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Abstract

Few studies have measured the effect of genetic factors on dementia and cogni-
tive decline in healthy older individuals followed prospectively. We studied cumula-
tive incidence of dementia and cognitive decline, stratified by APOE genotypes and
polygenic risk score (PRS) tertiles, in 12,978 participants of the ASPirin in Reducing
Events in the Elderly (ASPREE) trial. At enrolment, participants had no history of di-
agnosed dementia, cardiovascular disease, physical disability or cognitive impairment.
Dementia (adjudicated trial endpoint) and cognitive decline, defined as a >1.5 stand-
ard deviation decline in test score for either global cognition, episodic memory, lan-
guage/executive function or psychomotor speed, versus baseline scores. Cumulative
incidence for all-cause dementia and cognitive decline was calculated with mortality
as a competing event, stratified by APOE genotypes and tertiles of a PRS based on 23
common non-APOE variants. During a median 4.5 years of follow-up, 324 participants
developed dementia, 503 died. Cumulative incidence of dementia to age 85 years was
7.4% in all participants, 12.6% in APOE €3/¢4 and 26.6% in €4/¢4. APOE ¢4 heterozy-
gosity/homozygosity was associated with a 2.5/6.3-fold increased dementia risk and

Abbreviations: AD, Alzheimer's disease; APOE, Apolipoprotein E; ASPREE, ASPirin in Reducing Events in the Elderly; CID, Cumulative incidence of dementia; GWAS, Genome-wide
association study; HWE, Hardy-Weinberg equilibrium; PRS, Polygenic risk score.
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but PRS is not.
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1 | INTRODUCTION

Few studies have measured the effect of Apolipoprotein E (APOE)
genotypes and polygenic risk scores (PRS) on incident dementia and
cognitive decline in healthy older people. The ASPREE (ASPirin in
Reducing Events in the Elderly) cohort offers the opportunity to
measure these effects, as recruited participants had no history of
cardiovascular disease, dementia or significant physical disability at
enrolment. The ASPREE study was a randomised, placebo-controlled
trial to determine whether daily low dose aspirin increased survival,
free of dementia or persistent physical disability, in 19,114 healthy
community-dwelling older people (McNeil et al.,, 2017). In 2018,
ASPREE reported that over an average 4.5 years of follow-up, as-
pirin did not prolong disability-free survival (McNeil et al., 2018a,
2018b, 2018c) or reduce the risk of dementia or cognitive decline
(Ryan et al., 2020).

The APOE gene is the strongest genetic determinant of all-
cause dementia, especially Alzheimer's disease (AD), with the ¢4
allele elevating risk and accelerating age of onset (Qian et al., 2017;
Rasmussen et al., 2018; Saunders et al., 1993; Lee et al., 2018).
The ¢4 allele is also associated with cognitive impairment (dys-
function in episodic memory, processing speed, executive func-
tion or global cognition) in people without a dementia diagnosis
(Albrecht et al., 2015; Jager et al., 2012; Reas et al., 2019; Wisdom
et al., 2011). Beyond APOE, common disease-associated variants
identified from genome-wide association studies (GWAS) (Harold
et al., 2009; Hollingworth et al., 2011; Kunkle et al., 2019; Lambert
et al., 2013; Naj et al., 2011) also modify dementia risk and can
be used to calculate a polygenic risk score (PRS) (Tan et al., 2017
Chouraki et al., 2016; Cruchaga et al., 2018; Desikan et al., 2017;
Escott-Price et al., 2015; Sleegers et al., 2015; Lee et al., 2018).
Individually, these common genetic variants have low effect sizes,
yet when combined into a PRS can enable risk-stratification for
dementia indications beyond APOE genotype. There is varying ev-
idence for whether a PRS for dementia can also predict cognitive
decline (Chaudhury et al., 2019; Harris et al., 2014; Marden et al.,
2016; Verhaaren et al., 2013). Incorporating both APOE genotypes
and PRS, alongside conventional risk factors, may enable more ac-
curate risk prediction (Licher et al., 2019; Lourida et al., 2019). This

1.4/1.8-fold cognitive decline risk, versus £3/e3 (p < 0.001 for both). High PRS tertile
was associated with a 1.4-fold dementia risk versus low (Cl 1.04-1.76, p = 0.02), but
was not associated with cognitive decline (Cl 0.96-1.22, p = 0.18). Incidence of de-
mentia among healthy older individuals is low across all genotypes; however, APOE

€4 and high PRS increase relative risk. APOE ¢4 is associated with cognitive decline,

Alzheimer's disease, Apolipoprotein E, aspirin in reducing events in the elderly, cognition,
cognitive decline, cumulative incidence of dementia, genome-wide association study, polygenic

may aid development of therapeutic strategies or prevention, and
advance our understanding of the genetic differences between
(diagnosed) dementia and cognitive decline.

