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1 | BACKGROUND

GATZ ET AL.

Abstract

INTRODUCTION: We studied dementia incidence and risk factors in Indigenous
Tsimane and Moseten Amerindian populations in Amazonian Bolivia with largely
subsistence lifestyles.

METHODS: A median of 4.7 years after baseline dementia assessment, 730 partic-
ipants (52% male; mean age 67.3 years) were re-visited at two follow-up phases
to determine new cases among non-demented at baseline. Clinical evaluation was
adapted to culture, language, and illiteracy.

RESULTS: There were 22 incident dementia cases (7.40/1000 person years; 95% con-
fidence interval = 4.87-11.24). Prevalence rates remained < 2%. Mortality among
dementia cases at baseline was significantly greater versus cognitively normal partic-
ipants. In exploratory analyses, apolipoprotein E ¢4 genotype, thoracic aortic calcium,
and plasma neurofilament light chain were associated with incident dementia; other
risk factors, amyloid, and phosphorylated tau were non-significant.

DISCUSSION: In these populations, dementia prevalence is strikingly low, reflect-
ing modestly low incidence and shortened life expectancy after diagnosis. Next steps
include delineating vascular contributions versus Alzheimer’s disease pathology in

dementia cases.
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Highlights

* Incidence and especially prevalence of dementia are low in Indigenous Bolivians.

* Dementia cases have shortened life expectancy, contributing to lower prevalence.
» Apolipoprotein E €4 is a risk factor for incident dementia.

* Asubsistence lifestyle with low vascular risk factors may be protective.

* Results may shed light on the evolution of dementia and its risk factors.

rates, reflecting population aging combined with increased lifestyle-

related risk factors such as midlife obesity.!

Dementia is a global health concern, with unequal distribution across
populations.! Compared to European or US studies, the reported
prevalence of dementia and cognitive impairment in Indigenous groups
is generally higher, particularly for those living in urban or peri-urban
conditions.Z* In contrast, several other studies found comparatively
low prevalence of dementia or of cognitive impairment in rural, low-
literacy, low-acculturation, Indigenous populations.®~” Incidence rates
for dementia for Indigenous populations have received little research
attention. The few reports, mostly from Australia, suggest high inci-
dence compared to non-Indigenous.®?

Some high-income countries (HICs) have recently seen reduced inci-
dence of dementia, attributed to population-level improvements in
vascular risk factors and education.’® Conversely, low- and middle-

income countries (LMICs) anticipate, or already report, rising dementia

We previously reported low dementia prevalence in the Tsimane
and Moseten Amerindian populations in Amazonian Bolivia (Phase 1).
We have now followed the cohort for two further assessment phases
(Phase 2 and Phase 3) to assess incident dementia. Because preva-
lence reflects both incidence and survival, these follow-up assessments
are needed to measure both incidence and survival after onset. Iden-
tifying incident cases also allows for testing risk factors for dementia,
especially those distinctive to the Indigenous context. In particu-
lar, in the Tsimane and Moseten populations, vascular risk factors
tend to be low and likely reflective of a high-fiber, low-sugar, low-
saturated fat diet and high levels of physical activity.!* However, there
is high pathogen exposure, low availability of antibiotics, and nearly
no vaccination.'2 Tuberculosis and infection from intestinal helminths

remain widespread.!?
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In our initial assessment of prevalence, our clinical impression
was that dementia rarely presented as typical, amnesia-prominent,
Alzheimer’s disease (AD)—the most common etiology in HIC and Euro-
pean populations. Computed tomography (CT) scans, available for
some cases, often showed marked medial calcification in the internal
carotid, vertebral, and lenticulostriate arteries, with greater calcifi-
cation volumes in those with dementia or mild cognitive impairment
(MCI).2* Less prominent were patterns of atrophy consistent with
AD.> We now complement those observations with preliminary anal-
yses of plasma biomarkers, newly available for a subset of individuals,
enabling examination of amyloid beta (Ag), phosphorylated tau (p-tau),
and neurodegeneration (ATN) levels in these participants.’®

This report aims to: (1) determine incidence of dementia and MCI
in the same Tsimane and Moseten populations ~ 5 years after their
baseline assessment; (2) calculate prevalence at Phases 2 and 3; and
(3) identify possible risk or protective exposures, biomarker correlates,
patterns of mortality, or other factors to help characterize dementia
and explain rates in these populations. We hypothesize lower incidence
relative to European or US rates; however, we predict that shorter
survival among those diagnosed with dementia will contribute to the
observed low prevalence rate. We expect Phase 3 prevalence will be
similar to Phase 2 prevalence. We predict that cardiometabolic indi-
cators, lifestyle factors, and inflammation will be associated with the
likelihood of developing dementia. We also test whether apolipopro-
tein E (APOE) genotypes predict incident dementia and whether ATN
biomarkers are significantly associated with dementia status. We pre-
dict lower prevalence of ATN profiles that are prototypically associated
with AD.

2 | METHODS
2.1 | Study design, setting, and participants

Participants are part of the Tsimane Health and Life History Project
(THLHP), which has worked with the Indigenous Tsimane since 2002
and Moseten since 2015.16 Data collection includes medical evalu-
ations; census updates; demographic surveys; cognitive testing; and
assessments of diet, physical activities, and economic productivity
roughly every 2 years. Chest and brain CT scans were collected
between 2015 and 2018 for consenting individuals.2® Clinical demen-
tia assessments were added in 2017.%

All individuals aged > 60 years when a community was visited were
invited to participate, along with a stratified random sample of those
40 to 59. Only those > 60 are included here. Participants were from
89 Tsimane and 16 Moseten villages, representing 83% of communi-
ties. Omitted villages were not visited because they are outside the
jurisdiction of the main Indigenous political units with which there are
research agreements. We have no evidence that omitted villages were
more or less acculturated or differed in any other systematic way. Par-
ticipation among those > 60 was 97% for Phase 2 and 91% for Phase 3.
Assessments take place in the community. Phase 1 data were collected
between July 2017 and September 2019, as has been described;’
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RESEARCH IN CONTEXT

1. Systematic review: We searched PubMed for reports in
English of incidence and prevalence rates of dementia
and mild cognitive impairment in Indigenous or aborig-
inal populations or in low-income countries, as well as
articles referenced in those publications that were not
already identified. Incidence of dementia for low-income
countries, especially for rural subsistence or Indigenous
populations, is understudied.

2. Interpretation: In the Indigenous populations that we
studied, overall incidence of dementia for age > 60
was low. Moreover, survival once dementia developed
was reduced. As prevalence rates depend on both inci-
dence and survival with disease, findings help elucidate
observed low prevalence.

3. Future directions: Older age and the apolipoprotein E
¢4 allele were the strongest risk factors for incident
dementia. Differences in presentation and risk factors
for dementia in traditional subsistence populations may
point to the evolution of the disorder and to poten-
tially modifiable risk factors that emerge with greater
acculturation.

Phase 2 data, between December 2020 and September 2022; Phase 3
data, between February 2023 and October 2024. The surveillance win-
dow for person-years at risk was the date the individual was first seen

through the last date seen (or date of death).

2.2 | Data sources

Dementia assessments—including clinical and informant interviews,
and a brief neurological exam—were conducted by the same Bolivian
physician (R.Q.G.) in all three phases. Tsimane were interviewed in the
Tsimane language with a translator; Moseten, in Spanish. Cognitive
testing was conducted by a bilingual Tsimane research assistant (J.B.C.).
Both have > 10 years’ experience with participants in THLHP. Training
in these assessments and quality control included extensive in-person
and video supervision (M.G.; H.C.C.). Figure 1 illustrates data collec-
tion. Development of the assessment tools was iterative, with pilot
testing and refinement before Phase 1 and after each phase. All pro-
tocols and references are available at https://dornsife.usc.edu/cesr/
scrap-lab_tsimane/.

2.2.1 | Mental status screening

The clinical interview began with self-reported evaluation of vision,

hearing, memory, and reasoning, including subjective concerns about

85U80| 7 SUOWIWOD BAITE8.D) 3ot |dde 8Ly A peusenob ake ssppie YO ‘8sn Jo SN oy Akeiqi8uluQ A8|1A UO (SUOIIPUCO-pUe-SWIS)W0o" A8 | 1M Afe1q | BU|UO//:SdNY) SUORIPUOD pue swie | 8y 8eS *[9202/60/.T] uo Arigi]aulluo A8|iM ‘ boy A1sieAlun arels euozuy - ajquini L uiwelueg Aq 0S2T. ZB/Z00T 0T/I0p/u0d A8 |im Akelqipuljuoseuinol-zfe//sdny wo.j pspeojumod ‘6 ‘9202 ‘6.252SST


https://dornsife.usc.edu/cesr/scrap-lab_tsimane/
https://dornsife.usc.edu/cesr/scrap-lab_tsimane/

sot16 | Alzheimer’s &Dementia

GATZ ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

FIGURE 1 Datacollectionin the field. Testing a Tsimane participant at her home. Table and stools are brought to the site by the interviewers.

Photo by Margaret Gatz.

memory and thinking. Next, we administered the Modified Mini-
Mental State Examination (3MS),Y” which we further adapted for
illiteracy and innumeracy. For literate individuals in the THLHP, we
used the Spanish 3MS already used in US Latino populations. For the
other THLHP participants, for items requiring literacy or skills acquired
in the course of schooling, such as use of a pencil, we substituted items
in the same domain. For example, instead of asking the participant
to read “CLOSE YOUR EYES” and then obey the instruction, we sub-
stituted the tester saying, “Do what | do” and then closing his eyes.
Instead of copying pentagons, we substituted asking participants to
manipulate frames to copy a design. Other items requiring adapta-
tion involved information to which some participants had never been
exposed; for example, their date of birth or the name of the country and
state in which they lived. In addition, scores were prorated when visual

impairment made specific tasks infeasible. All interviews were filmed.

