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ABSTRACT:

BACKGROUND: The prevalence of the apolipoprotein E (APOE) &4 allele is ~50-60% in
Alzheimer’s disease (AD) dementia, compared to ~15-20% in the general population.
However, since earlier studies included subjects without biomarker confirmation of amyloid (3
(AP) pathology, the true prevalence of APOE &4 in AD is unclear.

OBJECTIVE: To determine APOE ¢4 carrier prevalence in Ap-positive (AB+) subjects
(defined by PET and/or CSF biomarkers) across the spectrum of AD.

DESIGN: Cross-sectional, multicenter study.
SETTING: Combined sample from 42 cohorts worldwide.

PARTICIPANTS: 3,451 AB+ subjects, including 853 with a clinical diagnosis of AD-type
dementia, 1,810 with mild cognitive impairment (MCI) and 788 cognitively normal subjects
(CN). For comparison, we included 3,968 AB-negative (AB-) subjects (117 with clinically
AD-type dementia, 1,525 MCI and 2,326 CN).

MAIN OUTCOME AND MEASURES: APOE &4 carriership (either 1 or 2 alleles) was the
main outcome measure. Generalized estimating equation models were used to assess effects
of age, sex, education and geographical location.

RESULTS: Overall, the prevalence of APOE €4 was 61% in AD-type dementia, 47% in MCI
and 31% in CN. In AB+ subjects the prevalence was 66% in AD-type dementia, 64% in MCI
and 51% in CN, roughly twice as high as in AB- subjects (24.8% in AD-type dementia, 27.9%
in MCI and 24.5% in CN). The prevalence of APOE &4 decreased with advancing age in AR+
CN (B for annual change in prevalencetstandard error: -0.02+0.01, p<0.05) and Ap+ MCI
(B:-0.03+0.01, p<0.01), but not in AB+ AD dementia (p=0.66). A similar decrease was seen in
AB- CN and MCI. The APOE ¢4 prevalence was higher in Northern Europe than all other
investigated regions except Australia (p<0.05), but did not vary by sex or education.

CONCLUSIONS AND RELEVANCE: Previous studies that diagnosed AD-type dementia
according to clinical criteria have underestimated the contribution of APOE &4 to AD-type
dementia. The decreasing prevalence with age in early stages of AD corroborates the idea that
APOE &4 is associated with earlier age at onset of AD-type dementia and/or with an increased
mortality rate in APOE €4 carriers. Our results highlight disease heterogeneity related to age
and geographical location.
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Introduction

Alzheimer’s disease (AD) is the most common type of dementia, and a major cause of
morbidity and mortality worldwide. Pathological metabolism and accumulation of B-amyloid
(AP) peptides is thought to be an initiating event in AD, leading to downstream spread of tau
pathology, synaptic loss, atrophy and cognitive decline.?* Several risk factors may affect or
accelerate the development of AD, including age, life-style, and genetic factors.>” The
strongest genetic risk factor associated with sporadic AD is the apolipoprotein E (APOE)
gene.®® APOE encodes for apolipoprotein E, which is a major lipid transporting protein in the
brain. In humans, the gene exists in three allele variants called €2, €3, and 4. Compared to
APOE €3/¢3 (the most common genotype), APOE &4 heterozygosity increases the risk for
developing clinical AD by about 3-4 times, and APOE &4 homozygosity by about 10-15
times.®1° The overall prevalence of APOE &4 positivity has been reported to be approximately
15-20% in the normal population®!! and 50-60% in patients with AD dementia 82, These
numbers, however, vary widely and may depend on different characteristics of the study
population, including geographical location.'? Additionally, most previous studies included
clinically defined AD patients, without neuropathological confirmation and/or supportive
pathophysiological AD biomarkers. Studies applying cerebrospinal fluid (CSF) and positron
emission tomography (PET) biomarkers have revealed that a substantial number of patients
with a clinical diagnosis of AD dementia have no evidence of AB-pathology**26, which
makes underlying AD pathology highly unlikely. Furthermore, this mismatch between the
clinical diagnosis and Ap biomarkers seems especially prevalent in APOE &4 non-carriers, as
illustrated by a clinical trial in which 36% of APOE &4-negative patients with a diagnosis of

“AD dementia” in fact lacked Ap pathology as determined by PET.Y’



Another critical point of previous studies on the prevalence of APOE &4 is the focus on
the dementia stage of AD. AD is believed to follow a long trajectory in which Ap pathology
is present and clinical symptoms gradually develop before the threshold for dementia is
reached.'82° Few studies have investigated APOE &4 positivity in prodromal AD?, i.e., mild
cognitive impairment (MCI) due to AD, but prevalence rates around 25-55% have been
reported. Similarly, not many studies included the proportion of APOE &4 carriers among
people with preclinical AD, i.e. presence of AB pathology without clinical symptoms.?2-24
Earlier studies emphasize the importance of the matter; among 1345 study participants
(including patients with AD-type dementia, MCI, other dementias, as well as cognitively
normal individuals), APOE &4 was found to be more strongly associated with biomarker
evidence of AP pathology (irrespective of clinical status) than a clinical diagnosis of AD
(Andreasson U et al., Mol Psychiatry. 2014 Feb;19(2):148-9). Similarly, the effect size of
APOE ¢4 increased if presence or absence of Ap pathology was neuropathologically

confirmed (Corneveaux JJ et al. Hum Mol Genet 2010; 19: 3295-3301).

We aimed to investigate the prevalence of APOE &4 positivity across the clinical
spectrum of AD in a large sample of AP biomarker-positive individuals, including cognitively
normal controls (CN), MCI, and AD dementia. We also tested whether the prevalence of
APOE &4 positivity varied by age, sex and geographical location. For comparison, we

included a group of AB-negative participants.



