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Abstract

Introduction: Apolipoprotein E (APOE) is considered the major susceptibility gene for
developing Alzheimer’s disease. However, the strength of this risk factor is not well established
across diverse Hispanic populations.
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Methods: We investigated the associations among APOE genotype, dementia prevalence, and
memory performance (immediate and delayed recall scores) in Caribbean Hispanics (CH),
African Americans (AA), Hispanic Americans (HA) and non-Hispanic White Americans (NHW).
Multivariable logistic regressions and negative binomial regressions were used to examine these
associations by subsample.

Results: Our final dataset included 13,516 participants (5198 men, 8318 women) across all
subsamples, with a mean age of 74.8 years. Prevalence of APOE &4 allele was similar in CHs,
HAs, and NHWs (21.8%-25.4%), but was substantially higher in AAs (33.6%; £< 0.001). APOE
24 carriers had higher dementia prevalence across all groups.

Discussion: APOE 4 was similarly associated with increased relative risk of dementia and
lower memory performance in all subsamples.

Keywords

admixture; Alzheimer’s disease; apolipoprotein E; Blacks; cognitive performance; dementia;
Hispanics/Latinos; Non-Hispanic Whites

11 INTRODUCTION

Alzheimer’s disease (AD) is the most common cause of demential and has emerged as a
significant societal issue and a global priority.2 Risk of AD is influenced by both genetic
and environmental factors. Genetic factors include pathogenic variants in the amyloid
precursor proteim( APP), presenilin 1 (PSENI), and presenilin 2 (PSEN2) genes leading to
dominantly inherited AD (DIAD)3 and susceptibility loci in (not deterministic) genes that
increase the risk of developing disease.>:6 Apolipoprotein E (APOE) is considered the major
susceptibility gene for developing AD; possession of the &4 allele leads to a significant
increase in an individual’s risk of developing AD.”8 However, disease prevalence varies
according to ancestry; for example, compared to non-Hispanic Whites (NHWSs) and Asian
populations, the association between APOE 4 and AD has been found in several studies
to be weaker or inconsistent among African®19 and Hispanic populations, 112 suggesting
gene by environment, and/or gene by gene interactions.}3 Furthermore, within Hispanic
populations, the interaction between APOE e4 and disease has been found to vary.11:14-17

The reasons for these disparities in NHWs, African American (AAs), Hispanic Americans
(HAs), and among Hispanic subgroups are still poorly understood and highly controversial.
Observed diferences may be the result of gene by environment interactions, 1819 given

large heterogeneity between these groups. In addition, the widely varying admixture across
subgroups may also play an important role, given the unique admixtures across Amerindian,
African, and European continental ancestries.2%-21 Furthermore, the differential effect of
APOE &4 across populations may be confounded by unique characteristics in previous
highly selective cohorts, which have often been used instead of population-based studies.
Few studies of Hispanics have cross-population comparisons on the frequency and effect of
APOE on dementia prevalence and cognitive performance.

To address these gaps in the literature, we used population-based data from the 10/66
Dementia Research Group (10/66) and the US Health and Retirement Study (HRS) to
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examine associations between APOE genotype, dementia, and memory performance in
Caribbean Hispanics (CA) and US older adults by race/ethnicity (AA, HA, and NHW).
We also examined the extent to which these associations may be mediated by admixture
proportions on a subsample of these populations with admixture information.

21 METHODS

2.11 Data and study population

The primary analyses in this study used community-dwelling participants aged 65 years and
over enrolled in the 10/66 study and in the HRS study.

2.1.11 10/66 data—We use the baseline prevalence wave of the 10/66 study, which

was a population-based sample of adults aged 65 years and over in urban areas in Cuba
(Havana and Matanzas), Dominican Republic (Santo Domingo), Puerto Rico (San Juan),
and Venezuela (Caracas). Participants received an assessment lasting 3 hours, including
participant interview, physical examination, cognitive assessment, blood draw, and informant
interview.22 Written informed consent was obtained from all participants and their study
partners. Local institutional review boards, and the King’s College London Research Ethics
Committee approved this project. The full protocol for the 10/66 population-based surveys is
available in an open-access publication.22:23

2.1.21 HRS data—We used US data from the HRS, a biennial longitudinal panel study
that has surveyed a representative sample of approximately 20,000 adults over the age of 50
in the United States since 1992.24 The HRS collects rich data on cognition, demographics,
socioeconomic characteristics, and health. APOE and other genetic data were available for a
subset of HRS respondents in 2008 from whom saliva was collected.