2.2.2 | Informant interview

A family member completed an informant interview, covering changes
in memory and thinking, judgment, finding one’s way, mood, daily activ-
ities, and personal care. The first part incorporates questions from the
Kimberley Indigenous Cognitive Assessment (KICA),!8 focused mostly
on memory. The second part adds more questions about memory and
questions from the Blessed Dementia Scale that capture how cogni-
tive changes may interfere with everyday function as well as changes
in personality.l? Together the interview covered all categories com-

prising the Clinical Dementia Rating Scale.2° Open-ended fields were

included for impressions, notes, and contextual details. If a participant
died before their follow-up visit, a visit was made to the relative and the
informant interview was completed with respect to changes in the par-
ticipant’s cognition, function, and medical condition between the last
visit and their death.

2.2.3 | Neurological examination

The neurological exam included assessment of extrapyramidal, pyrami-
dal, and focal neurological signs, resting tremor, masked face, bradyki-
nesia, rigidity/cogwheeling, gait with en bloc turning, and deep tendon
reflexes. Bolivian physicians received training at a neurology clinic in
the United States (University of Southern California) in addition to

video and in-person supervision in the field.

224 | Cognitive test battery

Cognitive measures included processing speed, memory, fluency, and
visuospatial ability. Cognitive testing began in 2002 with a battery
derived in part from the Mexican Health and Aging Study:2%22 dig-
its forward, including a spatial version in which participants tapped
squares in a display; immediate and delayed verbal recall; category
fluency; and visual scan. At Phase 1, we added the matchstick design
test from the Indianapolis-Ibadan Dementia Project study?® and sim-
ple reaction time. We also replaced the spatial digit span with a more

traditional Corsi blocks task that more directly tests spatial span
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without the distraction of numbers being written on the blocks.
Because too many participants could not see the symbols in visual scan,
we replaced visual scan with colored dot span in which the participant
crosses out the yellow dots rather than small black and white sym-
bols. Digits backward, even counting backward from 5 to 1, could not
be comprehended by most participants. Finally, the Wechsler Adult
Intelligence Scale Block Design test, which had been administered to
a small sample of Tsimane in 2013, was added to the battery, with
the instructions to skip if the participant was incapable of matchstick
design. Particularly for those with any formal education, Block Design
extends the range of difficulty in the visuoconstruction domain, and has
been shown to correlate with matchstick design.? The tester also indi-
cates when a test is not administered, why it was not done, whether
he saw visual impairment or hearing problems as interfering with test
performance, and whether the participant appeared to understand the
instructions for all tests.

Population-specific norms for those > 60 were derived from a
dementia-free sample using prior waves of cognitive assessment.2*
Standard scores were obtained by age, sex, and literacy. For use in
diagnosis, an individual’s cognitive performance on every test at each
phase was classified as better than average (> 1 standard deviation
[SD] above average), average (+ 1 SD), low (-1 SD), borderline (-1.5 SD),

or impaired (< 2 SD below average).

2.3 | Outcomes

The primary outcome was diagnosis of clinical syndrome: normal cog-
nition, MCI, or dementia, the latter two following Diagnostic and
Statistical Manual of Mental Disorders Fifth Edition (DSM-5) crite-
ria for major and mild neurocognitive disorder.2> Diagnosis drew on
clinical and informant interviews, neurological exam, and longitudinal
cognitive scores. The distinction between MCI and dementia relied
on whether the 3MS suggested impairment, whether cognitive scores
showed a pattern of decline and were borderline or impaired across
domains, whether cognitive difficulties interfered with ability to func-
tion independently based on the informant interview descriptions
and scores, and whether cognitive and functional decline could be
accounted for by physical or sensory impairments. The distinction
between normal cognition and MCI took into account self-reported
difficulties with memory and thinking, a pattern of decline on cogni-
tive tests but without multiple domains with scores below -1.5 SD, and
continued engagement in daily activities.

Two experienced Bolivian physicians (D.E.R.; R.Q.G.) and a US-based
neurologist and clinical psychologist (H.C.C.; M.G.) made diagnoses at
independent case conferences. Teams noted any etiological hypothe-
ses and—for MCl—cognitive domains affected. Disagreements were
resolved through consensus. Diagnoses at each phase were made
blind to the final consensus diagnosis at the prior phase. Across the
three phases, agreement between the two independent diagnostic
teams was moderate to substantial (polychoric correlation = 0.91-
0.95; weighted kappa = 0.66-0.70), improving slightly over successive

phases. The most common disagreement was between normal cog-
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nition and MCI. This diagnostic determination necessitated deciding
whether individuals had likely been low in ability their entire lives,
whether low scores represented a decline, and whether sensory loss
could account for the decline. Diagnostic decisions were complicated
by widespread uncorrected vision and hearing problems that could
account for some of the performance issues. How these sensory
impairments were weighed by the two teams led to disagreements.

2.4 | Other variables

A population variable indicated whether the participant was from
a Tsimane or Moseten community. Tsimane communities are almost
entirely ethnically Tsimane.2¢ Moseten are linguistically and culturally
similar, but communities are more ethnically diverse.’® Sex is physi-
cian reported. Because many participants do not know their birth
date, age was determined through demographic interviews, genealogi-
cal reconstruction, sequencing of household and community members,
reproductive histories, mission baptism records, and anchoring to
dated historical events.2” Whether a participant had died and their
date of death was obtained from family or others in the community
during visits by the census team or dementia assessment team to a
community.

Risk factors collected at the closest assessment period prior to base-
line dementia assessment were used to predict subsequent dementia.
See Table S1 in supporting information for exact time between risk
factor and visit. A set of risk factors was identified to reflect both
traditional risk factors and our prior knowledge of this population,
that is, vascular risk, inflammation, and Indigenous lifestyle, as well as
to minimize missing data. These risk factors included illiteracy, APOE
genotype, blood pressure, lipids, fasting glucose, thoracic aorta calcium
(TAC), physically active lifestyle, smoking, and selected inflammatory
biomarkers.

Generally illiteracy corresponds to no formal schooling.

APOE genotyping derived from two single nucleotide polymor-
phisms, rs429358 and rs7412, using the TagMan Allelic Discrimination
system (Thermo Fisher Scientific).

Blood pressure, lipids, and fasting glucose were collected at the
biennial medical visits just prior to Phase 1. Midlife values are not
available for a sufficient proportion of the sample.

Total TAC, including thoracic and aortic arch calcium, was chosen
to indicate atherosclerosis and risk of stroke.28 TAC was scored from
CT scans collected in 2015 through 2018 using Agatston methodology.
Analyses used both log TAC and TAC dichotomized at 500, following
suggested cutoffs.2?

Physically active lifestyle was operationalized by daily step count
7:00 am to 7:00 pm measured using wrist-worn ActiGraph GT3X
accelerometers measured over an average of 4.4 days.

Inflammatory biomarkers included C-reactive protein (CRP) as an
indicator of systemic inflammation, interleukin-5 (IL5) as an indica-
tor of parasitic infections and eosinophilic activity; interleukin-6 (IL6)
and interleukin-10 (IL10), both focused on inflammation; and vas-

cular endothelial growth factor (VEGF), which may reflect vascular
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dysfunction affecting the brain. Cytokines were measured in serum
samples from intravenous blood draws collected in the morning
between 6:00 am and 7:00 am after an overnight fast and before any
strenuous physical activity. Serum was allowed to clot, then imme-
diately centrifuged, aliquoted, and frozen in liquid nitrogen. Samples
were shipped on dry ice to Arizona State University, where they were
stored at —80°C until analysis using the Q-Plex Human Cytokine HS
15-Plex (Quansys) multiplex enzyme-linked immunosorbent assay kit
on the first freeze-thaw cycle.

For plasma-based biomarkers, fasting morning blood was drawn
from as many participants as possible aged 60+ between 2020 and
2024. For dementia cases, we used the sample from the date most
proximate to when dementia was diagnosed; otherwise, we used the
sample closest to the most recent date of assessment. In effect, the
bulk of samples used for analysis were from 2023 and 2024. Speci-
mens were centrifuged and plasma was stored in liquid nitrogen after
aliquoting. Specimens were transferred on dry ice to the United States,
where they were stored at —80°C prior to analysis. A central nervous
system (CNS) brain biomarker panel was analyzed at the University of
Wisconsin-Madison Alzheimer’s Disease Research Center Biomarker
Lab using Alamar’s NULISAseq CNS panel (Alamar), measuring AB40,
AB42, p-tau 181, p-tau 217, p-tau 231, glial fibrillary acidic protein
(GFAP), and neurofilament light chain (NfL).%° This was done in a single
batch.

2.5 | Statistical methods

Those in the sampling frame who did and who did not participate in
the dementia assessment at Phase 2 and at Phase 3 were compared to
check for non-participation biases. Differences were tested with chi-
squared test for male, population, and literacy, with a Wilcoxon rank
sum test for age groups, and with a t test for continuous age.

Incidence of dementia was calculated among participants in follow-
up Phases 2 and 3 with a Phase 1 baseline clinical diagnosis of normal
cognition or MCI plus participants in Phase 3 entering the sample at
Phase 2 with a Phase 2 baseline clinical diagnosis of normal cognition
or MCI (n = 730). Incidence rates exclude those with dementia at a
prior phase. Incidence of MCl was calculated among those with normal
cognition at their baseline phase (n = 680). Person-time denomina-
tors were calculated from date of the individual’s baseline assessment
to date of their dementia (or MCI) diagnosis or, for those not diag-
nosed with dementia, their final follow-up assessment or date of death
(if prior to Phase 3). Dementia incidence rates with 95% confidence
intervals (Cls) were calculated in the overall sample of non-demented
persons (i.e., MCl or normal cognition) aged > 60 at their baseline. Age-
specific incidence rates were calculated in 5-year age groups based on
age at their incident diagnosis or last phase.

