
Characterizing Clinical and Neuropathological Traits of APOE 
Haplotypes in African Americans and Europeans

Aziz M. Mezlinia,b, Colin Magdamoa, Emily Merrilla, Lori B. Chibnika,b,c, Deborah L. 
Blackerc,d, Bradley T. Hymana,b, Sudeshna Dasa,b,*

aMassGeneral Institute for Neurodegenerative Disease, Massachusetts General Hospital, 
Charlestown, MA, USA

bDepartment of Neurology, Harvard Medical School, Boston, MA, USA

cDepartment of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA, USA

dDepartment of Psychiatry, Massachusetts General Hospital, Harvard Medical School, Boston, 
MA, USA

Abstract

Background: The APOE ε4 allele is the largest genetic risk factor for late-onset Alzheimer’s 

disease (AD). Recent literature suggested that the contribution of APOE ε4 to AD risk could be 

population-specific, with ε4 conferring a lower risk to Blacks or African Americans.

Objective: To investigate the effect of APOE haplotypes on AD risk in individuals with 

European ancestry (EU) and Blacks or African Americans (AA).

Methods: We selected data from 1) the National Alzheimer’s Coordinating Center: a total of 

3,486 AD cases and 4,511 controls (N = 7,997, 60% female) with genotypes from the Alzheimer’s 

Disease Genetics Consortium (ADGC), and 2) the Rush University Religious Orders Study and 

Memory and Aging Project (ROSMAP) cohort with 578 AD and 670 controls (N = 1,248, 60% 

female). Using ε3 homozygotes as the reference, we compared the association of various APOE 
haplotypes with the clinical and neuropathological correlates of dementia in AA and EU.

Results: In both cohorts, we find no difference in the odds or age of onset of AD among the ε4-

linked haplotypes defined by rs769449 within either AA or EU. Additionally, while APOE ε4 was 

associated with a faster rate of decline, no differences were found in rate of decline, clinical or 

neuropathological features among the ε4-linked haplotypes. Further analysis with other variants 

near the APOE locus failed to identify any effect modification.

Conclusion: Our study finds similar effects of the ε4-linked haplotypes defined by rs769449 on 

AD as compared to ε3 in both AA and EU. Future studies are required to understand the 

heterogeneity of APOE conferred risk of AD among various genotypes and populations.
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INTRODUCTION

Alzheimer’s disease (AD) is the main cause of dementia and constitutes an immense and 

growing social and economic burden especially in an aging population [1]. In the United 

States, 1 in 10 people over 65 years old and 1 in 3 people over 85 have AD [1]. The APOE 
gene region presents by far the strongest genetic association with late onset AD [2, 3]. 

Among the many loci that have been associated with AD in recent large-scale genome wide 

association studies (GWAS), the APOE locus still accounts for the vast majority of the 

explained heritability [4–6]. In particular, the APOE ε4 allele is relatively common: it is 

present in up to 60% of AD patients [7], corresponding to a Minor Allele Frequency (MAF) 

of 0.35, and is estimated to increase the risk for AD 3–4 folds in heterozygous and 9–15 fold 

for ε4 homozygous individuals [8]. The risk conferred by APOE ε4 to AD, however, has 

been reported to vary across populations and geography [9] and the effect size of the APOE 
ε4 associated AD risk and related outcomes among African American populations is 

inconsistent across studies.

Several studies examining the possible differential effect of APOE ε4 in European and 

African populations have shown that individuals with African ancestry have a lower risk 

than those with European or Asian ancestry [10–13], while others report no difference in 

cognitive decline in African Americans compared with Caucasians [14, 15]. Even among 

those with African ancestry, there are differences in ε4-associated effects: one study reports 

that APOE ε4 had a weaker effect in Yoruba than in African American participants [16]. 

These differences across studies in odds of AD and related endophenotypes motivated us to 

perform a comprehensive clinicopathological characterization of the APOE haplotypes and 

local variants across populations in two different cohorts. Instead of analyzing all variants 

and haplotypes, we focus only on those that have been previously reported in the literature.

In particular, we concentrated on the study by Babenko et al. that attempted to characterize 

the APOE locus in more detail by further stratifying it into more specific haplotypes present 

in different populations and describing how these haplotypes relate to AD risk [17]. The 

haplotypes were composed of 5 common variants within the APOE gene: 3 non-coding 

variants (rs440446, rs769449, rs769450) and the two coding variants known to define 

haplotypes ε2/ε3/ε4 (rs429358 differentiating ε3 and ε4 and rs7412 differentiating ε3 and 

ε2) [17]. They observed that an Ancestral ε4 version confers a lesser AD/MCI risk 

compared to the European version, which is explained by the potential putative protective 

effect of the variant rs769449 on DNA methylation and open chromatin state [17].

