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Abstract

Evidence on whether genetic predictors of Alzheimer’s disease (AD) also predict memory decline 

is inconsistent and limited data are available for African ancestry populations. For 8,253 non-

Hispanic white (NHW) and non-Hispanic black (NHB) Health and Retirement Study participants 

with memory scores measured one to eight times between 1998–2012 (average baseline age=62), 

we calculated weighted polygenic risk scores (AD-GRS) using the top 22 AD-associated loci, and 

an alternative score excluding APOE (AD-GRSexAPOE). We used generalized linear models with 

AD-GRS-by-age and -age2 interactions (age centered at 70) to predict memory decline. Average 

NHB decline was 26% faster than NHW decline (p<0.001). Among NHW, 10% higher AD-GRS 

predicted faster memory decline (linear β= −0.058 unit decrease over 10 years; 95% CI: −0.074, 

−0.043. AD-GRSexAPOE also predicted faster decline for NHW, although less strongly. Among 

NHB, AD-GRS predicted faster memory decline (linear β= −0.050; 95% CI: −0.106, 0.006), but 

AD-GRSexAPOE did not. Our non-significant estimate among NHB may reflect insufficient 
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statistical power or a misspecified AD-GRS among NHB since an overwhelming major of GWAS 

studies are conducted in NHW. A polygenic score based on previously identified AD loci predicts 

memory loss in U.S. blacks and whites.
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INTRODUCTION

Genome-wide association studies (GWAS) have implicated several genetic loci in the 

development of Alzheimer’s disease (AD)1–5. Because AD diagnoses are potentially 

influenced by both pre-morbid level of cognitive function and rate of cognitive decline6, it is 

important to confirm associations of genetic polymorphisms with longitudinal rate of 

memory change, the hallmark of AD. However, apart from the apolipoprotein E ε4 allele 

(APOE4), the reported effect sizes of individual genetic loci associated with AD are 

generally small7. Polygenic risk scores can help evaluate the joint effects of multiple 

previously identified genetic variants, each of which may have effects too small to reliably 

detect in independent samples8,9.

To date, only three studies have evaluated the association of a polygenic risk score for AD 

and cognition in older adults, and findings were inconsistent9–11. Further, only one study has 

investigated the association between a polygenic risk score for AD and rate of cognitive 

decline11. An additional major gap in prior literature on AD-related genotypes is 

information on whether these loci predict outcomes for non-white populations. For example, 

APOE4 has not been consistently linked to rate of decline in non-white populations12. This 

inconsistency may be largely due to limited sample sizes in studies of non-whites, but there 

could be race-based genetic differences in susceptibility to AD13. Limited research has been 

conducted in non-whites examining associations between other genetic loci and AD, 

cognitive function, or decline12,14. It is important to conduct studies in racially diverse 

samples because genetic markers for disease discovered among primarily European ancestry 

populations may not be associated with disease in other racial groups for many reasons. 

First, individuals from different racial groups with diverse ancestry make-up are more likely 

to have different linkage disequilibrium (LD) patterns, e.g., the correlations among specific 

genetic variants may differ for blacks and whites15. Thus, if certain SNPs are in LD with a 

causal genetic variant among European ancestry samples, that does not guarantee that the 

same relationship will hold in non-European populations. Second, epistasis, or gene-gene 

interactions, as well as locus and allelic heterogeneity, could operate differently in diverse 

samples 16,17. Third, environmental modifiers – such as socioeconomic status and health 

behaviors – could impact SNP effects differently in European and non-European ancestry 

populations16,18. Fourth and finally, minor allele frequencies may vary between ancestral 

groups and could therefore alter the detectable effect sizes for those SNPs18.

The potential for survival bias is especially important to assess in research on determinants 

of cognitive decline because death rates are high in older populations and rate of cognitive 
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decline predicts mortality19,20. However, survival bias only poses a problem if a study’s 

exposure of interest, in addition to the outcome, is predictive of mortality. Our exposure, 

genetic variants associated with AD, may impact mortality. Some research has found that 

carriers of the APOE4 allele have higher mortality rates than non-carriers21,22. Yet, aside 

from the APOE studies, few published studies assess whether genetic variants associated 

with dementia risk are also associated with survival. To add to this literature, we directly 

assess the likelihood of survival bias by testing whether the AD-GRS predicts survival and 

dropout after DNA collection.