Associations of dementia incidence with demographics, APOE geno-
type, blood pressure, glucose, lipids, total TAC, daily step count, and
measures of inflammation were assessed using Fine and Gray semi-

parametric proportional hazards regression models to account for

deaths occurring before dementia onset,?! as the primary interest was
in assessing factors that influence the probability of developing demen-
tia, or cumulative dementia risk, over follow-up as an assessment of
public health burden. Secondarily, semi-parametric Cox proportional
hazards regression was used to estimate cause-specific hazard ratios
(HRs) to identify possible factors for the etiology of dementia in this
indigenous population. Results are summarized as age-adjusted HRs
with 95% Cls and age-adjusted subhazard ratios (SHRs) with 95% Cls
for competing risk models. SHRs and HRs for continuous variables are
reported per SD. All analyses were adjusted for baseline age, sex, and
population. Each model included individuals with complete data for a
given risk factor (age, sex, and population were available for all par-
ticipants); given the small numbers of incident cases, imputations of
missing data were not used. In sensitivity analyses, stabilized inverse
probability weighting was used, with probability of completing the risk
factor assessment estimated from logistic models based on age, pop-
ulation, and sex. Proportional hazards assumptions were tested using
correlations of Schoenfeld residuals and interactions of independent
variables with follow-up time. False discovery rate (FDR) adjustment
for the tested risk factors used the Benjamini-Hochberg method.

Plasma biomarkers were analyzed using a Firth penalized logistic
regression, due to the small number of dementia cases, with demen-
tia status (dementia cases vs. normal controls) as the binary dependent
variable, controlling for population (Tsimane vs. Moseten), sex, and age
and year at which the blood sample was collected. For applying the ATN
framework, we used only those cognitively normal at the last assess-
ment to calculate age-residualized biomarker values. In the absence of
a clinical standard, we created ATN profiles for each dementia case,
taking any score beyond the 75th percentile as a positive score for a
given marker.

Dementia and MCI prevalence were estimated by phase for each
population. Denominators are number assessed during the phase. The
numerator is number of cases diagnosed with dementia (or MCI) when
visited during that phase. As each village is visited approximately every
2 years, this approach accounts for the fact that point prevalence mea-
sured at the end of the phase is biased by deaths and by our inability
to know what has happened to each participant between their assess-
ment and the end of the phase. For each phase, each individual’s age is
age when visited for assessment, required to be > 60 years. To com-
pare Tsimane and Moseten, age-standardized prevalence estimates
with confidence limits were computed, using the combined population
age distribution.

Mortality rates over assessment Phases 1 through 3 were com-
pared among diagnostic groups. HRs for mortality were estimated
using proportional hazards regression, modeling diagnostic group at
Phase 1 and Phase 2 as a time-varying covariate and adjusting for
age, sex, and population. Mortality rates by diagnostic group were
also computed at each of Phase 1 and Phase 2. The person-time
denominator was calculated from Phase 1 or 2 assessment date to
date of death or date last assessed in cognitive follow-up. Mortality
rates after a diagnosis of incident dementia in Phase 2 were similarly

calculated.
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TABLE 1 Demographic characteristics of Phase 2 and Phase 3 samples, including total sampling frame and those not participating at each
phase.
PHASE 2 PHASE 3
Total sampling Total with consensus Total not Total sampling Total with consensus Total not
frame* clinical diagnosis diagnosed” frame* clinical diagnosis diagnosed”
N 790 770 20 860 779 81
Population
Tsimane 539 (68.2%) 527 (68.4%) 12 (60.0%) 586 (68.1%) 532 (68.3%) 54(66.7%)
Moseten 251(31.8%) 243 (31.6%) 8(40.0%) 274 (31.9%) 247 (31.7%) 27 (33.3%)
Sex
Men 413(52.3%) 402 (52.2%) 11 (55.0%) 457 (53.1%) 409 (52.5%) 48 (59.3%)
Women 377 (47.7%) 368 (47.8%) 9 (45.0%) 403 (46.9%) 370(47.5%) 33(40.7%)
Literacy
llliterate 583 (73.8%) 568 (73.8%) 15 (75.0%) 609 (71.0%) 549 (70.5%) 60 (76.0%)
Literate 207 (26.2%) 202 (26.2%) 5(25.0%) 259 (29.0%) 230(29.5%) 19 (24.0%)
Age group
60-64 245 (31.1%) 238 (30.9%) 7 (35.0%) 271(31.5%) 248 (31.8%) 23(28.4%)
65-69 199 (25.2%) 192 (24.9%) 7 (35.0%) 229 (26.6%) 206 (26.4%) 23(28.4%)
70-74 170(21.3%) 168 (21.8%) 2(10.0%) 170 (19.8%) 156 (20.0%) 14 (17.3%)
75-79 107 (13.5%) 103 (13.4%) 4(20.0%) 109 (12.7%) 100 (12.8%) 9(11.1%)
80-84 41(5.2%) 41(5.3%) 0(0.0%) 47 (5.5%) 42 (5.4%) 5(6.2%)
85+ 28(3.5%) 28 (3.6%) 0(0.0%) 34 (4.0%) 27 (3.5%) 7 (8.6%)
Mean (SD) age 69.32(7.02) 69.35(7.05) 68.15 (5.68) 69.25(7.22) 69.13(7.12) 70.41(8.08)

Notes: For continuous variables, table shows mean (standard deviation). For categorical variables, table shows frequency (percent). *The total sampling frame
for Phase 2 includes everyone in the Phase 1 sampling frame who had not (a) moved out of the communities in the study or (b) died prior to the Phase 1
assessment, plus everyone in the communities in the study who had become age 60 between Phase 1 and Phase 2. The total sampling frame for Phase 3
includes everyone in the Phase 2 sampling frame who had not (a) moved out of the communities in the study or (b) died prior to the Phase 2 assessment, plus
everyone in the communities in the study who had become age 60 between Phase 2 and Phase 3. "The total not diagnosed includes those communities that

were inaccessible, refusals, or those unable to evaluate due to physical condition. Literacy is unavailable for 2 people in the Phase 2 sampling frame.

Abbreviation: SD, standard deviation.

3 | RESULTS
3.1 | Participants

Table 1 shows demographic characteristics of both participants and
those in the sampling frame but unable to be assessed. There were
no significant differences in population, sex, literacy, and age between
those able versus unable to be assessed (Tables S2 and S3 in supporting
information). The sampling frame for Phase 1 included all participants
in THLHP aged > 60 and alive. For Phase 2, the sampling frame included
all persons visited at Phase 1 (including a relative if deceased), those
who could not be visited during Phase 1 (e.g., temporarily away, com-
munity inaccessible due to flooding), and all who became age > 60 since
Phase 1. For Phase 3, the sampling frame included all persons previ-
ously visited unless deceased before Phase 2 (including a relative if
deceased after their Phase 2 visit), those who could not be visited pre-
viously but still believed to be living in an included community, and all
who became age > 60 since Phase 2. Figures S1 and S2 in supporting

information provide sample flow for Phase 2 and Phase 3 and indicate
which participants were included in prevalence samples. Table 2 shows
the incidence sample.

Of 108 participants diagnosed as normal cognition or MCI at their
last visit and who died before their next scheduled visit, we were able
to make a post mortem visit to a relative for 98 (91%), although 2 par-
ticipants had insufficient information to form a post mortem diagnosis.
Post mortem diagnoses were based on all prior assessments plus the
new information from the informant. Of the 96 receiving a post mortem
diagnosis, 7 were evaluated as having become more impaired and were
given a post mortem diagnosis reflecting that progression. No significant
differences were found between those without a post mortem infor-
mant visit and those with a post mortem visit with respect to sex or
population (Table S4 in supporting information). Those with MCl were
significantly less likely to receive a post mortem visit (4 people missed,
25%) than those with NC diagnoses (6 people missed, 7%) and accord-
ingly post mortem visits were more likely to be missed in people who

were older. The result could be some under-ascertainment.
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TABLE 2 Demographic characteristics of incidence sample, by incident group.

Incident dementia

Non-dementia cases

N 22 708
Population
Tsimane 15 (68.2%) 488 (68.9%)
Moseten 7 (31.8%) 220(31.1%)
Sex
Men 13(59.1%) 366 (51.7%)
Women 9 (40.9%) 342 (48.3%)
Age at end of follow-up
60-64 0 133(18.8%)
65-69 3(13.6%) 218 (30.8%)
70-74 6(27.3%) 174 (24.6%)
75-79 8(36.4%) 114 (16.1%)
80-84 1(4.5%) 42(5.9%)
85-89 4(18.2%) 21(3.0%)
90+ 0 6(0.8%)
Mean (SD) age 77.2(6.5) 71.2(6.5)
Tsimane
N 15 488
Sex
Men 8(53.3%) 251(51.4%)
Women 7 (46.7%) 237 (48.6%)
Mean (SD) age 77.0(5.5) 71.3(6.6)
Moseten
N 7 220
Sex
Men 5(71.4%) 115 (52.3%)
Women 2(28.6%) 105 (47.7%)
Mean (SD) age 77.6(8.7) 71.1(6.2)

Incident MCI Non-MCl cases
31 649
21(67.7%) 448 (69.0%)
10(32.3%) 201 (31.0%)
16 (51.6%) 341(52.5%)
15 (48.4%) 308 (48.4%)

1(3.2%) 132 (20.3%)
3(9.7%) 212 (32.7%)
10(32.3%) 153 (23.6%)
7 (22.6%) 97 (14.9%)
6(19.3%) 33(5.1%)
4(12.9%) 17 (2.6%)
0 5(0.8%)

76.8 (6.5) 70.7 (6.3)
21 448
10 (47.6%) 236 (52.7%)
11(52.4%) 212 (47.3%)

76.5(6.4) 70.8 (6.4)

10 201
6(60.0%) 105 (52.2%)
4 (40.0%) 96 (47.8%)
77.5(7.1) 70.7 (6.2)

Notes: Total dementia sample (N = 730) excludes 7 individuals with dementia in Phase 1 and 1 individual whose baseline was Phase 2 and was identified
as having dementia. Those categorized as non-cases include those diagnosed as normal cognition or MCl in all phases (including normal cognition/normal
cognition, MCI/MCI, MCl/normal cognition, normal cognition/MCl transitions). For analyses of MCl incidence (total sample = 680), those with baseline MCI

or dementia were excluded and non-cases included only normal cognition.
Abbreviation: MCI, mild cognitive impairment; SD, standard deviation.

