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Table 2. Characteristics of SOL-INCA target population by k-mer cluster.
Variable Cluster 1 Cluster 2 Cluster 3
N (unweighted) 1770 2457 1107
Age at baseline (years) 54.58 (7.08) 55.27 (7.37) 55.61 (7.26)
Years between visit 1 and SOL-INCA visit 7.04 (1.15) 6.90 (1.16) 6.90 (1.16)
Mild Cognitive Impairment (MCI) 182 (9.9%) 246 (10.8%) 133 (14.3%)
Significant cognitive decline 517 (31.1%) 715 (29.1%) 363 (37.4%)
Sex Female 1157 (55.9%) 1521 (51.4%) 713 (55.8%)

Male 613 (44.1%) 936 (48.6%) 394 (44.2%)
Field center Bronx 249 (24.8%) 472 (20.3%) 580 (53.7%)

Chicago 605 (20.3%) 461 (8.6%) 171 (6.4%)
Miami 294 (21.4%) 912 (49.3%) 258 (29.8%)
San Diego 622 (33.5%) 612 (21.8%) 98 (10.0%)

Education No high school diploma or GED 798 (42.9%) 891 (32.0%) 447 (41.0%)
At most high school diploma/GED 375 (22.7%) 530 (21.2%) 250 (21.6%)
Greater than high school/GED 591 (34.4%) 1033 (46.8%) 406 (37.4%)

Hispanic/Latino 
heritage

Central American 213 (9.7%) 192 (5.3%) 94 (6.6%)

Cuban 109 (10.1%) 683 (39.9%) 169 (22.3%)
Dominican 42 (3.2%) 167 (6.4%) 312 (26.8%)
Mexican 1047 (56.3%) 770 (24.8%) 130 (11.7%)
South American 153 (7.9%) 149 (3.6%) 40 (2.5%)

Puerto Rican 181 (10.0%) 440 (16.0%) 333 (25.8%)
More than one/Other heritage 21 (2.8%) 54 (4.1%) 25 (4.3%)

APOE, K-mer clusters and other measures of ancestryMotivation and approach

Study population and clusters

Association analyses results

Table 3. Associations of APOE k-mer clusters and APOE alleles with 
MCI and with significant cognitive decline.
APOE 
variable

Estimated 
odds ratio

95% CI p-value Model AIC

Association with APOE k-mer clusters with MCI
Cluster 2 0.92 (0.65, 1.29) 0.62 3681.59
Cluster 3 1.33 (0.96, 1.83) 0.086

Association with APOE alleles with MCI
APOE 𝝐𝟐 0.80 (0.53, 1.20) 0.43 3686.94
APOE 𝝐𝟒 1.00 (0.77, 1.30) 0.98
Association with APOE k-mer clusters with significant cognitive decline
Cluster 2 1.09 (0.88, 1.36) 0.48 6552.67
Cluster 3 1.47 (1.18, 1.84) 0.0007

Association with APOE alleles with significant cognitive decline
APOE 𝝐𝟐 1.09 (0.82, 1.45) 0.55 6569.878
APOE 𝝐𝟒 1.18 (0.98, 1.41) 0.079

• Conventional APOE alleles – 𝜖4 and 𝜖2 – are associated with AD and related 
outcomes. 
• However, effect sizes repeatedly shown to vary with race/ethnicity, and 

genetic ancestry. 
• In the Hispanic Community Health Study/Study of Latinos (HCHS/SOL), and 

its ancillary study the Study of Latinos-Investigation of Neurocognitive Aging 
(SOL-INCA), APOE alleles association with 
Mild Cognitive Impairment (MCI) and 
Significant cognitive decline (from baseline to SOL-INCA exam)
was modified by genetic ancestry. 
• This effect modification was not successfully traced to specific genetic  

variants. 

• Goal: 
Use a newly-developed 
approach for genetic analysis that 
relies on k-mers to better-capture
APOE associations with outcomes.

• Focusing on the genomic region around
the APOE gene, use short genomic 
sequences (k-mers) as in the figure.
• Main analysis: k=21. 

• We used 13,025 individuals with 
Whole-Genome Sequencing 
(WGS) to apply the k-mers 
analysis and generate clusters. 
• There were three resulting 

clusters.
• APOE  alleles’ frequencies 

differed by cluster.
Table 1. APOE alleles distribution across APOE-based k-mer 
clusters.
Cluster N APOE  𝝐𝟐 

count
APOE  𝝐𝟒 
count

APOE  𝝐𝟐 
frequency

APOE  𝝐𝟒 
frequency

1 4496 169 987 0.038 0.220
2 5793 527 1112 0.091 0.192
3 2736 478 1089 0.175 0.398

• We subsetted the data 
to SOL-INCA 
participants, and 
performed association 
analysis in this dataset.

• Association analyses were adjusted for: 
• Age, years from baseline to SOL-INCA 

exam, sex, education level, language 
preference (English/Spanish), study 
site.

• Sensitivity analyses 
• Repeating the k-mers analysis with 

k=17 (weaker association), 
   k=25 (slightly stronger).
• Repeating the k-mers analysis with 

control regions: 
• APOE region + 4 Mega base-pairs 

(weaker association) 
• APOE coordinates in 

chromosomes 17 and 18 
(null associations).

• Association analyses with k-mer PC1:
Associated with significant cognitive 
decline (OR=1.12; p=0.006).
•  Association analyses with top k-mer: 

 Weak associations.
• Adjustment to global, local ancestry: 

Essentially no change in associations. 

• On the left, we visualized k-mers 
clusters and standard measures of 
ancestry: standard genetic PCs, local 
genetic ancestry at the APOE gene 
region, and global genetic ancestry 
proportions.
• There are some associations with all 

measures.

• On the right, we visualized k-mer counts 
PCs – pairs plots of PC1– PC6; densities 
by APOE group. 
• There are some differences by group, 

especially in PC1. 

Conclusions and future work

• K-mers are short genetic 
sequences. 

• Capture added information 
compared to standard genetic 
variants.

• Correlated with population 
structure; independently 
associated with significant 
cognitive decline.   

• Need to substantiate the 
evidence:

• More studies
• Identify specific 

sequences/haplotypes