METHODS
Participants

For this study, we used data from the Amyloid Study Group, which is a worldwide
collaborative project on Ap PET and CSF biomarkers in conjunction with several
demographic, clinical and genetic variables.>? From all contributing sites, we received
individual participant-level data on 9,480 individuals (3,611 CN, 3,972 MCI, 1,359 probable
AD dementia and 538 non-AD dementia). In addition, we supplemented these data with the
Swedish BIOFINDER study?® (including 292 CN and 217 MCI). Since we aimed to
investigate the prevalence of APOE &4 across the clinical spectrum of AD, we applied the
following selection procedure for this study: i) we excluded patients with a non-AD dementia,
i) among CN, MCI or AD dementia participants, we selected AB-positive (Ap+) individuals
as determined by PET and/or CSF and their Ap-negative (AB-) counterparts for comparison,

and iii) we excluded individuals who lacked information on APOE &4 status.

Normal cognition was defined as normal scores on cognitive tests, the absence of
cognitive complaints for which medical help was sought, or both.> Some of the CN
participants had subjective cognitive impairment (SCD, n=533 [102 AB+, 431 AB-]), defined

as presence of a cognitive complaint with presentation at a health care facility but normal



cognition on neuropsychological tests?’. In this paper, SCD subjects were combined with the
other CN.2° MCI and probable AD dementia were defined according to established diagnostic
criteria.’81%28 AB- “AD dementia” cases most likely do not have AD as the underlying cause
of their cognitive impairment, although it should be noted that Ap biomarkers are not perfect
and could misclassify subjects, especially when biomarker signals are close to the cut-
offs.2>%0 Characteristics of participants from each contributing site can be found in

Supplemental Table 1.
PET/CSF procedures

Individual PET scans were dichotomized (AB+ or AB-) using quantitative thresholds or visual
reads according to the method used at the study site.>?> CSF biomarkers were dichotomized as
negative (normal) or positive (abnormal) using study-specific cutoffs.>

Detailed PET/CSF procedures for each site are presented in Supplemental Table 1.

APOE genotyping

By design, all participants in this study had data on APOE &4 status. For 2,955/3,114 (95.5%)
CN and 3,054/3,335 (91.6%) MCI subjects we had the specific genotypes (e.g. €3/¢4, in
addition to APOE &4 status), which allowed breakdown into APOE &4 non-carriers,
heterozygotes and homozygotes. Specific genotypes were not available for AD dementia

patients.

Age, sex, education and geographical location

Information on age was available for all participants. There were missing data for sex

(130/7,419, 1.8%) and years of education (1,137/7,419, 15.3%). We used a previously



published classification system for geographical location'? to divide the participants into
Southern Europe (n=653[215 AR+, 438 AB-]), Central Europe (n=832[343 AP+, 489 AB-]),
Northern Europe (n=1,667[792 AB+, 875 AB-), Australia (n=395[190 AB+, 205 AB-]),
Northern America (n=3.359[1292 AB+, 2067 AB-]) or Asia (n=315[114 AB+, 201 AB-]).
Some participants (n=637[303 AB+, 334 AB-], 8.1%) could not be classified, as they were

included in a multicenter study that covered multiple geographical locations.

Statistical analyses

Baseline differences between diagnostic groups were assessed using analysis of variance (with
post hoc Bonferroni correction) and X? tests, where appropriate. The prevalence of APOE &4
positivity was obtained by calculating the percentage of APOE e4-positive individuals of the
total number of participants in each diagnostic group. Generalized estimating equations (GEE)
were used to estimate the effects of age, sex, education and geographical location on the
prevalence of APOE &4 positivity. GEE was the method of choice for the study as it allows
analysis of binary-correlated data, such that participant-level data from all cohorts can be
modeled while simultaneously accounting for participants within studies. A logit link function
for binary outcome with an exchangeable correlation structure was assumed to account for
within-study correlation. Analyses were conducted using the total study population, unless
specified otherwise. Age was entered as a continuous measure centered at the mean. We tested
2-way and 3-way interactions between variables, and these terms were retained in the model if
they appeared significant by the Wald statistical test. The GEE derived unstandardized B-
coefficients and standard errors (SE) of the main effect were reported. Significance level was

set at a 2-sided P value less than .05. SPSS software (IBM, version 23.0) was used for statistics.



RESULTS

Participants

Demographic and clinical information for each diagnostic group is provided in Table 1. We
included a total of 7,419 subjects, including 970 with a clinical diagnosis of AD dementia (853
AR+, 117 AB-), 3,335 with MCI (1,180 AB+, 1,525 AB-) and 3,114 CN subjects (788 Ap+,
2,326 AB-). Demographic differences between the diagnostic groups included less males in the
CN group compared to the other groups (p<0.05) and shorter education in the MCI group
compared to the other groups (p<0.001). Furthermore, in the dementia group AP status was
only determined using PET, and in the MCI group the proportion of subjects with CSF data
(78%) was greater than that in the CN group (64.9%). In AB+ individuals only, comparisons
within diagnostic groups between APOE &4-positive and -negative groups showed that the mean
age was lower in APOE e4-positive than in APOE e4-negative CN and MCI patients (p<0.01)

(Supplemental Table 2).

Prevalence of APOE &4 positivity

In AB+ subjects, the prevalence of APOE &4 positivity was 50.9% in CN, 63.5% in MCI and
66.1% in AD dementia (Table 1). The prevalence of APOE &4 positivity was higher in A+
MCI and AB+ AD dementia than in AB+ CN (p<0.001), but there was no difference between
AB+ MCI and AB+ AD dementia (p=0.19). For comparison, the APOE &4 prevalence in AB-
subjects was 24.5% in CN, 27.9% in MCI and 24.8% in AD dementia, which was significantly

lower than in AR+ subjects (all p<0.001).