3.2 | Prevalence rates

Phase 2 and Phase 3 dementia prevalence estimates were based on
those alive when visited during the phase. Within each population,
crude prevalence of dementia at age 60+ was similar in Phases 2
and 3. In Tsimane, prevalence was 2.09% (95% Cl = 1.01%-3.81%) in
Phase 2 and 2.00% (95% CI| = 0.97%-3.65% in Phase 3. In Moseten,
prevalence was 1.80% (95% Cl = 0.49%-4.55%) in Phase 2 and 1.70%
(95% Cl = 0.47%-4.30%) in Phase 3. Table 3 shows prevalence for
all three phases, with standardized rates adjusting for population
age structures. Point estimates at both follow-up Phases 2 and 3

were slightly higher than Phase 1 but the difference was within the
confidence intervals.

Prevalence of MCI at Phase 2 in Tsimane was 3.97% (95%
Cl =2.41%-6.14%), and in Moseten, 3.15% (95% Cl = 1.28%-6.39%).
Prevalence of MCI at Phase 3 was 3.21% (95% Cl = 1.84%-5.15%) in
Tsimane, and 3.40% (95% Cl = 1.48%-6.60%) in Moseten. These rates
are lower than Phase 1 MCl prevalence: 7.7% (95% Cl = 5.2%-10.3%)
and 9.8% (95% Cl = 4.9%-14.6%), respectively. The lower rates of MCI
at Phases 2 and 3 reflect the additional longitudinal data available
with the additional phases, permitting better discrimination between

low average cognitive ability or temporary fluctuations and decline in
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TABLE 3 Prevalence of dementia at three phases.

Phase 1

Prevalence (total dementia
cases/total assessed)

All 7/592=1.18%
(95% Cl =0.48%, 2.42%)

Tsimane

crude 5/418 = 1.20%

(95% Cl =0.39%, 2.77%)
standardized 1.14% (95% Cl = 0.14%, 2.14%)
Moseten

crude 2/174=1.15%
(95% Cl =0.14%, 4.09%)

standardized 1.30% (95% Cl = 0%, 3.10%)

Phase 2

Prevalence (total dementia
cases/total assessed)

14/700 = 2.00%
(95% Cl = 1.10%, 3.33%)

10/478 = 2.09%
(95% Cl =1.01%, 3.81%)

1.87% (95% Cl = 0.70%, 3.04%)

4/222 =1.80%
(95% Cl =0.49%, 4.55%)

1.55% (95% Cl = 0.03%, 3.08%)

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

Phase 3

Prevalence (total dementia
cases/total assessed)

14/734=1.91%
(95% Cl = 1.05%, 3.18%)

10/499 = 2.00%
(95% Cl =0.97%, 3.65%)

2.10% (95% Cl = 0.80%, 3.40%)

4/235=1.70%
(95% Cl =0.47%, 4.30%)

1.62% (95% Cl = 0.02%, 3.22%)

Note: Numerator is number of cases alive when visited during the phase. Denominator is total number assessed alive when visited during the phase. Exact
binomial 95% confidence intervals (Cl) are shown. Standardized prevalence is based on the combined Tsimane and Moseten age structure at each phase.
Excluded from prevalence calculations are those deceased before their scheduled visit, where only a relative was interviewed.

TABLE 4 Incidence of dementia (per 1000 person-years), by population and by population and age group.

Age at Incidence Tsimane Moseten

Group Cases/person-years Rate (95% Cl) Cases/person-years Rate (95% Cl)

60-64 0/203.00 0/87.16

65-69 1/675.79 1.48(0.218-10.50) 2/327.99 6.10(1.53-24.38)
70-74 5/593.52 8.42(3.51-20.24) 1/243.47 4.11(0.58-29.16)
75-79 7/345.15 20.28 (9.67-42.54) 1/175.56 5.70 (0.80-40.44)
80-84 0/121.34 1/61.14 16.36(2.30-116.11)
85-89 2/7845 25.49 (6.38-101.94) 2/32.84 60.91(15.23-243.55)
>90 0/20.59 0/5.80

Total (aged 60+) 15/2037.85 7.36 (4.44-12.21) 7/933.96 7.49(3.57-15.72)

Note: Incidence rates and 95% confidence intervals (Cl) per 1000 person years. Age group at incidence of dementia.

cognition. As a result, some individuals diagnosed as MCI at Phase 1
were subsequently reclassified as normal cognition but are included in

the Phase 1 prevalence.

3.3 | Incidence rates and correlates

For calculating incidence, we retained all individuals diagnosed in
Phase 1 or Phase 2 and followed up in one or both subsequent phases,
including those deceased after their immediately prior visit but whose
informant was interviewed after the participant’s death. Demographic
characteristics are in Table 2. Median follow-up was 4.73 years (range
0.08-7.05). Times of < 1 year reflect participants who died shortly
after their baseline assessment. Overall incidence for age 60+ was
7.36 cases/1000 person-years (95% Cl = 4.44-12.21) for Tsimane and
7.49 cases/1000 person-years for Moseten (95% Cl = 3.57-15.72; see
Table 4).

Twenty-two incident dementia cases were identified; 8 diagnosed
as MCI at baseline, and 14 as normal cognition. Rates were higher
for Moseten than Tsimane, and for men (8.71 [95% Cl = 5.06-15.00])
than for women (6.09 [95% Cl = 3.17-11.70]), although not signifi-
cantly. Two cases were diagnosed post mortem, and seven more died
before the end of the last phase when they were evaluated in per-
son. Two of the cases were literate; few had any formal schooling
(HR [95% CI] = 0.24 [0.05-1.22]; SHR [95% CI] = 0.27 [0.06-1.18]).
As context, ~ 84% of all Tsimane and 40% of all Moseten aged 60+
are illiterate. Five incident cases were suggestive of AD or displayed
amnestic profiles. Two had suffered head injuries but also showed
progressive cognitive impairment prior to injury. Two had Parkin-
son’s disease or significant tremor. Hypertension or stroke was men-
tioned in three cases. Five had significant depression. Multi-morbidity
including visual impairment, hearing impairment, and/or impaired
mobility affected more than half. Need for food was noted in five
cases.
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Panel A Panel B

Subhazard Ratio Hazard Ratio
Variable with 95% CI Variable with 95% CI
Demographic Demographic
Age (per 6.5 years) —— 210 ( 1.55, 2.83) Age (per 6.5 years) — 2.33(1.61, 3.39)
Male (vs female) —_— 1.33( 0.57, 3.10) Male (vs female) —_— 1.37 (0.59, 3.23)
Tsimane (vs Moseten) —_— 0.92( 0.37, 2.27) Tsimane (vs Moseten) —_— 1.03(0.41, 257)
Literate o 0.27 ( 0.06, 1.18) Literate o 0.24 ( 0.05, 1.22)
ApoE4 ApoE4
At least one ApoE4 allele —_— 4.81( 1.96, 11.78) At least one ApoE4 allele e S 4.93(1.98, 12.32)
1 E4 allele (vs 0) —_— 3.23( 1.16, 8.95) 1 E4 allele (vs 0) —_—— 3.25(1.14, 9.25)

2 E4 alleles (vs 0) ———+>39.06 ( 11.64, 131.11)

Blood Pressure

Systolic BP (per 19.2 mmHg) - 1.25( 0.84, 1.85)
Diastolic BP (per 11.4 mmHg) —T— 1.21( 0.78, 1.86)
Metabolic
LDL cholesterol (per 33.3 mg/dL) —e— 1.16 ( 0.78, 1.72)
HDL cholesterol (per 7.4 mg/dL) —— 1.11( 0.80, 1.54)
Triglycerides (per 67.0 mg/dL) — 0.80 ( 0.49, 1.32)
Glucose (per 16.7 mg/dL) —_—— 0.67 ( 0.29, 1.57)
Glucose >100 mg/dL — 0.92( 0.11, 7.92)
Arterial Calcium
Log total TAC (per 2.90) —— 2.82( 1.34, 5094)
Total TAC>500 —_—— 3.36( 1.07, 10.52)
Lifestyle
Daily step count (per 5900 steps) — 0.58 ( 0.30, 1.14)
Smoker —— 0.41( 0.12, 1.45)
Inflammation
CRP (per 5.5 mg/dL) —— 1.03( 068, 1.54)
IL5 (per 19.0 pg/mL) —— 048 ( 0.15, 1.61)
IL6 (per 22.7 pg/mL) — 0.84( 0.51, 1.38)
IL10 (per 97.1 pg/mL) — 0.12( 0.01, 1.25)
VEGF (per 167.1 pg/mL) e 1.29( 0.93, 1.79)
025 200 1600 4000

2 E4 alleles (vs 0) ————+>38.85(9.88, 152.76)

Blood Pressure

Systolic BP (per 19.2 mmHg) e 1.35(0.92, 1.98)
Diastolic BP (per 11.4 mmHg) e 1.30( 0.85, 1.99)
Metabolic

LDL cholesterol (per 33.3 mg/dL) —— 1.12(0.72, 1.74)
HDL cholesterol (per 7.4 mg/dL) —— 1.11 (0.71, 1.76)
Triglycerides (per 67.0 mg/dL) — 0.80 (0.43, 1.47)
Glucose (per 16.7 mg/dL) —_— 0.75(0.36, 1.54)
Glucose >100 mg/dL —— 1.73(0.23, 13.16)
Arterial Calcium

Log total TAC (per 2.90) —_— 3.28(1.10, 9.79)
Total TAC>500 —_— 3.29(1.12, 9.70)
Lifestyle

Daily step count (per 5900 steps) —— 0.53 (0.27, 1.03)
Smoker — 0.35(0.10, 1.26)

Inflammation

CRP (per 5.5 mg/dL) —— 103(067, 157)

IL5 (per 19.0 pg/mL) — 050 (0.1, 2.24)

IL6 (per 22.7 pg/mL) —_— 0.92(040, 2.11)

IL10 (per 97.1 pg/mL) — 0.14(0.01, 2.71)

VEGF (per 167.1 pg/mL) —— 1.45(1.10, 1.92)
OAI25 2.(‘)0 16.‘00 40.‘00

FIGURE 2 Risk factors for incident dementia: A, Subhazard ratios (SHRs), taking into account competing risks due to mortality. SHRs are
expressed per SD of continuous variables. B, Baseline age-, sex-, and population-adjusted hazard ratios (HRs). SHRs are expressed per SD of
continuous variables. All models analyze each variable separately, adjusted for age, sex, and population. Total TAC = thoracic artery plus aortic arch
calcium. APOE, apolipoprotein E; BP, blood pressure; CRP, C-reactive protein; HDL, high density lipoprotein; IL, interleukin; LDL, low density

lipoprotein; VEGF, vascular endothelial growth factor.

