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METHODS: We assessed diagnostic classification using AD-PRS excluding APOE (AD-
PRS, . aroe), APOE risk score (APOE-RS), and plasma phosphorylated tau 181 (p-tau181),
in 83 participants with LBD, 27 with positron emission tomography amyloid beta
(AB)positive mild cognitive impairment or AD (MCI+/AD), and 57 controls.

RESULTS: Together AD-PRS,,por and APOE-RS performed similarly to p-tau181 in
discriminating MCI+/AD from controls (area under the curve 76% vs. 79%) and LBD
(71% vs. 72%). In LBD, AB positivity was significantly associated with APOE-RS, but
not with AD-PRS, , apor, Or p-tau181. Combining AD-PRS, , spor, APOE-RS, and p-tau181
improved the discrimination of MCI+/AD from controls (81%) and LBD (75%), and
the detection of ABin LBD (82%).

DISCUSSION: AB deposition in LBD was associated with APOE, while MCI+/AD was
also associated with AD-PRS beyond APOE. AD-PRS explains phenotypic variance not

KEYWORDS

polygenic risk score
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racy.

1 | BACKGROUND

The accurate diagnosis of dementia syndromes such as Alzheimer’s
disease (AD) and Lewy body dementia (LBD) remains challenging in
early stages and for cases of mixed LB/AD pathology. LBD comprises
dementia with Lewy bodies! and Parkinson’s disease (PD) dementia,?
the difference based on the relative timing of onset (or presence) of
a movement disorder relative to cognitive decline. Co-morbid amy-
loid beta (AB) and Lewy body pathology is common: using positron
emission tomography (PET) AB imaging, abnormal Aj deposition is
detected in approximately 50% of people with LBD,>* and using real-
time quaking-induced conversion, a-synuclein pathology is detected in
approximately 30% of healthy older adults with Ag pathology.® Such
co-pathology is not discernible clinically without the use of biomarkers
and is associated with poorer clinical outcomes.*¢-8 Efforts to improve
diagnostic accuracy using minimally invasive tests are expected to
benefit clinical practice, allowing earlier stratification for treatment,

clinical trials, and informing prognosis.”

captured by APOE or p-tau181.

Alzheimer’s disease, Lewy body dementia, plasma biomarkers, plasma phosphorylated tau,

* We investigated Alzheimer’s disease (AD) polygenic risk score (PRS), apolipoprotein
E (APOE), and plasma phosphorylated tau 181 (p-tau181) to classify AD and Lewy
body dementia (LBD).

» AD-PRS with APOE achieved similar classification accuracy to p-tau181.

* AD-PRS without APOE significantly contributed to discriminating AD from LBD.

* Amyloid beta positivity in LBD was associated with APOE but not AD-PRS without
APOE or p-tau181.

» Combining AD-PRS, APOE, and p-tau181 improved diagnostic classification accu-

The risk of both AD and LBD is partially heritable, at approxi-
mately 60% to 80% for AD (from twin studies)!? and up to 60% for
dementia with Lewy bodies (DLB) (using single nucleotide polymor-
phism [SNP] heritability).1? Genome-wide association studies (GWAS)
have reported > 90 loci associated with late-onset AD, mostly with
small effect sizes compared to the strongest genetic risk factor,
apolipoprotein E (APOE) €4.12 In comparison, GWAS of DLB'3 and
LBD! have been smaller, which limits their statistical power to
detect common variants with small effects on disease risk. The largest
LBD GWAS to date (including 2591 cases of clinically probable or
autopsy-confirmed LBD) identified five loci reaching genome-wide sta-
tistical significance, which are also associated with either AD or pPD.14
APOE ¢4 has been strongly associated with LBD in neuropathological
studies’® and GWAS.1416 While this could be partially attributed to
AD co-pathology, several studies suggest APOE ¢4 drives a-synuclein
pathology independently of AD.17:18

LBD shares a proportion of risk variants with AD and PD but is
distinguishable at the whole genome level.121? There is also evidence
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indicating genetically distinct subgroups of LBD depending on sex?°

and the extent of AD co-pathology.1”-21:22 Polygenic risk scores (PRS)
quantify genetic risk conferred by multiple loci, giving a single value
estimate of genome-wide liability.2® Information pertaining to individ-
uals’ genetic risk of AD and LBD has potential to support clinicians
in refining differential diagnoses and improve participant selection in
clinical research. APOE ¢4 alone is not sufficiently sensitive or specific
for AD?* and further studies are needed on applications of PRS (which
are typically composed of many genetic variants with small effects on
disease risk2®), beyond the classification of AD cases and controls.