Prevalence of APOE &4 positivity by age, sex and education



The prevalence of APOE &4 positivity was lower at older age in AB+ CN (B for change in
prevalence per year = standard error: -0.02+0.01, p<0.05, Figure 1) and AR+ MCI (B=-
0.03£0.01, p<0.01). For example, at age 50, the prevalence of APOE &4 positivity was 61% in
Ap+ CN and 75% in AR+ MCI, compared to 42% and 47% at age 90, respectively
(Supplemental Figure 1). There was no age effect in AD dementia ($=0.01+0.01, p=0.66).
There was also no effect of age in AD dementia when excluding patients (n=91) with a known
atypical presentation (e.g. posterior cortical atrophy or logopenic variant primary progressive
aphasia), which are typically associated with lower prevalence of APOE &4 ($=0.00+0.01,
p=0.99, Supplemental Figure 2). In AB- subjects, the prevalence of APOE &4 also decreased
with age in CN (=-0.03%0.01, p<0.001; difference with Ap+: p=0.62) and MCI ($=-0.03£0.01,
p<0.001; difference with AB-: p=0.82), but not in AD dementia (p=-0.01£0.02, p=0.55;
difference with AB+: p=0.19)). All effects described above were similar when adjusting for sex

and education.

In AP+ subjects, sex and education had no direct effects on APOE &4 positivity, either
across or within diagnostic groups (all p>0.05). Furthermore, in AB+ subjects there was an
interaction between age and sex (p<0.05), whereby prevalence decreased with age for women
but not for men. Examining the three-way interaction with diagnosis revealed that the
interaction between age and sex was present in MCI (p<0.01), and at trend level in AD dementia
(p=0.053), but not in CN subjects (p=0.26). In AB- MCI subjects, there was a trend towards
greater APOE &4 positivity in women (B: 0.19+0.10, p=0.06). There were no effects within or
across diagnostic groups for education and no interaction effects (all p>0.05). See Supplemental

Table 3 for an overview of all main and interaction effects.

Prevalence of specific APOE genotypes in CN and MCI



Next, we stratified CN (n=2,955 [751 AB+, 2,204 AB-]) and MCI (n=3,054 [1,638 AB+, 1,416
AB-]) subjects with APOE genotype information available into groups of APOE &4 non-carriers,
APOE &4 heterozygotes and APOE €4 homozygotes, and divided them into quartiles according
to age. Both in CN and MCI the proportion of APOE &4 heterozygotes and APOE &4

homozygotes decreased with advancing age (Figure 2).

Prevalence of APOE &4 positivity by geographical location

Finally, we assessed the effect of geographical location on prevalence of APOE &4 positivity.
Within AB+ subjects, we found that the prevalence of APOE &4 positivity across diagnostic
groups was higher in Northern Europe compared with all other geographical locations except
Australia (all p<0.001, Bonferroni-corrected; Figure 3A). In addition, the prevalence of APOE
€4 positivity was lower in Southern Europe compared to North America, Central Europe
(p<0.05, uncorrected) and Australia (p<0.001, Bonferroni-corrected), and higher in Australia
than in Asia (p<0.05, uncorrected). Within AB- subjects, the prevalence of APOE &4 positivity
was higher in Northern Europe (p<0.001, Bonferroni-corrected) and Central Europe (p<0.05,
uncorrected) compared to all other geographical locations (Figure 3B). These findings were
similar when assessing each diagnostic group separately (Supplemental Figure 3 and

Supplemental Table 4).

Discussion

We found that the prevalence of APOE &4 positivity was 51% in preclinical AD (AB+ CN)
64% in prodromal AD (AB+ MCI) and 66 % in AB+ AD dementia. Among AB- subjects the

prevalence of APOE &4 positivity was 25% in CN, 28% in MCI and 25% in AD dementia.



Our estimates of APOE €4 prevalence in Ap biomarker-verified AD-type dementia are higher
than reported in previous studies that defined AD-type dementia based on clinical criteria
only. This resonates well with studies examining the effect size of APOE &4 in pathology- or
biomarker-confirmed cases (Andreasson U et al., Mol Psychiatry. 2014 Feb;19(2):148-9;
Corneveaux JJ et al. Hum Mol Genet 2010; 19: 3295-3301) and suggests that the true
prevalence of APOE &4 in AD-type dementia may have been underestimated in previous

studies.

A main finding of this study was that the prevalence of APOE &4 decreased with age in
preclinical and prodromal AD. There are several possible explanations. First, as APOE &4
accelerates the onset of amyloid aggregation by approximately 15 years®??, the prevalence of
€4 carriers in AB+ subjects will be higher at younger age ranges. Second, supposedly due to
the increased risk for cardiovascular diseases in €4 carriers, APOE €4 has been linked to
increased mortality rates.®® This fits our finding that APOE &4 carriership also decreased
with age in AB- CN and MCI subjects, although the reduction of APOE &4 in AB- subjects
can also be caused by individuals transitioning from AB- to AR+ with advancing age. Finally,
the additive effects of APOE €4 and AP may have resulted in a greater conversion from the
CN and MCI groups to AD dementia.>* Remarkably, the prevalence of APOE &4 did not
change with age in AD-type dementia. We tested whether this lack of an age effect was
caused by the inclusion of atypical variants of AD dementia®®, but also after excluding these
patients there were no age-effects on the prevalence of APOE &4 carriership. The
pathogenesis of early-onset AD is complex, since this group includes a mix of APOE &4
carriers who develop the disease at younger age and of APOE &4 non-carriers with rapidly
progressive AD.*3" This may confound relationships between APOE &4 and age especially in