2.1.31 Study sample—We included all 10/66 respondents in the baseline surveys,
conducted between 2003 and 2008, in Cuba, Dominican Republic, Puerto Rico, and
Venezuela for whom APOE genotype was available (genotype data were not available to
us for other 10/66 Latin American surveys). In primary analyses, we pooled respondents
across the four 10/66 sites to increase statistical power. For comparability across samples,
we included all HRS respondents in the 2008 wave who were aged 65 and older; had
non-missing APOE genotype; and were either HA, AA, or NHW.

2.21 Measures

Participants were evaluated using the 10/66 and HRS protocols, which generate information
on dementia diagnosis, physical health, demographics, non-communicable disease risk
factors, disability, and socioeconomic status, among others.?2 Assessments relevant to the
current analyses are described in detail below.

2.2.11 10/66 dementia status—Dementia was diagnosed using the cross-culturally
validated 10/66 dementia diagnosis algorithm, for which strong concurrent and predictive
validity has been demonstrated.2>26 Dementia diagnosis was established following: (1)
a structured clinical interview; (2) a cognitive test battery including (a) the Community
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Screening Instrument for Dementia (CSI-D),27 (b) a verbal fluency task, and (c) the
modified Consortium to Establish a Registry for Alzheimer’s Disease 10 word list learning
task with delayed recall;28 and (3) an informant interview (CSI-D)?’ for evidence of
cognitive and functional decline. This dementia measure has been previously used?® for
cross-national comparisons to the Langa-Weir dementia measure in the US HRS.

2.2.21 HRS dementia status—We assigned dementia status among HRS respondents
using the validated Langa-Weir method.39 The Langa-Weir method relies on an individual’s
Modified Telephone Interview for Cognitive Status (TICS-M) score, which ranges from 0
to 27 and is based on the following components: an immediate and delayed 10-noun free
recall test, a serial 7 subtraction test, and a backward count from 20 test. A respondent

was classified as having dementia if their TICS-M score was below 7. The method

uses an analogous algorithm that relies on proxy responses for respondents who could

not answer the survey for themselves.3! We used the Langa-Weir method, as alternative
algorithms32:33 explicitly incorporated education or race/ethnicity in calculating dementia
probability, whereas we aimed to make comparisons in dementia and its determinants across
race/ethnicity subgroups.

2.2.31 Memory performance—Memory performance is among the cognitive measures
best harmonized across the 10/66 and HRS assessments. To complement the analysis of
dementia status, we study the APOE relationship with memory performance. Specifically,
both the 10/66 and HRS include a 10 word list learning task with delayed recall.28 We used
the scores from the 10 word list learning immediate, and from the delayed recall, as the two
dependent variables to study memory performance.

2.2.41 APOE genotype—Our key independent variable of interest was APOE
genotype. In the primary analysis, we used an indicator for whether the respondent carried
any APOE &4 allele, as well as an indicator for the carriage of APOE 2. In secondary
analysis, we examined the full APOE genotype including six indicators for all combinations
of the APOE alleles (2, £3, and &4).

2.2.51 Covariates—Age was ascertained using documented age, or an event calendar
as provided by participant or informant report. Educational attainment was measured
differently between 10/66 and the HRS, due in part to contextual differences across

regions, following the approach of prior research.2? For 10/66 respondents, we categorized
educational attainment as (1) not completing primary school, (2) completed primary school,
or (3) secondary school or above. For HRS respondents, we categorized educational
attainment as (1) no high school degree, (2) high school degree or equivalent, or (3) some
college or above. Ethnicity in the HRS was ascertained using self-report by participant or
informant as follows: NHW, AA, and HA. Self-reported ethnicity is not available in 10/66
data; for ease of description we refer to all as “Caribbean Hispanic” (CH).

Biochemical analysis: DNA was extracted, quantitated, and archived for Cuba at the
National Centre for Medical Genetics in Havana; for \enezuela at the immunogenetics
section of the Instituto Venezolano de Investigaciones Cientificas; and for Dominican
Republic and Puerto Rico at KBioscience, UK. In Cuba and Venezuela, APOE
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24 genotype was determined using Hhal digestion of amplified products. For the
Dominican Republic and Puerto Rico we applied a method based on the observation

that APOE &2, £3, and &4 alleles differ in amino acid sequence at C112R, single
nucleotide polymorphism (SNP) rs429358 and R158C, SNP rs7412. Admixture data

were available only in a Caribbean subsample (Cuba and Dominican Republic). Genetic
admixture was determine by using 60 SNPs, which has been shown to be sufficient

to estimate three-way individual admixture proportions with a standard error less than
0.1.14:34.35 Genotyping was performed by KBiosciences (http://kbioscience.co.uk), using
the KAS-Par chemistry allele specific polymerase chain reaction SNP genotyping system
(http://www.kbioscience.co.uk/genotyping/genotyping_chemistry.htm). The ADMIXMAP
program36:37 (http://homepages.ed.ac.uk/pmckeigu/admixmap/) generated posterior means
of individual admixture from ancestry informative marker data.

