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Abstract

Background and Objectives
To evaluate the association between midlife plasma amyloid-B (AP 42, AP1.40, AP42:AB4o) and
risk of mild cognitive impairment (MCI) and dementia.

Methods

Plasma AP, and A4y were retrospectively measured with a fluorometric bead-based immu-
noassay in a subsample of the Atherosclerosis Risk in Communities cohort study. We in-
vestigated the relationship of plasma APy, AP4o, and AP4y:AP4p ratio measured in midlife and
late life and the change from midlife to late life to risk of MCI, dementia, and combined MCI/
dementia outcomes in late life (from 2011-2019). We used multinomial logistic regressions
estimating relative risk ratios (RRRs) of these cognitive outcomes vs cognitively normal ad-
justed for age, sex, education, site-race, APOE, hypertension, diabetes, and body mass index.

Results

A total of 2,284 participants were included (midlife mean age 59.2 + 5.2, 57% female, 22%
Black). Each doubling of midlife AB,,:AB4o was associated with 37% lower risk of MCI/
dementia (RRR 0.63, 95% confidence interval [CI] 0.46-0.87), but only up to approximately
the median (spline model threshold 0.20). Every 1-SD increase in plasma A, (10 pg/mL) was
associated with 13% lower risk of MCI/dementia (RRR 0.87, 95% CI 0.77-0.98), whereas
every 1-SD increase in plasma A, (67 pg/ mL) was associated with 15% higher risk of MCI/
dementia (RRR 1.15, 95% CI 1.01-1.29). Associations were comparable but slightly weaker
statistically when models were repeated using late-life plasma AP predictors. AP,, and A4
increased from midlife to late life, but changes were not associated with cognitive outcomes.

Discussion
Midlife measurement of plasma AP may have utility as a blood-based biomarker indicative of
risk for future cognitive impairment.
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Glossary

AP = amyloid-B; AD = Alzheimer disease; ARIC = Atherosclerosis Risk in Communities; BMI = body mass index; CI =
confidence interval; MCI = mild cognitive impairment; MMSE = Mini-Mental State Examination; RRR = relative risk ratio.

The National Institute on Aging—Alzheimer’s Association
research framework for defining Alzheimer disease (AD)
emphasizes elevated levels of aggregated amyloid-p (AB) as a
biomarker of AD." The currently validated approaches to
measure brain AB burden under this framework include using
PET with an AP tracer or measuring AP peptides in CSF via
lumbar puncture. These methods are restricted in application
by expense or invasiveness, and a need remains to investigate
more accessible alternatives to identify abnormal A accu-
mulation in asymptomatic individuals who could be at risk for
dementia. To this end, plasma A has shown promise as a

blood-based biomarker.

Similar to associations seen with CSF A, lower plasma Ay,
or lower plasma AP4,:AP4o ratio has been associated cerebral
amyloidosis>® and increased risk of dementia and concurrent
cognitive impairment.%11 However, most investigations of
plasma Ap have focused on late-life plasma measurements and
cognitive outcomes. Pathologic changes relating to AD begin
decades before clinical symptoms appear,'"* supporting a
need to investigate the relationship of early measurements of
plasma AP with clinical phenotypes in late life. Using data
from the multisite community-based Atherosclerosis Risk in
Communities (ARIC) study, we aimed to investigate the re-
lationship between midlife plasma AP measurements and risk
of cognitive impairment over 25 years of follow-up. In addi-
tion, we examined the association of late-life plasma Ap and
changes in plasma AP from midlife to late life with risk of
cognitive impairment. Although race-differential associations
were not hypothesized, White-Black stratified models were
tested, acknowledging the influence of societal inequities to
have downstream biological consequences potentially mani-
festing in known cerebrovascular disease and AD
disparities“"15 and possibly to influence observed associations
between plasma AP and cognitive impairment given the
complex interaction of these pathologies in the development
and presentation of dementia.'®’

Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

The ARIC study was approved by each site’s institutional
review board. Written informed consent was obtained from all
participants.