There have been several other efforts to analyze variants in the vicinity of the APOE locus 

that modify APOE ε4-associated AD risk. For example, one study found that the single 

nucleotide polymorphism (SNP) rs438811 increases the odds of AD in APOE ε4 carriers but 

not in non-carriers potentially by altering APOE transcription [18, 19]. Other variants in the 

regulatory region have also been reported to increase AD risk or are associated with the rate 
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of cognitive decline [19–21]. A recent study by Zhou et al. reported a large number of non-

coding variants in APOE that are significantly associated with AD independent of the effect 

of APOE ε4 that may act by affecting chromatin states and gene expression [22]. They 

determined a list of 9 causal variants in the nearby genes APOC1 and PVRL2 with some of 

the effect sizes comparable to the main variants defining ε2 and ε4.

In our study, we analyze the effect of these haplotypes and variants on the risk of 

Alzheimer’s disease and related clinicopathologic traits. We use the Rush University 

Religious Orders Study and Memory and Aging Project (ROSMAP) cohorts [23, 24] and 

longitudinal data in the National Alzheimer’s Coordinating Center (NACC) Uniform Data 

Set (UDS) from the NIA-sponsored Alzheimer’s Disease Research Centers (ADRCs) with 

genotype data from the Alzheimer’s Disease Genetics Consortium (ADGC).

METHODS

Study data

We used data from two different cohorts. The first was the NIA-sponsored Alzheimer’s 

Disease Research Centers (ADRCs) for which we obtained clinical, neuropsychological, and 

neuropathological information longitudinal data from the National Alzheimer’s 

Coordinating Center (NACC) in Uniform Data Set (UDS) format [25, 26] and genotype data 

from the Alzheimer Disease Genetics Consortium (ADGC). The NACC dataset contained 

UDS visits from September 2005 to December 2018. From the NACC database, we 

extracted 3,106 AD cases (53% female, mean age of onset 71.86 years) and 3,797 

cognitively healthy controls (63.5% female) of European descent (NACC EU). Additionally, 

we selected 1,094 Blacks or African American individuals (NACC AA): 380 AD cases 

(68.4% female, mean age of onset 73.60) and 714 cognitively healthy controls (75.8% 

female). Genotyping was performed using Illumina Human660, OmniExpress, and imputed 

by the ADGC using the Haplotype Reference Consortium (HRC) data.

The second cohort was the ROSMAP study where genotyping and clinical data was obtained 

from the Sage Bionetwork synapse website: https://www.synapse.org/#!

Synapse:syn3219045. Only individuals with European ancestry were included in our study 

(578 AD and 670 controls). Genotyping was performed in two batches using Affymetrix 

GeneChip 6.0 and Illumina HumanOmniExpress. More information on the ROSMAP study 

can be found here [27].

APOE haplotypes and variants

We analyzed the APOE haplotypes identified by Babenko et al. [17], which uses whole 

genome sequencing data from the Alzheimer’s Disease Neuroimaging Initiative (ADNI 

http://www.adniinfo.org/) project. The combination of five SNPs (three non-coding: 

rs440446 C/G, rs769449 A/G, rs769450 A/G and two coding: rs429358 C/T and rs7412 

T/C) leads to the definition of six haplotypes that account for more than 99.7% of the 

observed haplotypes within African, European, and Asian populations (Table 3 of the 

Babenko paper) [17]. Of note, the two versions of the ε4 haplotype have largely different 

prevalence in African versus European populations, with the African/Ancestral ε4 allele 
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dominant in African samples and the other version of ε4 in European and Asian samples 

[17]. For simplicity purposes we refer to these two ε4 haplotypes as the Ancestral ε4 and the 

European ε4, respectively. The two haplotypes only differ by SNP rs769449 (G in Ancestral 

ε4, A in European ε4) in the first position. In this study, we analyze the four haplotypes 

defined by rs769449 in the first position and the two APOE SNPs (rs429358, rs7412) in the 

last two positions: ε2 (GTT), ε3 (GTC), ε4 Ancestral (GCC), ε4 European (ACC). There 

were no heterogenous effects in the other two haplotypes, and thus they were not studied. In 

addition, we studied, nine other variants in the vicinity of the APOE locus that have 

previously been reported in the literature to modify the effect of the ε4 allele.