The predictive performance of PRSs for dementia requires
further investigation in well-characterised prospective studies.
Predictive performance can be influenced by factors such as ethnic-
ity, age, study recruitment criteria, clinical diagnostic criteria, neuro-
psychological assessments used, genotyping platform and genetic
variants included (Tan et al., 2017; Chouraki et al., 2016; Cruchaga
et al,, 2018; Desikan et al., 2017; Escott-Price et al., 2015; Leonenko
et al., 2019; Licher et al., 2019; Lourida et al., 2019; Qian et al., 2017;
Rasmussen et al., 2018; Saunders et al., 1993; Sleegers et al., 2015;
Lee et al., 2018). More studies of cognitively healthy elderly indi-
viduals followed prospectively are required to assess variability and
predictive accuracy. Here, we report the effects of APOE and PRS
on incident dementia and cognitive decline among 12,978 ASPREE
participants, where dementia was an exclusionary criterion at entry

and adjudicated as a primary trial endpoint.

2 | METHODS

2.1 | Study population

Consistent with the ASPREE inclusion criteria (McNeil et al., 2018a),
participants had no previous history or current diagnosis of athero-
thrombotic cardiovascular disease, dementia, loss of independ-
ence with basic activities of daily living or life-threatening illness.
Participants passed a global cognition screen at enrolment (>77 on
the Modified Mini-Mental State (3MS) Examination). Informed con-
sent for genetic analysis was obtained, with ethical approval from
the Alfred Hospital Human Research Ethics Committee (390/15) and
site-specific Institutional Review Boards (US).

2.2 | Incident Dementia Diagnosis

After standardised cognition and functional measures, partici-
pants reporting memory or cognitive problems were assessed by



RIAZ eT AL.

specialists or prescribed dementia medication. Following identi-
fication of dementia triggers (3MS<78 or a drop of >10.15 points
from the participant's baseline 3MS score, accounting for age
and education), additional assessments were conducted, with
brain imaging and laboratory analyses collected for adjudica-
tion. Each dementia trigger case was reviewed according to the
ASPREE protocol for clinical adjudication (McNeil et al., 2018c;
Ryan et al.,, 2020) by an adjudication committee consisting of
geriatricians, neurologists and neuropsychologists. Dementia
was diagnosed using Diagnostic and Statistical Manual of Mental
Disorders, fourth edition criteria. Diagnosis date was recorded
as date of trigger. Dementia cases were sub-classified into either
‘probable AD’, ‘possible AD’ or ‘non-AD dementia’, using the 2011
NIA-Alzheimer's Association core clinical criteria (McKhann et al.,
2011).

2.3 | Cognitive decline

The ASPREE cognitive battery included the 3MS for general
cognition, the Hopkins Verbal Learning Test-Revised (HVLT-R)
delayed recall for episodic memory, the single letter Controlled
Oral World Association Test (COWAT) for language and executive
function, and the Symbol Digit Modalities Test (SDMT) to meas-
ure psychomotor speed. Accredited professionals administered
assessments at baseline and year 1, followed biennially during
follow-up. As reported previously (Ryan et al., 2020) cognitive
decline in participants without a dementia diagnosis was de-
fined as a 1.5 standard deviation decline in 3MS/HVLT-R/SDMT/
COWAT compared with baseline scores, sustained over 22 time

points.

2.4 | Genotyping and variant analysis

Figure S1 shows a flow chart to describe how participants were
included/excluded in the study. Out of 19,114 total ASPREE trial
participants, 13,941 participants (73%) provided samples to the
ASPREE biobank. DNA extracted from these samples was then
genotyped using the Axiom 2.0 Precision Medicine Diversity
Research Array following standard protocols. 12,978 samples
passed quality control (12,343 Australian, 635 US) based on sex,
relatedness and Non-Finnish European ancestry. Details of the
963 samples that were excluded from the final analysis (204 QC
failed and 759 based on ancestry) is provided in the supplemen-
tary material. To estimate population structure, we performed
principal component analysis using the 1000 Genomes reference
population (Figure S2) (Auton et al., 2015; Zheng et al., 2012).
Imputation was performed using the haplotype reference consor-
tium European panel (Das et al.,, 2016). Post-imputation quality
control removed variants r2 < 0.3. APOE genotype was measured
using two directly genotyped variants (rs7412, rs429358) ex-
tracted using plink v1.9 (Chang et al., 2015)

Aging

2.5 | Polygenicrisk score

PRS was calculated using 23 common variants (15 genotyped, 8
imputed) associated with AD at genome-wide significance that af-
fect risk independently of APOE (Desikan et al., 2017; Lambert et al.,
2013; Ruiz et al., 2014). PRS calculations, using plink v1.9 (Chang
et al., 2015), were based on dosage (0,1,2) of SNP effect allele re-
ported from GWAS, multiplied by effect sizes, followed by the sum
of products to generate a PRS per participant (Table S1). We used
the same 23 SNP PRS and the same PRS calculation methods used
in recent analysis of the Rotterdam study (Lee et al., 2018). PRS dis-
tribution was divided into low/middle/high tertiles; with mean val-
ues of; low -0.56 (range -1.43 to -0.34), middle -0.20 (-0.34 to
-0.06) and high 0.16 (-0.06 to 1.86) (Figure S3). Tertiles were used
to ensure equal distribution of samples across PRS groups, and suf-
ficient events numbers occurred in each group for statistical power
possible (Figure S3). In addition, we sought to use the same analysis
approach as the Rotterdam Study (Lee et al., 2018), where tertiles
were also used.