Participants
The ARIC study began in 1987 with an initial cohort of 15,792
adults (age 45-64 years) recruited from 4 US communities

(Washington County, Maryland; Forsyth County, North
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Carolina; Minneapolis, MN; and Jackson, MS), and has con-
ducted 7 in-person examinations. At visit S (2011-2013; in-
person study visit n = 6,538), plasma AP was measured in a
subsample of 2,585 participants. This subsample was enriched
for prevalent cognitive impairment at visit S (50% of sub-
sample), with the remainder of the sample comprising cogni-
tively unimpaired participants randomly selected across 2 age
strata (<80 and >80 years). Evidence of prevalent cognitive
impairment included low Mini-Mental State Examination
(MMSE) score'® (<21 for White participants, <19 for Black
participants), low scores on any cognitive domain from the visit
S neuropsychological battery (<-1.5 z score), or significant
decline in performance on any previously assessed cognitive
test in ARIC (Digit Symbol Substitution Test, Delayed Word
Recall, or Word Fluency). Further details regarding cognitive
testing cutoffs and standardized factor scores have been
reported previously.'”*° The specific MMSE score cutoffs were
used to reduce the potential of misclassification of cognitive
impairment, given the inherent limitation of psychometric in-
struments to adequately account for societal disparities related
to education access and quality.'® All participants in this sub-
sample additionally had plasma AP assayed at midlife from
frozen blood samples from visit 3 (1993-1995) and were fol-
lowed up prospectively beyond visit S.

Participant sex, education, and race (White, Black, American
Indian, or Asian) were self-reported at visit 1 (1987-1989).
The analysis sample included only participants who self-
reported race as White or Black. Covariates measured at visits
3 and S included hypertension (systolic blood pressure
>140 mm Hg, diastolic blood pressure >90 mm Hg, or use of
antihypertensive medications), diabetes (fasting glucose >126
mg/dL, nonfasting glucose >200 mg/dL [hemoglobin Alc
>6.5% at visit 5 only], self-reported physician diagnosis, or use
of oral diabetes medications or insulin), and body mass index
(kilograms per meter squared). APOE &4 carrier status was
determined with the Tagman Assay (Applied Biosystems,
Foster City, CA).

Plasma ApB Measurements

Blood sampling procedures in ARIC have been described in
detail.”" Briefly, 12-hour fasting EDTA whole-blood samples
were collected and placed in an ice bath until plasma was
separated out by centrifugation (10 minutes at 3,000g at 4°C).
Plasma was divided into aliquots in 1.5-mL tubes, frozen, and
stored in —80°C freezers. The plasma AP assay was performed
in 2014 by the Department of Molecular Pharmacology and
Experimental Therapeutics at the Mayo Clinic, Jacksonville,
FL, with the commercially available INNO-BIA assay
(Innogenetics, Ghent, Belgium). The INNO-BIA assay is a
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fluorometric bead-based (xMAP microspheres) immunoassay
designed to simultaneously measure AP, and APy, in plasma,
specifically peptides AB; .4, and AP, _40. Bound APy, and APy
emitted fluorescence that was detected by a Luminex 200 IS
Total System instrument (Luminex Corp, Austin, TX). For
each participant, the same plate was used to quantify plasma
AP from visit 3 and S samples simultaneously. A logistic re-
gression model predicted the concentrations of AB4, and APy,
(picograms per milliliter) by relating the observed fluores-
cence intensities to a standard curve. Intensities that were
below the range of this curve could not be inferred. For these
samples (visit 3: APy, n = 163, AB4o n = 27; visit S: APy, n =
29, AB4o n = 3), the lower limits of detection threshold (12
pg/mL for AB,y; 15 pg/mL for AB4,) were assigned as values.