Several blood-based biomarkers have been developed as diagnos-
tic and monitoring tools for the neurodegenerative diseases that
cause dementia.2® High-sensitivity assays for plasma phosphorylated
tau (p-tau) protein achieve sensitivity and specificity > 90% for AD
pathology?’28 and may be altered when there is AD co-pathology
in LBD (as shown previously in a sample from this cohort?? and
independent studies®®). They may also predict response to future
disease-modifying treatments in LBD.3! Due to the high prevalence of
concurrent AS pathology in LBD, blood-based biomarkers for AD per-
form less well discriminating AD from LBD (including plasma p-tau and
AB assays, which are generally less accurate than p-tau).32-34 Assays
for misfolded a-synuclein and L-amino acid decarboxylase (DDC) in
cerebrospinal fluid (CSF) and peripheral tissues are being developed,
with early reports of high sensitivity and specificity for Lewy body
disorders.3>-37

Combining phenotype with genotype has potential to improve clin-
ical decision making. Addition of APOE ¢4 status or AD-PRS to AD
plasma biomarkers modestly improved the discrimination of AD cases
from controls.2”:38-41 However, this approach has not been tested for
discriminating AD from LBD, which is clinically more challenging and
less accurate using current plasma p-tau assays.3? We investigated the
accuracy of AD-PRS in classifying AD and LBD, and AD-PRS effects
on AB deposition in LBD. We model APOE and non-APOE effects sep-
arately with the hypothesis that a combination of AD-PRS with plasma
p-tau improves classification compared to p-tau alone.

2 | METHODS

We included 167 participants, 83 with LBD (78 probable DLB diag-
nosed using international consensus criteria® and five PD dementia
diagnosed using the Movement Disorders Society clinical diagnostic
criteria?), 27 with AD dementia (according to the National Institute on
Aging Alzheimer’s Association criteria,*2 n = 16) or PET AB positive
mild cognitive impairment (MCI PET A3+, defined as objective cogni-
tive impairment without impairment in activities of daily living,and PET
A positivity,*®> n = 11), and 57 healthy controls. Participants with AD
and MCI PET AjB+ were considered asa single disease group, of vary-
ing clinical stages (MCI+/AD). Full details of recruitment, diagnostic
criteria, and clinical and neuroimaging findings have been published
previously.*3244 As part of their diagnostic work-up, 36 participants
with DLB had abnormal FP-CIT scans, the others were diagnosed on

the basis of core clinical features.® Participants were recruited from
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RESEARCH IN CONTEXT

1. Systematic review: Plasma phosphorylated tau 181 (p-
tau181) classifies Alzheimer’s disease (AD) from controls
with high accuracy, with modest improvements from
adding apolipoprotein E (APOE). Discrimination between
AD and Lewy body dementia (LBD) is less accurate, likely
due to common amyloid beta (AB) co-pathology in LBD.
APOE is a risk locus for AD and LBD (and associated
with AB pathology), but they have different polygenic risk
profiles (PRS).

2. Interpretation: AD-PRS with APOE achieved similar accu-
racy to p-tau181 in classifying AD from LBD. Non-APOE
effects were significant, with a similar effect size to APOE
and p-tau181. In LBD, AB positivity was associated with
APOE, but not AD-PRS beyond APOE, or p-taul81. A
combination of AD-PRS, APOE, and p-tau181 improved
the classification of AD from controls, LBD, and the detec-
tion of ABin LBD.

3. Future directions: AD-PRS may be useful to refine
the diagnostic framework. Future studies should also
include emerging LBD-specific biomarkers. Studies in
larger cohorts could optimize AD-PRS for discriminating
LBD from AD.

multiple sites including memory clinics and services in East Anglia
and the North of England, volunteer registers including those held
locally and the national Join Dementia Research volunteer register, and
participants’ healthy partners. Exclusion criteria such as acute infec-
tion, severe physical illness, major concurrent psychiatric disorder, and
history of other significant neurological disease were applied. Cog-
nitive and neuropsychiatric assessments were completed at baseline,
including the Addenbrooke’s Cognitive Examination Revised (ACE-R),
as described elsewhere.3?

2.1 | Genotyping and polygenic risk scores

Genotyping was performed at two centers using the same method-
ology, with the lllumina OmniExpress-24 v1.3 micro-array.?® APOE
genotype (£2, €3, €4) is defined by two SNPs: rs429358 and rs7412.
APOE was not genotyped directly, rs7412 was derived from the
micro-array, and rs429358 was imputed using the Haplotype Ref-
erence Consortium reference panel.*> Details of sample collection,
processing of genetic material, and quality control are provided in the
Supplementary Material.

