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eMethods. 
 

Phenotype Ascertainment 

Cohorts and Phenotype Ascertainment 

     In the current study, we used twenty-two case/control, family-based, and longitudinal, late-onset 

Alzheimer’s Disease (AD) cohorts available through public repositories (Table1)1–15. We further included 

three independent cohorts from the Knight Alzheimer’s Disease Research Center at Washington 

University in St. Louis, the University of Washington, Seattle, and the University of Pennsylvania. These 

cohorts provided cross-sectional Aβ CSF measures and are here referred to, jointly, as the CRU sample16. 

Participants or their caregivers provided consents in the original studies. Details on phenotype 

ascertainment are described elsewhere12,16. Briefly, all individuals with a diagnosis of AD met National 

Institute of Neurological and Communicative Disorders and Stroke/Alzheimer’s Disease and Related 

Disorders Association (NINCDS-ADRDA) criteria for probable or possible late onset AD17, or met Diagnosis 

and Statistical Manual of Mental Disorders IV-V (DSMIV-V) criteria18–20, or had a clinical dementia rating 

(CDR® Dementia Staging Instrument21) > 0.5. Some cohorts verified AD diagnoses by means of 

neuropathology, using Braak staging22, CERAD scoring23, or National Institute on Aging Reagan (NIA-

Reagan) 1997 criteria24. Cognitively normal subjects (controls) did not have AD according to the above 

clinical criteria for AD, did not have a diagnosis of MCI, and had a CDR of 0 and/or Mini-Mental State 

Examination (MMSE25) > 25. In the MIRAGE cohort, control status was evaluated through a Modified 

Telephone Interview of Cognitive Status score ≥ 86 (a telephone version of the MMSE)26. For the three 

independent cohorts making up the CRU sample16, subjects were evaluated as cognitively normal if their 

CDR was equal to 0. 

     Further, the National Alzheimer’s Coordinating Center (NACC), Rush University Religious Orders 

Study/Memory and Aging Project (ROSMAP), and Alzheimer’s Disease Neuroimaging Initiative (ADNI), are 

longitudinal cohorts that evaluate clinical status (control, mild cognitive impairment (MCI), demented) 

and presumed disease etiology at repeated examinations. Additionally, deceased subjects are assessed 

for neuropathology. Where possible, in NACC, a final diagnoses of MCI or possible/probable/definite AD 

was obtained using NIA Alzheimer’s Association (NIA-AA) 2011 criteria27,28. In all three cohorts, AD 

diagnoses were verified by neuropathology as middle or high AD likelihood following NIA-Reagan 1997 

criteria (moderate to frequent neuritic plaques and Braak stage III-VI)24. In concordance with the category 

“possible AD dementia with evidence of the AD pathophysiological process” from the NIA-AA 2011 
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criteria27, we attributed possible AD diagnoses to subjects who met clinical criteria for non-AD dementia 

but also met AD neuropathological criteria. In concordance with the NIA-AA 2011/2012 framework28,29, 

we also evaluated neuropathology in MCI subjects to verify presumed AD etiology. Controls were not re-

evaluated based on neuropathology data. Subjects that reverted from dementia to control status during 

longitudinal follow-up were excluded. Additional cohort-specific details are listed below. 

NACC  

    Genotyping waves 1 through 7 from the Alzheimer’s Disease Centers (ADC1-7) include subjects 

ascertained and evaluated by the clinical and neuropathological cores of 32 NIA-funded ADCs. NACC 

coordinates the collection of these phenotypes, implements diagnoses (cognitively normal, cognitively 

impaired but not MCI, MCI, demented; and presumed disease etiology) and then provides all data to 

researchers under the form of the Minimum Data Set (MDS), Uniform Data Set (UDS)30–32, and 

Neuropathology data set (NP)33. The MDS represents an older subset of the NACC data and only contains 

cross-sectional data, while the more recent UDS provides longitudinal phenotypes and covariates. Since 

2015, the UDS was updated to incorporate the NIA-AA 2011 criteria for MCI and AD11,28. In the current 

study, we used the UDS and NP for which data was collected between September 2005 and June 2019. 

The ADC1-7 data sets covered 7,627 subjects in the UDS and 2,629 subjects in the MDS.  

     Subjects that had a diagnosis of Down syndrome, central nervous system neoplasm, bipolar disorder, 

schizophrenia, alcohol-induced dementia, or substance-abuse-induced dementia, were excluded. 

Subjects carrying mutations of dominantly inherited AD or frontotemporal lobar degeneration (FTLD) 

were also excluded. Subjects with a final diagnosis of MCI or dementia, for which the etiology was 

unknown or not due to AD, were excluded. Subjects with a final diagnosis of “cognitively impaired but not 

MCI” were excluded, unless they had a baseline diagnosis of cognitively normal. In that case, these 

subjects were retained as controls with their age frozen at their latest diagnosis of cognitively normal. 

ROSMAP  

     In ROSMAP, subjects were diagnosed at each visit: as possible/probable AD according to NINCDS-

ADRDA criteria17; as MCI when judged to have cognitive impairment but not meeting dementia criteria 

according to the clinician; or as control when there was no cognitive impairment or the subject did not 

meet dementia criteria34,35. At time of death, a final clinical diagnosis was made by an expert neurologist, 

followed by case conference consensus review (blinded to postmortem data)36.   
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ADNI  

     In ADNI, subjects were diagnosed at regular visits: as possible/probable AD according to NINCDS-

ADRDA criteria17; as MCI according to Petersen/Winblad criteria; or as control when not demented, not 

MCI, CDR = 0, and MMSE > 28. Since 2018, ADNI has also released the first set of neuropathology 

assessments that follow the NACC NP framework. After AD neuropathology verification, remaining 

demented or MCI subjects with a presumed non-AD etiology were excluded. 

Genetic Data Quality Control and Processing 

Genetic Data  

     Genetic data were available across twenty-two cohorts for a total of 35,760 subjects (Table1) and were 

processed using Plink v1.9. Genotypes were available from commercially available high-density single-

nucleotide polymorphism (SNP) genotyping microarrays (Illumina or Affymetrix). The numbers of 

remaining samples after each quality control (QC) or processing step are listed in eTable2. For each cohort, 

subjects with autosome missingness (≥ 5%) and sex problems (discordance between genetic sex and 

demographic sex, or deviation of expected X-chromosome homozygosity/heterozygosity) were excluded.  

Ancestry Determination 

     Individual ancestries were determined using SNPweights v.2.12 with populations from the 1000 

Genomes Consortium as a reference37,38. By applying an ancestry percentage cut-off ≥ 75%, the samples 

were stratified into the five super populations, South-Asians (SAS), East-Asians (EAS), Americans (AMR), 

Africans (AFR) and Europeans (EUR) (eFigure1). Subjects with a genetic ancestry that differed from their 

ethnicity, as provided in cohort demographics, were excluded. Most remaining samples were of European 

ancestry. To obtain the largest and most homogeneous sample, the ancestry of subjects belonging to the 

European population was further determined according to three major ethnicities, that is, Northwestern 

European (NWE), Southeastern European (SEE), and Ashkenazi Jewish (AJE), using reference populations 

available from SNPweights v.2.1.237. European subjects were stratified into the above-mentioned 

ethnicities by applying an ancestry percentage cut-off ≥ 50% (eFigure1). Most remaining samples were of 

NWE ancestry. 