Dementia and Mild Cognitive

Impairment Diagnosis

Full details of the mild cognitive impairment (MCI)/
dementia diagnosis protocol in ARIC have been described
elsewhere.* Beginning at visit S, all participants were iden-
tified as cognitively normal or possible MCI/dementia cases
with the use of an algorithm that considered MMSE scores,'®
Clinical Dementia Rating sum of boxes,”® concurrent per-
formance on the neuropsychological test battery, and change
in cognitive function from previous assessments. All cases that
were identified as possible MCI/dementia by this algorithm
and a sample of cognitively normal participants were reviewed
by 2 experts (a physician and a neuropsychologist), who
classified participants’ cognitive status as normal, MCI, or
dementia, with discordant diagnoses adjudicated by a third
reviewer. The same procedure was used at follow-up during
visits 6 (2016-2017) and 7 (2018-2019). Between ARIC
visits, additional dementia, but not MCI, cases were identified
over the phone by use of the Six-Item Screener”* and ADS8,**
hospitalization records, and death certificates.

Statistical Analyses

Among the 2,585 participants sampled for plasma AP mea-
surement, we excluded participants with missing/inconclusive
cognition status (n = 7) or missing covariates (n = 294),
resulting in an analytic sample of 2,284 Black and White
adults. A comparison of the plasma AP sample to the full
ARIC cohort at visit 3 is presented in eTable 1 (data available
from Dryad: doi.org/10.5061/dryad.mOcfxpp33). For the
current study, the primary outcome was defined as the most
advanced stage of cognitive impairment a participant reached
from visit S through visit 7 (normal, MCI, or dementia). For
example, a participant classified as having MCI at visit S but
dementia at visit 6 was considered to have dementia for the
analysis. Similarly, a participant classified as having dementia
at visit 5 but who died or did not return to visit 6 was con-
sidered to have dementia. Due to the sampling design, mor-
tality (death) outcomes comprised only participants who
were normal at visit 5 and died before any evidence of cog-
nitive impairment. All participants were cognitively adjudi-
cated as normal, MCI, or dementia at least once at visit 5, with
follow-up adjudicated statuses at visits 6 and 7 if they had not
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died and returned for the clinic examination. We used mul-
tinomial logistic regression analyses for the 4-category out-
come of normal status, MCI, dementia, and death to estimate
relative risk ratios (RRR) as a function of plasma AP predic-
tors adjusted for midlife age, sex, education, site-race, APOE
€4 carrier status, hypertension, diabetes, and body mass index.
When estimates appeared similar for MCI and dementia, an
additional analysis modeled RRR of a 3-category outcome of
normal status, combined MCI/dementia, and death. All
models were cross-temporal multinomial regressions and did
not account for time to event because of the sampling design.

We used the midlife and late-life plasma A predictors in 2
ways in our models. First, as is commonly done, we used a
ratio of APy, to APyo. Due to a considerably skewed distri-
bution, the ratio term was base (2) log-transformed to better
approximate a normal distribution. Second, we modeled Ay,
and AP, as separate terms in the same regression model. We
examined nonlinear relationships between midlife plasma Ap
biomarkers and late-life cognitive outcome status using lowess
smoothers. A single knot at 0.20 for plasma AByy:AP4o was
statistically supported. For consistency, we used the same
spline term when modeling late-life plasma A4;:AB4o.

To investigate relations of change in AP4y:AP40, AP4a, and
AP4o from midlife to late life to MCI and dementia risk, we
tested additional multinomial logistic regression models in-
cluding change score predictors (visit S — visit 3), adjusting for
the same covariates and for baseline (visit 3) A values. In
these AP-change models, we additionally tested interaction
terms of AP-change scores by AP baseline values to examine
whether associations of AB-changes with cognitive outcomes
might vary by initial (midlife) AR levels. Change models were

also tested without adjustment for baseline values.