AD-PRS was generated using the clumping and thresholding
method, weighted with effect sizes from the largest available case-
control AD GWAS.#647 There was no overlap between our sample and
the GWAS used as the reference for SNP weights. Modeling APOE
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effects separately improves discrimination of AD cases from controls*”
and permits investigation of APOE and non-APOE effects. Therefore,
we calculated AD-PRS,apor by removing SNPs in the APOE region
(chr19:44.4-46.5 Mb). Primary analyses used a P value threshold (pT)
of < 0.1 for including SNPs, as this optimizes the prediction of AD cases
versus controls when APOE effects are modeled separately.*” Sensitiv-
ity analyses included AD-PRS,opor at pT < 5 x 1078 (the threshold
for genome-wide statistical significance) and pT < 1 x 10~ (previously
associated with AD and mixed AD in neuropathological cohorts*® and
supported by studies suggesting AD has an oligogenic rather than poly-
genic architecture®?). APOE effects were modeled as a separate APOE
risk score (APOE-RS), comprising APOE ¢2 + APOE ¢4 count, weighted
with effect sizes from the same AD case-control GWAS.*¢%7 To ease
interpretation, genetic risk scores were standardized within the sam-
ple (using the mean and standard deviation of the whole sample). The
number of SNPs in AD-PRS,,,apof is shown in Table S1 in supporting

information.

22 | PETAg

PET imaging with ligands binding A3 ([11C] Pittsburgh compound B
[PiB] or [18F]-florbetapir) was performed at baseline for 51 people
with LBD and 11 people with MCI (MCI PET AB+). As described pre-
viously, [11C] PiB PET images were obtained for 36 participants (25
LBD and 11 MCI PET AB+) at one site (Wolfson Brain Imaging Centre,
Cambridge, UK) using a GE Advance PET scanner (GE Healthcare) or
GE Discovery 690 PET/CT, over 30 minutes starting 40 minutes post
injection of a 550 MBq PiB bolus, using a transmission scan or low-
dose computed tomography (CT) scan for attenuation correction.32 For
26 LBD participants recruited at the other site (Newcastle University,
Newcastle, UK), images were obtained using a Siemens Biograph-40
PET-CT scanner, over 15 minutes commencing 30 to 50 minutes after
injection of 370 MBq [18F]-florbetapir, with attenuation correction
using CT images. PET data were co-registered with 3T T1-weighted
structural magnetic resonance imaging as described previously.2%:32.44

The Centiloid (CL) scale®®5! was used to allow amyloid PET
comparisons between different study sites, tracers ([11C]PiB and
[18F]-florbetapir), and methodology. PET AS positivity was classified
as > 19 CL; 19 CL has been shown to be a tipping point at which
AB pathology reliably worsens over time, independent of cognitive
performance.*3>1 The Cambridge [11C]PiB standardized uptake value
ratio (SUVR) data were acquired for two different studies and con-
verted to CL using a standard®® and non-standard method.>2 The
Newcastle [18F]florbetapir SUVR data were converted to CL using a

previously published equation.>®

2.3 | Plasma biomarkers

Analysis of plasma biomarkers in this cohort has been published
previously.3? Plasma p-tau181 was selected for the primary analysis
in a subsample with available genotyping, due to evidence of superior

sensitivity and specificity for AD over the other plasma biomarkers

that were available for this sample at the time of this analysis (the
ratio of AB4, to ABag [ABaz/a0l, glial fibrillar acidic protein [GFAP], and
neurofilament light [NfL]).2732 Subsequently, studies comparing dif-
ferent p-tau epitopes have shown earlier and stronger associations
with AD pathology using p-tau217 and p-tau231.°4 Secondary anal-
yses also included AB45/40, GFAP, and NfL. Blood biomarkers were
quantified at the UK Dementia Research Institute biomarker labora-
tory using the Quanterix Simoa p-tau181 assay V2 and the Quanterix
Simoa Human Neurology 4-Plex E assay for AB49, AB42, GFAP, and
NfL, using Simoa-HD1 as per the manufacturer’s protocol (Quanterix
Corp),®> as described elsewhere32 and in the Supplementary Mate-
rial. Values were log transformed to achieve near normal distributions
and standardized (using the mean and standard deviation of the whole

sample) to improve interpretation of odds ratios.