2.6 | Statistical analysis

To determine whether APOE genotype frequencies were under
selective pressure due to age and/or trial inclusion/exclusion
criteria, we performed Hardy-Weinberg equilibrium (HWE) test-
ing. This compared observed genotype frequencies with those
expected in a population under no selective pressure, using chi-
squared tests. We examined the cumulative incidence of dementia
(CID) and cognitive decline, stratified by APOE genotype and PRS
tertiles. We used €3 homozygotes as a reference group for APOE-
stratified analysis and the low-risk tertile for PRS-stratified analy-
sis. Consistent with other studies (Desikan et al., 2017; Lee et al.,
2018) we combined APOE £3/e4:e2/e4 into a single group, and €2/
€2:¢2/e3 into a single group.

We estimated cumulative incidence of all-cause dementia and
cognitive decline during an average of 4.5 years of follow-up, using
the Cumulative Incidence Function (CIF) of the etm package (Allignol
et al.,, 2011; Meister & Schaefer, 2008) in R version 3.6.0 (R Core
Team, 2013). Data were censored by date of dementia diagnosis,
cognitive decline, last contact or death. The age on censored date
was used as a time scale in CIF model. Cumulative incidence was
calculated up to 95 years, then stratified by APOE genotype and PRS
tertiles. Dementia and cognitive decline between PRS tertiles were
compared for the whole cohort and further stratified by APOE gen-
otypes. The dementia and cognitive decline models were estimated
independently.

We used the Fine and Gray (F&G) method of accounting for com-
peting risk of death, and Cox proportional hazard regression model
to calculate dementia hazard ratio of both models, for APOE, PRS
and their interaction, adjusted for age at enrolment (continuous,
allowing a quadratic function) and sex (Meister & Schaefer, 2008;
Lee et al., 2018). We used age on censored date as a time scale in
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both F&G and Cox models. Hazard ratios for cognitive decline were

measured the same way. To test association of APOE genotypes and
PRS with cohort characteristics, we used a multivariable regression
model with variables; age, sex, follow-up time, education, alcohol
use, smoking, diabetes mellitus, hypertension, depression (Center
for Epidemiological Studies-Depression-10 scale), family history of
dementia (father/mother/sibling), body mass index, blood pressure,
cholesterol and triglycerides. Bonferroni multiple test correction
at p = 0.002 significance was applied (0.05/17 = 0.002). We fol-
lowed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines for reporting of results, see
Table S2.

3 | RESULTS

Characteristics of the 12,978 genotyped participants are shown in
Table 1. Overall, 54.8% were female, 47% had educational attain-
ment <12 years, 3% were current smokers and 25% reported a fam-
ily history of dementia at enrolment.

Associations of cohort characteristics with APOE genotypes and
PRS tertiles are also shown in Table 1. The only associations to sur-
vive multiple testing correction were family history of dementiain ¢4
heterozygotes/homozygotes, with no cohort characteristics differ-
ing between PRS tertiles (Table 1).

We found that APOE genotype frequencies had deviated from
HWE (chi-square = 38, p < 0.001) (Table S3), with fewer £3/e4 het-
erozygotes (N = 2665 observed, N = 2723 expected) and fewer €4/¢4
homozygotes (N = 200 observed, N = 239 expected) than expected
under HWE.

During mean 4.5 years of follow-up (interquartile range 2.1 to
5.7 years, 2779 person-years), we observed 324 (2.5%) incident all-
cause dementia cases and 503 (3.8%) deaths (Tables 1 and 2). Of
these, 143 were classified as ‘probable AD’ and 176 were classified
as ‘possible AD’. Only 5 cases were classified as ‘non-AD related
dementia’ (Table 1). For cumulative incidence of dementia (CID), we
describe results up to age 85 years, representing an approximate
centre point between lower and upper age ranges of the ASPREE
population at baseline (70 to 96 years). CID in ASPREE was esti-
mated at 7.4% (Cl 6.5 to 8.5).

In APOE genotype-stratified analysis of CID, after adjusting
for covariates and death as a competing event, ¢4/¢4 genotype
was significantly associated with dementia risk (HR 6.38 [CI 3.8-
10.7] p = 2.0 x 107*?) compared with £3/e3 (Table 3a). Individuals
with £3/e4 heterozygosity were also at higher risk of dementia (HR
2.51 [Cl 1.9-3.1], p = 1.5 x 107 compared with £3/¢3. CID was
26.6% (Cl 16.2-42.0) for e4/e4 homozygotes, 12.6% (Cl 10.2-15.5)
for £3/e4 heterozygotes, 5.9% (Cl 4.8-7.2) for the common £3/¢3
genotype group and 4.0% (Cl 2.4-6.5) for the lower-risk £2/e2:¢2/
€3 group (Figure 1a). For all APOE genotype-stratified results, see
Table S4.

Dementia risk was higher for participants in the high-risk PRS
tertile than the low (HR 1.36 [Cl 1.0-1.7], p = 0.02) (Table 3a). CID

in the high-risk tertile was 9.6% (Cl 7.8-11.8) compared with the low
tertile 7.3% (Cl 5.7-9.3) (Figure 1b; Table S5). At age 95 years, the
effect of PRS was more prominent with CID increasing from 17.6%
(13.4-23.0) in the low PRS tertile to 30.6% (21.9-41.9) in the high
(Table S5).