We report here the associations of a 22-locus polygenic risk score (AD-GRS) with memory 

decline in non-Hispanic whites and blacks in the Health and Retirement Study (HRS). We 

report the findings for the AD-GRS both including and excluding APOE in order to test 

whether other loci besides APOE add to the prediction of memory decline. We hypothesized 

that the AD-GRS, whether constructed including or excluding the APOE gene, would 

predict rate of memory decline in both black and white respondents.

METHODS

Study population

HRS is a nationally representative cohort study initiated in 1992 with enrollments in 1992, 

1993, 1998, 2004 and 2010. The target population is all non-institutionalized adults in the 

contiguous United States aged 50+ at enrollment23, but spouses of enrolled individuals are 

also interviewed even if aged <50. Biennial interviews (or proxy interviews for decedent or 

severely impaired participants) including memory assessments are available through 2012. 

Details of the study are provided elsewhere24–26.

Our analyses used a sub-sample with genetic data collected in 2006 or 2008, using repeated 

memory assessments (up to 8, from 1998–2012) on the same individuals. From 12,123 HRS 

participants with genetic data, we restricted to 10,728 (88.5%) who self-identified as non-

Hispanic white or non-Hispanic black and contributed at least one cognitive assessment 

from 1998–2012. From 85,824 possible observations (10,728 participants by 8 time points) 

we excluded observations missing memory score due to non-response (23,565, 27.5%), 

death (2,705, 3.2%), or recorded when the respondent was aged <50 years (1,049, 1.2%). 

This translated to excluding 2,475 people (23.0%) with a resulting analytic sample of 8,253 

individuals contributing 58,505 memory score observations.

Memory Score Outcomes

We used a previously developed memory composite score combining direct and proxy 

memory assessments for longitudinal analyses27. All HRS participants who were 

interviewed directly were asked to complete an immediate and delayed recall test based on a 

10-word list. For individuals too impaired to directly participate in memory assessments, 

proxy informants, typically spouses, assessed the participants’ memory on a 5-item Likert 

scale and completed a 16-item version of the Informant Questionnaire for Cognitive Decline 

(IQCODE). We developed an algorithm to integrate direct and proxy assessments in order to 

retain severely impaired individuals in longitudinal studies of cognitive function. The 
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composite score algorithm was developed in an 856-subject subsample who participated in a 

comprehensive neuropsychological battery as part of the Aging, Demographics, and 

Memory Study. We standardized the memory score by dividing each score by the 1995 

standard deviation so that every unit change in memory score corresponds to one standard 

deviation in the population prior to baseline.

Genotyping

In 2006 and 2008, HRS invited participants to provide DNA samples (the sample was 

randomly split across two years, average age=68). Eligible respondents were consented and 

provided saliva via a mouthwash technique (2006) or an Oragene DNA self-collection kit 

(2008). Genotyping was completed on the Illumina Omni-2.5 chip platform and imputed 

using the 1000G phase 1 reference panel. Genetic information for the first 12,123 

participants was filed with the Database for Genotypes and Phenotypes (dbGaP, study 

accession number: phs000428.v1.p1) in April 2012. Sample eigenvectors were derived from 

principal component analysis as implemented in the R SNPRelate package28. Exact 

information on the quality control procedures applied is available via HRS and dbGaP 29.

Alzheimer’s Disease Genetic Risk Score (AD-GRS)

Two SNPs (rs7412 and rs429358) are commonly used to identify APOE4 variants30. 