2.4 | Statistical analysis

Analyses were performed using RStudio 2021.09.0 Build 351 and JASP
0.18.1. Baseline demographics were compared between diagnostic
groups (Control, LBD, and MCI+/AD) using one-way analysis of vari-
ance (ANOVA,; for age), Kruskal-Wallis (for education and ACE-R score,
which were not normally distributed), and )(2 (for sex and APOE ¢4
status). Baseline demographics in LBD PET AB— and LBD PET Ap+
were compared using independent sample t tests (for age and ACE-R
score), Mann-Whitney U (for education, which was not normally dis-
tributed), Fisher exact test (for sex), and x? (for APOE ¢4 status). Binary
logistic regression was used to predict diagnosis from AD-PRS, ,apoE,
APOE-RS, and log p-tau181, controlling for age and sex. Classification
accuracy was assessed using receiver operating characteristic (ROC)
analyses, also corrected for age and sex, using the pROC package in
R. ANOVA and Akaike information criterion with correction for sample
size (AlCc, calculated using the R package MuMIn) were used to com-
pare model fit and parsimony. Stepwise backward elimination was used
to confirm the preferred predictors in classification models, removing
variables until there was no further improvement in AlCc. Sensitiv-
ity analyses investigated whether similar AD-PRS,apor effects were
observed using pT < 1 x 107 and pT < 5 x 108, We applied the same
methods to investigate the effect of adding AD-PRS,,,apor and APOE-
RS to a panel of plasma biomarkers, consisting of log p-tau181, log
AB42/40, log GFAP, and log NfL.

3 | RESULTS

Participant characteristics are shown in Table 1. Compared to Con-
trols (but not compared to the MCI+/AD group), the LBD group was
older (Pryey = 0.001), included more male participants (P = 0.011),
and had fewer years of education (Pp,,, < 0.001). Both the LBD
and MCI+/AD groups performed significantly worse than Controls
on cognitive assessment (ACE-R score, Ppynn < 0.001), and the LBD
group performed significantly worse than MCI+/AD (ACE-R score,
Ppunn = 0.012). There were more APOE ¢4 carriers in the MCI+/AD
group than both the healthy control (P = 0.002) and LBD groups
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TABLE 1 Demographics, APOE 4 status, AD-PRS,,; apoE, and log p-tau181.

Diagnosis Control LBD MCI+/AD Total
n 57 83 27 167
Mean age (SD) 70.8(7.44) 75.3(6.53)** 73.4(8.60) 73.5(7.44)
Sex female (%) 23 (40) 16 (19)* 10(37) 49(29)
8 14.1(3.14) 11.6 (2.94)*** 13.0(3.26) 12.7 (3.25)
ACE-R 94.3 (4.20) 66.3(14.9)*** 77.8(9.99)**b
n0/1/2 APOE ¢4 alleles (% APOE &4 carrier) 41/13/3(28) 53/25/5 (36) 9/15/3 (63)**P 103/53/11(38)
AD-PRS o apoE Z SCOTE —0.101 (1.09) —0.038(0.891) 0.332(1.10)%¢ 0(1)
Log p-tau181zscore —0.419 (0.838) 0.107 (0.995) 0.554(1.01)" 0(1)

LBD PET Ag— LBD PET A+ Total
n 24 27 51
Mean age (SD) 72.1(5.97) 76.0 (6.33) 74.2(6.42)
Sex female (%) 3(12.5) 7 (26) 10(20)
Years of education (SD) 11.8(2.81) 11.0(3.25) 11.4(3.05)
ACE-R 69.9(13.0) 65.0(16.3) 67.3(14.9)
n0/1/2 APOE €4 alleles (% APOE €4 carrier) 20/4/0(17) 14/12/1 (48) & 34/16/1(33)
AD-PRS ,, apoE Z-SCOre 0.147 (0.636) —-0.187(1.07) —0.030(0.901)
Log p-tau181 z-score -0.254(1.14) 0.243(0.817) 0.009 (1.01)

Note: The LBD group was significantly older, included more males, and had fewer years of education than Controls. ACE-R score was significantly lower in LBD
and MCI+/AD than Controls, and significantly lower in LBD than MCI+/AD. There was a significantly higher proportion of APOE ¢4 carriers in the MCl+/AD
group than both the Control and LBD groups. In binary logistic regression controlling for age, sex, and APOE risk score, AD-PRS,, apor Was higher in MCI+/AD
than both the Control and LBD groups. In binary logistic regression controlling for age and sex, log p-tau181 was higher in MCI+/AD than in both the Control
and LBD groups. The LBD PET AB+ group was significantly older and included more APOE €4 carriers than LBD PET AS—.

