hayden KM, Paganini-Hill A, et al. Age of
onset of hypertension and risk of dementia in the oldest-old:
the 90+ study. Alzheimers Dement 2017; 13: 103–110.

69. Ou Y-N, Tan C-C, Shen X-N, et al. Blood pressure and risks
of cognitive impairment and dementia: a systematic review
and meta-analysis of 209 prospective studies. Hypertension
2020; 76: 217–225.

70. Jellinger KA. Neuropathology of the Alzheimer’s continuum:
an update. Free Neuropathol 2020; 1: 32.

71. Skoog I, Kalaria RN and Breteler MM. Vascular factors and
Alzheimer disease. Alzheimer Dis Assoc Disord 1999;
13(Suppl 3): S106–S114.

72. Kao Y-S, Yeh C-C and Chen Y-F. The relationship between
cancer and dementia: an updated review. Cancers 2023; 15:
640.

73. Nolen SC, Evans MA, Fischer A, et al. Cancer—incidence,
prevalence and mortality in the oldest-old. A comprehensive
review. Mech Ageing Dev 2017; 164: 113–126.

74. Ganguli M. Cancer and dementia: it’s complicated.
Alzheimer Dis Assoc Disord 2015; 29: 177–182.

75. Feng L, Ng X-T, Yap P, et al. Marital status and cognitive
impairment among community-dwelling Chinese older

12 Journal of Alzheimer’s Disease Reports



adults: the role of gender and social engagement. Dement
Geriatr Cogn Disord Extra 2014; 4: 375–384.

76. Blanken AE and Nation DA. Does gender influence the rela-
tionship between high blood pressure and dementia?
Highlighting areas for further investigation. J Alzheimers
Dis 2020; 78: 23–48.

77. Cook MB, Dawsey SM, Freedman ND, et al. Sex disparities
in cancer incidence by period and age. Cancer Epidemiol
Biomarkers Prev 2009; 18: 1174–1182.

78. Aggarwal NT and Mielke MM. Sex differences in
Alzheimer’s disease. Neurol Clin 2023; 41: 343–358.

79. Régy M, Dugravot A, Sabia S, et al. The role of dementia in
the association between APOE4 and all-cause mortality:
pooled analyses of two population-based cohort studies.
Lancet Healthy Longev 2024; 5: e422–e430.

80. De Oliveira FF, Chen ES, Smith MC, et al. Associations of
blood pressure with functional and cognitive changes in
patients with Alzheimer’s disease. Dement Geriatr Cogn
Disord 2016; 41: 314–323.

81. Pillai JA, Kou L, Bena J, et al. Hypertension and hyperchol-
esterolemia modify dementia risk in relation to APOE ɛ4
status. J Alzheimers Dis 2021; 81: 1493–1504.

Ciciliati et al. 13


	 Introduction
	 Methods
	 Participants
	 Postmortem clinical assessment
	 Postmortem cognitive assessment
	 Statistical analyses

	 Results
	 Discussion
	 Acknowledgments
	 Statements and declarations
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