We conducted 3 sensitivity analyses. First, primary analyses
were done excluding the participants (n = 190 at visit 3 and n
= 32 at visit 5) with assay levels below the lower limit of
detection, rather than assigning the lower limit values. Sec-
ond, primary analyses were done without adjustment for
APOE €4 due to the strong association of this factor with Af
clearance. Third, primary analyses were repeated in race-

stratified samples (Black and White).

Data Availability

The ARIC study data used here are available to qualified
investigators on request. Further details regarding data avail-
ability and study protocols are available elsewhere.*®

Results

Descriptive statistics by cognitive outcome status are dis-
played in Table 1 (midlife) and eTable 2 (late life; data
available from Dryad: doi.org/10.5061/ dryad.mchxpp33). At
the midlife plasma AP measurement, the average age of the
sample was 59.2 + 5.2 years (57% female, 22% Black), with an
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average AP4,:AP,o ratio of 0.21 + 0.12. At the time of late-life
plasma AP measurements, the average age of the sample was
76.97 £ 5.30 years, with an average AP,,:AP, ratio of 0.17 +
0.08. Figure 1 displays the distributions and scatterplots of
APB4z) APao, and AP4y:AP4g at both midlife and late-life mea-
surements, as well as the change between measurements.
Plasma Ay, and APy were positively related to each other
concurrently and cross-temporally. Change in plasma Ay,
and change in A4, were similarly related. In addition, each
visit 3 plasma AP measurement was positively related to the
repeated visit 5 plasma AP measurement. Over 25 years of
follow-up from the initial plasma AP assessment, 859 partic-
ipants (38%) remained cognitively normal, S02 participants
(22%) were classified as having dementia, 832 participants
(36%) were classified as having MCI but not dementia, and 91
participants (4%) died without any classification of cognitive
impairment. A comparison of midlife plasma AP measures
across age, sex, and APOE &4 carrier status is presented in
eTable 3 (data available from Dryad: doi.org/10.5061/dryad.
mOcfxpp33). Older participants had higher levels of both
plasma APy, and AP, but a slightly lower AByy:AB40. APOE
€4 carriers had lower plasma AP, and AB4»:AB4o compared to
noncarriers and saw smaller increases in plasma Ay, from the
midlife to late-life measurement. Compared to female

participants, male participants had higher plasma A4, and
APy, slightly lower AP4,:AP.o, and smaller increases in both
APy and APy from the midlife to late-life measurement. All
model estimates correspond to increases in the predictors
(doubling of AP4:AB4p; per 1-SD-higher ARy, or APyo),
resulting in a lower estimated risk for an increase in AP5:AB40
or AP, but an increased estimated risk for an increase in AP .

Midlife Plasma A (Visit 3)

Combined MCI/dementia model-derived probabilities rela-
tive to cognitively normal as a function of increasing midlife
plasma AP,5:AP40, AP4s, and APy are displayed in Figure 2.
Each doubling of midlife AP,,:AP40 was associated with a 37%
lower risk of MCI/dementia compared to cognitively normal
(RRR 0.63, 95% confidence interval [CI] 0.46-0.87), but only
up to a threshold of 0.20, after which there was no relationship
with risk (RRR 0.97, 95% CI 0.75-1.26). Each 1-SD-higher
midlife AB,, (10 pg/mL) was associated with a 13% lower risk
of MCI/dementia compared to cognitively normal (RRR
0.87, 95% CI 0.77-0.98), and each 1-SD-higher midlife A,
(67 pg/mL) was associated with a 15% higher risk of MCI/
dementia compared to cognitively normal (RRR 1.15, 95% CI
1.01-1.29). Similar estimates were seen when MCI and de-
mentia were examined as separate outcomes (Figure 3).