young patients with AD-type dementia. Furthermore, it has been shown that the mortality



effect of APOE ¢4 is less pronounced at older age, which may explain the lack of an age

effect even in late-onset AD patients.*

Another main finding was the lower prevalence of APOE ¢4 in both A+ and AB- CN
subjects compared to the MCI and dementia stages. This may be explained by a selection bias,
as the majority of the MCI and AD dementia subjects visited at a memory clinic, while most
CN subjects were recruited as research volunteers. Also, APOE €4+ MCI patients may be
more likely to seek medical help as a consequence of a positive family history for dementia.
Another possible reason is that APOE €4 may accelerate the transition from preclinical to
clinical AD. For example, APOE &4 may have AB-independent effects on brain structure and
function®-43, which may act synergistically with Ap pathology to shorten the time between
start of Ap deposition and cognitive decline. Another possibility is that APOE €4 may cause a
more rapid accumulation of AP, and thereby shorten the time until A pathology reaches a
critical threshold that may be required to trigger downstream effects, including spread of tau,

atrophy, and cognitive decline.

We also found geographical differences in APOE &4 prevalence, with higher prevalence
in AD patients from Northern Europe, Central Europe, and Australia, and lower prevalence in
patients from Southern Europe and Asia. This is consistent with previous epidemiological
studies in clinically diagnosed AD dementia patients and MCI1.1244 The novelty of this study is
that we confirm these geographical differences in Ap biomarker-defined AD, and throughout
the continuum from preclinical to prodromal and dementia stages. Overall, the geographical
trends are consistent with lower prevalence of APOE &4 in general populations in Southern
Europe and Asia compared to Northern Europe.*+#¢ The different geographical prevalence of
APOE ¢4 may be important both for recruitment of participants in clinical trials, and for the

use of APOE &4 in algorithms to predict AB positivity.*’



Strengths of this study include the large number of AB-positive subjects across the
spectrum from preclinical to prodromal and dementia stages of AD. Limitations include that
relatively few participants came from Central Europe, Southern Europe, Asia and Australia,
and there were no participants from Africa and South America. There were no data on race of
the participants, which may confound the results since race has been related to both APOE &4
and AD.*%“8 Finally, Ap positivity was determined using different modalities (i.e. PET or
CSF) and methods (e.g. visual read versus quantitative threshold for PET and different assays
for CSF). In previous studies, however, we found only little evidence for heterogeneity related

to modality and methodology in the Amyloid Study Group data.>?°

With about 2/3 of prodromal AD and AD dementia patients being APOE ¢4 carriers, our
results emphasize the importance of APOE &4 for the development of AD. This may be useful
both for development of disease-modifying treatments, which may be focused on attenuating
the detrimental effects of APOE ¢4, and for understanding the molecular pathogenesis of AD.
However, APOE &4 does not explain all cases of AD, since ~1/3 of AB-biomarker-positive
AD patients were APOE g4-negative. This is important, since there may be molecular
differences between APOE &4-negative and -positive individuals with A pathology,
including differences in metabolism of AB and amyloid precursor protein (APP).*
Furthermore, the finding that the prevalence of APOE &4 decreases in CN and MCI subjects
has potential implications for clinical trials in pre-dementia populations, as screening based on

APOE status to enrich for AP positivity may be less effective with advancing age.

CONCLUSIONS



We have quantified the prevalence of APOE &4 in AP biomarker-defined preclinical AD,
prodromal AD and AD dementia. The results emphasize the prominent role of APOE €4 in
AD, but also points to disease heterogeneity, since APOE &4 positivity is markedly less
common in elderly subjects in pre-dementia stages of AD and in people from specific
geographical locations, including Southern Europe and Asia. Further studies on phenotypic
differences between APOE &4-negative and APOE e4-positive AD patients may be important
to understanding different pathways that may lead to AD, and ultimately to tailor disease-

modifying treatments to specific patient subgroups.
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Table 1. Participant characteristics

CN MCI AD dementia

Total AB- AP+ Total AB- AP+ Total AB- AP+
N 3,552 2,764 788 3,335 1,525 1,810 970 117 853
Age? 67.3+11.8 | 65.8£12.0 | 72.619.4 | 70.2+8.6 | 68.4+8.9 | 71.8+8.0 | 69.4+9.4 | 71.619.6 | 69.1+9.3
Sex (% male)® 43.9 42.9 47.2 53.6 54.8 52.7 56.4 64.1 55.3
MMSE® 29.0+£1.2 | 29.0£1.2 | 28.8+1.3 | 26.9+2.5 | 26.7£2.6 | 26.5+2.6 | 21.8+4.8 | 22.9+4.0 | 21.6x4.9
Education, yrs® 14.3+3.7 | 14.3+3.7 | 14.3+£3.8 |12.4+4.4 | 11.9+43 | 129444 | 13.8+3.6 | 13.6£3.6 | 13.9+3.6
Modality for AP positivity® | 41.6/58.4 | 42.9/57.1 | 36.1/63.9 | 22.9/78.0 | 21.0/79.0 | 22.8/77.2 | 100/0 100/0 100/0
(% PET vs % CSF)
APOE &4 positivity' 30.5 24.6 50.9 47.2 27.9 63.5 61.1 24.8 66.1
North America 1,469 1,044 425 1,077 412 665 375 50 325
Australia 200 140 60 76 26 50 118 4 114
Northern Europe 712 568 144 714 365 349 241 38 203
Central Europe 195 154 41 536 304 232 101 12 89
Southern Europe 269 221 48 343 163 180 41 1 40
Asia 80 71 9 141 76 65 94 12 82

Data are presented as mean+SD unless indicated otherwise. Differences between diagnostics groups (assessed separately for Ap-positive and Ap-
negative groups) were assessed using ANOVA (age, education, MMSE) and X? tests (sex, modality and APOE &4 status) with post hoc
Bonferroni tests.