Clinical, cognitive testing, and neuropathological outcomes

For the NACC data, AD outcomes were defined using the recommended procedures and 

criteria available at the time of the visit. For example, UDS v3.0 uses the 2011 National 

Institute on Aging-Alzheimer’s Association (NIA-AA) diagnostic criteria for AD [28] and 

mild cognitive impairment (MCI) [29]. In the ROSMAP cohort, the outcome of AD, MCI, or 

no cognitive impairment (NCI) is defined by the criteria of the joint working group of the 

National Institute of Neurological and Communicative Disorders and Stroke and the 

Alzheimer’s Disease and Related Disorders Association (NINCDS/ADRDA) and the 

diagnosis was made by a clinician with dementia expertise with input from cognitive tests 

and a neuropsychologist [30].

From the NACC database, we obtained several cognitive and neuropsychological test scores 

and genotypes for 2,895 AD and MCI cases and 3,963 controls. For this data, non-Hispanic 

whites represent >80% of the samples, so we included all individuals in one model and 

added reported race and Hispanic status as covariates. The memory Z-scores were computed 

using the Logical Memory immediate and delayed story units (for UDS v1.0 and v2.0), or 

the Craft Story 21 immediate and delayed recall paraphrase units (for UDS v3.0) [31, 32]. 

The executive Z-scores were the average Z-scores of the TRAILB and Digit span backward 

length tests [31, 32]. The language Z-scores were the average of the Category fluency of 

animals and vegetables scores [31, 32]. We also analyzed the trajectory of the CDR® 

Dementia Staging Instrument. For AD/MCI cases, we only considered visits post the age of 

onset (age of decline) and for the cognitively normal control subjects, their entire visit 

history.

From NACC, we also have neuropathological (autopsy) data on a proportion of samples: 

1,628 AD cases and 455 controls of which 984 cases and 289 controls have genotype data. 

The vast majority of these (901 cases and 262 controls) are non-Hispanic white individuals. 

Therefore, we chose to limit our analysis to non-Hispanic white individuals. The variables 

considered were brain weight, atrophy, micro and gross infarcts, white matter rarefaction, 

arteriolosclerosis, atherosclerosis, the Braak stage for neurofibrillary degeneration (from 

stage 0 to VI), the CERAD score for density of neocortical neuritic plaques (0 to 3) and the 

NIA-AA ADNC score of AD neuropathological change of Not AD (0) to High ADNC (3) 

[33].
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Statistical analysis

To test the association of the four APOE haplotypes with AD/MCI, we separately analyzed 

the NACC EU, the NACC AA, and the ROSMAP EU individuals. We used a multivariate 

logistic regression using the R glm function with AD (or MCI) as the outcome variable, and 

dosage of ε2, the Ancestral ε4 haplotype, and the European ε4 haplotype as the predictors 

and controlled for age, gender, and education. Homozygous ε3 was used as the reference 

haplotype.

Effect of APOE haplotypes on the cognitive or neuropsychiatric trajectory was estimated 

using a linear mixed effect model with the R lme4 package and adjusted for age at first visit, 

sex, race, and years of education. The interaction of the variable of interest and time was 

tested for significance. For testing the association of the continuous neuropathological 

outcomes, we used a linear regression using with the variable of interest as outcome and the 

dosage of the different haplotypes and the confounders (sex, age, education, race, Hispanic 

status) as the independent variables. For the discrete neuropathological outcomes, we used 

an ordinal regression with the R polr unction from the MASS package. All analyses were 

preformed using R (r-project.org).

RESULTS

Effect of APOE haplotypes in individuals of European descent

We aggregated the individuals of European descent (EU) from the NACC database for 

whom we have clinical data, genotype arrays, and independent APOE genotyping (ε4/ε3/

ε2). After removing those with missing data, we had 3,106 AD cases, 677 MCI, and 3,797 

controls having APOE genotypes, rs769449 status from the genotype array data and 

information on age, gender, and education. The SNP rs7412 identifying the ε2 allele was 

present in the array where it largely confirmed the independent APOE genotyping data (1 

mismatch and 35 missing genotype values across 7,580 individuals), whereas rs429358 

responsible for distinguishing ε4 was not present in the post QC genotype array data. The 

SNP rs769449, which fully differentiates the two versions of ε4 haplotype (Ancestral ε4 

allele versus European ε4), was directly measured by the genotyping array and not imputed. 

