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Abstract

INTRODUCTION:Plasmaphosphorylated tau-181 (p-tau181) associationswith global

cognition and memory are clear, but the link between p-tau181 with other cogni-

tive domains and subjective cognitive decline (SCD) across the clinical spectrum of

Alzheimer’s disease (AD) and how this association changes based on genetic and

demographic factors is poorly understood.

METHODS: Participants were drawn from the Alzheimer’s Disease Neuroimaging

Initiative (ADNI) and included 1185 adults >55 years of age with plasma p-tau181

and neuropsychological test data. Linear regression models related plasma p-tau181

to neuropsychological composite and SCD scores with follow-up models examining
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ADNI investigators can be found at:

http://adni.loni.usc.edu/wp-

content/uploads/how_to_apply/

ADNI_Acknowledgement_List.pdf

plasma p-tau181 interactions with cognitive diagnosis, apolipoprotein E (APOE) ε4
carrier status, age, and sex on cognitive outcomes.

RESULTS:Higher plasma p-tau181 level was associatedwithworsememory, executive

functioning, and language abilities, and greater informant-reported SCD. Visuospatial

abilities and self-report SCD were not associated with plasma p-tau181. Associations

were generally stronger in mild cognitive impairment (MCI) or dementia, APOE ε4
carriers, women, and younger participants.

DISCUSSION: Higher levels of plasma p-tau181 are associated with worse neu-

ropsychological test performance across multiple cognitive domains; however, these

associations vary based on disease stage, genetic risk status, age, and sex.

KEYWORDS

ADNI, Alzheimer’s disease, dementia, mild cognitive impairment, plasma p-tau181

Highlights

∙ Greater plasma p-tau181was associatedwith lower cognition acrossmost domains.

∙ Associations between p-tau181 and cognition weremodified by age and sex.

∙ Level of p-tau181 was more strongly associated with cognition in people with mild

cognitive impairment (MCI) and apolipoprotein E (APOE) ε4.

1 INTRODUCTION

Advancements in Alzheimer’s disease (AD) therapies have necessi-

tated early and accurate detection of AD pathology to initiate treat-

ment prior to widespread neuronal loss. Blood-based biomarkers for

phosphorylated tau (p-tau) have emerged as accessible and specific

biomarkers for AD pathology. Plasma levels of tau phosphorylated

at threonine 181 (plasma p-tau181) are highly correlated with cere-

brospinal fluid (CSF) levels of p-tau181,1 associated with amyloid and

tau deposition on positron emission tomography (PET) imaging,2,3

relate to neurodegeneration inAD-specific brain regions on volumetric

imaging,4 and accurately differentiate AD from other neurodegener-

ative conditions.1,3 Due to its promise in identifying AD pathological

changes, this biomarker has the potential for integration into clinical

settings for the screening and diagnosis of AD.5

Although plasma phosphorylated tau-181 (p-tau181) appears to

reflect the underlying pathology of AD, its associations with clinical

outcomes are less understood. Past work has identified associations

between plasma p-tau181 on cognitive screeningmeasures or isolated

measures of memory functioning.3,4 However, there has been little

work examining more subtle changes in cognition or patterns of cog-

nitive decline across neuropsychological domains. Identifying domains

of cognition (e.g., episodic memory, executive functioning) that are

affected can provide valuable information related to the localization of

pathological changes, thereby further elucidating the clinicopathologi-

cal correlates of this novel biomarker.6 In addition, it is not yet known

howassociationsbetweenplasmap-tau181andcognitionmaybemod-

ified by demographic data (e.g., age, sex), disease state (mild cognitive

impairment [MCI], dementia), or genetic factors (e.g., apolipoprotein

E [APOE] ε4 carrier status), which are known to be associated with

cognition in aging.7–9

This study investigates associations between plasma p-tau181

and comprehensive assessment of objective and subjective cognition.

Results will elucidate how this novel biomarker relates to specific clin-

ical changes across various disease states and demographic groups.