Abbreviations: ACE-R, Addenbrooke’s Cognitive Examination Revised version; AD-PRS,,apor, Alzheimer’s disease polygenic risk score excluding the
apolipoprotein E locus; APOE, apolipoprotein E; LBD, Lewy body dementia; LBD PET AB—, Lewy body dementia, amyloid positron emission tomography neg-
ative; LBD PET AB+, Lewy body dementia, amyloid positron emission tomography positive; MCI+/AD, positron emission tomography amyloid beta positive

mild cognitive impairment/Alzheimer’s disease dementia; p-tau, phosphorylated tau; SD, standard deviation

aSignificant difference from Control, P < 0.001 (***), P < 0.01 (**), P < 0.05 (*).
bSignificant difference from LBD, P < 0.001 (¥'"), P < 0.01 (), P < 0.05 (7).
¢Significant difference from LBD PET AB—,P < 0.05 ().

dSignificant difference from Control in binary logistic regression controlling for age, sex, and APOE risk score.
€Significant difference from LBD in binary logistic regression controlling for age, sex, and APOE risk score.
fSignificant difference from Control in binary logistic regression controlling for age and sex.

&Significant difference from LBD in binary logistic regression controlling for age and sex.

(P=0.011). In keeping with previous studies,>* among 51 LBD partici-
pants for whom PET Aj status was available, 27 (53%) were Aj positive
(LBD PET AB+), and 24 (47%) were AB negative (LBD PET AB-). The
LBD PET AB+ group was significantly older than the LBD PET AB—
group (P=0.027), but there were no significant differences in sex, years
of education, or cognitive performance between the LBD PET AS+ and
LBD PET AB- groups. There was a significantly higher proportion of
APOE ¢4 carriers in LBD PET AB+ (48%) compared to LBD PET AS—
(17%; P=0.017).

3.1 | Diagnostic classification

AD-PRS, o apoE; APOE-RS, and p-taul81 were significantly higher in
MCI+/AD than in Controls (see Table 2). When AD-PRS,apor, APOE-
RS, and p-tau181 were included in the classification model together,

all remained significantly associated with MCl+/AD, there was a mod-

est improvement in classification accuracy (see Table 2 and Figure 1)
and model fit significantly improved compared to the polygenic risk
model (ANOVA P < 0.001, AAICc = -8.7) and p-tau181 model
(ANOVA P = 0.020, AAICc = —3.2). After backward elimination, AD-
PRS,,oapoE (P =0.037), APOE-RS (P = 0.034), and p-tau181 (P < 0.001)
were retained, indicating the best trade-off between fit and parsi-
mony. Trends in AD-PRS,,apor Were similar across pT < 5 x 1078,
pT < 1 x 1073, and pT < 0.1 (see Figure S1 in supporting informa-
tion), and results of sensitivity analyses (using AD-PRS,,apor With
pT < 5 x 1078 and pT < 1 x 10~°) were consistent (see Tables S2 and
S3in supporting information).

AD-PRSoapor; APOE-RS, and p-taul81 were also higher in
MCI+/AD than LBD, with similar effect sizes, and all remained sig-
nificant in the full model including polygenic risk and p-tau181 (see
Table 2). Using AD-PRS,oapor, APOE-RS, and p-tau181 together, there
was an improvement in classification accuracy (Table 2 and Figure 1)

and significant improvement in model fit compared to the polygenic
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TABLE 2 Diagnostic classification. AD-PRS,,, apor, APOE-RS, and p-tau181 were significantly higher in MCI+/AD than in both the Control and LBD groups. APOE-RS was significantly higher in
LBD PET AB+ thanin LBD PET AB-.

Odds ratio [95% CI] (P value)