Relationship Determination 

     Across all cohorts (and ethnicities) the relatedness of subjects (after QC indicated above) was evaluated 

through identity-by-descent (IBD) analysis (using directly genotyped SNPs that were shared across all 
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genetic datasets with a call rate > 99% and minor allele frequency (MAF) > 1%). Duplicates (IBD > 0.95) 

with discordant diagnoses were excluded. For the remaining duplicates, only a single subject was retained 

in the cohort that had the highest detail of ascertainment. In case of related subjects (IBD > 0.25), only a 

single subject was retained per relatedness cluster, prioritizing first younger cases followed by older 

controls. For statistical analyses, the removal of related subjects was evaluated separately for each 

respective analysis. For mega-analyses, which combine all cohorts into a single group, related subjects 

were excluded across all cohorts, while for meta-analyses this was only performed within cohorts. 

Principal Component Analysis 

     To identify population substructure, principal component analyses (PCA) were performed on directly 

genotyped pruned SNPs (R2 < 0.1) of unrelated subjects with NWE ancestry (eFigure2). PCAs were set to 

derive ten principal components (PCs) using Plink v.1.9. For statistical analyses, PCAs were performed 

across all cohorts, to obtain PCs for mega-analyses (SNPs with call rate > 99%, MAF > 1%, and no deviation 

from Hardy-Weinberg Equilibrium (HWE) in controls (P<10-5)), or per cohort, to obtain PCs for meta-

analyses (SNPs with call rate > 99%, MAF > 1%, and no deviation from HWE in controls (P<10-5)). PCs were 

then projected to related subjects. 

Imputation Processing 

     Only subjects from European ancestry were processed for the purpose of imputation. For each cohort, 

SNPs were removed prior to imputation for any of the following reasons: a call rate ≤95%, MAF ≤1%, 

deviating more than 10% from the MAF reported in the 1000 Genomes European population, differential 

missingness between cases and controls (P<5x10-5), deviation from HWE in controls (P<5x10-5), tri-allelic 

genotypes, allele mismatches compared to the 1000Genomes reference sequence, and A/T or C/G 

polymorphisms. All the genetic datasets per cohort were phased and imputed using the Michigan 

Imputation Server39, considering the Haplotype Reference Consortium r1.1. 2016 European panel40. 

APOE and KL-VS genotypes 

     KL-VS status was available from rs9536314, directly genotyped or imputed with a minimal imputation 

score of 0.998. APOE status was available from cohort demographics or imputed with a minimal 

imputation R2 quality score of 0.7 for both rs7412 and rs429358.  

CRU Sample 
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     Genotypes in the CRU sample were only available as pre-imputed data, using the HapMAP release 22 

(CEU) as a reference, rather than raw SNP data16. For this reason, these data could not be processed in 

the same unified way as the other cohorts investigated in this study. As a result, the CRU sample was 

processed separately, using the same procedures as listed above with the exception that the genotype 

status (genotyped/imputed) of any given SNP was not known.  

Statistical Analyses – Additional Model Criteria 

Meta-Analysis Heterogeneity testing 

     Cohort heterogeneity was evaluated using Cochran’s Q test and if significant (P<0.05), meta-analyses 

were performed using random effects. 

Case/Control Analysis 

     Case/control meta-analyses, for each respective APOE4- and age-stratum, included only cohorts with 

a minimum of n=50 subjects, and required the presence of both cases and controls. In the 80+ age range, 

the ADC1-7 cohorts were combined into a single “NACC” cohort to avoid small individual cohort sample 

sizes. For cases that only had age-at-death (AAD) available, the final ages used for regression analysis were 

subtracted by 10 years in order to approximate age-at-onset (AAO). This reflects expected mean delays 

between AAO and AAD for AD patients41, and is consistent with the derived age covariate for AD cohorts 

provided by the Alzheimer’s Disease Genetics Consortium (ADGC) on NIAGADS42. Where available in the 

ADNI and ROSMAP cohorts (which provide conversion information but not AAO) the age-at-examination 

(AAE) variable followed a prioritization of age-at-MCI-diagnosis > age-at-dementia-diagnosis. This was 

done to most closely approximate AAO. 

Conversion Risk Analysis 

     Competing risk regression (CRR) is a type of time-to-event analysis that estimates the marginal 

probability of an event occurring in the presence of other competing events43,44. This is relevant in late-

onset AD cohorts where subjects are generally in their last quartile of life and death (competing risk) may 

occur prior to conversion events, which causes bias in risk estimates. For CRR models, subjects were 

required to have an age-at-baseline-visit of at least 60 years and no age-at-onset lower than 60 years. 

Conversions were defined as the first diagnosis of MCI or AD (first model), or AD (second model), and 

included subjects with a final diagnosis of AD. Non-converting or deceased controls (first model), or 

controls and MCI (second model), were censored at their last available age. Time-to-event or -censoring 
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was standardized to the minimum required baseline age of 60 years (e.g. a conversion at age 85 provided 

a time-to-event value of 25 years). Model restrictions on minimal study time considered actual follow-up 

time to the last examination. Further delay between last examination and death did not add to follow-up 

time. For CRR meta-analyses, the ADC1-7 cohorts were combined into a single “NACC” cohort to avoid 

small individual cohort sample sizes. 

Aβ association Analysis 

     For associations with Aβ CSF in the CRU sample, a mega-analysis was performed across the participating 

cohorts. Cohort was included as a covariate in the mega-analysis, which was preferred over meta-analysis 

to avoid small individual cohort sample sizes. Only two out of three cohorts met inclusion criteria. 

Association of APOE4 with Alzheimer’s Disease Risk and Age-at-Onset 

     We evaluated whether relative risk for AD due to APOE4 was different between the age ranges 60-80 

and 80+ years. This was performed in a case/control logistic regression mega-analysis, co-varying for 

APOE4, age-range, and age-range*APOE4, while adjusting for sex, the first three genetic PCs, and cohort. 

We also evaluated the association of APOE4 with age-at-onset in cases. This was performed in the full 60+ 

years case group by means of a multiple linear regression mega-analysis of log-transformed ages-at-onset, 

covarying for APOE4, while adjusting for sex, the first three genetic PCs, and cohort.   
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eFigures 

 

 

eFigure 1. Admixture plots for A) the five major super populations and B) three major sub-European 

populations across all 22 case-control cohorts.  

Black vertical lines mark the cut-off for EUR ancestry [75%] in (A) and NWE ancestry [50%] in (B).  