In the HRS, saliva samples were collected from HRS participants beginning in 2006. HRS
respondents were genotyped using the Illumina HumanOnmi2.5 array and the lllumina
HumanExome-12v1 array.

2.31 Statistical analysis

Descriptive statistics were calculated for all variables. For continuous variables, these
included means and standard deviations. For categorical variables, these included counts
and proportions in each category. First, we described the APOE genotype distribution and
allele frequency by sample and race/ethnicity. We then examined associations between
carriage of any APOE #4 allele versus none, and outcome variables (dementia prevalence
and immediate and delayed recall scores) with crude and adjusted prevalence ratios (PR).
Associations were estimated separately by race/ethnicity (HA, AA, and NHW) among the
HRS sample and pooled across the 10/66 sites (CH). All adjusted analyses controlled for
age, sex, and level of education.

We conducted several secondary analyses. First, to assess the representativeness of the
subset of HRS respondents with genetic data, we compared the sociodemographic and
cognitive variables between subsamples of HRS respondents with and without genetic data.
We also examined associations between specific APOE genotypes and dementia prevalence
by sample. We further focused on a subsample with ancestry data in both 10/66 and HRS to
examine whether admixture mediates the associations among APOE genotype, dementia,
and cognitive performance; this also allows us to test the extent to which the APOE
relationships with our outcome variables would be different when controlling for ancestry.
Only a subset of respondents in the Cuba and Dominican Republic sample had complete
ancestry data, whereas all our HRS sample had data on the first 10 principal components.
We first reported the frequency of APOE genotype by categories of African and Native
American ancestry proportions (> 60%, 30%-60%, < 30%) in the combined Cuba and
Dominican Republic subsample. We then examined whether ancestry mediates the effect
of APOE &4 on cognitive performance or dementia in a series of multivariable regression
analyses analogous to our main regressions; these regressions controlled for African and
Native American ancestry for Dominican Republic and Cuba subsamples, and indicators for
the 10 principal components by race/ethnicity for the HRS sample.
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All analyses were performed using Stata 17 MP (College Station, TX). All P-values were
from two-sided tests and results were deemed statistically significant at £< 0.05. The study
protocol was reviewed and approved by the institutional review boards of University of
California, Berkeley and Weill Cornell Medical College.

31 RESULTS

3.11 Sample characteristics

Our final dataset included 13,516 participants (5198 men, 8318 women), with a mean age
of 74.8 years. Summary statistics including sample size, sex, age, education, cognitive
performance, and distribution of the APOE alleles by ethnicity are shown in Table 1.

Mean age 74.8 (x7.1) was similar across all cohorts. Levels of education were higher in
NHWs, with 45.6% completing college or above, compared to 29.0% in AA, 16.6% in

HAs, and 36.7% in CHs who completed secondary schooling and above. In the HRS sample
the prevalence of dementia was 3.1% in NHWs, 10.6% in HAs, and 12.5% in AAs. The

low dementia prevalence particularly in the HRS NHW group could be partially due to
selection into genetic data collection. We showed that HRS respondents by ethnicity with
and without genetic information were broadly similar in demographic characteristics, except
that those with genetic information were slightly younger and better educated than their
counterparts (Table S1 in supporting information). However, Table S1 also shows that HRS
participants with dementia were substantially less likely to have genetic information in the
data; nevertheless, these data have been widely used for genetic analyses; thus, we proceed
while noting this caveat. In the 10/66 sample, prevalence of dementia was 9.5% (6.9% in
Venezuela, 10.6% in Cuba, 11.7% in Puerto Rico, and 11.8% in Dominican Republic). The
cognitive healthy cohort included 7182 in the US-HRS (AA =795, NHW = 5874, HA
=513) and 5383 in the Caribbean cohort. Summary statistics of the Caribbean cohort by
country/island are shown in Table S2 in supporting information.

3.21 APOE genotype and allele distributions by ethnic group

APOE £4 allele frequencies were similar in NHWSs, HAs, and CHSs, but &4 frequency was
substantially higher in AAs (P< 0.001; Table 1). Further stratification among the Caribbean
sample show frequencies of APOE 4 by country (Table S2). In Cuba, 413 (16.5%) had

one or more &4 alleles, in Dominican Republic 336 (32.2%), in Venezuela 200 (21.3%), in
Puerto Rico 347 (23.8%). Genetic ancestry was available in Dominican Republic and Cuba.
Mean African admixture was higher in Dominican Republic relative to Cuba (52% vs. 18%,
P<0.001). Pooling Dominican Republic and Cuba we found that mean African admixture
increased from 50% among those with no &4 alleles to 55% with one and 56% for those with
two &4 alleles (P=0.016).