Thus, we had either APOE genotyping or array data to analyze the ε2, ε3, Ancestral ε4, and 

European ε4 haplotypes.

We first tested the association of the APOE haplotypes with AD using ε3/ε3 individuals as 

the reference group. The results are summarized in Table 1A: ε2 reduces AD risk (p = 

4.7E-10) and both versions of ε4 increase AD risk with less significant p-values for the 

Ancestral ε4 haplotype compared to the European ε4 haplotype (4.5E-50 and 1.6E-132, 

respectively). However, the estimated odds ratios are very similar between the two ε4 

haplotypes; the Ancestral allele has a slightly higher odds ratio of 3.61 (CI = [3.04,4.27]) 

compared to the European ε4 allele 3.48 (CI = [3.15,3.84]), and there is no significant 

difference between the effects (Wald test p = 0.68). This suggests that rs769449 and the 

ancestral haplotype are not associated with a differential risk of AD. Furthermore, a non-

inferiority Wald test with a 20% margin on the European haplotype odds ratio rejects the 

null hypothesis with a p of 0.007. In a sensitivity analysis restricted to ε4 heterozygous 
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individuals only, a logistic regression with rs769449, age, gender, and education as 

explanatory variables did not find any association between AD and rs769449, even with 

sample sizes that are larger than those used by Babenko et al.

Next, we used the same methodology on the ROSMAP data, which includes genotypes, 

APOE status, and clinical covariates on 578 AD cases, 362 MCI cases, and 670 controls of 

European descent (See Table 1B). Given the lower sample size compared to the NACC data, 

the odds ratio estimates had higher uncertainties, but we still observe similar AD odds ratios 

for both the Ancestral ε4 (OR = 2.63; CI = [1.49–4.65]) and the European ε4 haplotype (OR 

= 3.23;CI = 2.40–4.34).

Finally, we repeated the same experiments to compare MCI individuals and controls and we 

also observed no evidence of difference between the odds ratios of the Ancestral ε4 and the 

European ε4 haplotype either in NACC or ROSMAP (see Supplementary Table 1A and 1B). 

Note that we did observe a significant conferred MCI risk for both ε4 alleles, unlike what 

was reported in Babenko et al. where the Ancestral version of ε4 was associated with AD 

but not with MCI.

Effect of APOE haplotypes in Blacks or African Americans

The most recent rounds of ADGC genotyping included large amounts of data on Blacks or 

African Americans individuals (AA) from NACC. After the same preprocessing done in the 

previous section, we ended up with 380 AD cases, 49 MCI cases, and 714 controls having 

APOE status data, rs769449 status, and clinical information. We used the same logistic 

regression model correcting for gender, age, and education and summarized the results in 

Table 1C. African Americans often have mixed genetic backgrounds and therefore we 

observe that about 15% of AA ε4 carriers carry the European ε4 allele while the majority 

carry the African/Ancestral version of ε4. In Table 1C, we observe that ε2 reduces the risk 

for AD while both versions of ε4 increase it. Congruent with what we observed in the 

previous section, we do not observe any difference in association between two different 

versions of ε4, with the Ancestral ε4 having an odds ratio of 3.85 (CI = 2.97–4.99) and the 

European ε4 having an odds ratio of 4.23 (CI = 2.51–7.12). This is also true for the 

association of both ε4 alleles with MCI (Supplementary Table 1C). Notably, we again 

observed a significant conferred MCI risk for both ε4 alleles, unlike what was reported in 

Babenko et al.

A power analysis conducted based on the current AA cohort suggests that a sample size of at 

least 12,000 is required to reach statistical significance and determining with 80% power 

whether or not the Ancestral ε4 haplotype confers a lower risk (20% lower) compared to the 

European ε4 haplotype. With a sample size of 6,903 (same size as the NHW cohort), the 

power to detect non-inferiority is 0.56. This suggests that future studies should aim for larger 

cohorts or at least large numbers of AA ε4 carriers to conclusively determine effects of 

haplotypes.

We also observe that the odds ratios of Blacks or African Americans individuals do not 

differ much from those of individuals of European descent (Fig. 1). Moreover, there was no 

significant interaction of race with either Ancestral or European haplotype (p = 0.339 and p 
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= 0.820, respectively), suggesting that the APOE ε4 conferred risk appears to be similar 

across both populations and ε4 haplotypes as defined by Babenko et al.