Abbreviations: EUR, European; AFR, African; AMR; American; SAS, Southern Asian; EAS; Eastern Asian; 

NWE; Northwestern European; SEE; Southeastern European; AJE, Ashkenazi Jewish. 
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eFigure 2. First three principal components of the genetic population structure in Northwestern 

European subjects across all 22 case-control cohorts. 

Abbreviations: PC, principal component. 
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eFigure 3. Schematic overview of datasets and performed analyses. 
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eFigure 4. Forest plots for the association of KL-VSHET+ with Alzheimer’s disease case-control status in 

60-80 year old subjects. Separate forest plots are shown for the APOE4+ stratum (top), the APOE4- 

stratum (middle), and the formal interaction between APOE4+ and KL-VSHET+ (bottom). 
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eFigure 5. Forest plots for the association of KL-VSHET+ with risk of conversion to mild cognitive 

impairment or Alzheimer’s disease in subjects with a minimum of three years follow-up time. Separate 

forest plots are shown for the APOE4+ stratum (top), the APOE4- stratum (middle), and the formal 

interaction between APOE4+ and KL-VSHET+ (bottom). 
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eFigure 6. Cohort-specific risk of conversion to mild cognitive impairment or Alzheimer’s disease by KL-

VS heterozygosity status in A) APOE4+ and B) APOE4- subjects. 

Each row indicates the minimum study follow-up time for subjects included in the respective analyses. 

Abbreviations: MCI, mild cognitive impairment; AD, Alzheimer’s Disease; HET+, heterozygous carriers; HET-

, non-heterozygous carriers; y, years. 
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eFigure 7. Risk of conversion to Alzheimer’s disease by KL-VS heterozygosity status in A) APOE4+ and B) 

APOE4- subjects. 

Graphs shows risk of conversion from either a control or MCI baseline diagnosis to AD. Insets show hazard 

ratio (red triangle) and 95% confidence interval (error bars). Asterisk (*) marks significant effect of KL-

VSHET+ (P<0.05). 

Abbreviations: AD, Alzheimer’s Disease; HR, hazard ratio; HET+, heterozygous carriers; HET-, non-

heterozygous carriers. 
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eFigure 8. Association of KL-VS heterozygosity status with amyloid beta levels in 60+ years old controls 

stratified by APOE4 status, as measured from A) CSF samples and B) PET imaging. 

Box plot error bars show 95-percentile range. Gray circles indicate values outside of the 95-percentile 

range. There were no significant differences among KL-VSHET+ and KL-VSHET- carriers in either APOE4+ or 

APOE4- groups. N on x-axes indicates number of subjects per group.  

Abbreviations: CSF, cerebrospinal fluid; PET, positron emission tomography; Aβ, amyloid beta; HET+, 

heterozygous carriers; HET-, non-heterozygous carriers. 
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eFigure 9. Forest plots for the association of KL-VSHET+ with amyloid beta CSF in APOE4+ controls of ages 

A) 60-80 and B) 60+ years. 
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eFigure 10. Association of KL-VSHOM , in contrast to KL-VSNC, with amyloid beta levels as measured from 

CSF samples, in A) 60-80 and B) 60+ years old controls, stratified by APOE4 status. 

Box plot error bars show 95-percentile range. Gray circles indicate values outside of the 95-percentile 

range. There were no significant differences between KL-VSHOM and KL-VSNC carriers in either APOE4+ or 

APOE4- groups. N on x-axes indicates number of subjects per group. A) KL-VSHOM association with Aβ in 

APOE4+ group: Beta=-0.04 [-0.11,0.04]; P=0.31); KL-VSHOM association with Aβ in APOE4- group: Beta=0.03 

[-0.03,0.09]; P=0.36). B) KL-VSHOM association with Aβ in APOE4+ group: Beta=-0.04 [-0.12,0.04]; P=0.36); 

KL-VSHOM association with Aβ in APOE4- group: Beta=0.03 [-0.02,0.09]; P=0.26). 

Abbreviations: CSF, cerebrospinal fluid; Aβ, amyloid beta; HOM, homozygous carriers; NC, non-carriers. 
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eTables 

 

eTable 1. SNP microarray platforms per cohort.  

 

Cohort Platform(s)

ACT Illumina Human 660W-Quad

ADC1 Illumina Human 660W-Quad

ADC2 Illumina Human 660W-Quad

ADC3 Illumina Human OmniExpress

ADC4 Illumina Human OmniExpress

ADC5 Illumina Human OmniExpress

ADC6 Illumina Human OmniExpress

ADC7 Illumina Infinium Human OmniExpressExome

Illumina Human 610-Quad

Illumina Human OmniExpress

Illumina Omni 2.5

Illumina Human 610-Quad

Illumina Human OmniExpress

ADOD Illumina Human OmniExpress

GenADA Affymetrix 500K

NIA-LOAD Illumina Human 610-Quad

MAYO Illumina Human Hap300

MAYO2 Illumina Omni 2.5

Illumina Human CNV370-Duo

Illumina Human 610-Quad

OHSU Illumina Human CNV370-Duo

Affymetrix 6.0

Illumina Human OmniExpress

TGEN2 Affymetrix 6.0

UPITT Illumina Human Omni1-Quad

Illumina Human 550K. Illumina Human 610-Quad

Illumina Human 1M-Duo

Affymetrix 6.0

WASHU Illumina Human 610-Quad

Illumina Human 610-Quad

Illumina Human OmniExpress

UM/VU/MSSM

ROSMAP

ADNI

ADDNEUROMED

CRU

MIRAGE
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eTable 2. Case-control sample sizes per cohort after sequential quality control and filtering steps 

(detailed in the titles above each column).  
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ACT 2790 2790 2790 2788 2786 2535 2315 2315 2314 2308 2308 2147 2132

ADC1 2731 2731 2731 2725 2724 2503 2503 2503 2216 2216 2051 1790 1790

ADC2 928 928 926 926 924 826 826 826 819 819 815 705 705

ADC3 1526 1526 1525 1524 1524 1337 1337 1337 1236 1232 1228 1037 1036

ADC4 1054 1054 1054 1054 1053 841 841 841 809 808 796 630 629

ADC5 1224 1224 1223 1223 1219 972 972 972 963 961 959 807 807

ADC6 1333 1333 1333 1333 1333 882 882 882 675 672 672 535 535

ADC7 1462 1462 1462 1462 1461 1290 1290 1290 1290 1290 1285 1035 1035

ADDNEURO 644 644 594 594 593 441 441 441 433 433 431 239 239

ADNI 1930 1929 1925 1912 1912 1274 1274 1274 1251 949 849 725 724

ADOD 204 204 204 204 204 96 96 96 96 96 79 72 72

GSK 1571 1571 1571 1570 1570 1570 1558 1558 1464 1462 1460 1386 1371

LOAD 5220 5220 5205 5200 5194 4537 4537 4534 3993 3666 3072 2760 1693

MAYO 2099 2058 2058 2058 2055 2054 2052 2052 2052 1908 1876 1760 1738

MAYO2 314 314 276 276 273 160 160 160 150 130 129 122 122

MIRAGE 1502 1502 1500 1500 1499 1235 1233 1217 1217 1169 1140 784 481

OHSU 647 641 641 641 641 592 591 591 589 340 334 316 316

ROSMAP 2090 2068 2066 2065 2065 1469 1469 1448 1447 1447 1446 1379 1379

TGEN 1599 1523 1523 1523 1523 1523 1523 1092 1037 979 977 949 946

UPITT 2440 2376 2376 2374 2371 2227 2227 2218 2218 2192 2174 1691 1664

UVM 1782 1782 1777 1777 1777 1614 1610 1609 1603 1570 1552 1198 1198

WASHU 670 670 669 669 669 649 649 538 522 348 348 316 316

ALL 35760 35550 35429 35398 35370 30627 30386 29794 28394 26995 25981 22383 20928
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eTable 3. Association of KL-VSHET+ with Alzheimer’s disease case-control status in age- and APOE4-strata, determined by MEGA-analysis. 