Twenty-one other genetic loci have been confirmed as genome-wide significant predictors of 

AD, with meta-analyzed odds ratios (ORs) reported most recently in the Lambert et al. 

meta-analysis1. We used proxy SNPs in LD with the SNPs reported in the Lambert et al. 

paper for four of the twenty-one loci. We calculated the AD-GRS by multiplying each 

individual’s risk allele count for each locus by the beta coefficient for that polymorphism as 

reported by Lambert et al. (except for APOE, where we used the beta coefficient reported by 

AlzGene31) and summing the products for all 22loci (for a list of SNPs and beta weights 

please see Table, Supplemental Digital Content 1). This step essentially weighted each 

polymorphism in proportion to its anticipated effect on dementia risk. Next, to convert to the 

odds of dementia for each individual, we exponentiated the weighted allele sum, multiplied 

the resulting value by 0.1 (the estimated dementia prevalence in the sample), and converted 

odds to probabilities.

The AD-GRS can be interpreted as the probability of dementia predicted by the 22 alleles, 

based on the strength of the associations estimated in previously published GWAS and meta-

analyses. We also calculated an alternative AD-GRS excluding APOE to assess whether the 

other 21 loci contributed information in predicting memory loss. In separate analyses, we 

examined performance of two ABCA7 SNPs separately from the polygenic score because of 

evidence that rs115550680 performs better in blacks4 compared to the original ABCA7 SNP 

(rs3764650) used in our AD-GRS.

Age

Age was calculated as the time between self-reported date of birth and interview date, 

measured continuously and centered at 70 years.
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Race

We used self-reported race (“What race do you consider yourself to be: White, Black or 

African American, American Indian, Alaska Native, Asian, Native Hawaiian, Pacific 

Islander, or something else?”) and ethnicity (“Do you consider yourself Hispanic or 

Latino?”) to restrict our sample to participants who identified as non-Hispanic white (NHW) 

and non-Hispanic black (NHB) only, due to small sample sizes in other groups.

Death

We used mortality information obtained via National Death Index (NDI) linkage from 2010–

2012; information from proxy interviews was used for individuals without NDI information.

Dropout

Dropout was defined as the first wave a respondent was missing the composite memory 

score starting in 2010 (after genetic assessment in either 2006 or 2008).

Other covariates

All models were adjusted for baseline age, sex, and eigenvectors to control for population 

stratification32.

Statistical analysis

We used generalized linear models to estimate the association between the AD-GRS and rate 

of memory decline assessed from 1998–2012, using clustered standard errors to account for 

repeated measures on the same individual and an autoregressive covariance structure. We 

model a quadratic growth curve for memory decline by including AD-GRS-by-age and AD-

GRS-by-age2 interaction terms. Using age as the time dimension allows us to reduce 

concerns about practice effects, take advantage of between-person differences that have 

accrued by the time of enrollment, thus improving statistical power, and is appropriate since 

the temporal order of exposure and outcome are clear. Next, this model was replicated using 

the alternative AD-GRSexAPOE which excluded APOE. We plotted memory trajectories for 

each racial group and each specification of the AD-GRS for a reference group of 70 year old 

females. When calculating these curves we used the point estimates from the models, 

regardless of statistical significance. In order to directly test whether there was evidence for 

a differential effect by race of the AD-GRS both with and without APOE on memory 

decline, we estimated a race-pooled model with race-by-AD-GRS-by-age and race-by-AD-

GRS-by-age2 interaction terms, as well as a race-by-age interaction term. In addition, we 

estimate a race-pooled model adjusting only for race and age (as timescale) and their 

interaction terms in order to assess whether there are differences in rate of decline by race in 

our sample.

We examined whether the association of the AD-GRS (with and without APOE) and rate of 

memory declined prevailed in both middle aged and older adults by estimating the same 

models stratified by age (+/− 65 years). Using the alternative AD-GRS excluding APOE, we 

also estimated models controlling separately for APOE status to attempt to increase the 
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precision of our estimates. We examined the two ABCA7 SNPs, rs115550680 and 

rs3764650, in separate models as predictors of memory change.

Finally, we conducted analyses to ascertain whether the AD-GRS predicted death and 

dropout and whether these associations differed by race and prior memory score. For this 

analysis, we used two pooled logistic models where the outcomes were death and dropout 

from 2008–2012 (using data from 2010 and 2012 to capture events in those four years) and 

the predictors were AD-GRS as well as AD-GRS-by-race and AD-GRS-by-prior memory 

score (2004) interaction terms.