In sub-group analysis, among APOE ¢3/¢4 heterozygotes, PRS
modified dementia risk, with CID increasing from 10.8% (Cl 7.2-16.3)
in the low PRS tertile to 17.8% (Cl 13.2-23.8) in the high (Table Sé).
Among APOE e4/¢4 homozygotes with high PRS (the highest genetic
risk category), CID was 32.2% (Cl 11.3-71.6). In ¢4/e4 homozygotes
with low PRS, CID was lower at 24.6% (Cl 11.2-48.8). For £3/¢3 ho-
mozygotes, CID in the low-risk PRS tertile was 5.7% (Cl 3.9-8.3) and
in the high-risk 7.6% (Cl 5.5-10.5) (Table S6).

We compared CID between the highest genetic risk group at age
80 (¢4 carriers with high PRS) and the lowest genetic risk group at
age 90 (e2 carriers with low PRS). CID in the highest genetic risk
group at age 80 was 6.1% (Cl 4.1-9.0) and in the lowest genetic risk
at age 90 was 8.8% (Cl 4.5-16.7) (Table Sé). This corresponded to
an approximately 10-year delay in age of onset between these two
extreme groups. In sensitivity analysis, we examined interaction be-
tween APOE/PRS and found no significant association with incident
dementia (p > 0.05).

A total of 1598 (12.6%) participants had cognitive decline
(Table 1). The cumulative incidence of cognitive decline to age
85 years was estimated to be 37.2% (Cl 36.4-41.0) in APOE £3/¢3
homozygotes, 35.3% (Cl 30.5-39.6) in £2/¢2 homozygotes, 45.7%
(Cl 46.5-53.9) in €3/e4 heterozygotes and 52.9% (Cl 46.1-76.2) in
e4/e4 homozygotes (Figure 2a, Table S7). Compared with the €3/¢3
reference group, cognitive decline risk was significantly higher in €3/
e4 heterozygotes (HR = 1.35[1.20-1.51], p < 0.001) and ¢4 homozy-
gotes (HR = 1.75 [Cl 1.24-2.46]), p < 0.001) (Table 3b). PRS was not
associated with cognitive decline. Risk of cognitive decline did not
significantly increase between low and high PRS tertiles (HR = 1.08
[0.96-1.22], p = 0.18) (Figure 2b, Table $8-59). In sensitivity analysis,
the interaction effect between APOE/PRS for cognitive decline was
not significant (p > 0.05).

4 | DISCUSSION

In this study, we examined the effect of APOE genotypes and PRS
on incident dementia and cognitive decline among 12,978 initially
healthy older participants. We found that APOE ¢4 and high PRS
were associated with increased relative risk of dementia, but over-
all, cumulative incidence of dementia was low across all genotype
groups. PRS effect on dementia risk was modest and delayed com-
pared with APOE €4, mostly affecting risk after 85 years of age.
APOE ¢4 was associated with cognitive decline, but PRS was not,
suggesting that APOE genotype has a stronger effect than PRS on
both dementia and cognitive decline. We observe that the absence
of co-morbidities, atherothrombotic cardiovascular disease and cog-
nitive impairment to age 70 years contributed to the attenuation of
incident dementia across all genotypes.