Abbreviations: CN, control; AD, Alzheimer’s disease; HET+, heterozygous carriers; OR, odds ratio; CI, confidence interval. 

 

 

 

 

 

 

 

 

lAgesl lStratuml CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel

APOE4  + 1716/5748 (30.0/25.1) 0.73 (0.64-0.83) 8.5E-07 6198/8338 (27.3/25.2) 0.74 (0.62-0.88) 5.3E-04

APOE4  - 4482/2590 (26.2/25.6) 0.99 (0.88-1.11) 0.90

APOE4  + 728/843 (26.4/26.6) 0.97 (0.76-1.25) 0.88 3897/2096 (25.8/26.9) 0.91 (0.69-1.21) 0.53

APOE4  - 3151/1253 (25.7/27.1) 1.08 (0.93-1.26) 0.33

APOE4  + 2444/6591 (28.9/25.3) 0.78 (0.70-0.87) 1.3E-05 10077/10434 (26.7/25.6) 0.77 (0.67-0.89) 4.3E-04

APOE4  - 7633/3843 (26.0/26.1) 1.02 (0.93-1.12) 0.62
Full Sample

80+

60-80

Association between KL -VSHET+ and AD risk by APOE4  status Interaction between KL -VSHET+ and AD risk by APOE4  status
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eTable 4. Association of KL-VSHET+ with Alzheimer’s disease case-control status in age- and APOE4-strata, determined by META-analysis and 

using only age-at-onset data for cases. 

Abbreviations: CN, control; AD, Alzheimer’s disease; HET+, heterozygous carriers; OR, odds ratio; CI, confidence interval. 

 

 

 

 

 

 

 

lAgesl lStratuml CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel

APOE4  + 1293/4600 (31.9/24.8) 0.64 (0.55-0.74) 4.0E-09 4589/6559 (27.4/25.1) 0.67 (0.55-0.82) 1.5E-04

APOE4  - 3296/1959 (25.9/25.7) 1.01 (0.87-1.16) 0.91

APOE4  + 573/525 (25.8/28.2) 1.12 (0.84-1.51) 0.24 2978/1327 (25.4/27.1) 1.08 (0.76-1.53) 0.67

APOE4  - 2405/802 (25.1/26.3) 1.13 (0.92-1.38) 0.29

APOE4  + 1913/5170 (29.8/25.2) 0.73 (0.64-0.83) 2.0E-06 7744/7994 (26.6/25.4) 0.74 (0.62-0.88) 7.4E-04

APOE4  - 5831/2824 (25.6/25.7) 1.03 (0.92-1.15) 0.65

Association between KL -VSHET+ and AD risk by APOE4  status Interaction between KL -VSHET+ and AD risk by APOE4  status

60-80

80+

Full Sample
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eTable 5. Association of KL-VSHET+ with Alzheimer’s disease case-control status in age- and APOE4-strata, determined by MEGA-analysis and 

using only age-at-onset data for cases. 

Abbreviations: CN, control; AD, Alzheimer’s disease; HET+, heterozygous carriers; OR, odds ratio; CI, confidence interval. 

 

 

 

 

 

 

 

lAgesl lStratuml CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel

APOE4  + 1722/4501 (30.0/24.7) 0.67 (0.58-0.77) 2.7E-08 6215/6446 (27.2/25.0) 0.65 (0.54-0.80) 2.2E-05

APOE4  - 4493/1945 (26.2/25.7) 1.02 (0.89-1.17) 0.78

APOE4  + 729/547 (26.3/28.5) 1.07 (0.80-1.43) 0.69 3884/1380 (25.8/27.2) 1.02 (0.73-1.43) 0.90

APOE4  - 3155/833 (25.7/26.3) 1.08 (0.89-1.30) 0.44

APOE4  + 2451/5048 (28.9/25.1) 0.74 (0.65-0.84) 2.5E-06 10099/7826 (26.7/25.4) 0.72 (0.61-0.85) 9.7E-05

APOE4  - 7648/2778 (26.0/25.8) 1.04 (0.93-1.16) 0.52

60-80

80+

Full Sample

Interaction between KL -VSHET+ and AD risk by APOE4  statusAssociation between KL -VSHET+ and AD risk by APOE4  status
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eTable 6. Sample sizes per conversion risk cohort after sequential quality control and filtering steps.  

Model 1 refers to conversion from CN to MCI/AD status. Model 2 refers to conversion from CN/MCI to AD status. 

Abbreviations: CN, control; MCI, mild cognitive impairment; AD, Alzheimer’s disease; y, years. 
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ADC1 2731 717 717 717 716 715 715 708 707 596 508 398 398 198 237

ADC2 928 741 741 741 741 739 739 738 738 734 611 549 549 73 126

ADC3 1526 1104 1104 1104 1103 1103 1103 1089 1085 1082 884 772 772 250 311

ADC4 1054 1054 1054 1054 1054 1053 1053 1048 1048 1029 802 663 663 252 353

ADC5 1224 1223 1223 1223 1223 1219 1219 1212 1211 1209 1029 873 873 398 517

ADC6 1333 1326 1326 1326 1326 1326 1326 1322 1320 1317 1073 776 776 214 419

ADC7 1462 1461 1461 1461 1461 1460 1460 1458 1457 1452 1164 1049 1049 481 582

ADNI 1930 1927 1926 1925 1912 1912 1911 1911 1536 1381 1149 1024 1024 234 582

ROSMAP 2090 2046 2024 2024 2023 2023 2023 2022 2022 2021 1937 1798 1798 908 1402367 367 367

ALL 14278 11966 11943 11942 11559 11550 11549 11508 11124 10821 9157 7902 7902 3008 4529
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eTable 7. Association of KL-VSHET+ with risk of conversion to mild cognitive impairment or Alzheimer’s disease, stratified by APOE4 status, 

determined by META-analysis. 

For meta-analyses, the ADC1-7 cohorts were combined as the “NACC” cohort to avoid small individual samples sizes. 