NOILVIOOSSY S.H3INWIFHZTV IHL 40 TVYNHNOr IHL

(15 s 1wz T wes

Diagnosis Model AD-PRS,; apor APOE-RS p-tau181 Age Sex AUC[95%Cl] AlCc
Control vs. Polygenic risk 1.69*[1.05,2.87] 2.32**[1.40,4.13] - 1.06[0.992, 1.13] 1.45[0.502,4.42] 0.758[0.644, 100
MCI+/AD (0.036) (0.002) (0.095) (0.499) 0.872] o)
p-tau181 - - 3.41***[1.85,7.03] 1.00[0.932, 1.07] 0.5791[0.180, 1.77] 0.790[0.684, 94.5 E
(<0.001) (0.990) (0.343) 0.896] g
Polygenic 1.79*[1.07,3.30] 1.81*[1.03, 3.34] 3.03**[1.55, 6.47] 1.01[0.939, 1.09] 0.791[0.232,2.65] 0.820[0.723, 91.3 (;f
risk + p-tau181 (0.038) (0.045) (0.002) (0.783) (0.702) 0.917] Q{
LBD vs. MCI+/AD Polygenic risk 1.69*[1.01,2.90] 1.76*[1.12,2.85] - 0.963[0.899, 1.03] 0.440[0.158, 1.23] 0.710[0.590, 119
(0.048) (0.017) (0.268) (0.113) 0.830]
p-tau181 - — 1.81*[1.13,3.01] 0.938[0.875, 1.00] 0.333*[0.119, 0.715[0.612, 120
(0.016) (0.057) 0.925] (0.034) 0.819]
Polygenic 1.74*[1.04, 3.04] 1.62*[1.01, 2.66] 1.75*[1.06, 3.00] 0.940[0.873,1.01] 0.382[0.130, 1.11] 0.752[0.652, 117
risk + p-tau181 (0.038) (0.049) (0.032) (0.086) (0.075) 0.853]
LBD PET-AB—vs. Polygenic risk 0.579[0.265,1.19] 2.82*[1.26,7.50] - 1.14*[1.03,1.29] 0.855[0.129, 5.25] 0.787[0.659, 66.6
LBD PET-AB+ (0.142) (0.021) (0.022) (0.865) 0.915]
p-tau181 - - 1.65[0.867, 3.50] 1.08[0.981, 1.21] 0.515[0.906, 2.47] 0.736 71.7
(0.153) (0.123) (0.419) [0.591-0.881]
Polygenic 0.571[0.259,1.18] 2.81*[1.21,7.76] 1.63[0.753, 3.84] 1.13*[1.01,1.28] 0.771[0.112,5.10] 0.824[0.705, 67.7
risk + p-tau181 (0.137) (0.027) (0.232) (0.042) (0.784) 0.943]
Note: All models include age and sex (Female = 1, Male = 2) as control covariates. AlCc quantifies the trade-off between model fit and parsimony, A>-2 indicates significant improvement.
Abbreviations: AD-PRS, apoe, Alzheimer’s disease polygenic risk score excluding the apolipoprotein E locus; AlCc, Akaike information criterion with correction for sample size; APOE, apolipoprotein E; APOE-RS,
apolipoprotein E risk score; AUC, area under receiver operating curve (for the model, including age and sex); Cl, confidence interval; LBD, Lewy body dementia; LBD PET AB—, Lewy body dementia, amyloid beta
positron emission tomography negative; LBD PET AB+, Lewy body dementia, amyloid beta positron emission tomography positive; MCl+/AD = amyloid beta positron emission tomography positive mild cognitive
impairment / Alzheimer’s disease dementia; p-tau, phosphorylated tau.
aSignificant difference between groupsP < 0.001 (***), P < 0.01 (**), P < 0.05 (*).
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FIGURE 1 Classification accuracy using AD polygenic risk (AD-PRS,,apor and APOE-RS), p-tau181 (which has also been described in this
cohort previously®2), and a combination of AD polygenic risk (AD-PRS, apor and APOE-RS) and p-tau181. Age and sex are included in all models as
control covariates. Abbreviations: AD polygenic risk, Alzheimer’s disease polygenic risk; AD-PRS,,, apoE, Alzheimer’s disease polygenic risk score
excluding the apolipoprotein E locus; APOE, apolipoprotein E; APOE-RS, apolipoprotein E risk score; AUC, area under the curve; LBD, Lewy body
dementia; LBD PET AB—, Lewy body dementia, amyloid beta positron emission tomography negative; LBD PET AB+, Lewy body dementia, amyloid
beta positron emission tomography positive; MCl+/AD, positron emission tomography amyloid beta positive mild cognitive impairment /

Alzheimer’s disease dementia; p-tau, phosphorylated tau.

risk model (ANOVA P = 0.027, AAICc = —-2), and p-tau181 model
(ANOVA P = 0.026, AAICc = —3). All predictors were retained after
backward elimination, including age and sex. In sensitivity analyses,
results were similar for AD-PRS,apor PT < 5 x 10~8 but we did not
detect a significant difference in AD-PRS,oapor PT < 1 x 10~ between
LBD and MCI+/AD (see Tables S2 and S3).