RESULTS

Characteristics from the first wave each individual contributed an observation are shown for 

the 7,172 NHW and 1,081 NHB used in our models (Table 1). Average follow-up was 12.3 

years for NHW and 11.3 years for NHB (of 14 possible). On average, NHW contributed 7.2 

cognitive assessments and NHB contributed 6.6 (of 8 possible). Average NHB rate of 

decline was approximately 26% faster than the NHW rate (p<0.001 for race-by-age 

interaction term).

Among NHW, in the model using the AD-GRS including APOE, there was a significant 

negative interaction between the AD-GRS and age (β= −0.058 for a 10% higher AD-GRS 

and 10 year increase in age; 95% CI: −0.074, −0.043; p<0.0001) and the AD-GRS and age2 

(β= −0.002; 95% CI: −0.003, −0.001; p=0.004), suggesting that an increase in the AD-GRS 

is associated with faster rate of memory decline, which accelerated with age (Table 2). In the 

model using the AD-GRS excluding APOE (AD-GRSexAPOE), effect sizes for linear (β= 

−0.029; 95% CI: −0.050, −0.007; p=0.008) and quadratic (β= −0.001; 95% CI: −0.003, 

0.001; p=0.227) terms were smaller in absolute magnitude than effects when using the AD-

GRS including APOE, and only the linear age term was significant. Models excluding the 

quadratic age terms were similar (see Table, Supplemental Digital Content 2). For example, 

a 70-year-old with an average AD-GRS score would be expected to decline 0.50 memory 

score units by age 80; a similar individual with a 1SD higher AD-GRS would be expected to 

decline 0.54 memory score units by age 80. Alternatively, while a 70-year-old with an 

average AD-GRSexAPOE score would also be expected to decline 0.50 memory score units 

by age 80; a similar individual with a 1 SD higher AD-GRSexAPOE would be expected to 

decline only 0.51 memory score units by age 80. Figure 1a shows the predicted memory 

trajectories for NHW with the average AD-GRS as well as for people 2 SD above and below 

the average AD-GRS. Figure 1b illustrates predicted memory decline trajectories for NHW 

based on the AD-GRSexAPOE.

Among NHB, there was a marginally significant interaction between the AD-GRS and age 

(p=0.080) but not between the AD-GRS and age2 (p=0.948), suggesting that the AD-GRS 

was associated with memory decline, but we do not have evidence that this association 

accelerated at older ages (Table 2). Among NHB, in models with linear age terms only, a 70 

year old with an average AD-GRS score would be expected to decline 0.58 memory score 

units by age 80; a similar individual with a 1 SD higher AD-GRS would be expected to 

decline 0.60 memory score units by age 80. The magnitude of the association between the 
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AD-GRS and change in rate of memory decline was smaller among NHB than among NHW. 

However, we found no evidence for a differential effect by race of the AD-GRS on memory 

decline in a race-pooled model (p=0.782 for race-by-AD-GRS-by-age interaction term; 

p=0.255 for race-by-AD-GRS-by-age2 interaction term). The AD-GRS excluding APOE 

(AD-GRSexAPOE) did not predict memory decline among NHB (β= −0.005; 95% CI: 

−0.080, 0.070; p=0.899). Results were similar in models without the AD-GRSexAPOE-by-

age2 interaction term: the AD-GRSexAPOE-by-age term remained non-significant (p=0.30). 

We again found no evidence that the effect of the AD-GRSexAPOE on memory decline 

differed for NHW and NHB (p=0.891 for race-by-AD-GRS-by-age interaction term) in a 

race-pooled model. Figure 1c shows the predicted quadratic memory decline trajectories for 

NHB with the average AD-GRS as well as for people 2 SD above and below the average 

AD-GRS and Figure 1d shows the memory decline trajectories for NHB using the AD-

GRSexAPOE.