Abbreviations: CN, control; AD, Alzheimer’s disease; CON, converted subject; HET+, heterozygous carriers; HR, hazard ratio; CI, confidence interval. 

lStudy Timel lStratuml CN/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel CN/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel

APOE4  + 612/176 (29.6/20.5) 0.64 (0.44-0.94) 0.023 2558/450 (26.2/24.9) 0.62 (0.39-1.00) 0.048

APOE4  - 1946/274 (25.2/27.7) 1.06 (0.81-1.37) 0.69

APOE4  + 549/170 (30.2/20.0) 0.61 (0.41-0.90) 0.013 2324/438 (26.2/24.4) 0.60 (0.37-097) 0.036

APOE4  - 1775/268 (25.0/27.2) 1.04 (0.80-1.36) 0.77

APOE4  + 484/157 (30.6/19.7) 0.60 (0.40-1.25) 0.015 2085/415 (26.3/24.6) 0.59 (0.36-0.97) 0.04

APOE4  - 1601/258 (25.0/27.5) 1.05 (0.80-1.38) 0.75

Association between KL -VSHET+ and conversion risk by APOE4  status Interaction between KL -VSHET+ and conv. risk by APOE4  status

3+ years

4+ years

5+ years
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eTable 8. Association of KL-VSHET+ with risk of conversion to mild cognitive impairment or Alzheimer’s disease, stratified by APOE4 status, 

determined by MEGA-analysis. 

Abbreviations: CN, control; AD, Alzheimer’s disease; CON, converted subject; HET+, heterozygous carriers; HR, hazard ratio; CI, confidence interval. 

  

lStudy Timel lStratuml CN/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel CN/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel

APOE4  + 612/176 (29.6/20.5) 0.68 (0.56-0.82) 0.039 2558/450 (26.2/24.9) 0.63 (0.50-0.80) 0.052

APOE4  - 1946/274 (25.2/27.7) 1.06 (0.93-1.21) 0.67

APOE4  + 549/170 (30.2/20.0) 0.64 (0.52-0.77) 0.021 2324/438 (26.2/24.4) 0.61 (0.48-0.78) 0.040

APOE4  - 1775/268 (25.0/27.2) 1.03 (0.90-1.18) 0.83

APOE4  + 484/157 (30.6/19.7) 0.60 (0.49-0.74) 0.014 2085/415 (26.3/24.6) 0.59 (0.46-0.75) 0.033

APOE4  - 1601/258 (25.0/27.5) 1.01 (0.92-1.10) 0.76

Association between KL -VSHET+ and conversion risk by APOE4  status Interaction between KL -VSHET+ and conv. risk by APOE4  status

3+ years

4+ years

5+ years
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eTable 9. Association of KL-VSHET+ with risk of conversion to Alzheimer’s disease, stratified by APOE4 status, determined by META-analysis. 

For meta-analyses, the ADC1-7 cohorts were combined as the “NACC” cohort to avoid small individual samples sizes. 

Abbreviations: CN, control; MCI, mild cognitive impairment; AD, Alzheimer’s disease; CON, converted subject; HET+, heterozygous carriers; HR, 

hazard ratio; CI, confidence interval.  

lStudy Timel lStratuml CN+MCI/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel CN+MCI/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel

APOE4  + 891/566 (28.3/22.1) 0.81 (0.66-1.00) 0.047 3410/1119 (26.4/23.8) 0.79 (0.59-1.06) 0.12

APOE4  - 2519/553 (25.7/25.5) 1.12 (0.78-1.61) 0.99

APOE4  + 789/484 (28.8/21.9) 0.79 (0.63-0.98) 0.033 3046/991 (26.3/23.9) 0.75 (0.55-1.02) 0.064

APOE4  - 2257/507 (25.4/25.8) 1.03 (0.84-1.25) 0.79

APOE4  + 691/415 (29.5/21.7) 0.75 (0.59-0.95) 0.019 2729/872 (26.6/24.5) 0.68 (0.49-0.95) 0.02

APOE4  - 2042/458 (25.6/27.1) 1.05 (0.86-1.30) 0.61

Association between KL -VSHET+ and conversion risk by APOE4  status Interaction between KL -VSHET+ and conv. risk by APOE4  status

3+ years

4+ years

5+ years
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eTable 10. Association of KL-VSHET+ with risk of conversion to Alzheimer’s disease, stratified by APOE4 status, determined by MEGA-analysis. 

Abbreviations: CN, control; MCI, mild cognitive impairment; AD, Alzheimer’s disease; CON, converted subject; HET+, heterozygous carriers; HR, 

hazard ratio; CI, confidence interval.  

lStudy Timel lStratuml CN+MCI/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel CN+MCI/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel

APOE4  + 891/566 (28.3/22.1) 0.71 (0.79-0.87) 0.023 3410/1119 (26.4/23.8) 0.75 (0.65-0.87) 0.054

APOE4  - 2519/553 (25.7/25.5) 1.01 (0.91-1.11) 0.94

APOE4  + 789/484 (28.8/21.9) 0.72 (0.63-0.81) 0.019 3046/991 (26.3/23.9) 0.71 (0.61-0.83) 0.054

APOE4  - 2257/507 (25.4/25.8) 1.03 (0.93-1.14) 0.78

APOE4  + 691/415 (29.5/21.7) 0.61 (0.63-0.81) 0.0086 2729/872 (26.6/24.5) 0.65 (0.54-0.76) 0.009

APOE4  - 2042/458 (25.6/27.1) 1.05 (0.95-1.17) 0.61

Association between KL -VSHET+ and conversion risk by APOE4  status Interaction between KL -VSHET+ and conv. risk by APOE4  status

3+ years

4+ years

5+ years
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eTable 11. Association of KL-VSHET+, in contrast to KL-VSNC, with Alzheimer’s disease case-control status in age- and APOE4-strata, determined 

by META-analysis. 

Abbreviations: CN, control; AD, Alzheimer’s disease; HET+, heterozygous carriers; NC, non-carriers; OR, odds ratio; CI, confidence interval.  

lAgesl lStratuml CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel

APOE4  + 1701/5729 (31.0/25.7) 0.70 (0.61-0.80) 6.4E-08 6057/8265 (28.0/25.9) 0.73 (0.61-0.88) 6.2E-04

APOE4  - 4356/2536 (26.8/26.1) 0.98 (0.87-1.11) 0.79

APOE4  + 700/805 (26.7/27.1) 1.00 (0.78-1.29) 0.99 3683/1992 (26.4/27.7) 0.92 (0.69-1.24) 0.60

APOE4  - 3012/1212 (26.4/28.0) 1.10 (0.94-1.29) 0.28

APOE4  + 2437/6577 (29.8/26.0) 0.75 (0.67-0.85) 1.5E-06 9876/10354 (27.4/26.3) 0.77 (0.66-0.89) 4.6E-04

APOE4  - 7494/3804 (26.6/26.7) 1.01 (0.92-1.11) 0.87

Association between KL -VSHET+ and AD risk by APOE4  status Interaction between KL -VSHET+ and AD risk by APOE4  status

60-80

80+

Full Sample
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eTable 12. Association of KL-VSHET+, in contrast to KL-VSNC, with Alzheimer’s disease case-control status in age- and APOE4-strata, determined 

by META-analysis and using only age-at-onset data for cases. 