2 AB- CN < MCI/AD, p<0.001, MCI < AD, p<0.01; Ap+ CN/MCI > AD dementia, p<0.001



® AB- CN < MCI/AD, p<0.05; AB+ CN > MCI/AD dementia, p<0.05

¢ AB- CN < MCI/AD, p<0.001, MCI < AD, p<0.05; AB+ AD dementia < CN/MCI, p<0.001, MCI < CN, p<0.001
d AB- MCI < CN/AD, p<0.001; AB+ MCI < CN/AD dementia, p<0.001

¢ Ap- AD > MCI/CN, CN > MCl, , p<0.001; AB+ AD dementia > CN/MCI, p<0.001; CN > MCI, p<0.001
f

Ap+ AD dementia/MCI > CN, p<0.001

AP =amyloid-p, CN = cognitively normal, MCI = mild cognitive impairment, AD = Alzheimer’s disease; MMSE = Mini-mental state
examination; PET = Positron emission tomography; CSF = Cerebrospinal fluid; APOE = Apolipoprotein E.



FIGURE LEGENDS:

Figure 1. Prevalence of APOE &4 positivity by age, diagnosis and A status

Curves were plotted using the point estimates generated by generalized estimating equations
and are within the age limits of the diagnostic groups. The models were adjusted for study (site)
effect. The 95% confidence intervals are presented in eFigure 1in the Supplement.

AD = Alzheimer’s disease; APOE = Apolipoprotein E

Figure 2. Distribution of APOE &4 negative, APOE &4 heterozygous and APOE &4
homozygous subjects across different age quartiles (Fig-2A; Q1= <67 years, Q2=67-73.2, Q3=
73.21-78.76, Q4= >78.77 years: Fig-2B; Q1= <66.67 years, Q2= 66.68-72.28, Q3= 72.29-
77.19, Q4= >77.2: Fig-2C; Q1= <59.5 years, Q2= 59.5-67.1, Q3= 67.11-75.65, Q4= >73.66
years; Fig-2D; Q1=<62 years, Q2= 62.01-68.41, Q3= 68.42-75.0, Q4= >75.01 years).

AP = Amyloid-beta; APOE = Apolipoprotein E; Q = Quiartile.

Figure 3. Distribution of APOE &4 negative and APOE &4 positive subjects by geographical
location for all AB+ (A) and AB- (B) participants across diagnostic groups. A further breakdown
into diagnostic groups is provided in eFigure 2 in the Supplement.

AP = Amyloid-beta; APOE = Apolipoprotein E
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SUPPLEMENTAL TABLE 1A. Characteristics for all contributing centers (AB+ and AB- combined)

CN MCI AD dementia
Center N APOE €4 Age | N APOE €4 | Age | N APOE €4 | Age | Region Modality | Method Cut-off
(% (% (%
positive) positive) positive)

ADNI 480 25 74.9 | 695 | 49 72.8 | 158 | 68 75.7 | North- PET Florbetapir, SUVr 1.11

America PiB, SUVr 1.114
CSF Luminex 192

AIBL 178 40 72.1 |56 |54 75.7 |52 |71 72.4 | Australia PET PiB, SUVr 1.5

Antwerp 40 33 579 |87 |39 75.4 Central- CSF Innotest 639
Europe

AVID 26 |23 74.1| 6 50 78.0 | North- PET Florbetapir, SUVr Visual
America read

Barcelona 93 25 64.2 | 64 | 38 70.1 Southern- CSF Innotest 500
Europe

Barcelona- 92 24 61.3 |83 |39 67.6 | 22 | 41 70.8 | Southern- CSF Innotest 550

SantPau Europe

Berkeley 75 28 75.6 North- PET PiB, DVR 1.08
America

Brescia 81 20 53.0 | 104 | 40 70.7 Southern- CSF Innotest 500
Europe

Brussels Central- CSF Innotest 430
Europe

Caen 74 24 60.8 | 17 | 41 719 | 15 73 70.5 | Central- PET Florbetapir, SUVr 1.1
Europe