(8H ww)
24nssald
(T9T)9T6ET (7'91)29°6€T  (ZT'9T)0S6ET (e'sT)T'8€T (0£T)50°07T (7'9T1)566ET (T 9T)ri6ET (T'9T)07 6€T (T9T)LEGET  (E9T)9'6ET  POOIg 21[0ISAS
Xapu|
(S¥)06LT (9'7)¥082 (9'7)86LT (0°9)99£2 (€L LT (7'%)60°8¢C «('6)09°62 (7291 (9'%)80°82 (S¥)IL6LT sse|y Apog
uoljeuiwexy |eaisAyd
+AJ03sIH
Ajjwey
o(%8°92)T9TT (%£72)ESOT  (%0°52)6L0T o(%S5°LY)S56 (%9°52)81T (%1'22)66€ (%T9T)TT (%L TE)978 (%¥'€T)¥e8T (%t'5T)IE6TE enuawaQg
(%0°6)T6€ (%0'6)06€ (%1°6)96€ (%S TT)ET (%1621 (%9°6)2LT (%8'8)9 (%L'8)ceT (%8°6)20L (%06) LLTT uoissaidaqQ
(%S°€L)8L1€ (%6'€L)20TE  (%E'ELITLIE (%S°89)LET (%vL)TVE (%S VL)OEET  (%S°0L)8Y (%0°1€)L26T (%0 vL)ELLS (%9°€L) £556 uoisuajiadAH
(%1°6)0T1 (%2°6)66€ (%1°6)96€ (%0°'8)ST (%8'8)T1 (%L6)ELT (%2°0T)L (%e'8)ETT (%S°6)LYL (%T°6)S0ZT sajeqelq
AJ03SIH |ed1pajA
mu (%8°'5S)ETHT (%L'99)S57C  (%0°SS)LLET (9%0°05)00T (%€'55)552 (%5°55)T66 (%1 78)LE (%T°SS)TLYT (%€99)T6EY  (%8'SS)SHTL JaneN
‘DY (%0THIoLT (%T°0v)8ELT (%Y Ccr)re8T (%0°5%)06 (%€ Tr)S6T (%0°C)6vL (%9262 (%L TY)TTTT (%9°07)S9TE (%C Th)6EES Jawiio4
< (%T€)TrT (%Te)LET (%9°2)STT (%0°5)0T (%7 2)TT (%S Q)i (%0°€)T (%1°€)E8 (AN i474 (%0°€)v6€ jua.In)
snjejls Supjows
(%L'ST)6L9 (%0°ST)8%9 (%L'ST)8L9 (%5°ST)TE (%1'81)58 (%¥'STIVLT (%0'6T)ET (%T°9T)8CY (%0°ST)VLTT (%¥'5T)S002 1anaN
(%9v)10¢ (%8'7)60T (%6'v)0TC (%S¥)6 (%9'v)1C (%0°5)68 (%0)0 (%8'7)6CT (%8'V)cLE (%8°7)0Z9 Jawiio4
(%L 6L)2v¥E (%2°08)ELVE  (%1'6L)8EVE (%08)09T (%0£L)SSE (%9°6L)TCPT  (%0'18)SS (%0'6£)80T¢C (%2°08)75C9 (%8'6£)€5€0T 2N
9SM |oyody
(%9°52)60TT (%T°S2)T60T  (%8'9C)6STT (%5°92)€S (%¥'S2)LTT (%€'€2)STY (%6°€€)ET (9°92)60£ (%7'92)2y0C  (%0°92)65€EE siedk +97
(%0£2)89TT (%CL2)8LTT (%€92)LETT (%S TT)EY (%L Y2)VTT (%0T'L2)E8Y (%1¥'92)8T (%S°92)L0L (%0°£2)8T1C (%892)e817€ S1edh GT-2T
(%t'L¥)S¥70T (%9°L¥)190C  (%6'9%)0€0T (%0°2S)70T (%6'61)0€T (%9°67)988 (%L6€)LT (%6'9)6v7CT (%9°97)0%79¢ (%TL7)9ET9 sieah gT>
uoleonp3y
(%¥'51)856T (%€'S1)656T (%0°SY)Tr6T (%5°0S)10T (%L¥)9TC (%£'87)898 (%TT)8C (%0L¥)2STT (0rP)e6ee  (%0°G7)858S salelN
(%9 ¥S)Ir9€T (%L vS)TLET (%0°55)S8€T (%S67)66 (%0°€S)StC (%€°15)916 (%8°8S)0¥ (%0°€S)ETHT (099)L0t 1 (%0°55)0ZTL sojewaS
Xa§
SJeaA ,mE_u—
(€T)0s ¥ (€T)es Y (€1ISY (€T9ry C1E9Y (€TYsS Y (€1)E9 Y (€'T)0S ¥ (€Tvs Y (€Tesy dn mojjo4
(Tv)S6vL (T ¥)vosL (ev)ST'SL P'ET6EL (r'¥)8T'SL (2215474 (6€)L6vL (6€)99 4L (€v)eTsL (T¥)s0sL SieaA 98y
solydea3owag
(%ece)zTey (wreelocer  (%E€€)9TEY (%5°7)00C (%S°€)191 (%0 ¥T)¥8LT (%5°0)89 (%5°02)5992 (9%0°09)008L 8L6T1 lexoL
3 3|19} )19} 3|19 ¥3/13 ¥3/23 €3/23 z3/23 #3/€3 €3/€3 1\
5 Sdd YsiH Sdd AIPPIN Sdd mo1
m S¥d € Jo s9|1349) pue sadAjouasd JOdV Aq paljlzells 1104od JFYdSY dY3 Jo sonsiiaroeleyd T 379VL




RIAZ eT AL.

(@)]
£
(@)]
<
S
il
-
=

60of 12

(TTOT “[E 39 UUBYMDN) BLIS}LID [BDIUI[D 240D UOIFEID0SSY S, /WIBYZ|y-VIN TTOZ Suisn pawioyiad s uoijedlyisse|d adAgns eguawad,

‘ezep 3uissiw y3m siuedidiried 9ze pue sased eljuswap g Sulpn|oxa sajduies padAjouss g/ 4 ZT €103 4O IN0 aul|23p SAIHUS0D Y3Im sajduies Jo Jaquinu ay3 sajousq,

“8u13s33 3|d13NW 104 UOI3IBLI0D UOLIDJUOE JO3B JUBDIHIUSIS PIUIEWDI JEY] SUOIFRIDOSSE S330Ua(d,
'sdnoJug 9oualajal Sk 3]1349) SHd MO| pue £3/£3 JOdVY YHM [9pow uoissaiSal e Buisn painseaw se ‘G0°0 > anjeA d sajouad,

'S9pI49dA|31] ‘D] (|o491sd|0Yyd

18303 ‘D] ‘2402S 3 SII 21Ud3A|0d ‘S¥d 2431] 4d Sajowl||I|N “T/joww ‘Aundiaw Jo d43awli||iw ‘SH ww uiajoidodi Aysusap-mo| ‘1@ ‘utdjoadodi| Ajisusp-y3iy ‘“1dH -3 uisjoidodijody ‘3OdV :Suoljeinalqqy