Figure 2 shows predictors of dementia risk as age-, sex-, and
population-adjusted relative HRs for each risk factor, calculated as
competing risk SHRs to consider competing risks due to mortality.
Table S5 in supporting information shows corresponding detailed data.
Nineteen of the 22 cases were genotyped, of whom 10 (52.6%) had at
least one APOE ¢4 allele, compared to 104 of 520 non-cases (20.0%;
HR [95% Cl], FDR q value = 4.93 [1.98-12.32], g = 0.006; SHR [95%
Cl] = 4.81 [1.96-11.78], g = 0.006). VEGF was associated with ele-

vated dementia risk (16 cases, 543 non-cases; HR [95% Cl], FDR g
value = 1.45 [1.10-1.95] per SD, q = 0.06; SHR [95% CI] = 1.29
[0.93-1.79] per SD, g =0.29).

Among 19 cases, 73.4% had total TAC scores > 500 versus
34.6% of 587 non-cases (HR [95% CIl], FDR g value = 3.29 [1.12-
9.70], g = 0.11; SHR [95% CI] = 3.36 [1.07-10.52], g = 0.17).
Hypertension, lipids, and glucose assessed prior to baseline cogni-

tive assessment were not associated with incident dementia. APOE
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¢4 and total TAC but not VEGF remained significant after FDR
adjustment.

Those who had data for each risk factor were compared on age,
sex, population, and baseline diagnosis to those for whom data were
missing (Table Sé6 in supporting information). Moseten were more likely
to be missing glucose, lipids, and accelerometry than were Tsimane.
Older participants were more likely to be missing accelerometry than
younger participants, with the oldest age group also more likely to
be missing glucose and blood pressure. SHR and HR estimates were
not appreciably altered in sensitivity analyses that used stabilized
inverse probability weights that modeled probability of having risk
factor measure completed as a function of age, sex, and population.

There were 31 incident MCl cases, for an overall rate of 11.11/1000
person-years in Tsimane (95% Cl = 7.24-17.04) and 11.64/1000
person-years in Moseten (95% Cl = 6.26-21.64; Table S7 in support-
ing information). Risk factor profiles for MCI tended to be between
scores for those with dementia and cognitively normal participants
(Table S8 in supporting information). Elevated risk for MCl was asso-
ciated with APOE ¢4 genotype, higher literacy, elevated glucose, total
TAC, and lower steps per day. Only APOE ¢4 was significant after adjust-
ing for FDR. SHR and HR estimates were in general not appreciably
altered in sensitivity analyses that used stabilized inverse probability
weights; estimates for APOE ¢4 were reduced (HR [95% Cl] = 2.94
[1.10-7.83]; SHR [95% CI] = 2.67 [0.95-7.53) and estimates for daily
step count were magnified (HR [95% Cl] = 0.47 [0.30-0.73]; SHR [95%
Cl]=0.50[0.33-0.77). Still, these risk factor results should be treated
as exploratory given the instability of MClI classifications.

3.4 | Plasma based biomarkers

Analyses included 573 participants who were cognitively normal
across all three phases; 17 incident MCI cases, and 11 incident
dementia cases who had a plasma sample corresponding to the visit.
Comparing the dementia cases to cognitively normal controls with
Firth logistic regression, none of the Aj or p-tau markers were statis-
tically significant, and only NfL survived FDR. NfL was associated with
higher odds of dementia, OR = 2.81 (95% Cl 1.69-4.68), P < 0.0001.
NfL was also associated with higher odds of MCI, OR = 1.87 (95% ClI
1.10-3.19), P =0.0214, although not significant after FDR.

Tests for non-participation bias showed a significant difference
by population with Tsimane dementia cases less likely than Moseten
dementia cases to have a plasma sample. This result reflects that nine
Tsimane cases had died before they could be visited for a plasma sam-
ple. A sensitivity analysis showed that NfL was associated with higher
odds of dementia in both Tsimane, OR = 5.10 (1.90-13.68, P=0.0012,
and Moseten, OR = 1.94 (1.04-3.62), P=0.0374.

Using the 75th percentile categorization, of the eleven dementia
cases, one showed no positive biomarker, one was A-/T-/N+, one was
A+/T-/N-, four were A+/T-/N+, three were A-/T+/N+, and one was
A+/T+/N+. More than half the incident dementia cases had elevated
NfL. Given the small N with available data and arbitrary cutoffs, the

results of these analyses are not strongly consistent with a prototypical
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AD profile, although there is evidence of neurodegeneration. See Table
S9 in supporting information. Importantly, these data are preliminary
and available only for a subset of participants.

3.5 | Mortality

Among 149 deaths in 758 individuals, mortality hazards after Phase
1 and 2 assessments were compared among diagnostic groups. Age-,
sex-, and population-adjusted HRs (95% Cl) were 6.14 (3.32-11.35) for
dementia compared to normal cognition, and 2.70 (1.66-4.36) for MCl
compared to normal cognition.

Median follow-up time from date of Phase 1 visit among 586 per-
sons aged > 60 was 5.01 person-years (range 0.04 to 7.66). By the
end of Phase 3, 100% of dementia cases had died; 40% of MCI cases;
and 21% of those diagnosed with normal cognition, chi2[2] = 32.18,
P <0.001.

Median follow-up time available for Phase 2 was 2.07 years (range
0.02 to 4.25). Therefore, we calculated 2-year survival rates for Phase
1 and Phase 2. Deaths per 1000 person-years for dementia cases were
strikingly higher than rates for MCl or normal cognition at both phases,
with a 10 times higher rate of deaths within 2 years of assessment
among dementia cases than those with normal cognition (Table 5).

We were able to find descriptive notes about cause of death for
100 deaths, generally reflecting what the THLHP physician learned
when he went to visit and found that the person had died. When there
were notes, average age at death for those with dementia and MCl was
80; for normal cognition, 72. Notes were coded by a physician (H.C.C.)
blind to the person’s dementia status. Across all diagnostic groups, the
chief contributors to death that stood out were (1) treatable infections
both chronic (e.g., pulmonary tuberculosis) and acute (e.g., after rup-
tured gall bladder or bowel obstruction); (2) renal failure frequently
attributed to benign prostatic hypertrophy but also noted in individ-
uals with Type 2 diabetes mellitus or hypertension; (3) less frequently
but still notable, accidents (e.g., fall resulting in head trauma). In 30% of
dementia cases, the death notes mentioned stroke; but in only 15% of

MCI cases, and almost none of those with normal cognition.

4 | DISCUSSION

In this population-based study of Indigenous Tsimane and Moseten
Amerindians of Amazonian Bolivia, we replicated our prior observa-
tion of a very low prevalence of dementia, as measured by an in-person
clinical workup and consensus clinical diagnosis with DSM-5 criteria.
After 4.7 years of follow-up, total dementia incidence for Tsimane and
Moseten, aggregated across age > 60, was modestly lower than most
published studies, chiefly in Europe and the United States.32-3¢ How-
ever, age-specific dementia incidence rates for Tsimane and Moseten
are within the same range as these comparison studies, especially
before age 80, albeit with large Cls due to low numbers of cases
(Figure 3). The population pyramid for Tsimane and Moseten is trian-

gular, unlike the rectangular pyramids in Europe and the United States.
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TABLE 5 Two-year mortality rates (per 1000 person-years), for dementia, MCI, and normal cognition for Phase 1 and Phase 2.

A. Two-year mortality rates for all cases in Phase 1 and in Phase 2

Phase 1 Phase 2
Diagnostic group Deaths/person-years Rate (95% Cl) Deaths/person-years Rate (95% Cl)
Normal cognition 29/1030.15 28.15(19.56-40.51) 37/1194.10 30.99(22.45-42.77)
MCI 6/93.21 64.37 (28.92-143.28) 10/35.17 284.32(152.98-528.42)
Dementia 3/11.42 262.77 (84.75-814.74) 8/12.90 620.32(310.22-1240.39)

B. Two-year mortality rates for incident cases in Phase 2

Phase 2 incidence sample

Diagnostic group Deaths/person-years Rate (95% Cl)

Normal cognition 34/934.82 36.37 (25.99-50.90)

MCI 8/30.72 260.39 (130.22-520.68)
Dementia 5/8.23 607.74 (252.96-1460.11)

Abbreviations: Cl, confidence interval; MCI, mild cognitive impairment.
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FIGURE 3 Comparative incidence rates for dementia by age group for THLHP (Tsimane Health and Life History Project, including both
Tsimane and Moseten) and available comparison studies. Systematic reviews and meta-analyses were prioritized, with additional non-duplicative
studies in which diagnoses were based on clinical workups and where comparable incidence rates by 1000 person-years for 5-year age bands were
available. Pooled European includes studies from Finland, Sweden, Denmark, Netherlands, United Kingdom, France, and Spain.?2 Pooled European
does not include any of the individual European studies in the chart. Individual European studies include: 3CITY (France), CFAS (Cognitive Function
and Ageing Studies; United Kingdom), Gothenberg studies (Sweden).33 US studies include ACT (Adult Changes in Thought)3* and Framingham
Heart Study.33 Other studies include an analysis of four regions in China®® and a project conducted in a town in S3o Paulo state, Brazil.3¢ For the
study in China, the age category labeled 85 to 89 includes age 85+. There are no available data for the age category 65 to 69 for the Gothenberg
studies
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Aggregated incidence for age 60+ is higher in countries in which the
population is older overall.