Table 1 Sample Characteristics at Midlife (Visit 3) by Late-Life Cognitive Status

All participants Normal MClI Dementia Death

Characteristics (n =2,284) (n = 859) (n =832) (n =502) (n=91) p Value
Age,y 59.23 (5.20) 58.31 (4.97) 58.60 (5.01) 61.55 (5.08) 60.79 (5.50) <0.001
Male, n (%) 986 (43) 326 (38) 392 (47) 223 (44) 45 (49) 0.001
Education: high school or greater, n (%) 1,955 (86) 765 (89) 738 (89) 373 (74) 79 (87) <0.001
Site-race, n (%) <0.001

Washington County White 727 (32% 292 (34) 253 (30) 151 (30) 31 (34)

Minneapolis White 546 (24) 203 (24) 211 (25) 106 (21) 26 (29)

Jackson Black 472 (21) 149 (17) 149 (18) 160 (32) 14 (15)

Forsyth County Black 32(1) 23 (3) 4 (0) 2(0) 3(3)

Forsyth County White 507 (22) 192 (22) 215 (26) 83(17) 17 (19)
BMI, kg/m? 28.06 (5.03) 27.68 (5.07) 28.17 (4.93) 28.49 (5.04) 28.18 (5.29) 0.029
Hypertension, n (%) 792 (35) 263 (31) 272 (33) 219 (44) 38 (42) <0.001
Diabetes, n (%) 245 (11) 64 (7) 96 (12) 67 (13) 18 (20) <0.001
APOE £4, n (%) 667 (29) 186 (22) 261 (31) 198 (39) 22 (24) <0.001
ABa2, pg/mL 29.62 (9.85) 29.89 (9.82) 29.77 (9.97) 28.69 (9.37) 30.88 (11.23) 0.077
ABaso. pg/mL 165.97 (67.17) 162.34 (66.94) 169.78 (68.30) 165.25 (65.67) 169.54 (66.18) 0.139
AB.2:AB4o (raw scale) 0.21(0.12) 0.21(0.12) 0.20(0.12) 0.20 (0.10) 0.21(0.13) 0.067
AB42:AB4o (log2 transformed) -2.42(0.58) -2.36 (0.56) -2.44 (0.59) -2.47 (0.57) -2.38(0.61) 0.004

Abbreviations: AB = amyloid-; BMI = body mass index; MCl = mild cognitive impairment.
Cells contain number (percent) for categorical variables and mean (SD) for continuous variables. The p values correspond to tests of differences between
cognitive status groups (normal, MCI, dementia) and death group with analysis of variance used for continuous variables and x? test used for categorical

variables.
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Figure 1 Midlife and Late-Life Plasma A Distributions and Scatterplots Concurrently and Cross-Temporally
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Graphs display histograms of plasma amyloid-3 (AB) distributions (picograms per milliliter or ratio) at midlife and late life. Change scores (midlife - late life;
picograms per milliliter) reflect increases in AB42 and AB4o from midlife to late life. Individual observations are plotted with a lowess smoother and kernel
density plots representing quartiles 1, 2 (median), and 3 of the data. Forty-six observations with A4, or A4 values exceeding 70 or 500 pg/mL, respectively,
were removed for enhanced visualization. Ratio distributions in panel A have been log, transformed to approximate normality. (A) Late-life and midlife
plasma AB4,:AB4o; correlation 0.487. (B) Late-life and midlife plasma AB4> (picograms per milliliter); correlation 0.486. (C) Late-life and midlife plasma ABao
(picograms per milliliter); correlation 0.313. (D) Midlife plasma AB42 (picograms per milliliter) and AB4q (picograms per milliliter); correlation 0.612. (E) Late-life
plasma AR (picograms per milliliter) and AB4o (picograms per milliliter); correlation 0.470. (F) Change in plasma AB4; (picograms per milliliter) and plasma
ABao (picograms per milliliter); correlation 0.612.

Additional model-derived probabilities of normal, MCI, and ~ mOcfxpp33). Figure 3 presents RRR for all plasma Ap pre-
dementia by midlife plasma A predictors are presented in  dictors at midlife and late life comparing MCI, dementia, and
eFigure 1 (data available from Dryad: doi.org/10.5061/dryad. ~ combined MCI/dementia outcomes to cognitively normal.