3.31 APOE genotype, dementia prevalence, and cognitive performance

Dementia prevalence by APOE genotypes is shown in Table 2. Further stratification among
the Caribbean sample is shown in Table S3 in supporting information. Across all ethnic
groups, APOE &4 carriers had higher dementia prevalence. Figure 1 shows dementia
prevalence and 10-word list delayed recall scores separately for those with and without
APOE &4 for each of our sample (CH sample and the US-HRS sample by ethnicity),
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stratified by age group (65-74, 75-84, 85 and above). Differences in dementia prevalence
by carriage of APOE 4 were most pronounced among the oldest age group (85 and above);
they visually appeared smaller in magnitude among AAs compared to other groups, though
the wide confidence intervals in this group make it impossible to reject magnitudes similar
to those of other race/ethnic groups. Those with APOE &4 generally had lower 10-word list
delayed recall scores than those without APOE &4 across ethnic groups and age categories.

Table 3 shows the adjusted associations between the APOE alleles and cognitive outcomes
across all groups. Carriage of one or more APOE &4 alleles was independently associated
with increased prevalence of dementia, with prevalence ratios significant for CHs (1.92,
95% confidence interval [CI] 1.62, 2.22) and NHWs (1.83, 95% CI 1.26, 2.40). They

were positive though non-significant for HAs (1.64, 95% 0.81, 2.47) and AAs (1.26, 95%
C10.81, 1.71), which could be due to smaller sample sizes. Carriage of APOE £4 was
consistently associated with incident rate ratios (IRRs) less than one for both immediate and
delayed recall scores, though they were non-significant for HAs for both outcomes. There
was no evidence of a protective effect of £2/£2 or £2/£3 genotypes across all dependent
variables and ethnic groups, although the confidence intervals were wide enough to prevent
rejecting reasonably side protective effects. Overall, results across groups were similar with
overlapping 95% Cls for all estimates. Analogous regressions examining the associations
between the full APOE genotype and dementia prevalence show similar results (Table S4 in
supporting information).

3.41 Admixture, APOE genotype, and dementia prevalence.

Genetic ancestry was available in Cuban (n7=585) and Dominican Republic (/7= 1055)
subsamples. We examined the effect of admixture on dementia prevalence and cognitive
performance and whether admixture mediates the effect of APOE 4 on dementia prevalence
and cognitive performance. African admixture was not associated with increased risk

for dementia or overall cognitive performance in the Caribbean subsample. Associations
between APOE 4 carriage and cognitive outcomes were very similar before and

after controlling for admixture variables across all subsamples (Table S6 in supporting
information).

41 DISCUSSION

In the present study we contribute to a growing body of research examining the extent to
which associations among APOE genotype, dementia prevalence, and cognitive performance
may be heterogeneous across different ethno-racial groups and/or contexts. In these
population-based samples of CHs, HAs, AAs, and NHWs, we found that carriage of one

or more APOE &4 alleles was associated with prevalent dementia and lower memory
performance, and furthermore that these associations were of similar magnitudes across
racial and ethnic groups. This is despite varying admixtures and life course environments.

In addition, we found no evidence that admixture mediates the associations between APOE
genotype and cognitive outcomes across racial and ethnic groups.

The association between APOE genotype and risk of AD is well established in White
populations; however, a number of studies have suggested a weaker or inconsistent

Alzheimers Dement. Author manuscript; available in PMC 2024 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Llibre-Guerra et al.

Page 8

association between 4 and AD in AAs.38-40 Similarly, previous studies investigating the
association of APOE &4 and AD in HAs have found inconsistent results. Due to the

high heterogeneity in Hispanic populations (e.g., admixture, diet, environment, vascular
risk factors), it is possible that genetic susceptibility related to the APOE &4 allele is
inconsistently expressed, varying according to population origin. Nevertheless, in our study
we found no significant differences in the effect of APOE £4 across ethnic cohorts.