We hypothesize that plasma p-tau181will bemost strongly associated

withmemory andexecutive functions, consistentwith a typicalADclin-

ical syndrome,10 with stronger associations in individuals at increased

risk of clinical AD (e.g., APOE ε4 carriers, individuals withMCI).

2 METHODS

2.1 Participants

Data used in the preparation of this article were obtained from

the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database

(adni.loni.usc.edu). The ADNI was launched in 2003 as a public–

private partnership, led by principal investigator Michael W. Weiner,

MD. The primary goal of ADNI has been to test whether serial

magnetic resonance imaging (MRI), PET, other biological mark-

ers, and clinical and neuropsychological assessment can be com-

bined to measure the progression of MCI and AD. Data were

obtained from the ADNI database (https://www.loni.ucla.edu/ADNI/

Data/ADCS_Download.jsp) in November 2021 and included partic-

ipants from cohorts ranging from ADNI 1 to ADNI 3. Participants

55–90 years of age were recruited from across the United States and

Canada andwere excluded if they had aHachinski ischemic score11 >4,

http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
https://www.loni.ucla.edu/ADNI/Data/ADCS_Download.jsp
https://www.loni.ucla.edu/ADNI/Data/ADCS_Download.jsp
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Geriatric Depression Scale (GDS)12 score ≥6, no study partner, con-

traindications to MRI, did not speak English or Spanish fluently, were

not in good physical health, or used drugswith anticholinergic or opioid

properties. Cognitively unimpaired (CU) participants had no memory

complaints, normal memory function (assessed using delayed para-

graph recall of the Wechsler Memory Scale—Revised; WMS-R)13 and

Mini-Mental State Examination (MMSE)14 ≥24, Clinical Dementia Rat-

ing (CDR)15 global score of 0, and absence of significant impairment

in cognitive and functional performance. Participants with MCI had

memory complaints (by self-report or from a study partner), abnormal

memory functioning (>1 SD below the normative sample on WMS-R)

and MMSE ≥24, CDR global score of 0.5, and sufficient cognitive and

functional performance so as to prevent diagnosis of dementia. Par-

ticipants with dementia had memory complaints, abnormal memory

function, and MMSE between 20 and 26, CDR global score of 0.5–1.0,

and National Institute of Neurological and Communicative Disorders

and Stroke/Alzheimer’s Disease and Related Disorders Association

(NINCDS/ADRDA) criteria for probable AD.16 (For more information,

see www.adni-info.org.) Participants without usable plasma p-tau181

or covariate datawere excluded. Participants often have cognitive data

at several epochs prior to the collection of plasma samples. We used

cognitive data from the visit when plasma p-tau was first quantified.

Diagnosis was coded at each visit and the diagnosis from the visit in

which plasmawas collected was used for analyses.

2.2 Neuropsychological measures

Participants completed the comprehensive neuropsychological assess-

ment of memory, executive functioning, language, and visuospatial

abilities using the ADNI neuropsychological protocol. Domain-based

composite scores were utilized. These composite scores were devel-

oped previously using item response theory and latent variable mod-

eling to minimize the possibility of multiple comparisons from similar

assessments. The memory composite17 included the Rey Auditory

Verbal Learning Test (RAVLT),18 ADAS-Cog19 word list and word

recognition, WMS-R Logical Memory,13 and MMSE14 word recall. The

executive functioning composite20 included Category Fluency,21 Trail

Making Tests Part A and B,22 Digit Span Backwards,23 Digit Sym-

bol Substitution,23, and clock drawing.24 The visuospatial composite25

included clock drawing, the interlocking pentagons of the MMSE,14

and the constructional praxis item on ADAS-Cog. The language com-

posite included the Boston Naming Test (BNT)26; Category Fluency;

the MMSE’s object naming, sentence repetition, reading, and writing,

and following a three-step command; ADAS-Cog commands, object

naming, and ideational praxis; and theMontreal Cognitive Assessment

(MoCA) phonemic fluency and sentence repetition.27 Single-factor

models constructed using Mplus or R were used to create each

composite; models were fit to the data, which was assessed using con-

firmatory fit index, Tucker–Lewis index, and rootmean squarederror of

approximation. These models were completed by ADNI and resulting

composite scores were downloaded. Higher composite scores indicate

better test performance.