Abbreviations: CN, control; AD, Alzheimer’s disease; HET+, heterozygous carriers; NC, non-carriers; OR, odds ratio; CI, confidence interval.  

lAgesl lStratuml CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel

APOE4  + 1271/4487 (32.4/25.5) 0.64 (0.55-0.76) 8.0E-09 4493/6400 (28.2/25.7) 0.67 (0.55-0.83) 1.8E-04

APOE4  - 3222/1913 (26.5/26.1) 1.01 (0.87-1.16) 0.91

APOE4  + 562/512 (26.3/28.9) 1.13 (0.84-1.52) 0.41 2910/1286 (25.8/27.9) 1.07 (0.76-1.52) 0.70

APOE4  - 2348/563 (25.7/27.2) 1.14 (0.93-1.39) 0.21

APOE4  + 1876/5044 (30.4/25.9) 0.73 (0.64-0.83) 3.6E-06 7572/7791 (27.2/26.1) 0.74 (0.62-0.88) 7.5E-04

APOE4  - 5696/2747 (26.2/26.5) 1.03 (0.92-1.16) 0.60

Association between KL -VSHET+ and AD risk by APOE4  status Interaction between KL -VSHET+ and AD risk by APOE4  status

60-80

80+

Full Sample
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eTable 13. Association of KL-VSHET+, in contrast to KL-VSNC, with risk of conversion to mild cognitive impairment or Alzheimer’s disease, stratified 

by APOE4 status, determined by META-analysis. 

For meta-analyses, the ADC1-7 cohorts were combined as the “NACC” cohort to avoid small individual samples sizes. 

Abbreviations: CN, control; AD, Alzheimer’s disease; CON, converted subject; HET+, heterozygous carriers; NC, non-carriers; HR, hazard ratio; CI, 

confidence interval. 

 

 

 

 

 

lStudy Timel lStratuml CN/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel CN/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel

APOE4  + 602/171 (30.1/21.1) 0.65 (0.45-0.96) 0.029 2498/439 (26.9/25.5) 0.64 (0.40-1.02) 0.060

APOE4  - 1896/268 (25.8/28.4) 1.15 (0.76-1.72) 0.51

APOE4  + 539/165 (30.8/20.6) 0.62 (0.42-0.92) 0.017 2253/427 (26.9/25.1) 0.61 (0.38-0.99) 0.045

APOE4  - 1714/262 (25.6/27.9) 1.10 (0.75-1.59) 0.63

APOE4  + 476/152 (31.1/20.4) 0.61 (0.41-0.92) 0.019 2034/404 (27.0/25.2) 0.61 (0.37-0.99) 0.047

APOE4  - 1558/252 (25.7/28.2) 1.15 (0.72-1.82) 0.55

Association between KL -VSHET+ and conversion risk by APOE4  status Interaction between KL -VSHET+ and conv. risk by APOE4  status

3+ years

4+ years

5+ years
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eTable 14. Association of KL-VSHET+, in contrast to KL-VSNC, with risk of conversion to Alzheimer’s disease, stratified by APOE4 status, determined 

by META-analysis. 

For meta-analyses, the ADC1-7 cohorts were combined as the “NACC” cohort to avoid small individual samples sizes. 

Abbreviations: CN, control; MCI, mild cognitive impairment; AD, Alzheimer’s disease; CON, converted subject; HET+, heterozygous carriers; NC, non-

carriers; HR, hazard ratio; CI, confidence interval.  

lStudy Timel lStratuml CN+MCI/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel CN+MCI/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel

APOE4  + 874/545 (28.8/22.9) 0.82 (0.67-1.01) 0.060 3334/1088 (27.0/24.9) 0.81 (0.60-1.08) 0.15

APOE4  - 2460/543 (26.3/26.0) 0.95 (0.82-1.20) 0.96

APOE4  + 774/463 (29.3/22.9) 0.80 (0.64-1.00) 0.0497 2979/961 (26.9/24.7) 0.76 (0.56-1.04) 0.088

APOE4  - 2205/498 (26.0/26.3) 1.02 (0.84-1.25) 0.82

APOE4  + 678/397 (29.5/21.7) 0.76 (0.60-0.97) 0.028 2672/848 (27.2/25.2) 0.70 (0.50-0.97) 0.033

APOE4  - 1994/451 (26.2/27.5) 1.05 (0.85-1.29) 0.63

Association between KL -VSHET+ and conversion risk by APOE4  status Interaction between KL -VSHET+ and conv. risk by APOE4  status

3+ years

4+ years

5+ years
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eTable 15. Association of KL-VSHET+, in contrast to KL-VSHET- or KL-VSNC, with Aβ levels in cognitively normal subjects, stratified by APOE4 status, 

determined by META-analysis. 

Abbreviations: Aβ, amyloid beta; CSF, cerebrospinal fluid; PET, positron emission tomography; HET+, heterozygous carriers; HET-, non-heterozygous 

carriers; NC, non-carriers; CI, confidence interval. 

lAge lModel lStratuml N (KL -VSHET+ %)  lBeta (95% CI)l lP-valuel N (KL -VSHET+ %) lBeta (95% CI)l lP-valuel

APOE4  + 142 (28.2)  0.06 (0.01,0.10) 0.028 57 (33.3)  -0.04 (-0.07,-0.00) 0.040

APOE4  - 338 (24.9)  0.04 (-0.02,0.09) 0.22 142 (29.6)  -0.00 (-0.02,0.01) 0.69

APOE4  + 137 (29.2)  0.05 (0.00,0.10) 0.038 56 (33.9)  -0.04 (-0.07,-0.00) 0.039

APOE4  - 330 (25.4)  0.04 (-0.02,0.10) 0.22 141 (29.1)   -0.00 (-0.02,0.01) 0.68

APOE4  + 159 (28.9)  0.02 (-0.03,0.06) 0.50 69 (31.9)  -0.02 (-0.05,0.02) 0.31

APOE4  - 397 (25.2)  0.02 (-0.03,0.07) 0.44 182 (29.1)   0.01 (-0.01,0.03) 0.24

APOE4  + 154 (29.9)  0.01 (-0.03,0.06) 0.57 68 (32.4)  -0.02 (-0.05,0.02) 0.30

APOE4  - 386 (25.9)  0.02 (-0.03,0.08) 0.40 179 (29.6)   0.01 (-0.01,0.03) 0.28

60-80y

60+y

KL-VSHET+ vs      

KL-VSNC

Association between KL -VSHET+ and Aβ CSF by APOE4  status Association between KL-VS HET+ and Aβ PET by APOE4  status

KL-VSHET+ vs      

KL-VSHET-

KL-VSHET+ vs      

KL-VSNC

KL-VSHET+ vs      

KL-VSHET-
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eTable 16. Association of KL-VSHOM, in contrast to KL-VSNC, with Alzheimer’s disease case-control status in age- and APOE4-strata, determined 

by MEGA-analysis. 