Furthermore, we note that previous studies have shown that associations between £4 and AD
have been substantially larger when estimated in clinic-based samples versus community-
based populations (odds ratio [OR] = 8.6 vs. 2.8, respectively).4! Our associations are
smaller still. Among factors that may explain this is our use of a relative elderly cohort.
Prior evidence suggests that the association between 4 and dementia is stronger in younger
age groups;2:43 for example, a similar study in the Framingham cohort suggests a low

AD positive predictive value of £4 in older population-based cohorts.** Furthermore, older
population cohorts are more subject to mortality bias, particularly for £4 homozygotes, due
to cardiovascular disease, in which APOE &4 is known to play a role.#5:46

In relation to the associations between APOE 4 and memory performance, previous studies
have found that 4 is associated with lower cognitive performance and faster decline

on episodic memory.#” Our results provide further confirmation of this association, with
notably similar magnitudes across diverse US and CH samples.

Regarding genetic admixture and APOE &4 associations with dementia, our study is not
consistent with prior research showing that they may vary according to admixture.48:49
However, we cannot reject that the similar associations found in our different samples are
due to offsetting factors. Further research is needed to understand this relationship in diverse
populations, including the role of education, access to health care, socioeconomic status,
and other environmental factors that may make ancestry factors difficult to interpret. In
particular, education level and quality of education may explain differences in dementia
prevalence across populations.29:50:51

The present study is not without limitations, and several aspects of our research need

to be kept in mind when interpreting these results. First, the classification procedure for
assigning dementia status and cognitive assessment differed in the HRS and 10/66, which
could influence the comparability of our risk estimations between dementia and APOE
status. Previous studies have shown that cross-cohort administration, scoring, and procedural
differences are frequent and may impact data interpretation.>2 Importantly, our dementia
outcome did not involve neuroimaging, disease-specific biomarker measures, or trained
dementia specialist assessment, therefore etiological diagnosis (e.g., AD dementia, vascular
dementia, Lewy body dementia) was not available. The use of dementia as a broad category
may reduce our power to detect specific interactions between APOE genotype and dementia
etiology. Second, ethnic minority samples included in the HRS were relatively small; thus,
these results must be interpreted cautiously. Third, the subset of HRS respondents for whom
genetic data were available may produce different associations than had genetic data been
available in the full HRS sample, though we attempted to account for this by controlling for
sex, age, and education in all adjusted analyses. Fourth, genetic ancestry was only available

Alzheimers Dement. Author manuscript; available in PMC 2024 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Llibre-Guerra et al. Page 9

for a random subsample of the 10/66; thus, analyses controlling for ancestry were only
possible in this subsample of the CHs. Future studies will be needed to better understand

the role of APOE and admixture in affecting cognitive performance and the development of
dementia. Latino populations, a uniquely admixed group, may provide the ideal environment
to estimate such interactions.

Despite these limitations, the present study includes a large population-based sample with
a high response rate, which alleviates concerns of possible confounders related to highly
selective cohorts derived from memory-based clinics and minimizes selection bias. In
addition, only a limited number of APOE 4 and dementia research studies have included
Hispanic populations, which are typically included as monolithic without taking into
consideration the diversity of the Hispanic community. Our study included a diverse ethnic
representation including CHs, AAs, NHWs, and Hispanics living in the United States.

Future studies in larger and more diverse data sets are needed to develop a better
understanding of the role of APOE in the development of dementia in Latinos, and evaluate
the complex relationships among ancestry, APOE, dementia, and environmental risk factors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RESEARCH IN CONTEXT
Systematic Review:

A literature review was completed using traditional sources and databases. Several
studies suggest that in populations of West African ancestry, and Hispanics, the
association of apolipoprotein E (APOE) 4 genotype and Alzheimer’s disease (AD)
is weaker. However, these studies have been rare in Latin American population-based
samples.

I nter pretation:

We found similar associations between APOE £4 genotype, dementia prevalence,
and memory performance across diverse populations of Caribbean Hispanics and US
ethnic groups. These associations remained similar after we controlled for admixture
proportions.

Future Directions:

Future studies are needed to better understand the interaction between admixture and
APOE genotype in modifying risk for dementia and AD, especially in highly admixed
populations. Latin American populations, where many populations have three-way
admixture (European, African, and Native American) might be ideal to further explore
such interactions.
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FIGURE 1.

Dementia prevalence and 10-word delayed recall scores by ethnic group and age category.
Notes: Bars in Panel A show dementia prevalence with 95% confidence intervals. Panel

B shows mean number of 10-word delayed recall with 95% confidence intervals. CA,
Caribbean Hispanic; HA, Hispanic Americans; AA, African American;NHW, Non-Hispanic
White. Red color indicates APOE &4 carriers (4/e4, 3/ £4, £2/24), Blue color indicates non
APOE &4 carriers (£2/£2, £2/€3, £3/£3) *P< 0.05, **P< 0.01, ***P< 0.001
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