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the litera-

ture using traditional (e.g., PubMed) sources and meet-

ing abstracts and presentations. Although plasma p-tau

biomarkers are relatively novel, there have been several

recent publications describing the predictive validity of

these biomarkers. These relevant citations are appropri-

ately cited.

2. Interpretation: The association between plasma p-

tau181 and both objective and subjective cognition is

modified by disease stage, genetic risk status, age, and

sex.

3. Future directions: Future work should extend these find-

ings to include other novel plasma biomarkers of AD and

related dementias and examine associations longitudi-

nally to further advance a precisionmedicine approach to

fluid biomarkers inwhich the right biomarkers are chosen

for the right patient, at the right time.

2.3 Subjective cognitive decline

Participants and their loved ones completed the Everyday Cognition

(ECog) questionnaire as a measure of self- and informant-reported

subjective cognitive decline (SCD). The 39-item ECog questionnaire

assesses functional abilities linked to different cognitive domains

(memory, language, and executive functioning) compared to 10 years

prior using a 5-point scale, with higher scores indicating greater SCD.28

2.4 Fluid collection and biochemical analyses

Participants completed a venous blood draw at a standard time of day

(8:00 a.m.) following an overnight fast (minimum 6 h). Blood was col-

lected in two10mLethylenediaminetetraacetic acid (EDTA) purple top

tubes and centrifugedwithin 1hof collection. Plasmawas pipetted into

a 13 mL polypropylene transfer tube and then immediately frozen in

dry ice and shipped the same day to ADNI Core Laboratories, where

it was stored at−80◦C. Plasma p-tau181 concentration was measured

using Singlemolecule array (Simoa) technology, using an in-house assay

developed by the Clinical Neurochemistry Laboratory, University of

Gothenburg, Sweden, described fully elsewhere.3

2.5 Statistical analyses

Linear regression models with ordinary least square estimates related

plasma p-tau181 to objective and subjective cognition outcomes.

Covariates were selected a priori based on their potential to con-

found analytical models due to their known associationswith objective

http://www.adni-info.org
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TABLE 1 Participant characteristics.

Combined (n= 1185) CU (n= 406) MCI (n= 560) Dementia (n= 219) p-value

Age, years 74.3 ± 7.6 75.0 ± 6.6 73.1 ± 7.9 76.0 ± 7.9 < 0.001

Sex, %male 54 47 58 59 0.001

Education, years 16.2 ± 2.7 16.5 ± 2.6 16.1 ± 2.7 15.9 ± 2.8 0.007

APOE ε4, % carrier 43 28 46 67 < 0.001

Plasma p-tau181, pg/mL 18.3 ± 10.9 15.4 ± 10.5 18.3 ± 11.2 23.6 ± 8.8 < 0.001

MoCA, total score 24.2 ± 5.1 27.2 ± 2.7 24.6 ± 3.7 17.4 ± 5.4 < 0.001

Memory, z-score 0.3 ± 0.8 0.9 ± 0.5 0.3 ± 0.6 −0.9 ± 0.4 < 0.001

Executive functions, z-score 0.4 ± 0.7 0.7 ± 0.5 0.4 ± 0.5 −0.5 ± 0.7 < 0.001

Language, z-score 0.4 ± 0.6 0.8 ± 0.5 0.4 ± 0.5 −0.3 ± 0.6 < 0.001

Visuospatial, z-score 0.0 ± 0.4 0.1 ± 0.3 0.5 ± 0.3 −0.3 ± 0.6 < 0.001

ECog self, total score 63.5 ± 21.4 54.2 ± 12.7 69.2 ± 20.5 66.2 ± 29.2 < 0.001

ECog informant, total score 66.5 ± 30.5 45.4 ± 12.4 65.3 ± 23.4 108.2 ± 27.8 < 0.001

Note: Values are denoted asmean± SD or frequency.

Bold font indicates p-value< 0.05.