Chandigargh 45 0 60.6 Asia CSF Innotest 662.65

Coimbra 60 |47 69.4 Southern- CSF Innotest 542
Europe

Dallas 106 24 71.3 North- PET Florbetapir, SUVr 1.22
America

DCN 362 | 42 66.2 Central- CSF Innotest 600
Europe

DESCRIPA 51 57 66.0 | 75 |51 69.3 Multiple CSF Innotest 550
regions




EDAR 20 40 66.7 |54 |54 68.7 Multiple CSF Luminex® 389
regions
Gothenburg 113 36 63.9 |89 |49 61.5 Northern- CSF Innotest 450
Europe
Krakow 5 20 69.4 |12 | 8 74.1 Central- CSF Innotest 380
Europe
Lausanne 15 40 685 |18 |44 73.4 Central- CSF Innotest 550
Europe
LeARN 16 44 63.8 | 38 61 64.7 Multiple PET PiB, BPnd; SUVr Visual
regions CSF Innotest read
550
Leuven 16 19 70.9 15 | 60 73.2 | Central- PET Flutemetamol, Visual
Europe SUVr; DVR read
PiB, SUVr; DVR
Visual
read
London/Turku 17 | 41 71.7 Multiple PET PiB, SUVr >2SD
regions controls
Lorenskog 32 69 58.6 | 79 | 46 61.1 Northern- CSF Innotest 550
Europe
Lund 292 29 73.0 | 217 | 49 71.2 Northern- CSF Innotest 530
Europe
Mattsson 118 31 64.1 | 302 | 52 68.9 Multiple CSF Innotest 482
regions
Melbourne 22 18 70.7 | 20 | 60 70.8 | 66 | 53 69.1 | Australia PET Florbetaben, SUVr | 1.4/1.45
PiB, DVR Visual
read
Munich 15 53 64.2 | 14 | 50 689 |41 |61 66.7 | Central- PET PiB, SUVr Visual
Europe read
Nijmegen 4 50 715 |13 |62 72.7 Northern- | CSF Innotest 500
Europe
Paris 8 25 66.4 | 10 | 40 70.9 | 20 | 40 62.6 | Central- PET PiB, SUVr 1.4
Europe
Pennsylvania | 13 31 70.7 North- PET PiB, SUVr 1.15
America
Phoenix 136 29 46.0 | 53 |40 711 |45 |51 74.7 | North- PET Florbetapir, SUVr 1.08

America




Pittsburgh 148 21 77.8 | 93 | 40 75.6 | 51 |75 70.7 | North- PET PiB, SUVr 1.67
America (atrophy
corrected)
Samsung 113 | 29 722 | 67 51 70.4 | Asia PET PiB, SUVr 1.5
San Francisco | 5 20 64.0 | 14 |57 64.9 |90 | 46 67.8 | North- PET PiB, DVR Visual
America read
Santander 3 0 65.0 |28 | 32 68.3 19 |53 68.4 | Southern- PET PiB, SUVr Visual
Europe read
Seoul 35 51 71.4 |28 |50 70.8 | 27 | 56 69.0 | Asia PET PiB, SUVr 15
St. Louis 944 32 66.3 | 196 | 57 739|125 |56 77.3 | North- PET PiB, MCBP 0.18
America CSF Innotest 459
Stockholm 19 | 68 62.1 126 |81 68.0 | Northern- PET PiB, SUVr 1.5
Europe CSF Innotest 550
Thessaloniki 4 0 73.5 Southern- CSF Innotest 450
Europe
Tours 20 45 68.6 | 10 | 50 76.4 110 | 70 67.5 | Central- PET Florbetapir, SUVr Visual
Europe read
Turku 29 |55 71.0 | 4 50 71.9 | Northern- PET PiB, SUVr 1.5
Europe
VUMC 255 37 64.2 | 230 | 56 68.8 | 211 | 68 62.8 | Northern- PET PiB, BPnd & SUVr | Visual
Amsterdam Europe CSF Innotest read

550




SUPPLEMENTAL TABLE 1B. Characteristics for all contributing centers (AB- groups only)

AB- CN Ap- MCI AB- dementia
Center N APOE Age N APOE €4 | Age N APOE €4 | Age Modality | Method Cut-off
&4 (% (%
(% positive) positive)
positive)
ADNI 347 18 74.4 247 20 71.3 23 9 79.7 PET Florbetapir, SUVr 1.11
PiB, SUVr 1.114
CSF Luminex 192
AIBL 123 29 70.4 20 15 73.5 1 0 80.3 PET PiB, SUVr 15
Antwerp 28 25 52.7 32 22 75.5 CSF Innotest 639
AVID 18 6 74.3 2 0 82 PET Florbetapir, SUVr Visual read
Barcelona 71 21 62.4 24 13 68.5 CSF Innotest 500
Barcelona- 81 20 61 43 21 66.2 CSF Innotest 550
SantPau
Berkeley 39 23 75.7 PET PiB, DVR 1.08
Brescia 66 18 51.2 49 20 70.8 CSF Innotest 500
Brussels 2 0 66 1 0 68 CSF Innotest 430
Caen 65 20 59.3 9 22 70.8 2 50 81.5 PET Florbetapir, SUVr 1.1
Chandigargh 42 0 60 CSF Innotest 662.65
Coimbra 32 41 69.2 CSF Innotest 542
Dallas 89 21 70.8 PET Florbetapir, SUVr 1.22
DCN 217 31 64.8 CSF Innotest 600
DESCRIPA 29 41 64.3 20 50 67.1 CSF Innotest 550
EDAR 16 50 66.1 26 35 67.2 CSF Luminex® 389
Gothenburg 95 33 63.9 62 42 60.5 CSF Innotest 450
Krakow 4 0 70.8 11 0 73.7 CSF Innotest 380
Lausanne 15 40 68.5 18 44 73.4
LeARN 12 33 62.2 16 56 65.1 PET PiB, BPnd; SUVr Visual read
CSF Innotest 550
Leuven 13 8 72.6 3 0 78.7 PET Flutemetamol, SUVT; Visual read
DVR
PiB, SUVr; DVR Visual read
London/Turku 7 14 70.9 PET PiB, SUVr >2SD
controls




Lorenskog 23 70 56.8 61 36 59.9 CSF Innotest 550
Lund 215 19 72.9 89 18 70.4 CSF Innotest 530
Mattsson 83 20 63.1 126 33 66.5 CSF Innotest 482
Melbourne 17 12 71 6 17 64.8 3 0 66 PET Florbetaben, SUVr 1.4/1.45
PiB, DVR Visual read
Munich 12 50 63.4 10 50 70.2 4 25 61.3 | PET PiB, SUVTr Visual read
Nijmegen 2 50 73.5 7 29 73.3 CSF Innotest 500
Paris 8 25 66.4 2 0 81.9 1 0 649 | PET PiB, SUVTr 1.4
Pennsylvania 10 20 72.6 PET PiB, SUVTr 1.15
Phoenix 119 27 42.2 29 17 69.3 7 0 76.3 | PET Florbetapir, SUVr 1.08
Pittsburgh 81 12 74.3 33 27 69.5 2 100 79 PET PiB, SUVr 1.67 (atrophy
corrected)