Figure 2 Midlife (Visit 3) Plasma AB Associations With Visit 7 MCl/Dementia Probabilities

A B C
80 80 80

~ 70+ RRRy¢pern= 0-97 (0.75, 1.26) 70 701  RRR, 0= 1.15(1.01, 1.29
>o\c MCl/De g RRRMF”DE‘“: 0.87 (0.77’ 0.98) MCl/Dem ( )
2% 60 % 60+ ) 60+
= D !
] E 50 " 501 \ o
o v
%’ § 40 . 404 40
~= 307 RRR, .= 0.63(0.46,0.87) 30+ 30+
=0
w 3| = 4
< E 20 20 20

© 104 10 10

O- T T T T T T O- T T T T T T T T 0 L T T T T T T
0.06 0.13 0.200.30 0.50  1.00 0 10 20 30 40 50 60 70 0 100 200 300 400 500
Midlife plasma AB,,:AB,, Midlife plasma AB,, (pg/mL) Midlife plasma AB,, (pg/mL)

Relative risk ratio (RRRs; normal referent) given with 95% confidence limits. Histograms display the midlife distributions of amyloid-B4 (AB42):AB4o, ABa2, and
AB4o. Two observations with AB4, or AB4g values exceeding 70 or 500 pg/mL, respectively, were removed for enhanced visualization. (A) Each doubling of AB,:
ABao When AB4:AB40 is <0.20 was associated with an RRR of mild cognitive impairment (MCl)/dementia vs normal of 0.63 (p = 0.005). Each doubling of AB4,:
ABaoWhen AB42:AB4o is >0.2 was associated with an RRR of MCl/dementia vs normal of 0.97 (p = 0.813). (B) Each 1-SD-higher AB4> (10 pg/mL) across the entire
spectrum of A4, was associated with an RRR of MCl/dementia vs normal of 0.87 (p = 0.026). (C) Each 1-SD-higher AB4o (67 pg/mL) across the entire spectrum
of AB4o was associated with an RRR of MCl/dementia vs normal of 1.15 (p = 0.030).
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Model results for additional pairwise comparisons, including
RRR for dementia vs MCI and death vs normal, are presented
in eTable 4 for midlife plasma Ap (data available from Dryad:
doi.org/10.5061/dryad. mOcfxpp33). Full model results, in-
cluding all covariate estimates for midlife plasma AP associa-
tions with MCI/dementia, are displayed in eTable S (Data
available from Dryad: doi.org/10.5061/ dryad.mOcB{pp33).

Late-Life Plasma AP (Visit 5)

Figure 3 further presents risk for MCI, dementia, and com-
bined MCI/dementia outcomes compared to cognitively
normal by late-life (visit S) plasma AP predictors. Each dou-
bling of midlife AP4»:AP4o was associated with a 23% lower
risk of MCI/dementia compared to cognitively normal (RRR
0.77,95% CI 0.59-1.00), but only up to the threshold of 0.20
established from midlife plasma Ap models, after which there
was no relationship with risk (RRR 0.83, 95% CI 0.55-1.25).
Contrasting midlife associations, higher late-life Ap4, was not
associated with MCI or dementia. However, each 1-SD-
higher late-life AP, (67 pg/mL) was associated with a 14%
higher risk of MCI/dementia compared to cognitively normal
(RRR 1.14, 95% CI 1.02-1.26). Model results for additional
pairwise comparisons, including risk for death vs normal and
dementia vs MCI, are presented in eTable 6 for late-life

plasma AP (data available from Dryad: doiorg/10.5061/
dryad. mOcfxpp33). Model-derived probabilities of normal,
MCI, and dementia by late-life plasma AP predictors are
presented in eFigure 2 (data available from Dryad: doi.org/
10.5061/dryad. mOcfxpp33). Full model results, including all
covariate estimates for late-life plasma AP associations with
MCI/dementia, are displayed in eTable 5 (data available from
Dryad: doi.org/10.5061/dryad. mOcfxpp33).