Using the alternative AD-GRS excluding APOE, we estimated models controlling separately 

for APOE status to increase the precision of our estimates. Although APOE was predictive 

of memory score and decline, our standard errors for the AD-GRS beta coefficient and the 

AD-GRSexAPOE-by-age interaction term remained qualitatively similar to the results 

displayed in Table 2, regardless of separate adjustment for APOE. In addition, we tested 

whether new ABCA7 SNP rs115550680, recently reported as associated with AD in blacks 

by Reitz et al.4, was a better predictor of memory decline in our sample than the original 

ABCA7 SNP (rs3764650) used in our AD-GRS. We found no evidence that either ABCA7 

SNP was predictive of memory decline in models restricted to NHB using ABCA7 by linear 

age interaction terms (β= −0.01; 95% CI: −0.08, 0.06; p=0.79 for rs115550680 and β= 0.02; 

95% CI: −0.02, 0.05; p=0.34 for rs3764650).

We estimated age-stratified models and found an effect of the AD-GRS including APOE on 

memory decline among NHW respondents 65 and older (p<0.0001 for AD-GRS-by-age 

interaction), but not among older NHB (β for AD-GRS-by-age interaction=−0.056; 95% CI: 

−0.152, 0.040; p=0.251). We did not find an association between the AD-GRS and memory 

decline in younger (<65) NHW (β for AD-GRS-by-age interaction=−0.004; 95% CI: 

−0.095, 0.104; p=0.993), but we did in younger NHB (β for AD-GRS-by-age interaction=

−0.268; 95% CI: −0.529, −0.006; p=0.045) (see Table, Supplemental Digital Content 3).

Finally, we found no evidence of survival bias. From 2008–2012, 666 individuals died and 

763 individuals were lost to follow-up. The AD-GRS did not predict death (p=0.926) or 

dropout (p=0.890) during these four years (from 2008, the end of DNA collection when 

participants had to be alive, to 2012), nor did we find that the effects of race or prior memory 

score on death and dropout depended on the AD-GRS (Table 3). When we dropped the 

three-way interaction term between the AD-GRS, race, and prior memory score to boost 

power, results remained qualitatively similar.

DISCUSSION

We found that a 22-gene polygenic risk score for Alzheimer’s Disease (AD-GRS) predicts 

memory decline in nationwide samples of older NHW and NHB adults. An alternative AD-
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GRS excluding APOE predicted both pre-decline level of memory function8 as well as 

change in memory function over time among NHW, while it did not predict either among 

NHB. However, we were unable to find evidence that the effect of the AD-GRSexAPOE on 

memory decline was statistically different between NHW and NHB. This suggests that 

recently discovered AD related loci add to the prediction of rate of memory loss in late life 

among NHW, but whether they improve prediction among NHB remains to be seen.

Several studies have examined associations between individual AD polymorphisms and both 

cognitive level and change. Apart from APOE, evidence was mixed for other polymorphisms 

across different memory instruments and cohorts. CLU, PICALM, and CR1 were associated 

with cognitive decline (global cognition and attention) in 1,831 participants of the 

Cardiovascular Health Cognition Study33. When evaluating memory outcomes in black and 

white subjects, Pedraza et al. found a nominally significant association with CR1 in white 

subjects and with CLU in black subjects. CR1 was associated with episodic memory and 

global cognition in a combined analysis of two US cohorts of non-demented people 34. CR1 

was also found to interact with APOE in predicting episodic memory decline in two US 

cohorts35. CLU was associated with memory scores in the Baltimore Longitudinal Study of 

Aging36 and with global cognitive function in two Danish cohorts37. However, these studies 

also report null associations between some AD polymorphisms and cognitive outcomes. For 

instance, PICALM was not associated with any cognitive outcomes in the study by Pedraza. 

Similarly, CLU was not associated with cognition in the study by Chibnik34. BIN1, CLU, 

ABCA7, CR1, MS4A6A, CD33, and MS4A4E were not associated with memory in the 

study reported by Thambisetty36. Many studies looked at genetic predictors of age-related 

cognitive decline beyond only AD polymorphisms and have identified APOE, COMT, 

BDNF and DTNBP1 as predictors of cognitive decline38.