Samsung 63 8 71.6 7 43 76.7 | PET PiB, SUVr 1.5
San Francisco 4 25 61.8 7 43 61.1 10 20 70.2 PET PiB, DVR Visual read
Santander 3 0 65 11 18 66.5 1 0 64 PET PiB, SUVr Visual read
Seoul 29 48 71.6 13 38 69.5 5 20 76.8 | PET PiB, SUVr 1.5
St. Louis 793 27 65.3 78 37 71.9 6 17 73.3 PET PiB, MCBP 0.18

CSF Innotest 459
Stockholm 6 50 62.1 3 100 66 PET PiB, SUVr 15

CSF Innotest 550
Thessaloniki 4 0 735 70
Tours 7 14 68.7 4 25 79.3 2 0 64 PET Florbetapir, SUVr Visual read
Turku 10 30 70.4 PET PiB, SUVr 15
VUMC 221 33 63.6 114 39 67.8 35 37 71.9 PET PiB, SUVr; BPnd Visual read
Amsterdam CSF Innotest 550




SUPPLEMENTAL TABLE 1C. Characteristics for all contributing centers (AB+ group only)

Ap+ CN A+ MCI Ap+ AD dementia
Center N APOE €4 | Age N APOE ¢4 | Age N APOE €4 | Age Modality | Method Cut-off
(% (% (%
positive) positive) positive)

ADNI 133 | 42 76.2 | 448 | 65 73.6 135 79 75.1 PET Florbetapir, SUVr 111

PiB, SUVr 1.114

CSF Luminex 192
AIBL 55 65 75.9 36 75 76.9 51 73 72.2 PET PiB, SUVr 15
Antwerp 12 50 69.8 55 49 75.4 CSF Innotest 639
AVID 8 63 73.6 4 75 76.0 PET Florbetapir, SUVr Visual read
Barcelona 22 36 70.0 40 53 71.0 CSF Innotest 500
Barcelona- 11 55 64.2 40 58 69.0 22 41 70.8 CSF Innotest 550
SantPau
Berkeley 36 33 75.6 PET PiB, DVR 1.08
Brescia 15 27 60.5 55 58 70.6 CSF Innotest 500
Brussels 5 60 69.0 CSF Innotest 430
Caen 9 56 71.9 8 63 73.3 13 77 68.8 PET Florbetapir, SUVr 1.1
Chandigargh 3 0 69.0 CSF Innotest 662.65
Coimbra 28 54 69.5 CSF Innotest 542
Dallas 17 35 73.9 PET Florbetapir, SUVr 1.22
DCN 145 | 59 68.3 CSF Innotest 600
DESCRIPA 22 77 68.2 55 51 70.1 CSF Innotest 550
EDAR 4 0 68.8 28 71 70.1 CSF Luminex® 389
Gothenburg 18 56 64.3 | 27 67 63.8 CSF Innotest 450
Krakow 1 100 64.0 1 100 78.0 CSF Innotest 380
LeARN 4 75 68.5 22 64 64.4 PET PiB, BPnd; SUVr Visual read
CSF Innotest 550

Leuven 3 67 63.3 12 75 71.8 PET Flutemetamol, SUVT; Visual read

DVR

PiB, SUVr; DVR Visual read
London/Turku 10 60 72.3 PET PiB, SUVr >2SD

controls

Lorenskog 9 67 63.1 18 78 65.3 CSF Innotest 550
Lund 77 58 73.3 128 | 70 71.8 CSF Innotest 530




Mattsson 35 54 66.5 176 | 65 70.6 CSF Innotest 482
Melbourne 5 40 69.7 | 14 79 73.4 63 56 69.2 PET Florbetaben, SUVr 1.4/1.45
PiB, DVR Visual read
Munchen 3 67 673 | 4 50 65.5 37 65 67.3 PET PiB, SUVr Visual read
Nijmegen 2 50 695 |6 100 72.0 CSF Innotest 500
Paris 8 50 68.1 19 42 62.5 PET PiB, SUVr 14
Pennsylvania 3 67 64.3 PET PiB, SUVTr 1.15
Phoenix 17 41 725 |24 67 73.3 38 61 744 | PET Florbetapir, SUVr 1.08
Pittsburgh 67 31 819 | 60 47 78.9 49 74 70.3 PET PiB, SUVr 1.67 (atrophy
corrected)

Samsung 50 56 72.8 60 52 69.7 PET PiB, SUVr 15
San Francisco 1 0 73.0 7 71 68.7 80 49 67.5 PET PiB, DVR Visual read
Santander 17 41 69.5 18 56 68.6 PET PiB, SUVr Visual read
Seoul 6 67 70.8 15 60 71.9 22 64 67.2 PET PiB, SUVr 15
St. Louis 151 60 71.7 118 | 69 75.2 19 68 78.5 PET PiB, MCBP 0.18

CSF Innotest 459
Stockholm 13 77 62.0 23 78 68.3 PET PiB, SUVr 15

CSF Innotest 550
Tours 13 62 685 |6 67 74.5 8 88 66.9 | PET Florbetapir, SUVr Visual read
Turku 19 68 71.3 4 50 71.9 PET PiB, SUVr 15
VUMC 34 65 67.8 116 | 73 69.7 176 74 62.6 PET PiB, SUVr; BPnd Visual read
Amsterdam CSF Innotest 550




Supplementary Table 2. Characteristics for APOE &4 +/- in A+ controls, MCI and AD dementia subjects