Midlife to Late-Life Change in Plasma A
Results examining change in plasma AP predictors from
midlife (visit 3) to late life (visit S) in relation to visit 7
cognitive outcomes are displayed in eTable 7 (data available
from Dryad: doi.org/10.5061/dryad.mOcfxpp33). Associa-
tions of changes in plasma Ap predictors with risks of MCI or
dementia were not supported in any of the models examined,
regardless of whether baseline plasma AP was adjusted for.

Sensitivity Analyses

Primary model results were unchanged in sensitivity analyses
excluding participants assigned the lower limit of detection for
plasma A4, and APy at either midlife or late-life measure-
ments (data not shown). In addition, removing APOE &4
from the adjuster set did not significantly alter the estimates in

Figure 3 Midlife (Visit 3) and Late-Life (Visit 5) Plasma AP Associations With Visit 7 Cognitive Status
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i e p 0.72(051, 1.02)
‘; 0.81(0.54, 1.23)
Late-life plasma AB,:AB,,>02 77777 SLoaa o I 0.73(0.48, 1.12)
—————— —— - 0.90 (0.49, 1.65)
—T 0.94 (0.86, 1.04)
Late-life plasma AB,, - ol 0.96 (0.87, 1.07) Estimat t relative risk ratios (RRR
B o stimates represent relative risk ratios s;
(1sd =10 pg/mL) = 0.92(0.80, 1.05) and 95% confidence intervals [Cls]) from mul-
j—t— 1.13i(1.02,1.25 i i i -Si
Late-life plasma AB,, ; - ( IR ) tinomial models adjusted for age, sex, race-site,
B ik 1.13(1.01, 1.25) education, hypertension, diabetes, body mass
(1sd =67 pg/mL) - - - 1.14(1.00, 1.29) index, and APOE &4. Referent group was cogni-
T i T T tively normal. All estimates are from separate
0.5 1.0 15 20 models for linear amyloid-B (AB) ratio, AB ratio

Relative risk ratio (95% Cl)

with splines, and continuous AB4, and ABy4o at
each visit.
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the primary models. Estimates relating plasma Af4, and APy,
to cognitive outcomes did not differ by race for midlife or late-
life models (eTables 8 and 9, respectively; data available from
Dryad: doi.org/10.5061/dryad.mOcfxpp33).

Discussion

We investigated the association of midlife and late-life plasma
APy, and APy with risk of MCI or dementia classification in a
large community-based sample followed up over 25 years.
Lower plasma APy, measured at midlife, but not late life, was
associated with higher risk of dementia and marginally higher
risk of MCI. Conversely, higher plasma A4, was associated
with higher risk of MCI and dementia, whether measured at
midlife or late life. A lower midlife and late-life plasma Apy,:
AP, ratio was associated with higher risk of MCI and de-
mentia, but only up to a threshold of 0.20, after which an
increasing ratio was not related to risk. A doubling of the Af4,:
APy4p ratio under this threshold at midlife was comparable to
=S§ years of younger age in terms of risk of MCI or dementia,
whereas a doubling of the AP4:APy ratio under this
threshold at late life was comparable to =3 years younger age.
On average, plasma APy, and APy levels increased signifi-
cantly from midlife to late life, although changes were highly
variable. However, we observed no association between
change in plasma A5, AP, or AP4,:AP4o and risk of MCI or
dementia. All associations were independent of age, sex, ed-
ucation, race, APOE €4, and cardiovascular risk factors. In
addition, there was no evidence of effect moderation by race.