Compared to the few published incidence for other Indigenous
groups, Tsimane and Moseten rates are two to nearly three times lower
(Figure S3in supporting information).8?

For incident MCI, comparison studies (Figure S4, Panel A in sup-
porting information) are largely from Europe or the United States and
generally show higher incidence than Tsimane or Moseten. Similar to
patterns for dementia, Australian Aboriginal studies show consider-
ably higher MCl incidence (Figure S4, Panel B).87 In our results, lower
prevalence of MCI at Phases 2 and 3 than Phase 1 may in part reflect
expected fluctuation, or reclassification in those who did not show
progression in impairment.3’

Prevalence of dementia remains low compared to other popu-
lations, with European and US rates three to four times greater.
Compared to other Indigenous or rural illiterate groups and reports
from LMIC, we see a bifurcation: some show more dementia than HICs;
others, less.2%38 High rates occur in forcibly settled Australian abo-
riginals, in whom hypertension and stroke are dementia risk factors
related to lifestyle changes associated with greater integration into the
dominant culture. Higher rates are seen in the Melanau of Malaysia, in
whom Western dietary habits such as soda intake and metabolic syn-
drome are noted.3? Higher rates of cognitive impairment (dementia
and MCI) were reported in American Indians compared to other US
studies.*? Both higher rates of cognitive impairment and younger age
at onset were seen in a Brazilian Indigenous community near Manaus
where loss of territories and adoption of Western habits were noted.**
In contrast, Indigenous populations living traditional lifestyles show
low rates, evidenced by rural Indian subsistence farmers assessed in
1991 to 1999,%2 rural populations in the Brazilian Amazonian region,®
and recent work with Peruvian Quechua.”

In Tsimane and Moseten, low prevalence combined with similar inci-
dence by age group compared to other studies suggests that part of
the explanation for low prevalence is short survival among cases. While
sample sizes preclude formally decomposing prevalence, mortality
analyses help explain the difference: Dementia cases have shortened
life expectancy, helping to account for observed prevalence, with
selective mortality and possible ascertainment bias also to consider.

Although survival time after diagnosis with dementia varies across
studies, compared to the United States, survival with dementia appears
two to three times shorter for Tsimane and Moseten.*344 Caution is
needed as age at onset in prevalent cases in Tsimane and Moseten is
uncertain—we can only report age at diagnosis. Still, our field obser-
vations offer some context for these results and highlight living with
dementia in a society in which lifestyle and environment are more like
the human ancestral pre-industrial past. Everyone contributes to fam-
ily food acquisition. High fertility means many children to feed.2é Food
insecurity is widespread.*> If dementia prevents a person from con-
tributing to food production, it can become a burden on the family,
with the older person’s decreasing nutritional status contributing to
death. We noticed that dementia often co-occurs with other health
conditions, for example, impaired vision or mobility, worsening inability

to contribute. Minimal medical care means many treatable conditions

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

receive little remediation. Thus, we speculate that multi-morbidities,
including dementia, as well as insufficient family capacity to provide
care may contribute to shortened survival.

A subsistence lifestyle may plausibly be protective against demen-
tia, with low exposure to usual modifiable risk factors for dementia
such as obesity, hypertension, diabetes, and physical inactivity. Tsimane
and Moseten generally show low prevalence of these risks, and we did
not find support for higher scores predicting which individuals would
develop dementia. There was some indication that physical activity
might be protective, although reverse causation cannot be ruled out.

Contrary to hypothesis, we found little evidence that inflamma-
tory cytokines serve as risk factors. Only VEGF, which has pro-
inflammatory effects and may contribute to neuroinflammation, was
predictive of incident dementia (and did not remain significant on
FDR adjustment)—and may be related to higher TAC. We have previ-
ously reported that age-related chronic inflammation is low, especially
among Tsimane.*® Those authors further suggested that the immune
system response developed from parasitic exposure may contribute to
lowering age-related inflammation.*¢

APOE ¢4 was a significant predictor of incident dementia and inci-
dent MCIL. In areview of diverse Indigenous populations, including both
prevalence and incidence studies, half the studies found APOE ¢4 to be
a significant risk factor for either AD or all-cause dementia, while half
did not.*”

Low education is a highly cited risk factor for dementia. However,
among Tsimane and Moseten, there is little variability in years of
schooling, and even those reporting 1 to 2 years of school are largely
illiterate. We found weak evidence that illiteracy predicted dementia;
however, literacy was higher in MCI cases than in those with normal
cognition. Access to schooling is also increasing, with illiteracy less
frequent among those later born.

Literacy clearly affects how participants approach cognitive tests.
We adapted assessments for illiteracy to avoid conflating inability to
read or spell or unfamiliarity with writing implements with cognitive
impairment and standardized test scores for age, sex, and literacy. Most
Tsimane, even those able to count from 1 to 5, had little understand-
ing of numbers; for example, a participant might believe that a 200
boliviano note was worth less than two 100 boliviano notes.

Our impression remains that the majority of dementia cases in Tsi-
mane and Moseten are not prototypical AD, initially based on clinical
judgment of their pattern of deficits and on the intracranial arterial cal-
cification that tends to be more prominent in cases.* The neurological
exam elicits symptoms that may be vascular parkinsonism. Elevated
total TAC is indicative of systemic vascular disease and stroke risk.
A weak signal that VEGF is elevated is compatible with a compen-
satory response to reduced cerebral blood flow. Preliminary analysis of
plasma-based brain biomarkers finds strong indication of neurodegen-
eration and neuroinflammation measured by NfL and GFAP, which are
non-specific but could reflect vascular brain injury. Remarkably, there
was little support for ATN profiles characteristic of AD. Neither A3
nor p-tau profiles were significantly associated with incident MCI or
dementia. Finally, other studies of Indigenous populations have noted

that AD formed a smaller part of the total dementia than in European
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and US studies.® This picture nonetheless remains speculative as we
continue to follow the participants.

Limitations of the study include the small number of incident cases
and hence imprecise estimates, assessment challenges, possible mis-
classification especially for MCI, inclusion with incident dementia of
cases with baseline MCI, possible post mortem under-ascertainment,
multiple testing, missingness for risk factors, absence of measurements
of midlife risk factors, and possible influence of selective survival on
incidence estimates and biomarker interpretation. Accordingly, results
must be taken with caution. Differential diagnosis is challenging, given
reliance on what can be done in these remote villages, although for the
next phase, new and higher quality CT imaging and additional plasma-
based AD biomarker data will be available. Sensitivity analyses using
inverse probability weighting to account for missing risk factor data
are also limited by the small event count, potentially contributing to
unstable estimation of weights and extreme weights; use of stabilized
weights and a simple weight model yielded very stable weights (mean
1.00, range 0.97-1.05).

We do not believe that the low rate of dementia reflects failure to
locate cases. All villages within the main Indigenous political units are
in the sampling frame, a biennial census is conducted, and everyone
aged 60+ is included. At Phases 2 and 3, of those in the sampling frame,
visits by the assessment team were made to 98.2% and 92.3%, respec-
tively (Figures S1 and S2). Refusals were < 1%. Many incidence studies
do not attempt to determine dementia status post mortem; we were
able to locate an informant for 90.7% of those deceased. Longitudinal
cognitive testing provided cognitive trajectories. Even considering pos-
sible underdiagnosis from post mortem informant interviews, incidence
would only modestly increase.

In the future, dementia rates in Tsimane and Moseten may increase
with greater cell phone coverage broadening exposure to Westernized
lifestyles, and motorized canoes and motorcycles leading to greater
market access, less healthy commercialized diets, and reduced physi-
cal activity. At the same time, improved public health and medical care
may extend survival among those who do not develop dementia as well
as for those who do.

ACKNOWLEDGMENTS

The authors thank the Tsimane and Moseten participants and the Tsi-
mane Health and Life History Project staff in San Borja, Beni, Bolivia.
Research reported in this publication was supported by the National
Institute on Aging of the National Institutes of Health under Award
Number RO1 AG054442. The content is solely the responsibility of
the authors and does not necessarily represent the official views of
the National Institutes of Health. J.S. acknowledges support from NSF
Grant No. 1748282 and from the French National Research Agency
(ANR) under the Investments for the Future (Investissements d’Avenir)
program, grant ANR-17-EURE-0010. The funders of the study had no
role in study design, data collection, data analysis, data interpretation,

and writing of the report.