Characterizing the effect of APOE haplotypes on clinical and neuropathological variables

AD is a highly complex disease with a number of correlated clinical and neuropathological 

presentations. In strictly defining individuals as AD or controls, we might lose fine-grained 

phenotypic differences and biologically relevant heterogeneity in the disease mechanism. In 

this section, we attempt to characterize the effects of the four different APOE haplotypes on 

several clinical and neuropathological variables of interest in AD including measures of 

cognitive decline and accumulation of plaques and tangles.

Table 2 displays the tested variables in individuals with AD/MCI and controls, the 

associations, and the direction of effect of the different APOE haplotypes. Overall, our 

results confirm previously known results such as ε2 carriers having later age of onset (about 

0.6–2 years older than ε3/ε3 individuals across our different cohorts), ε4 carriers having 

earlier age of onset (about 4 years younger than ε3/ε3 individuals across our different 

cohorts). In addition, the ε2 allele is also associated with a slightly lower rate of decline for 

memory scores, computed using the Logical Memory or Crafts Story recall score as well as 

the language and CDR scores. The effect of ε2 on the rate of change of episodic memory has 

previously been reported [34]. On the other hand, while both ε4 alleles were associated with 

a faster rate of cognitive decline as has been reported by prior studies [35–37], no difference 

in rate of decline was observed between the ε4-linked haplotypes. Analysis of memory, 

executive or language scores in cognitively normal individuals had no effect, suggesting that 

there are no allelic differences at baseline (Table 2).

Table 3 shows the result of analysis with neuropathology variables in AD cases and controls 

respectively. Brain weight, atrophy, vascular pathologies, Braak stage of neurofibrillary 

degeneration [38], CERAD score for neuritic plaques [39], and Alzheimer’s Disease 

Neuropathologic Changes (NIA-ADNC) [33] were assessed. We observed an association of 

ε2 with lower levels of both plaques and tangles and inversely ε4 was associated with higher 

levels of plaques and tangles. Previous studies have reported fewer tangles in ε2, with a 

stronger effect in homozygous individuals [40], and others have reported increased 

amyloidosis and tau tangles in ε4 carriers [41–43]. However, we observed no difference in 

the effects of the Ancestral ε4 allele and the European ε4 allele. While a few associations 

were observed in control brains, none of them, except Braak stage, was significant after 

multiple comparison corrections (Table 3).

Association of APOE variants with AD

As the four APOE haplotypes defined by rs769449—ε4 Ancestral (GCC), ε4 European 

(ACC)—had no major differences, next we explored other variants in the vicinity of the 

APOE locus. After a literature review, we selected the variants shown in Table 4 for our 

analysis. Most of the SNPs in the APOE region have different prevalence across racial 

groups (Table 4). This analysis was performed on a large set of individuals of European 

descent from NACC. One of the variants studied, rs6859, was measured directly on the SNP 

array and for the rest we used the imputed values. We verified that the imputation was 
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accurate with less than 1% mismatch for rs429358 (ε4 defining variant) by comparing it 

with direct APOE genotyping data and that the imputation for rs6859 and rs769449 also 

corresponded closely to their measured array genotypes.

For each of the variants, we used a logistic regression model to test the association of AD 

with the non-coding variants and controlled for gender, age, education, and dosage of ε2 and 

ε4. As seen in Table 5, no significant association was observed in any of the SNPs with AD 

after accounting for the effects of ε2 and ε4, and the lowest significance was observed in 

rs6859 (p = 0.065). If we do not distinguish between heterozygous and homozygous ε4 

carriers, several SNPs are significant, suggesting strong correlations between ε4 and these 

variants. If we correct for ε4 but omit to control for ε2, rs6859 and rs438811 are significant 

after multiple comparison corrections (Table 5). We also attempted a stratified analysis 

where we tested these variants in only a subset of individuals such as only ε3/ε3 individuals 

or ε4 carriers (we only used ε4/ε3 individuals as ε4 carriers) using a logistic regression 

correcting for age, gender, and education. Overall, we found no association for any of the 

reported variants, whether we use stratification or correction for ε4 and ε2 or interaction of 

the SNPs with ε4 (data not shown). Finally, we verified that these same variants showed no 

association in ROSMAP Whole Genome Sequencing (WGS) data with 421 AD cases and 

380 controls.