Our findings are consistent with previous reports associating
lower levels of plasma A4, and plasma Ap,:APy ratio with
all-cause and AD dementia,”*’ although not all studies have
observed these associations.”®*’ Differences in assay meth-
ods, study populations, and study time frames may explain
much of the heterogeneity in reported effects of plasma Af
related to cognitive impairment or dementia. This study re-
ports these associations in a large community-based sample at
midlife, with an average age of <60 years at the time of first
plasma AP measurement, over a long follow-up period. As-
sociations between plasma AP biomarkers and risk of MCI
and dementia were comparable or stronger in the case of
midlife plasma Ap,,, whether measured at midlife or late life.
The advantage gained by a 20-year head start in screening has
the potential to have considerable impact on future research
on the epidemiology of dementia and AD. Associations be-
tween midlife plasma AB and MCI such as those reported here
suggest particular utility in this regard because these bio-
markers are associated with early-stage cognitive impairment.

The current study adds to existing literature by reporting the
nonlinear relationship between plasma Ap4,:AP4o ratio and
risk of cognitive impairment. While previous studies have
reported that a higher AP4,:AP,o ratio is associated with a
lower risk of cognitive impairment, we observed this re-
lationship only up to a threshold of 0.20 identified in midlife
analyses. For every doubling of the ratio under this threshold,

Neurology.org/N

we reported 35% and 40% lower risk of MCI and dementia,
respectively, with no additional protective association after
0.20. This same threshold was relevant in analyses of late-life
plasma AP4:AP4; again, most of the relationship of in-
creasing ratio with reduced risk of MCI and dementia was
restrained to participants with values <0.20. These results may
suggest that there is particular vulnerability in individuals with
very low plasma APy, in relation to plasma Af,, compared to
individuals with average or high ratio values. Furthermore,
while plasma APy, and AP,;:AP4 have garnered more at-
tention as biomarkers for AD given their presumed relation-
ship to CNS A accumulation, we also report an association
plasma AP, and risk of MCI and dementia. Given the asso-
ciation between plasma A, and cerebrovascular pathologies,
including white matter lesions'' and cerebral microbleeds,*” it
is likely that this association is not specific to AD and may
reflect multiple pathologic bases for cognitive impairment.

In contrast to other studies investigating change in plasma Ap
measurements over time in relation to cognitive function®!
and AD diagnosis,>> we observed that change was not sig-
nificantly associated with risk of MCI/dementia when ac-
counting for baseline value. The Nurses’ Health Study
reported that both baseline and 10-year change in AB4,:AP.
ratio were related to greater decline in global cognition.31 In
contrast to our findings, another previous study of dementia-
free older adults suggested that higher baseline plasma Ay,
was associated with higher S-year risk of AD but that declines
in plasma AP, and plasma AB4y:AP4o over this time period
were also associated with incident AD.>* It is unclear whether
either of these previous studies adjusted for baseline plasma
AP values as was done in this study, although we observed no
associations regardless of baseline adjustment.

There are some limitations in our study to consider. The
analysis sample was conditionally selected for outcome status at
visit 5 with retrospective ascertainment of the exposure at visit
3. The case-control methodology used was beneficial in
assaying plasma in as many cases as possible, but this potentially
contributed to some degree of survivor bias in that only the
participants who attended visit 5 of the study had plasma AP
assayed at midlife (visit 3). However, comparisons between the
total ARIC cohort at visit 3 and the plasma AP sample did not
suggest that this bias was large. This study used a commercially
available immunoassay to estimate plasma Af concentrations.
These relatively inexpensive and accessible assays are well
suited to large-scale biomarker quantification at a population
level, having been successfully implemented in large ARIC and
Framingham Heart Study samples,” but fall short in precision
compared to measurements granted by newer mass spec-
trometry and single-molecule array methods.>*** Of note,
high-precision classification reported in other plasma Ap assays
is specific to AB(+) PET scans, not an adjudicated cognitive
classification as is presented here. It is unknown whether po-
tential imprecision in our assay method contributed to bias in
our estimated effects in either direction. Last, like all plasma Af
measurements, our estimates included circulating A produced
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by platelets and cannot isolate plasma Ap that has been cleared
from the CNS.
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