Abbreviations: CN, control; AD, Alzheimer’s disease; HOM, homozygous carriers; NC, non-carriers; OR, odds ratio; CI, confidence interval.  

lAgesl lStratuml CN/AD (N (KL -VSHOM %)) lOR (95% CI)l lP-valuel CN/AD (N (KL -VSHOM %)) lOR (95% CI)l lP-valuel

APOE4 + 1202/4306 (3.1/3.4) 1.14 (0.78-1.71) 0.50 4509/6233 (3.0/3.3) 1.23 (0.74-2.11) 0.42

APOE4  - 3307/1927 (3.0/3.0) 0.89 (0.62-1.27) 0.53

APOE4  + 536/598 (2.6/3.4) 1.39 (0.65-3.04) 0.40 2877/1532 (3.3/4.2) 0.95 (0.41-2.24) 0.91

APOE4  - 2341/913 (3.4/4.7) 1.32 (0.88-1.96) 0.17

APOE4  + 1738/4925 (2.9/3.4) 1.19 (0.85-1.69) 0.31 7386/7765 (3.1/3.5) 1.10 (0.72-1.70) 0.66

APOE4  - 5648/2840 (3.1/3.6) 1.05 (0.80-1.36) 0.73

Association between KL -VSHOM and AD risk by APOE4  status Interaction between KL -VSHOM and AD risk by APOE4  status

60-80

80+

Full Sample
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eTable 17. Association of KL-VSHOM, in contrast to KL-VSNC, with Alzheimer’s disease case-control status in age- and APOE4-strata, determined 

by MEGA-analysis and using only age-at-onset data for cases. 

Abbreviations: CN, control; AD, Alzheimer’s disease; HOM, homozygous carriers; NC, non-carriers; OR, odds ratio; CI, confidence interval.  

lAgesl lStratuml CN/AD (N (KL -VSHOM %)) lOR (95% CI)l lP-valuel CN/AD (N (KL -VSHOM %)) lOR (95% CI)l lP-valuel

APOE4  + 1206/3388 (3.1/3.2) 1.12 (0.70-1.85) 0.64 4522/4834 (3.0/3.2) 1.24 (0.68-2.36) 0.490

APOE4  - 3316/1446 (3.0/3.1) 0.86 (0.57-1.29) 0.48

APOE4  + 537/391 (2.6/3.3) 1.54 (0.63-3.80) 0.34 2882/1005 (3.3/4.4) 0.93 (0.35-2.52) 0.89

APOE4  - 2345/614 (3.4/5.0) 1.45 (0.90-2.31) 0.12

APOE4  + 1743/3779 (2.9/3.2) 1.25 (0.83-1.93) 0.30 7404/5839 (3.1/3.4) 1.12 (0.68-1.89) 0.66

APOE4  - 5661/2060 (3.2/3.7) 1.07 (0.79-1.45) 0.65

Association between KL -VSHOM and AD risk by APOE4  status Interaction between KL -VSHOM and AD risk by APOE4  status

60-80

80+

Full Sample
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eTable 18. Association of KL-VSHOM, in contrast to KL-VSNC, with risk of conversion to mild cognitive impairment or Alzheimer’s disease, stratified 

by APOE4 status, determined by MEGA-analysis. 

Abbreviations: CN, control; AD, Alzheimer’s disease; CON, converted subject; HOM, homozygous carriers; NC, non-carriers; HR, hazard ratio; CI, 

confidence interval.  

lStudy Timel lStratuml CN/CON (N (KL -VSHOM %)) lHR (95% CI)l lP-valuel CN/CON (N (KL -VSHOM %)) lHR (95% CI)l lP-valuel

APOE4  + 431/140 (2.3/3.6) 1.32 (1.07-1.64) 0.18 1887/338 (3.2/3.3) 1.53 (1.13-2.07) 0.16

APOE4  - 1456/198 (3.4/3.0) 0.84 (0.68-1.02) 0.38

APOE4  + 383/136 (2.6/3.7) 1.28 (1.03-1.59) 0.26 1702/331 (3.2/3.3) 1.44 (1.07-1.94) 0.22

APOE4  - 1319/195 (3.3/3.1) 0.88 (0.72-1.07) 0.50

APOE4  + 336/126 (2.4/4.0) 1.30 (1.05-1.61) 0.21 1536/313 (3.3/3.5) 1.45 (1.08-1.95) 0.21

APOE4  - 1200/187 (3.6/3.2) 0.88 (0.72-1.07) 0.50

Association between KL -VSHOM and conversion risk by APOE4  status Interaction between KL -VSHOM and conv. risk by APOE4  status

3+ years

4+ years

5+ years
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eTable 19. Association of KL-VSHOM, in contrast to KL-VSNC, with risk of conversion to Alzheimer’s disease, stratified by APOE4 status, determined 

by MEGA-analysis. 

Abbreviations: CN, control; MCI, mild cognitive impairment; AD, Alzheimer’s disease; CON, converted subject; HOM, homozygous carriers; NC, non-

carriers; HR, hazard ratio; CI, confidence interval.  

lStudy Timel lStratuml CN+MCI/CON (N (KL -VSHOM %)) lHR (95% CI)l lP-valuel CN+MCI/CON (N (KL -VSHOM %)) lHR (95% CI)l lP-valuel

APOE4  + 639/441 (2.7/4.8) 1.14 (1.03-1.27) 0.18 2510/853 (3.0/3.6) 1.35 (1.11-1.65) 0.13

APOE4  - 1871/412 (3.2/2.4) 0.88 (0.75-1.03) 0.44

APOE4  + 562/378 (2.7/5.6) 1.26 (1.15-1.38) 0.013 2246/754 (3.0/4.0) 1.44 (1.18-1.76) 0.063

APOE4  - 1684/376 (3.1/2.4) 0.91 (0.77-1.07) 0.56

APOE4  + 487/325 (2.7/5.5) 1.26 (1.14-1.39) 0.023 2006/659 (3.0/3.8) 1.47 (1.18-1.83) 0.079

APOE4  - 1519/334 (3.2/2.1) 0.88 (0.73-1.06) 0.50

Association between KL -VSHOM and conversion risk by APOE4  status Interaction between KL -VSHOM and conv. risk by APOE4  status

3+ years

4+ years

5+ years
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eTable 20. Association of KL-VSHET+ with Alzheimer’s disease case-control status in age- and APOE4-strata, but excluding APOE24 carriers, 

determined by META-analysis. 