Few studies have examined the association of a polygenic risk score for AD and cognition in 

older adults, and none of their samples include non-white populations. In 5,171 non 

demented people (age 45–99 years) from the population-based Rotterdam Study, Verhaaren 

et al. found that a genetic risk score constructed from APOE, EPHA1, ABCA7, BIN1, 

CD2AP, CLU, CR1, MS4A4E, MS4A6A, and PICALM genotypes predicted both baseline 

global cognition and baseline memory function9. However, after excluding APOE from the 

score, these associations were no longer statistically significant. In the National Institute on 

Aging Late-Onset Alzheimer’s Disease Family Study, a multilocus genotype, which 

combined information from PICALM, CR1, BIN1, and CLU, predicted episodic memory10. 

Conversely, a cross-sectional study across five cohorts of the GERAD1 consortium found no 

associations between five polygenic risk scores (created using different thresholds for p-

values of AD–polymorphism associations) and cognitive ability in later life or age-related 

cognitive change11. Only this last study examined change in cognitive function, while the 

previous two estimated only cross-sectional associations. Additional research on the link 

between the genetic risk factors and memory change is important because the genetic 

predictors of memory decline could differ from those of memory level.

These contrasting results may be due to differing cognitive measures, sample differences, 

low statistical power, design issues (retrospective studies), and the high risk of type 1 error 

because of multiple testing. These methodological challenges motivated our use of a 

Marden et al. Page 8

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



polygenic risk score, which aids in overcoming the issues of lack of power and multiple 

testing.

One possible explanation for the different results between NHW and NHB is that different 

genetic markers influence AD progression in the two racial groups. Since the GWAS studies 

informing the weights for the AD-GRS use predominantly NHW samples, our AD-GRS 

could be mis-weighted for our NHB sample. Additionally, some of the loci included in our 

AD-GRS may not actually be predictive of AD, pre-decline level of cognition, or decline 

among non-white populations. However, amidst mixed evidence of the relevance of APOE 

for AD prediction among NHB30,39, we found evidence that the AD-GRS including APOE 

strongly predicted memory decline in our sample of NHB. Moreover, we found no evidence 

that a new ABCA7 SNP (rs115550680) identified among blacks as predictive of AD was 

predictive of memory decline. We need more GWAS conducted in racially diverse samples 

in order to create more relevant polygenic scores for minority race groups and evaluate the 

performance of loci previously identified in predominantly European samples.

This large, diverse dataset with genetic information and repeated memory assessments is 

uniquely suited for this research question. However, it has limitations. We have no 

information on gene expression or epigenetic modifications. Gene expression patterns could 

explain differences in rate of memory decline in people with similar gene frequencies. 

Further, HRS does not have a clinical dementia diagnosis or assessments of many important 

domains of cognitive function and available measures likely have substantial measurement 

error. In particular, differences in the validity and reliability of the memory assessment for 

blacks and whites may have contributed to our findings. Memory scores were scaled based 

on more detailed assessments available in the predominantly white ADAMS subsample. 

Inequalities in quality and quantity of education may also compromise the validity and 

reliability of standard memory assessments for older US blacks. Both of these limitations of 

the memory score measure could have attenuated the observed effect among non-Hispanic 

blacks40. Finally, we have a smaller sample size among NHB (N=1,081), so our finding that 

the alternative AD-GRSexAPOE does not predict memory decline among non-Hispanic 

blacks could be an issue of power.

A strength of this study is that we focused on the genetic contribution to late life memory 

decline, not just level of functioning. Since both pre-morbid level of cognition as well as rate 

of decline contribute to AD development, it is critical that we understand the determinants of 

both. Another strength of this paper is that we directly assessed the possibly of survival bias