3.2 | Classification of PET Ag status in LBD

In LBD participants with available PET Ag status, LBD PET AB+ was
associated with higher APOE-RS, but there were no significant differ-
ences in AD-PRS, ,apoE Or p-taul81 between LBD PET AS— and LBD
PET AB+ (see Table 2). The addition of AD-PRS,,,apor and APOE-RS to
a classification model including p-tau181, age, and sex improved clas-
sification accuracy (from 74% to 82%, see Table 2 and Figure 1) and
significantly improved model fit (ANOVA P = 0.011, AAICc = —-4.0),
likely due to significant APOE effects. Conversely, the addition of p-
tau181 to the polygenic risk model did not improve model fit (ANOVA
P = 0.22, AAICc = +1.1). Backward elimination showed the optimal
balance between model fit and parsimony was achieved from a model
including only APOE-RS (P=0.017), AD-PRSc apoE (P =0.145), and age
(P = 0.014). Sensitivity analyses with AD-PRS,,apor PT < 5 x 1078 and
pT < 1 x 1075 were overall consistent (see Tables 52 and S3), but only

APOE-RS and age were retained in parsimonious models.
3.3 | Classification using polygenic risk and a panel
of plasma biomarkers

The addition of genetic risk scores (AD-PRS,,apor and APOE-RS) to a
panel of plasma biomarkers (p-tau181, AB45/40, GFAP, and NfL), also

improved discrimination of LBD from MCI+/AD, and LBD PET AB+
from LBD PET AB—, in terms of both model fit (P =0.028 and P=0.029,
respectively) and classification accuracy (AUC improved from 74% to
78%, and 76% to 84%, respectively, see Table S4 in supporting informa-
tion). In classifying MCI+/AD and controls, adding genetic risk scores
to the plasma biomarker panel did not significantly improve model fit
(P =0.078), while classification accuracy improved from 82% to 84%.
Using backward elimination to identify the optimal combination of
plasma biomarkers and genetic risk factors, both AD-PRS, ,apor and
APOE-RS were retained in the parsimonious models for all diagnostic

contrasts (see Table S4).

4 | DISCUSSION

We confirmed the value of PRS in addition to plasma p-tau181
or a panel of biomarkers of neurodegeneration in diagnostic clas-
sification between healthy adults, people with LBD with and with-
out AB co-pathology, and people with MCI+/AD. In discriminating
MCI+/AD from LBD and controls, the addition of AD-PRS,apor
and APOE-RS to p-taul81, age, and sex, resulted in significant
improvements in model fit and modest improvements in classi-
fication accuracy (AUC). When AD-PRS.,apoe, APOE-RS, and p-
taul81 were included together, APOE effects were less significant.
This likely reflects the correlation between APOE genotype and
p-taul81, in line with previous studies showing plasma p-tau lev-
els are strongly related to APOE.*%56 |n classification of MCI+/AD
and LBD, effect sizes were similar for AD-PRS;;apoe, APOE-RS, and
p-taul81. Our results indicate that AD polygenic risk (including
beyond the APOE locus) explains phenotypic variance in MCIl+/AD
not captured by p-taul81. This may be because AD-PRS,apor

includes risk variants in multiple AD pathways including immunity,
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lipid metabolism, tau-binding proteins, and amyloid precursor protein
metabolism.*®

In the LBD subgroup with available PET AB, APOE-RS was the only
significant predictor of PET A status. This is in keeping with pre-
vious studies (in cohorts of healthy controls, MCI, and AD) showing
PET AB burden is strongly associated with APOE genotype, but AD-
PRS beyond the APOE locus explains a low proportion of variance,
or effects are non-significant.*>>7-62 Similarly in a large LBD sample
(n = 394), excluding APOE attenuated an association between AD-
PRS and Thal phase.?2 Abnormal Ag deposition is necessary but not
sufficient for AD, and variants beyond the APOE locus may drive con-
version from AB positivity to AD.>863 Furthermore, we did not detect
a significant difference in p-tau181 between LBD PET AS- and LBD
PET AB+. Addition of genetic risk scores to the p-tau181 classification
model significantly improved model fit and classification accuracy from
74% to 82%, largely due to APOE effects. While our study may have
been underpowered to detect small AD-PRS,,apof effects relating to
AB deposition in LBD, our results are in keeping with previous evi-
dence that APOE effects are more substantial.*1->7-¢2 Previous studies
have reported differential plasma p-tau217 and p-tau181 levels in LBD
with and without AD co-pathology (defined by tau PET status using
a temporal region of interest,>® CSF AB4240,°%¢* and PiB SUVR®).
The performance of p-tau181 in differentiating LBD from MCI+/AD,
and LBD PET AB— from LBD PET AB+ in this sample, may relate to
the age and disease stage of the LBD group, variation in the defini-
tion of AD co-pathology and plasma p-tau assays between studies, and
potential clinical misdiagnosis (although clinical consensus criteria pro-
vide high sensitivity and specificity for the diagnosis of DLB¢). While
age was included as a covariate in all classification models, older age
may adversely affect biomarker discrimination between younger AD
cases and older non-AD participants.*®¢” A neuropathological study
has also reported elevated p-tau181 in pure LBD compared to other
non-AD dementias 4 years ante mortem.28 Although plasma p-tau217
levels accurately predict tau pathology in amyloid-positive individuals
without cognitive impairment,?’ further studies are needed to clarify
the specificity of elevated plasma p-tau181 (and other isoforms) for
AD over other causes of neurodegeneration in the context of amyloid
accumulation.