Abbreviations: CN, control; AD, Alzheimer’s disease; HET+, heterozygous carriers; OR, odds ratio; CI, confidence interval.  

lAgesl lStratuml CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel

APOE34/44 1596/5649 (31.0/25.0) 0.68 (0.59-0.77) 1.9E-08 6048/8244 (27.5/25.2) 0.71 (0.58-0.87) 7.8E-04

APOE4  - 4452/2595 (26.2/25.5) 0.98 (0.87-1.11) 0.79

APOE34/44 648/761 (25.6/26.3) 0.96 (0.70-1.32) 0.81 3707/1988 (25.7/26.9) 0.93 (0.69-1.26) 0.63

APOE4  - 3090/1253 (25.8/27.1) 1.09 (0.93-1.28) 0.28

APOE34/44 2277/6451 (29.3/25.3) 0.74 (0.67-0.84) 2.7E-06 9892/10330 (26.8/25.6) 0.75 (0.64-0.88) 4.7E-04

APOE4  - 7670/3906 (26.0/26.0) 1.01 (0.91-1.11) 0.91

Association between KL -VSHET+ and AD risk by APOE4  status Interaction between KL -VSHET+ and AD risk by APOE4  status

60-80

80+

Full Sample
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eTable 21. Association of KL-VSHET+ with Alzheimer’s disease case-control status in age- and APOE4-strata, but excluding APOE24 carriers, 

determined by META-analysis and using only age-at-onset data for cases. 

Abbreviations: CN, control; AD, Alzheimer’s disease; HET+, heterozygous carriers; OR, odds ratio; CI, confidence interval.  

lAgesl lStratuml CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel CN/AD (N (KL -VSHET+ %)) lOR (95% CI)l lP-valuel

APOE34/44 1195/4416 (32.6/24.9) 0.62 (0.53-0.72) 1.0E-09 4491/6375 (27.7/25.1) 0.65 (0.52-0.80) 4.3E-05

APOE4  - 3296/1959 (25.9/25.7) 1.01 (0.87-1.16) 0.91

APOE34/44 518/477 (25.1/28.1) 1.16 (0.85-1.58) 0.35 2923/1279 (25.1/27.0) 1.12 (0.78-1.61) 0.53

APOE4  - 2405/802 (25.1/26.3) 1.13 (0.92-1.38) 0.29

APOE34/44 1755/4937 (30.1/25.3) 0.73 (0.64-0.83) 1.2E-06 7586/7761 (26.6/25.4) 0.73 (0.61-0.87) 4.7E-04

APOE4  - 5831/2824 (25.6/25.7) 1.03 (0.92-1.15) 0.65

Association between KL -VSHET+ and AD risk by APOE4  status Interaction between KL -VSHET+ and AD risk by APOE4  status

60-80

80+

Full Sample
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eTable 22. Association of KL-VSHET+ with risk of conversion to mild cognitive impairment or Alzheimer’s disease, stratified by APOE4 status but 

excluding APOE24 carriers, determined by META-analysis. 

For meta-analyses, the ADC1-7 cohorts were combined as the “NACC” cohort to avoid small individual samples sizes. 

Abbreviations: CN, control; AD, Alzheimer’s disease; CON, converted subject; HET+, heterozygous carriers; HR, hazard ratio; CI, confidence interval.  

lStudy Timel lStratuml CN/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel CN/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel

APOE34/44 559/166 (29.5/20.5) 0.61 (0.41-0.91) 0.014 2505/440 (26.1/25.0) 0.61 (0.38-0.99) 0.047

APOE4  - 1946/274 (25.2/27.7) 1.06 (0.81-1.37) 0.69

APOE34/44 502/161 (30.1/19.9) 0.60 (0.39-0.90) 0.013 2260/429 (26.1/24.5) 0.60 (0.3-0.98) 0.040

APOE4  - 1775/268 (25.0/27.2) 1.04 (0.80-1.36) 0.77

APOE34/44 442/150 (30.8/19.3) 0.58 (0.38-0.89) 0.013 2043/408 (26.3/24.5) 0.58 (0.35-0.97) 0.039

APOE4  - 1601/258 (25.0/27.5) 1.05 (0.80-1.38) 0.75

Association between KL -VSHET+ and conversion risk by APOE4  status Interaction between KL -VSHET+ and conv. risk by APOE4  status

3+ years

4+ years

5+ years
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eTable 23. Association of KL-VSHET+ with risk of conversion to Alzheimer’s disease, stratified by APOE4 status but excluding APOE24 carriers, 

determined by META-analysis. 

For meta-analyses, the ADC1-7 cohorts were combined as the “NACC” cohort to avoid small individual samples sizes. 

Abbreviations: CN, control; MCI, mild cognitive impairment; AD, Alzheimer’s disease; CON, converted subject; HET+, heterozygous carriers; HR, 

hazard ratio; CI, confidence interval.  

lStudy Timel lStratuml CN+MCI/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel CN+MCI/CON (N (KL -VSHET+ %)) lHR (95% CI)l lP-valuel

APOE34/44 817/539 (28.2/22.4) 0.83 (0.67-1.02) 0.080 3336/1092 (26.3/24.0) 0.81 (0.60-1.08) 0.15

APOE4  - 2519/553 (25.7/25.5) 1.12 (0.78-1.61) 0.99

APOE34/44 723/459 (28.5/22.2) 0.80 (0.64-1.01) 0.061 2980/966 (26.1/24.1) 0.76 (0.55-1.04) 0.091

APOE4  - 2257/507 (25.4/25.8) 1.03 (0.84-1.25) 0.79

APOE34/44 631/394 (29.4/21.8) 0.76 (0.59-0.98) 0.032 2673/852 (26.5/24.6) 0.69 (0.49-0.97) 0.03

APOE4  - 2042/458 (25.6/27.1) 1.05 (0.86-1.30) 0.61

Association between KL -VSHET+ and conversion risk by APOE4  status Interaction between KL -VSHET+ and conv. risk by APOE4  status

3+ years

4+ years

5+ years
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eTable 24. Association of KL-VSHET+ with Aβ levels in cognitively normal subjects, stratified by APOE4 status but excluding APOE24 carriers, 

determined by META-analysis. 

Abbreviations: Aβ, amyloid beta; CSF, cerebrospinal fluid; PET, positron emission tomography; HET+, heterozygous carriers; HET-, non-heterozygous 

carriers; CI, confidence interval. 

lAge lStratuml N (KL -VSHET+ %) lBeta (95% CI)l lP-valuel N (KL -VSHET+ %) lBeta (95% CI)l lP-valuel

APOE34/44 132 (26.5) 0.06 (0.00,0.11) 0.036 53 (30.2)  -0.04 (-0.08,-0.00) 0.048

APOE4  - 338 (24.9)  0.04 (-0.02,0.09) 0.22 142 (29.6)  -0.00 (-0.02,0.01) 0.69

APOE34/44 149 (27.5) 0.01 (-0.04,0.06) 0.73 64 (28.1)  -0.02 (-0.06,0.02) 0.36

APOE4  - 397 (25.2) 0.02 (-0.03,0.07) 0.44 182 (29.1)   0.01 (-0.01,0.03) 0.24

Association between KL -VSHET+ and Abeta CSF by APOE4  status Association between KL-VS HET+ and Abeta PET by APOE4 status

60-80y

60+
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