Ap+ CN Ap+ MCI Ap+ AD dementia
APOE €4 - APOE €4 + APOE €4 - APOE &4 + APOE €4 - APOE &4 +

(n=387) (n=401) (n=661) (n=1149) (n=289) (n=564)
Age? 73.8+£10.0 71.5+8.7 73.0+8.7 71.0+£7.5 68.8+10.4 69.3+8.7
Sex % (male) 47.9 46.6 53.0 525 55.8 55.1
MMSE 28.9+1.2 28.7+1.3 26.5+2.6 26.5+2.5 21.3+5.2 21.8+4.7
Education, yrs 14.5+3.6 14.1+4.0 12.6+4.7 13.0+4.2 13.8+3.7 13.9+3.6
Modality for AP positivity
(% PET vs % CSF) 37.5/62.5 36.4/63.6 75.8/24.2 78.0/22.0 100/0 100/0

Data are presented as mean+SD unless indicated otherwise. Differences between APOE &4 positive and negative groups were assessed using
independent sample t-tests [age, education, MMSE] and X2 tests (sex, modality and APOE &4 status).

& APOE &4 negative preclinical AD/prodromal AD > APOE ¢4 positive preclinical AD/prodromal AD, p<0.01

AD = Alzheimer’s disease; MMSE = Mini-mental state examination; PET = Positron emission tomography; CSF = Cerebrospinal fluid; APOE =
Apolipoprotein E.



Supplementary Table 3. Main and interaction effects of age, diagnosis, sex, education and geographical location on APOE status

Age
Dx
Age*Dx

Sex

Age*Sex
Age*Sex*Dx
Edu

Age*Edu
Age*Edu*Dx
Geo. Location
Age*Geo.
Location

Age*Geo.
Location*Dx

B coefficients and p values of significant main and interactions are displayed, as derived from generalized estimating equation models.

Total

B
-0.020

0.365

-0.005

-0.117

-0.009

0.021
0.001
0.017
0.93

0.018
0.001

0.130

0.812
0.006

0.033

CN

-0.021

-0.038

-0.210

-0.049

AP positive

MCI
p p
0.031 -0.03
0.694 -0.02
0.177  0.032
0.207  -0.070
0.000

0.004

0.739

0.010

0.753

0.313
0.028

AD

B
0.005

0.046

0.143

0.061

P
0.656

0.757

0.372

0.019

0.095

Total

-0.023
0.104

-0.114

-0.091

0.049

0.000
0.171

0.130

0.327

0.49

CN

B
-0.025

-0.088

-0.142

-0.022

AP negative
MCI
p p
0.000 -0.026
0.36 -0.188
0.256 -0.062
0.578 | -0.037

0.000

0.062

0.645

0.533

AD

B
-0.013

-0.297

-0.128

-0.313

0.549

0.313

0.801

0.023

Abbreviations: AD = Alzheimer’s disease; CN = Cognitively normal; Dx = Diagnosis; Edu = Education; Geo. Location = Geographical location; MCI = Mild cognitive

impairment



Supplementary table 4. Differences according to geographical location

North-
America

Australia

Northern-
Europe

Central-
Europe

Southern-
Europe

Asia

Total

CN

MCI

AD

Total

CN

MCI

AD
Total

CN

MCI

AD
Total
CN
MCI
AD
CN
MCI
AD
CN

MCI
AD

59

63

76

63

66

46

64

68
70

60

72

74

59

59
57

65
50

38
54
48
55

57
55

Amyloid-beta positive
APOE ¢4+ Prevalence APOE

g4+ greater than

Southern-Europe

Central-Europe
Southern-Europe

Southern-Europe
Asia
Southern-Europe*
Asia
North-America
Southern-Europe
Central-Europe
Southern-Europe
Asia

North-America*
Central-Europe*
Southern-Europe*
Asia*
North-America*
Southern-Europe
North-America
Central-Europe*
Southern-Europe*
Asia
Southern-Europe*
Asia*
Southern-Europe

p

0.007

0.041
0.020

0.014
0.038
0.000
0.033
0.013
0.011
0.011
0.006
0.048

0.000
0.000
0.000
0.000
0.003
0.007
0.017
0.000
0.000
0.027
0.002
0.003
0.036

Amyloid-beta negative

APOE g4+ Prevalence

23

27
15

25

23

23

14
31

29

34

47

28

23
30

17
21

20
23

18
20
14
33

APOE g4+
greater than

Asia

North-America*
Southern-Europe*
Asia*

North-America
Southern-Europe
North-America*
Southern-Europe
Asia*

North-America
North-America
Southern-Europe

Asia

North-America
Asia*

0.050

0.000
0.000
0.000

0.008
0.007
0.001
0.008
0.000

0.004
0.030
0.021
0.011

0.039
0.002



SUPPLEMENTAL FIGURE LEGENDS:

Figure S1. Prevalence of APOE &4 positivity by age, diagnosis and A status

95% confidence intervals of slopes included in Figure 1 for cognitively normal (A), mild
cognitive impairment (B) and Alzheimer dementia (C). Curves were plotted using the point
estimates generated by generalized estimating equations and are within the age limits of the
diagnostic groups, adjusted for study (site) effect.

Figure S2. Prevalence of APOE &4 in AD dementia without atypical variants

The slopes indicate that the prevalence of APOE &4 was similar when including or excluding
subjects with an atypical (non-amnestic) presentation of AD dementia.

Figure S3.

Distribution of APOE ¢4 negative and APOE &4 positive subjects by geographical location for
all Ap+ (A-C) and AB- (D, E) participants across diagnostic groups.

AP = Amyloid-beta; APOE = Apolipoprotein E
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FIGURE S2.
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FIGURE S3.
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