DISCUSSION

Previous literature (Babenko et al.) suggested a protective effect of rs769449 and the 

Ancestral ε4 allele compared to the European ε4 allele. We analyzed genotype, clinical, and 

neuropathological data from relatively large resources such as NACC and the ROSMAP 

dataset and two different populations and we were not able to validate the protective effect. 

Overall, we confirmed the effects of APOE ε2 and ε4 alleles on AD risk and clinical/

neuropathological variables but found no difference between the two versions of the ε4 

haplotypes defined by Babenko et al. either in Blacks or African Americans or individuals of 

European descent.

Naturally, inability to find a difference does not mean the difference is nonexistent. 

Differences in the cohort used and the sample sizes can lead to divergent conclusions. 

Moreover, variations in the statistical methodology can also lead to different interpretations. 

Previous studies, even with much smaller numbers of AA AD cases, showed a weaker effect 

of ε4 on African Americans [11–13]. Our study did not find any difference in odds of AD 

associated with the APOE ε4 haplotypes between Blacks or African Americans and 

individuals of European descent. The differing results may be because the NACC AA 

sample has a different underlying population structure than the previously analyzed cohorts; 

for example, it had fewer proportion of AD cases than the European sample and had a much 

higher proportion of females in the control group than in the AD group.

Further, recent studies used estimation of APOE local ancestry (LA) in mixed populations 

and showed a difference in conferred risk depending on the estimated ethnic origin of the 

APOE ε4 version [12, 44]. These studies rely on the assumption that the estimation of local 

ancestry via a classifier is accurate and unconfounded by other variables such as ε4 status. In 
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this study, we explored whether the APOE ε4 haplotypes, as defined by Babenko et al., are 

associated with different odds of developing AD. It should be noted that while Rajabli et al. 

reported a significant interaction between local ancestry and the APOE ε4 genotype using a 

likelihood ratio test, they observed effect sizes that are similar to ours with overlapping 

confidence intervals for the two APOE ε4 haplotypes (1.8–3.0 and 2.4–3.9, respectively, for 

the African ε4 and European ε4 haplotypes) [12].

In this paper, we focused on direct haplotype definitions of Babenko et al. instead of local 

ancestry of the APOE gene and our findings suggest that the AD/MCI risk conferred by the 

ε4 haplotype appear to be similar across populations and independent of the ethnic origin of 

the APOE haploblock (as defined by Babenko). This can be relevant for applications 

predicting individuals at risk in minority populations.

Our study, however, has several limitations. First, we relied on the haplotype blocks defined 

by Babenko et al., which combined intragenic SNPs. Thus, we cannot exclude the possibility 

that larger haploblocks might contain more information and variants that modify the risk of 

AD. Considering a more refined characterization of APOE haplotypes with a larger number 

of ε4 versions could potentially uncover variants and haplotypes with different conferred 

AD risk. Second, while rs769449 was directly genotyped, several of the other variants 

studied were imputed and thus subject to imputation errors. Nevertheless, the main SNP 

defining the ε4 haplotypes, rs769449, was genotyped and our study is the first of its kind to 

perform a rigorous population-based analysis on these two ε4-linked haplotypes. In fact, 

since race is a confounder that is associated with both the allelic frequencies and the disease, 

our approach of stratified analysis is the preferred method to control for potential bias [45].

Another limitation is that we here rely on data with self-reported race to build the 

participants cohorts. There is an implicit assumption of homogeneity in these groupings. In 

reality, the group of participants generally labeled as African Americans is a very 

heterogeneous group which might include various backgrounds such as recent African 

immigrants and black Hispanics. It is possible that this labeling issue could explain some of 

the conflicting AA AD risk findings in the literature. Better study designs with more 

accurate definitions of ethnicity might help in drawing a clearer picture of AD risk across 

populations in relation to APOE genotypes.

AD is more prevalent in AA than EU with a meta-analytic prevalence ratio of 1.56 [46], yet 

it has been reported that APOE with an African ancestry confers a lower risk than the 

European ancestry [12]. Although our study did not confirm a lower risk among the APOE 
ε4 haplotypes, to further understand the heterogenous effects of the APOE ε4 allele within 

and across racial groups, future studies with whole genome sequencing and haplotype 

analysis in large samples of African Americans may be informative.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Odds ratios of APOE haplotypes across cohorts and populations.
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