*3ul|qis 10 Jayjow 4ayje Jay3}Ia Ul BI3USWSP JO AI0)SIY Ajlwiey sjuasaidal ugis+ (QS)ueaw Jo (%)u Jaya se pajiodal siaquuinu Yy :9JoN

(%9°2T)9%S

(%20°0)1
(%5°7)59
(%¥'1)E9
(%672)6TT

(990)ze’T
(S¥'0)LS'T
(98:0)L0°€
(96:0)5T°S

(oomerLL

a|1349}
Syd YysiH

(%ECTTIVES

(%¥0°0)2
(%6°0)6€
(%€°T)SS
(%2°2)96

(€90)1€'T
(9%°0)85°T
(98°0)80°€
(96:0)2T°S

(66)TSLL

3113493
Sdd 3IPPIN

(%0°2T)81S

(%t0°0)2

(%6°0)6€
(%€°7)85
(%2°2)66

(s90)1€'T
(S¥'0)6S'T
(£8:0)80°€
(86°0)LT'S

(6:6)88°9L

313493
S¥d Mo

(%0LT)vE

(%0) 0
(%0°5)0T
(%07)8
(%0°6)8T

(€8°0)er'T
(9%°0)05°T
(160)ZTE

(0T)I9¢'S

(0'om6v 9L
v3/v3

aUl|29
(%6°9)L9 (%9°11)80C (%¥'T)8 (%7 ¥1)58¢€ (%T'T1)968 (%9°CT) 86ST | w.\_,z_m?u
elpuswap
paje|al
(%0)0 (%1T°0)2 (%0)0 (%€0°0)T (%200)C (%€0°0)S -av-UoN,
(%8°0)% (%¥70)8 (%0)0 (%7279 (%€£°0)LS (%TOT)EVT av 3|qeqoid,
(%T°1T)S (%¥8°0)ST (%0)0 (%C°2)09 (%1°17)88 (%SETIILL av @1qissod,
(%6 T)6 (%' T)5C (%0)0 (%L¥)STT (%8'T)LYT (%S 2)vze enuawaq
9d3UapIdU| Jled] /aseasiq
(9£°0)6€°T (1£°0)8€T (29075 T (69°0)0€'T (09°0)62°1T (s9°0)1€°T (1/1oww)o 1
(9%°0)09°T (L170)19°T (Tr'0)€9'T (97°0)LST (S'0)8S'T (S¥'0)8S'T (1/10ww) 1aH
(#8°0)66'C (9L°0)18°C (eL0)1€°C (68°0)LT°E (98°0)1T°€E (98°0)L0°€ (1/710ww) 1@
(s60)ve's «(16°0)L0°S (06°0)59'% (0TIve's (96'0)8C°S (£6'0)9T°S (1/1oww) o1
Aasiwayoolg poolg
(8H ww)
aJnssaud
(oom)eLLL (cor)ovsL (88)69°LL (0oT)6TLL (8°6)08°LL (66)L1£L  pOO|q2103ISEIQ
¥3/23 €3/23 z3/23 #3/€3 €3/€3 1\



RIAZ eT AL.

TABLE 2 Cumulative incidence of

dementia and death in ASPREE b
Age” (years)

Participants

75 6162
80 3063
85 1251
90 293
95 26

Aging

Alive without

Dementia® (95% Cl)  Death (95% Cl) Dementia (%)
0.6% (0.4-0.8) 1.7% (1.3-2.1) 97.7
2.9% (2.4-3.4) 4.8% (4.3-5.5) 92.3
7.4% (6.5-8.5) 10.6% (9.5-11.8) 82.0
15.6% (13.6-17.8) 19.4% (17.3-21.6) 64.8
23.9% (19.1-29.7) 35.0% (29.4-41.4) 42.3

Abbreviation: Cl, Confidence interval.

PLongitudinal year age from baseline to the event of interest such as dementia, cognitive decline,
death or alive with no dementia.

aCumulative incidence of dementia with competing risk of death.

TABLE 3 Cox proportional hazard ratio and risk regression models for dementia and cognitive decline risk in the ASPREE cohort

(a) Dementia ?No competing risk adjustment

bAdjusting for competing risk

Variables HR (95% ClI) p value HR (95% ClI) p value
Age, years 1.16(1.13-1.18) 0.002 1.25(1.14-1.37) <0.0001¢
Sex (female) 0.76 (0.61-0.94) 0.01 0.77 (0.62 - 0.96) 0.02
APOE €33 Reference - Reference -

APOE £2¢2:€2¢3 0.67 (0.43-1.02) 0.06 0.65(0.43 -1.00) 0.05
APOE £3e4:e2¢4 2.50(1.97-3.16) <0.0001" 2.51(1.98 - 3.17) <0.0001"
APOE e4¢e4 6.32(3.86-10.34) <0.0001" 6.38(3.81-10.71) <0.0001"
Low PRS tertile Reference - Reference -

Middle PRS tertile 1.00(0.75-1.32) 0.98 1.00(0.76 -1.33) 0.95
High PRS tertile 1.36 (1.04-1.76) 0.02 1.36 (1.04-1.77) 0.02

