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ABSTRACT
We investigated whether a structural variant in the 
haptoglobin (HP) gene modifies the effect of APOE 
alleles on Alzheimer's disease (AD)  risk in the 
genetically homogeneous Midwestern Amish. Among 
3,108 participants, survival analyses show that the 
HP2 allele attenuates APOE ε4 associated AD risk, 
with extended Cox time-dependent models showing 
the log-hazard for each HP-APOE genotype 
combination changes over time. These findings 
support HP as a potential effect modifier of APOE.

INTRODUCTION
● Alleles of apolipoprotein E (APOE) gene (ε2, ε3, 

ε4) are the strongest genetic risk factor of AD1

● Structural variant in HP gene produces two 
alleles, HP1 and HP22,3

● HP1 and HP2 confer differential binding and 
protection on APOE, acting as an antioxidant4

● Prior work (Bai et al. 2023) showed HP2 ↑ AD 
risk in ε4 carriers and ↓ AD risk in ε2 carriers5

MATERIALS and METHODS
The Collaborative Amish Aging and Memory Project 
(CAAMP) has collected family history, clinical and 
neuropsychological data, and blood samples on 
Amish individuals from Ohio and Indiana. HP 
genotypes were available for 2,941 individuals after 
using a HP specific reference panel5.A ssociation 
analyses compared AD cases (N = 218) and 
cognitively unimpaired controls  (N = 1008). Mixed-
effects logistic and frail Cox proportional hazards 
regression models accounting for familial structure 
were conducted to evaluate HP-APOE interaction 
effects on AD risk and age of onset. 

RESULTS
 Logistic regression models 
reproduced the general patterns 
reported by Bai et al. (2023), 
though predicted risk magnitudes 
differed in the Amish cohort, while 
stratified logistic models were 
uninformative. In survival 
analyses, APOE-stratified Cox 
models accounting for relatedness 
suggested attenuated ε4-
associated AD hazard and later 
onset among HP2 carriers, and 
extended Cox models indicated 
that HP–APOE effects on AD 
hazard vary with age.

Table 1: Study Population Characteristics

Figure 1: Effect of apolipoprotein E (APOE) and haptoglobin (HP) genotype on AD age of 
onset. Jitter plot and trend lines show fitted effect log hazard estimates and standard errors 
from frail Cox proportional hazards regression model.

Table 2: Hazard Ratio (HR) estimates from the Cox proportional hazards regression model, 
stratified by APOE allele. APOE remaining represents effect of remaining APOE allele given 
the genotype and is encoded in additive, ascending order for the alleles (0= ε2, 1 = ε3, 2 = 
ε4). 

Figure 2: Predicted log-hazard of AD by APOE and HP genotype from an 
extended frail Cox proportional hazards regression model .

CONCLUSIONS
Our findings support HP’s role as a potential effect 
modifier of APOE in a homogeneous Amish cohort, 
with increasing HP2 dosage among APOE ε4 
carriers associated with attenuated AD risk. This is 
in contrast to Bai et al. 2023 who reported that HP2 
increased AD risk in APOE ε4 carriers. Together, 
these findings suggest heterogeneity in HP-APOE 
effects and support the plausibility of APOE risk 
modification by HP, though interaction estimates 
may be model or population-dependent. 
Translationally, HP supplementation may represent a 
potential genotype-tailored therapeutic strategy. 
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