CONFLICT OF INTEREST STATEMENT

We declare no competing interests. Unrelated to this work, M.G.
declares NIH grant funding and consultation with Michigan State
University. W.J.M. declares DSMB membership for trials funded by
NIH. H.C.C. declares NIH grant funding, consultation with Los Ange-
les County Public Defender (fees paid to institution, not individual),
and participation on the Alzheimer’s Los Angeles board. H.Z. is a
Wallenberg Scholar and a Distinguished Professor at the Swedish
Research Council supported by grants from the Swedish Research
Council (#2023-00356, #2022-01018 and #2019-02397), the Euro-
pean Union’s Horizon Europe research and innovation programme
under grant agreement No 101053962, Swedish State Support for
Clinical Research (#ALFGBG-71320), the Alzheimer Drug Discov-
ery Foundation (ADDF), USA (#201809-2016862), the AD Strategic
Fund and the Alzheimer’s Association (#ADSF-21-831376-C, #ADSF-
21-831381-C, #ADSF-21-831377-C, and #ADSF-24-1284328-C), the
European Partnership on Metrology, co-financed from the European
Union’s Horizon Europe Research and Innovation Programme and by
the Participating States (NEuroBioStand, #22HLTO07), the Bluefield
Project, Cure Alzheimer’s Fund, the Olav Thon Foundation, the Erling-
Persson Family Foundation, Familjen Ronstroms Stiftelse, Familjen
Beiglers Stiftelse, Stiftelsen for Gamla Tjanarinnor, Hjarnfonden, Swe-
den (#F02022-0270), the European Union’s Horizon 2020 research
and innovation program under the Marie Sktodowska-Curie grant
agreement No 860197 (MIRIADE), the European Union Joint Pro-
gramme - Neurodegenerative Disease Research (JPND2021-00694),
the National Institute for Health and Care Research University Col-
lege London Hospitals Biomedical Research Centre, the UK Dementia
Research Institute at UCL (UKDRI-1003), and an anonymous donor.
H.Z. has served on scientific advisory boards and/or as a consultant for
Abbvie, Acumen, Alector, Alzinova, ALZpath, Amylyx, Annexon, Apel-
lis, Artery Therapeutics, AZTherapies, Cognito Therapeutics, CogRX,
Denali, Eisai, Enigma, LabCorp, Merck Sharp & Dohme, Merry Life,
Nervgen, New Amsterdam, Novo Nordisk, Optoceutics, Passage Bio,
Pinteon Therapeutics, Prothena, Quanterix, Red Abbey Labs, reMYND,
Roche, Samumed, ScandiBio Therapeutics AB, Siemens Healthineers,
Triplet Therapeutics, and Wave. HZ has given lectures sponsored
by Alzecure, BioArctic, Biogen, Cellectricon, Fujirebio, LabCorp, Lilly,
Novo Nordisk, Oy Medix Biochemica AB, Roche, and WebMD. H.Z. is
chair of the Alzheimer’s Association Global Biomarker Standardization
Consortium and chair of the IFCC WG-BND. H.Z. is a co-founder of
Brain Biomarker Solutions in Gothenburg AB (BBS), which is a part
of the GU Ventures Incubator Program, and a shareholder of CERim-
mune Therapeutics (outside submitted work). C.E.F. declares stock in
Acumen Pharmaceuticals. For the HORUS Team, R.CT. acknowledges
support through Saint Luke’s Mid America Heart Institute for travel
and conference attendance. Adel Allam is President, Egyptian League
of Non-Invasive Cardiac Imaging. M.D.G. acknowledges honoraria from
UCLA and University of Michigan. Author disclosures are available in

the Supporting Information.

85U80| 7 SUOWIWOD BAITE8.D) 3ot |dde 8Ly A peusenob ake ssppie YO ‘8sn Jo SN oy Akeiqi8uluQ A8|1A UO (SUOIIPUCO-pUe-SWIS)W0o" A8 | 1M Afe1q | BU|UO//:SdNY) SUORIPUOD pue swie | 8y 8eS *[9202/60/.T] uo Arigi]aulluo A8|iM ‘ boy A1sieAlun arels euozuy - ajquini L uiwelueg Aq 0S2T. ZB/Z00T 0T/I0p/u0d A8 |im Akelqipuljuoseuinol-zfe//sdny wo.j pspeojumod ‘6 ‘9202 ‘6.252SST



GATZET AL.

Alzheimer’s &Dementia® | 1sore

CONSENT STATEMENT
The study was approved by the ethics committee of the Faculty of

Medicine, Universidad Mayor de San Simon, Cochabamba, Bolivia and

the institutional review board of the University of California, Santa

Barbara. The Tsimane and Moseten governments, village leaders, and

participants approved all protocols. Informed consent was obtained in

the participant’s native language.

REFERENCES

1

10.

11.

12.

13.

14.

15.

GBD 2019 Dementia Forecasting Collaborators. Estimation of the
global prevalence of dementia in 2019 and forecasted prevalence in
2050: an analysis for the global burden of disease study 2019. Lancet
Public Health. 2022;7(2):e105-e125. doi:10.1016/52468-2667(21)
00249-8

. Furlano JA, Okada de Oliveira M, Pintado-Caipa M, Réhr S. Dementia

prevalence and dementia risk in indigenous peoples: recent findings,
current developments, and future directions. Curr Opin Psychiatry.
2025;38(2):119-125.doi:10.1097/YC0O.0000000000000987

. Clarke AJ, Whetung C, Suchy-Dicey A, et al. Advancing brain health

equity with indigenous peoples: a critical imperative. Alzheimers
Dement. 2026;22(2):e71125.d0i:10.1002/alz.71125

. de Souza-Talarico JN, de Carvalho AP, Brucki SM, Nitrini R, RE F-R.

Dementia and cognitive impairment prevalence and associated factors
in Indigenous populations: a systematic review. Alzheimer Dis Assoc
Disord. 2016;30(3):281-287.

. Gatz M, Mack WJ, Chui HC, et al. Prevalence of dementia and mild

cognitive impairment in indigenous Bolivian forager-horticulturalists.
Alzheimers Dement. 2023;19(1):44-55. doi:10.1002/alz.12626

. Brucki SMD, Nitrini R. Cognitive impairment in individuals with

low educational level and homogeneous sociocultural background.
Dement  Neuropsychol. 2014;8(4):345-350. doi:10.1590/51980-
57642014DN84000007

. Zegarra-Valdivia JA, Quispe RDM, Turpo JC, et al. Evaluation of cogni-

tive profile through Q-RUDAS: first approach in quechua participants.
Alzheimer’s Dement. 2023;19:e083225. doi:10.1002/alz.083225

. Lo Giudice D, Smith K, Fenner S, et al. Incidence and predictors of cog-

nitive impairment and dementia in Aboriginal Australians: a follow-up
study of 5 years. Alzheimers Dement. 2016;12(3):252-261.

. Lavrencic LM, Delbaere K, Broe GA, et al. Dementia incidence, APOE

genotype, and risk factors for cognitive decline in aboriginal Aus-
tralians: a longitudinal cohort study. Neurology. 2022;98(11):e1124-
e1136.doi:10.1212/WNL.0000000000013295

Gao S, Burney HN, Callahan CM, Purnell CE, Hendrie HC. Incidence
of dementia and Alzheimer disease over time: a meta-analysis. J Am
Geriatr Soc. 2019;67(7):1361-1369.d0i:10.1111/jgs. 16027

Kaplan H, Thompson RC, Trumble BC, et al. Coronary atherosclerosis
in indigenous South American tsimane: a cross-sectional cohort study.
Lancet. 2017;389(10080):1730-1739. doi:10.1016/S0140-6736(17)
30752-3

Lea AJ, Garcia A, Arevalo J, et al. Natural selection of immune and
metabolic genes associated with health in two lowland Bolivian pop-
ulations. Proc Natl Acad Sci U S A. 2023;120(1):e2207544120. doi:10.
1073/pnas.2207544120

Blackwell AD, Tamayo MA, Beheim B, et al. Helminth infec-
tion, fecundity, and age of first pregnancy in women. Science.
2015;350(6263):970-972. doi: 10.1126/science.aac7902

Barisano G, Bigjahan B, Schleifer G, et al. High prevalence of cere-
brovascular calcifications and clinical correlates in indigenous Bolivian
forager-horticulturalists: a population-based observational study. J
Am Heart Assoc. 2026;15(3):e043028.d0i:10.1161/JAHA.125.043028
Jr JCR, DA B, Blennow K, et al. NIA-AA Research Framework: toward
a biological definition of Alzheimer’s disease. Alzheimers Dement.
2018;14(4):535-562.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

Kaplan H, Hooper PL, Gatz M, et al. Brain volume, energy balance,
and cardiovascular health in two nonindustrial South American pop-
ulations. Proc Natl Acad Sci U S A. 2023;120(13):e2205448120. doi: 10.
1073/pnas.2205448120

Teng EL, Chui HC. The Modified Mini-Mental State (3MS) examination.
J Clin Psychiatry. 1987;48(8):314-318.

Smith K, Flicker L, Atkinson D, et al. The KICA Carer: infor-
mant information to enhance the Kimberley indigenous cogni-
tive assessment. Int Psychogeriatr. 2016;28(1):101-107. doi:10.1017/
$1041610215001283

Blessed G, Tomlinson BE, Roth M. Blessed-Roth Dementia Scale (DS).
Psychopharmacol Bull. 1988;24(4):705-708.

Morris JC. The clinical dementia rating (CDR): current version and
scoring rules. Neurology. 1993;43(11):2412-2414. doi:10.1212/WNL.
43.11.2412-a

Gurven M, Fuerstenberg E, Trumble B, et al. Cognitive performance
across the life course of Bolivian forager-farmers with limited school-
ing. Dev Psychol. 2017;53(1):160-176.doi:10.1037/dev0000175
Mejia Arango S, Wong R, Michaels-Obregén A. Normative and stan-
dardized data for cognitive measures in the Mexican Health and
Aging Study. Salud Publica Mex. 2015;57(Suppl 1(0 1)):590-596. doi: 10.
21149/spm.v57s1.7594

BAIYEWU O, UNVERZAGT FW, LANE KA, et al. The Stick Design test:
a new measure of visuoconstructional ability. J Int Neuropsychol Soc.
2005;11(5):598-605. doi:10.1017/513556177050507 1X

Manly JJ, Jones RN, Langa KM, et al. Estimating the prevalence
of dementia and mild cognitive impairment in the US: the 2016
health and retirement study harmonized cognitive assessment pro-
tocol project. JAMA Neurol. 2022;79(12):1242-1249. doi:10.1001/
jamaneurol.2022.3543

American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders. 5th ed. American Psychiatric Association Publishing;
2013.d0i:10.1176/appi.books.9780890425596

Gurven M, Stieglitz J, Trumble B, et al. The tsimane health and life his-
tory project: integrating anthropology and biomedicine. Evol Anthropol.
2017;26(2):54-73.d0i:10.1002/evan.21515

Gurven M, Kaplan H, Supa AZ. Mortality experience of tsimane
amerindians of Bolivia: regional variation and temporal trends. Am J
Hum Biol. 2007;19(3):376-398. doi:10.1002/ajhb.20600

Thompson RC, Trumble BC, Cummings DK, et al. Ectopic adipose tis-
sue in subsistence populations with minimal coronary disease, large
left atria, and very low rates of atrial fibrillation. Am J Prev Cardiol.
2025;23:101271.doi:10.1016/j.ajpc.2025.101271

Razavi AC, Dzaye O, Cainzos-Achirica M, et al. Association of thoracic
aortic calcium with incident cardiovascular disease and all-cause mor-
tality across the spectrum of coronary artery calcium burden. Am J Prev
Cardiol. 2025;21:100916. doi:10.1016/j.ajpc.2024.100916

Rea Reyes RE, Wilson RE, Langhough RE, et al. Targeted proteomic
biomarker profiling using NULISA in a cohort enriched with risk
for Alzheimer’s disease and related dementias. Alzheimers Dement.
2025;21(5):e70166. doi:https://doi.org/10.1002/alz.70166

Fine JP, Gray RJ. A proportional hazards model for the subdistribution
of a competing risk. J Am Stat Assoc. 1999;94(446):496-509. doi:10.
1080/01621459.1999.10474144

Fratiglioni L, Launer LJ, Andersen K, et al. Incidence of dementia and
major subtypes in Europe: a collaborative study of population-based
cohorts. neurologic diseases in the elderly research group. Neurology.
2000;54(11 Suppl 5):510-515.

