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Background and Objectives
• There have been more than 150 failed clinical trials for Alzheimer’s
disease (AD) in the past two decades. This is likely in part due to the
significant heterogeneity in the progression of cognitive impairment
associated with AD.
• AD is highly heritable, with estimates exceeding 60%. This heritability
extends beyond the APOE genotype, with multiple common genetic
variants identified in large genome wide association studies (GWAS)
comparing AD dementia cases with older normal controls.
• Enhanced prediction of cognitive decline across patients will be valuable
for clinical trial design and successful trials in AD.
• We assessed the predictive power of a PRS for clinical AD diagnosis using
genome-wide association study (GWAS) summary statistics with respect
to APOE genotype.
Methods & Statistical Analyses
• Participants were drawn from the National Alzheimer’s Coordinating Center
(NACC) and the Alzheimer’s Disease Neuroimaging Initiative (ADNI).
NACC was used as the training set and models were tested in ADNI.
Training cohort characteristics are presented in Table 1. A Gaussian
Mixture Model (GMM) was applied to stratify MMSE decline and no decline
groups.
• The largest AD GWAS to date was used to generate PRS in NACC and
ADNI participants (N=455,258; Jansen et al. 2019).
• PRS were calculated in PLINK, following linkage disequilibrium (LD)clumping (r2 = 0.25). A p-value threshold of <0.5 was used to select
variants from each parent GWAS to be used in each PRS. Scores were
generated excluding the APOE region, defined as 1MB up and downstream
of the gene (chromosome 19, position 44,409,039 to 46,412,650).
• Logistic regression models covaried for age, sex, education, baseline
MMSE score, and APOE4 (0, 1 for absence/presence) evaluated
associations between PRS and MMSE decline status. APOE4 stratified
models were tested with the same covariates listed above, with exclusion
of APOE4.
Table 1. Training cohort demographics and summary statistics
APOE4 carrier status

Age at Baseline

Carrier
(N=836)

Noncarrier
(N=992)

P-value

Total (N=1828)

74.5 ± 8.0

76.9 ± 8.3

2.8E-10

75.8 ± 8.2

Education (years)

15.2 ± 3.0

15.4 ± 3.0

0.17

15.3 ± 3.0

Baseline MMSE

24.2 ± 5.0

26.1 ± 4.0

2.1E-10

25.2 ± 4.6

MMSE decline

68%

43%

2.4E-28

54.3%

Sex (% Female)

51%

52%

0.68

52%

Results
• Participants in the training and test set showed similar baseline ages, years of education and
baseline MMSE scores in the whole sample and after stratification by APOE4 carrier status. The
test cohort had a lower percentage of females compared to the test set (43% overall).
• The PRS model was a significant predictor of MMSE decline in the overall sample, as well as in
APOE4 carrier and noncarrier populations.
• The model showed the highest classification accuracy in APOE4 noncarriers in both the
training and test sets.
• Predicted probabilities for MMSE decline were calculated across APOE3 and APOE4 genotypes
in the test set for a participant with baseline normal cognition (MMSE=28, Figure 1).
• APOE4 noncarriers with a PRS z-score between 1.5 – 2 show a 32-34% predicted
probability of decline, the same predicted probability of carriers with a PRS between -1 -0.65.
Table 2. PRS model associations with MMSE decline
Sample

Beta Odds Ratio* Upper CI Lower CI P-value

Training Set
Accuracy

Test Set
Accuracy

All

0.25

1.29

1.46

1.14

8.2E-05

80.9%

73.5%

APOE4 carriers

0.33

1.39

1.68

1.15

9.0E-04

80.4%

70.2%

APOE4 noncarriers

0.20

1.22

1.45

1.04

0.017

81.1%

80.6%

Confidence interval abbreviated as CI. Boldface denotes P < 0.05. *Odds-ratio describes risk associated with each standard
deviation change in PRS (ie. a subject with a PRS-ADdx z-score of 1 is 1.29 times more likely show MMSE decline compared to a
subject with a PRS-ADdx z-score of 0). All P-values meet a Bonferroni correction threshold of significance.

Figure 1. Predicted probabilities of
MMSE decline across APOE
genotype and ADdx PRS
Predicted probabilities of MMSE
decline for a 71-year-old, cognitively
normal male (baseline MMSE=28),
with 16 years of education were
calculated across APOE3 and
APOE4 genotypes. As PRS
increases, probability for MMSE
decline increases.

Conclusions
• The reported model significantly predicts MMSE decline; PRS explains heterogeneity in cognitive
decline above and beyond the APOE4 allele, as APOE and it’s surrounding region were
excluded from the computation of the PRS.
• Utilization of this model as part of our progression rate assay (ProgressionGBTM) can enhance
clinical trial recruitment, such that APOE4 carriers are selected for probable cognitive decline, in
addition to APOE3 carriers that are also high on polygenic risk.
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