(b) Cognitive decline 2No competing risk adjustment bAdjusting for competing risk

Variables HR (95% Cl) p value HR (95% Cl) p value
Age (years) 1.06 (1.05-1.07) 0.002 1.05 (1.04-1.06) <0.0001¢
Sex (female) 0.87(0.79-0.96) 0.007 0.89 (0.81-0.98) 0.02
APOE £3¢3 Reference - Reference -

APOE €2¢2:¢2¢3 0.67(0.43-1.02) 0.06 0.99(0.85-1.15) 0.96
APOE £3e4:e2¢4 1.35(1.20-1.51) <0.0001" 1.35(1.20 -1.51) <0.0001*
APOE e4¢4 1.75(1.24-2.46) 0.001 1.74(1.22 -2.47) 0.001
Low PRS tertile Reference - Reference -

Middle PRS tertile 1.02(0.91-1.16) 0.64 1.03(0.91-1.16) 0.63
High PRS tertile 1.08(0.96-1.22) 0.18 1.10(0.95-1.21) 0.22

Abbreviations: Cl, Confidence interval; HR, Hazard ratio; PRS, Polygenic risk score.

3COX proportional hazard models.
bRisk regression model by Fine and Gray Method.
Denotes p values = 1.0 x 1074 +denotes p < 16.3 x 10712,

The unique ascertainment of the ASPREE population is an im-
portant factor in the interpretation of our results. The eligibility
criteria excluded individuals with dementia diagnoses and cognitive
impairment at enrolment, and individuals with any history or diagno-
sis of atherothrombotic cardiovascular disease events, major phys-
ical disability or life-threatening cancer (McNeil et al., 2018a). This
produced a highly selected population of healthy older individuals,
who at the time of study entry, benefited from the absence of several

important dementia risk factors. This selective pressure resulted in
deviation from the Hardy-Weinberg equilibrium, with fewer delete-
rious APOE ¢4 alleles observed than expected. Selection against ¢4
was driven by the age cut-off (>70 years), as well as the strict inclu-
sion/exclusion criteria of the trial.

We accordingly observed a low cumulative incidence of all-
cause dementia, estimated to be 7.4% to age 85 across all partic-
ipants. This estimate was approximately half that reported in the
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FIGURE 1 Cumulative incidencece of all-cause dementia
stratified by APOE genotypes and tertiles of a polygenic risk
score (PRS). Cumulative incidence curves for all-cause dementia
(a) and cognitive decline (b) were calculated to age 95 years and
stratified by APOE genotype, with mortality as a competing event.
Confidence intervals and participants at risk are shown in Table
S4-5

community-based Rotterdam study to the same age (15.6%) (Lee
et al., 2018. While acknowledging potential issues with comparing
dementia risk between different studies, including differences in
population demography, recruitment criteria, diagnostic definitions
and duration of follow-up (Desikan et al., 2017; Qian et al., 2017;
Lee et al., 2018), we consider comparisons between ASPREE and the
Rotterdam study warranted. The studies had similar sample sizes,
age ranges, sex percentages, diabetes, hypertension, BMI, blood
lipids, genetic ancestry and adjudicated dementia cases. Further,
both analyses used the same PRS calculations (Desikan et al., 2017,
Lambert et al., 2013; Ruiz et al., 2014).

The lower risk of dementia in ASPREE is likely influenced by the
selection of healthy participants, depletion of deleterious APOE ¢4
alleles, and a relatively short follow-up period where healthy selec-
tion effects have not yet dissipated. The estimated CID in ASPREE
was 26.6% for 4/¢4 homozygotes, compared with approximately
60% in the Rotterdam study, and 5.9% for £3/e4 heterozygotes,

compared with approximately 25% in the Rotterdam study (Lee
et al., 2018). These differences in CID are substantial, unlikely to be
attributable to confounding factors alone between the studies.

Further, in a recent meta-analysis of three population-based
cohorts of cognitively normal subjects aged 60-75 years (total
N = 11,771), the risk of dementia in APOE £4/¢4 homozygotes
(N = 134) to age 70-75 years was 11.2% (Qian et al., 2017). In
ASPREE, however, the risk of dementia to age 75 in €4/e4 (N = 200)
was only 3.7%. Risk of dementia among £4/¢4 homozygotes to age
85 years in the Framingham Heart Study (37.6%, N = 67) was also
considerably higher than ASPREE (26.6% N = 200) (Qian et al., 2017).
We acknowledge the variation in genetic risk of dementia between
ethnic groups (Teruel et al., 2011), yet our study was not designed
to assess ethnic differences. We assessed genetic effects in individ-
uals of European ancestry only, and compared results with another
similar sized cohort of European ancestry (the Rotterdam Study (Lee
et al., 2018)). We did not include individuals with non-European an-
cestry in the analysis, due to small sample size and the risk of popu-
lation stratification bias influencing genetic risk estimates.

PRS is more challenging to interpret across studies, given the dif-
ferent PRSs used (Tan et al., 2017; Chouraki et al., 2016; Cruchaga
et al.,, 2018; Desikan et al., 2017; Qian et al., 2017; Lee et al., 2018).
However, we also observed an attenuated effect of PRS on dementia
in ASPREE compared with other studies. We observed only a 2.6%
difference in CID between low (7.3%) and high (9.6%) PRS tertiles.
In the Rotterdam study, the observed difference was 9.0% between
low (11.6%) and high (20.4%) tertiles to the same age.