—a potential source of bias that is widely-recognized by AD researchers but rarely 

addressed. For example, if a population is genotyped at age 70, those with a harmful 

genotype may be more likely to be omitted, due to prior mortality. The disproportionate 

omission of the worst performing group could make this genotype seem less harmful than it 

really is because survivors are not representative of other carriers. Since we found that 

neither APOE alone nor the AD-GRS predict death or dropout, this is evidence that survival 

bias in studies of the AD-GRS may not be a major concern. One limitation of our 

assessment was that everyone had to be alive for genotyping (in either 2006 or 2008), so we 

only had 4 years of mortality follow-up from 2008–2012. However, we did not find large 

differences in the mortality rates of NHW and NHB alive in 1998: 23.8% of NHW and 

Marden et al. Page 9

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



26.7% of NHB died by 2006. Whether genetic risk scores predict mortality is also of 

substantive interest because it may elucidate possible biological mechanisms or clinical 

relevance. Substantively, our findings may mean that these SNPs are causally related to 

memory function and rate of decline, but not to overall survival.

In conclusion, we found that a genetic risk score for AD predicts not only level but also rate 
of memory loss in a nationally-representative sample of older NHW and NHB. However, 

because of the smaller sample size of NHB, our results were consistent with an association 

between the AD-GRSexAPOE and memory decline among NHB of both: 1) zero; and 2) the 

same as the association found among NHW. While recently discovered AD related loci add 

to the prediction of rate of memory loss in older NHW adults, whether they contribute to our 

understanding of the genetic determinants of cognitive decline among NHB remains to be 

seen. Future studies should attempt to identify loci that are predictive of AD as well as 

cognitive function and decline in NHB (as well as other non-white populations) samples. 

Due to the heterogeneity of associations and the relatively small amount of variance in rate 

of cognitive decline explained by genetics to date, next steps among NHW include 

investigating whether gene-environment interactions exist. For example, researchers should 

explore whether the AD-GRS has differential effects on rate of cognitive decline among 

people with high versus low cognitive reserve. The AD-GRS can facilitate investigations of 

this and other important questions to help us better understand how genes and life 

experiences influence risk of developing AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Predicted quadratic trajectories of memory function by Alzheimer’s disease genetic risk 

score (AD-GRS) from race-specific generalized linear models adjusted for baseline age, 

gender, and eigenvectors. Shown for a typical individual with an average Alzheimer’s 

disease genetic risk score (AD-GRS), 2 SD lower than average, and 2 SD higher than 

average. Note that the trajectory is predicted based on following individuals aged 50 to 100 

for up to 14 years, rather than following single individuals for 50 years.

Legend:

A: NHW using an AD-GRS including APOE

B: NHW using an AD-GRS excluding APOE

C: NHB using an AD-GRS including APOE

D: NHB using an AD-GRS excluding APOE

Line styles:

Dashed: Predicted slope of memory decline by age for individuals with an AD-GRS 2 SD 

higher than average.

Solid: Predicted slope of memory decline by age for individuals with an average AD-GRS.

Dotted: Predicted slope of memory decline by age for individuals with an AD-GRS 2 SD 

lower than average.
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Table 1

Baseline characteristics of the sample by race, Health and Retirement Study 1998

Non-Hispanic white Non-Hispanic black

N=7,172 N=1,081

Demographics

 Male, No. (%) 2,927 (40.8%) 364 (33.7%)

 Age, mean (SD), years 63.0 (8.4) 61.6 (8.0)

 Education, mean (SD), years 13.1 (2.5) 11.4 (3.3)

Alzheimer’s Disease Genetic Risk Score

 AD-GRS, mean (SD) 1.004 (0.409) 0.811 (0.368)

 AD-GRS no APOE, mean (SD) 0.946 (0.271) 0.714 (0.226)

Cognitive Outcome

 Memory Score, mean (SD) 1.244 (0.310) 0.843 (0.367)

Health Conditions and Behaviors

 Ever diagnosed with stroke, No. (%) 230 (3.2%) 48 (4.4%)

 Ever diagnosed with diabetes, No. (%) 565 (7.9%) 196 (18.1%)

 Ever diagnosed with hypertension, No. (%) 2,554 (35.7%) 626 (58.0%)

 Ever diagnosed with heart problems, No. (%) 1,042 (14.5%) 141 (13.1%)

 Ever smoked, No. (%) 4,105 (57.6%) 627 (58.3%)
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