Wolters FJ, Chibnik LB, Waziry R, et al. Twenty-seven-year time trends
in dementia incidence in Europe and the United States: the Alzheimer
cohorts consortium. Neurology. 2020;95(5):e519-e531. doi:10.1212/
WNL.0000000000010022

Kukull WA, Higdon R, Bowen JD, et al. Dementia and Alzheimer
disease incidence: a prospective cohort study. Arch Neurol.
2002;59(11):1737-1746.doi:10.1001/archneur.59.11.1737

85U SUOWIWOD 3A eI 8|eatjdde aup Aq peusenob a1e e YO ‘8SN Jo SaIn. o} A%eiq 1T 8UIIUO 481/ UO (SUORIPUOD-pU.-SWBH W00 ™/B 1M AleIq 1 [eu1juo//SdIY) SUORIPUOD PUe SWS L 83 885 *[9202/60/2T] U0 AR1qIT8uIlu0 ABIIM * boy AiSBAIUN 8FeIS BUOZUY - Biqini L UluRfueg AQq 0S.TL ZIB/Z00T OT/I0P/W0 AB| 1M AReiq puljUO'SfeuINO -z e//SANY o4} popeojumod ‘6 ‘920C ‘6.252SST


https://doi.org/10.1016/S2468-2667(21)00249-8
https://doi.org/10.1016/S2468-2667(21)00249-8
https://doi.org/10.1097/YCO.0000000000000987
https://doi.org/10.1002/alz.71125
https://doi.org/10.1002/alz.12626
https://doi.org/10.1590/S1980-57642014DN84000007
https://doi.org/10.1590/S1980-57642014DN84000007
https://doi.org/10.1002/alz.083225
https://doi.org/10.1212/WNL.0000000000013295
https://doi.org/10.1111/jgs.16027
https://doi.org/10.1016/S0140-6736(17)30752-3
https://doi.org/10.1016/S0140-6736(17)30752-3
https://doi.org/10.1073/pnas.2207544120
https://doi.org/10.1073/pnas.2207544120
https://doi.org/10.1126/science.aac7902
https://doi.org/10.1161/JAHA.125.043028
https://doi.org/10.1073/pnas.2205448120
https://doi.org/10.1073/pnas.2205448120
https://doi.org/10.1017/S1041610215001283
https://doi.org/10.1017/S1041610215001283
https://doi.org/10.1212/WNL.43.11.2412-a
https://doi.org/10.1212/WNL.43.11.2412-a
https://doi.org/10.1037/dev0000175
https://doi.org/10.21149/spm.v57s1.7594
https://doi.org/10.21149/spm.v57s1.7594
https://doi.org/10.1017/S135561770505071X
https://doi.org/10.1001/jamaneurol.2022.3543
https://doi.org/10.1001/jamaneurol.2022.3543
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1002/evan.21515
https://doi.org/10.1002/ajhb.20600
https://doi.org/10.1016/j.ajpc.2025.101271
https://doi.org/10.1016/j.ajpc.2024.100916
https://doi.org/10.1002/alz.70166
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1212/WNL.0000000000010022
https://doi.org/10.1212/WNL.0000000000010022
https://doi.org/10.1001/archneur.59.11.1737

wor1s | Alzheimer’s &PDementia’

35.
36.

37.
38.

39.

40.

41.
42.

43.

GATZ ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

Yuan J, Zhang Z, Wen H, et al. Incidence of dementia and sub-
types: a cohort study in four regions in China. Alzheimers Dement.
2016;12(3):262-271.d0i:10.1016/j.jalz.2015.02.011

Nitrini R, Caramelli P, Jr HE, et al. Incidence of dementia in a
community-dwelling Brazilian population. Alzheimer Dis Assoc Disord.
2004;18(4):241-246.

Zhang Y, Natale G, Clouston S. Incidence of mild cognitive
impairment, conversion to probable dementia, and mortality. Am
J Alzheimers Dis Other Demen. 2021;36:15333175211012235.
doi:10.1177/15333175211012235

Clarke AJ, Christensen M, Balabanski AH, et al. Prevalence of demen-
tia among Indigenous populations of countries with a very high
human development index: a systematic review. Lancet Healthy Longev.
2024;5(12):100658. doi: 10.1016/j.1anhl.2024.100658

Pu’un BI, Othman Z, Drahman |. Dementia among elderly Melanau: a
community survey of an indigenous people in East Malaysia. Int Med J.
2014;21(5):468-471.

Suchy-Dicey AM, Domoto-Reilly K, Nelson L, et al. Epidemiology
and prevalence of dementia and Alzheimer’s disease in Ameri-
can Indians: data from the strong heart study. Alzheimers Dement.
2024;20(6):4174-4184. doi:10.1002/alz.13849

de Carvalho AP, Brucki SMD, Nitrini R, et al. Prevalence of cogni-
tive impairment in Brazilian indigenous community from Amazonas.
Dement Neuropsychol. 2022;16(4):457-465.

Chandra V, Pandav R, Dodge HH, et al. Incidence of Alzheimer’s dis-
ease in a rural community in India: the Indo-US study. Neurology.
2001;57(6):985-989. doi:10.1212/WNL.57.6.985

Liang C-S, Li D-J, Yang Fu-C, et al. Mortality rates in Alzheimer’s
disease and non-Alzheimer’s dementias: a systematic review and
meta-analysis. Lancet Healthy Longev. 2021;2(8):e479-e488. doi:10.
1016/52666-7568(21)00140-9

44,

45.

46.

47.

Brookmeyer R, Corrada MM, Curriero FC, Kawas C. Survival following
a diagnosis of Alzheimer disease. Arch Neurol. 2002;59(11):1764-
1767.doi:10.1001/archneur.59.11.1764

Stieglitz J, Jaeggi AV, Blackwell AD. Work to live and live to work:
productivity, transfers, and psychological well-being in adulthood and
old age. In: Weinstein M, Lane MA, eds. Sociality, Hierarchy, Health:
Comparative Biodemography. National Academies Press; 2014:197-
222.

Aronoff JE, Jenkins CL, Garcia AR, et al. Inflammaging is minimal
among forager-horticulturalists in the Bolivian Amazon. Proc Biol Sci.
2025;292(2053):20251111.

Nguyen HXT, Bradley K, McNamara BJ, Watson R, Malay R, LoGiudice
D.Risk, protective, and biomarkers of Dementia in indigenous peoples:
a systematic review. Alzheimers Dement. 2024;20(1):563-592. doi:10.
1002/alz.13458

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing

Information section at the end of this article.

How to cite this article: Gatz M, Mack WJ, Eid Rodriguez D,
et al. Incidence of dementia and mild cognitive impairment in
two Indigenous Bolivian cohorts. Alzheimer’s Dement.
2026;22:e71750. https://doi.org/10.1002/alz.71750

85U SUOWIWOD 3A eI 8|eatjdde aup Aq peusenob a1e e YO ‘8SN Jo SaIn. o} A%eiq 1T 8UIIUO 481/ UO (SUORIPUOD-pU.-SWBH W00 ™/B 1M AleIq 1 [eu1juo//SdIY) SUORIPUOD PUe SWS L 83 885 *[9202/60/2T] U0 AR1qIT8uIlu0 ABIIM * boy AiSBAIUN 8FeIS BUOZUY - Biqini L UluRfueg AQq 0S.TL ZIB/Z00T OT/I0P/W0 AB| 1M AReiq puljUO'SfeuINO -z e//SANY o4} popeojumod ‘6 ‘920C ‘6.252SST


https://doi.org/10.1016/j.jalz.2015.02.011
https://doi.org/10.1177/15333175211012235
https://doi.org/10.1016/j.lanhl.2024.100658
https://doi.org/10.1002/alz.13849
https://doi.org/10.1212/WNL.57.6.985
https://doi.org/10.1016/S2666-7568(21)00140-9
https://doi.org/10.1016/S2666-7568(21)00140-9
https://doi.org/10.1001/archneur.59.11.1764
https://doi.org/10.1002/alz.13458
https://doi.org/10.1002/alz.13458
https://doi.org/10.1002/alz.71750

	Incidence of dementia and mild cognitive impairment in two Indigenous Bolivian cohorts
	Abstract
	Highlights
	1 | BACKGROUND
	2 | METHODS
	2.1 | Study design, setting, and participants
	2.2 | Data sources
	2.2.1 | Mental status screening
	2.2.2 | Informant interview
	2.2.3 | Neurological examination
	2.2.4 | Cognitive test battery

	2.3 | Outcomes
	2.4 | Other variables
	2.5 | Statistical methods

	3 | RESULTS
	3.1 | Participants
	3.2 | Prevalence rates
	3.3 | Incidence rates and correlates
	3.4 | Plasma based biomarkers
	3.5 | Mortality

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	REFERENCES
	SUPPORTING INFORMATION