In ASPREE, the effect of PRS was more pronounced in APOE ¢4
carriers, compared with the reference £3/¢3 group. However, the
PRS effect was attenuated and delayed in age of onset compared
with other studies (Peloso et al., 2020; Lee et al., 2018). The PRS
effect on dementia risk in ASPREE mostly occurred after the age
of 85 years (Figure 2a). We found no significant interaction effect
between APOE and PRS in ASPREE, unlike the Rotterdam study (Lee
etal., 2018). This again may reflect the attenuation of genetic effects
on dementia risk in ASPREE. A recent analysis of the Framingham co-
hort also reported no significant interaction between APOE and PRS
while evaluating dementia risk (Peloso et al., 2020). Further studies
with large populations and longer follow-up are required to under-
stand interactions between APOE and PRS in modifying dementia
risk. The majority of dementia events observed in our study were
classified as either ‘probable AD’ or ‘possible AD’, with only 5 cases
classified as ‘non-AD related’. Therefore, we were unable to under-
take sub-group analysis, based on dementia sub-classifications.

Considering the attenuated genetic risk of dementia observed
in ASPREE, we query whether other factors further modified risk,
beyond the low vascular risk, cognitive screening and absence of
cardiovascular disease at baseline. Such factors could include a fa-
vourable lifestyle, characterised by healthy diet, regular exercise
and high socialisation levels (Licher et al., 2019; Lourida et al., 2019).
Alternatively, the attenuation could be related to the relatively short
follow-up period, during which healthy selection effects had not yet
dissipated.
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FIGURE 2 Cumulative incidence of cognitive decline stratified
by APOE genotypes and tertiles of a polygenic risk score (PRS).
Cumulative incidence curves for cognitive decline were calculated
with mortality as a competing event, stratified by APOE genotypes
(a) tertiles of a PRS (b) based on 23 common non-APOE variants.
High PRS is shown in red; low PRS in green (mid tertile not shown).
Confidence intervals and participants at risk are shown in Table
S6-7

Protective genetic loci not included in the PRS may also have
contributed to risk modification, including common variants yet to
be identified by GWAS and/or rare high-effect protective variants,
including loss-of-function variants in biologically associated genes.
There is growing evidence that protection from dementia risk can be
conferred by both common and rare genetic variants, especially in
the high-risk APOE e4/¢4 group (Belloy et al., 2020; Hug et al., 2019).
Further studies are required to examine the effect of protective ge-
netic variants for dementia in ASPREE.

APOE ¢4 carrier status was significantly associated with cog-
nitive decline in ASPREE, but PRS was not. This reflects the more
modest effect of PRS on cognitive ageing, and/or a divergent genetic

Aging

aetiology versus APOE genotype (Harris et al., 2014). The association
between APOE ¢4 and cognitive decline in non-demented individu-
als has been reported by several studies using comparable cognitive
testing (Albrecht et al., 2015; Jager et al., 2012; Reas et al., 2019;
Verhaaren et al., 2013; Wisdom et al., 2011). However, few studies
have reported a significant effect of PRS on cognitive decline alone
(Chaudhury et al., 2019; Harris et al., 2014; Marden et al., 2016;
Verhaaren et al., 2013). It appears that PRS derived from GWAS of
diagnosed dementia/AD cases are not strong predictors of cogni-
tive decline without dementia during ageing. However, our approach
to quantifying cognitive decline may be insensitive or might reflect
a different biological process. Alternatively, PRS derived from a
GWAS of dementia/AD cases may reflect the functional impairment
required for dementia diagnosis, rather than the cognitive aspects.

Strengths of the study include a well-characterised longitudinal
cohort with repeated cognitive assessments and dementia adjudica-
tion, genetic data for both APOE and PRS variants, longitudinal fol-
low-up to enable survival analysis for dementia and cognition, data
available on covariates, adjudicated reports of causes of death to
control for competing events and a large number of initially healthy
elderly participants.

Limitations of the study include a shorter duration of follow-up
compared with other studies (Qian et al., 2017; Lee et al., 2018 (pos-
sibly insufficient to overcome a healthy volunteer effect) and lim-
ited event numbers in some rarer APOE genotype groups. We also
used a broad definition of cognitive decline (CD), characterised by
a 1.5 SD inter-individual decline on any cognitive test/domain. This
broad measure of CD did not report or quantitate the frequency of
domain-specific decline.

In conclusion, our study found that APOE genotypes and PRS
effect the relative risk of dementia in a population of healthy older
individuals followed prospectively. However, overall CID in the pop-
ulation was low across all genotype groups, reflecting the healthy
nature of the population at enrolment. APOE ¢4 had a stronger ef-
fect than PRS on dementia risk. APOE genotypes affected cognitive
decline, whereas PRS did not. Prospective studies of initially healthy
older participants with longer follow-up periods are required to fur-
ther understand the genetic risk of dementia and cognitive decline
during ageing, and examine the predictive performance and clinical
utility of PRS.
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