While incorporating PRS in disease classification models can
present several challenges,®® the PRS information complements
dementia biomarkers such as peripheral blood concentration of p-tau.
As a genetic signature, PRS should be less susceptible to acute changes
due to environmental factors (e.g., head trauma) and co-morbidities
(e.g., renal failure)?24?, and can be obtained from non-invasive sam-
pling methods. PRS are also stable over individual lifetimes and disease
stages. Given previous findings that p-tau181 is less accurate in MCI34
and older age groups,2834 further studies on PRS are needed in these
populations. Several factors influence how accurately PRS predict dis-
ease phenotypes, including the reliability of the GWAS from which
effect sizes are derived. This is partly determined by sample size and
accurate assignment to case and control arms of the study.*’ To cal-
culate AD-PRS, we used the largest GWAS of clinically diagnosed AD
cases (n = 94,437) as the references for SNP weights,*® though sev-

eral larger AD GWAS have been published using proxy measures such
as family history of dementia.”® Most GWAS for AD have been per-
formed in cohorts with European ancestry.'? Just as APOE effects on
AD risk differ according to race, ethnicity, and global population ances-
try (e.g., with diminishing effect sizes for the 4 allele from East Asian,
non-Hispanic White, non-Hispanic Black, to Hispanic populations’?),
PRS derived using these effect sizes may not accurately predict disease
risk in other populations.”273 There is a need to diversify genetic stud-
ies in common neurodegenerative dementias (beyond AD and cohorts
with European ancestry) and demonstrate whether PRS are transfer-
able to diverse clinical populations.”* There is no consensus on the
optimal method for calculating AD-PRS to differentiate AD cases from
controls, or non-AD dementias.*”*? However there is strong evidence
that special consideration of the APOE locus is warranted due to sub-
stantial effects on disease risk, association with earlier disease onset,
and changes in allele frequency with age.” To minimize multiple test-
ing, our primary analysis used methods previously shown to optimize
the prediction of AD cases and controls,*” and sensitivity analyses gave
similar results (see Supplementary Material). PRS prediction of disease
biomarker status (PET AB— vs. PET A3+) and dementia phenotype (LBD
vs. AD) differs from the standard application of PRS in discriminating
dementia cases from controls. Larger longitudinal studies should con-
sider optimizing PRS to predict co-pathology and clinical phenotypes
(particularly in early disease stages), potentially using PRS restricted
to specific disease pathways?? or cell types.”> Further studies in LBD
are also needed to explore potentially distinct genetic risk profiles for
males and females,2° and LBD with and without AD co-pathology.??

5 | CONCLUSIONS

Our results show that addition of an individual’s AD-PRS may improve
the classification of AD and LBD using plasma p-tau181 and help detect
AB co-pathology in LBD. Genetic risk scores reflect a component of
disease risk. The PRS may form part of a tiered approach to identify
high-risk individuals or support a diagnosis in combination with disease
biomarkers for those who require confirmatory tests.”27.7¢ PRS can
also be applied to understand the genetic correlation between LBD and
AD.' Our results support previous evidence that AD-PRS beyond the
APOE locus explains phenotypic variance in AD not captured by APOE
or p-tau181. Our findings are in keeping with studies in cohorts of con-
trols, MCl, and AD, showing PET AS positivity is strongly associated
with the APOE genotype, but the non-APOE AD-PRS was not associated
with PET-AS positivity in this sample of individuals with LBD. Future
studies on PRS for neurodegenerative dementias should continue to

consider applications beyond predicting AD case-control status.
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