Abbreviations: APOE, apolipoprotein E; CU, cognitively unimpaired; ECog; Everyday Cognition questionnaire; MCI, mild cognitive impairment; MoCA,

Montreal Cognitive Assessment.

and subjective cognition, including age,29 sex,30 education31, cogni-

tive diagnosis,32 and APOE ε4 carrier status (defined as having at least

one APOE ε4 allele).33 To account for changes in p-tau181 levels in dif-

ferent clinical and demographic groups, subsequent models evaluated

plasma p-tau181 × cognitive diagnosis, p-tau181 × APOE ε4 carrier sta-

tus, p-tau181 × age, and p-tau181 × sex interactions on objective and

subjective cognition. Significance was set a priori at p < 0.05. Sensi-

tivity analyses were performed by removing outliers > SD from mean

values to assess whether outliers accounted for results. Additional

sensitivity analyses were conducted for ECog outcomes using a mean

score rather than a sum of scores to determine if score quantification

accounted for results. Multiple comparison correction was performed

for each analytical set using a false discovery rate (FDR) based on the

Benjamini–Hochberg procedure.34 Analyses were conducted using R

3.4.2 (www.r-project.org).

3 RESULTS

Participants included 1185 adults ages 55–94 (46% female, 44% APOE

ε4 carriers). (See Table 1 for participant characteristics for the entire

sample and stratified by cognitive diagnosis.) Participants were also

divided by APOE ε4 carrier status, age (using a median split), and sex

for stratified analyses.APOE ε4 carriers, compared tononcarriers,were

younger; more likely to have MCI or dementia; performed worse on

memory, executive functions, and language composite measures; had

higher p-tau181 levels; and had greater self- and informant-reported

SCD. Compared to the younger age group, the older group was more

likely to be male; less likely to be APOE ε4 carriers; more likely to

havedementia overMCI; performedworse onmemory, executive func-

tions, and language composite measures; had more p-tau181; and had

greater informant-reported SCD. Women, compared to men, were

more likely to be CU, have less education, be younger, perform better

on memory composite, have lower p-tau181, and have lower self- and

informant-reported SCD.

3.1 Plasma p-tau181 and cognition

In the entire sample, higher p-tau181 levels were associated with

lower scores on memory (β = −0.008, p-value < 0.001), executive

functioning (β = −0.005, p-value = 0.002), and language (β = −0.004,
p-value = 0.006) composite scores, but not on visuospatial func-

tioning (β = −0.001, p-value = 0.47). In addition, higher p-tau181

levels were associated with higher informant-reported SCD (β = 0.17,

p-value = 0.007) but not with self-reported SCD (β = 0.07, p-

value = 0.59). Results were comparable after FDR correction. (See

Table 2 for the results of main effects analyses.)

3.2 Plasma p-tau181 × cognitive diagnosis and
cognition

Level of p-tau181 interacted with diagnosis in predicting memory

(β = −0.001, p-value < 0.001), executive functioning (β = −0.01,
p-value = 0.01), language (β = −0.009, p-value = 0.05), and informant-

report SCD (β = −0.51, p-value = 0.03), but not on visuospatial

composite score or self-reported SCD (p-values > 0.12). Models strat-

ified by diagnosis revealed that these associations were driven byMCI

and dementia participants. Higher p-tau181 level was associated with

lower performance on memory (β = −0.01, p-value < 0.001), executive

functioning (β = −0.005, p-value = 0.01), and language (β = −0.008,
p-value = 0.02) composites in participants with MCI as well as lower

executive functioning (β = −0.03, p-value = 0.008) and language

http://www.r-project.org
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TABLE 2 Plasma p-tau181 associations with cognitive and SCD
outcomes.

Β
95%Confidence

intervals p-value

Memory −0.008 −0.01,−0.005 < 0.001*

Executive functions −0.005 −0.008,−0.002 0.002*

Language −0.004 −0.007,−0.001 0.008*

Visuospatial −0.001 −0.004, 0.002 0.47

ECog self 0.07 −0.18, 0.32 0.59

ECog informant 0.17 0.05, 0.29 0.007*

Note: Models were adjusted for age, sex, education, APOE ε4 status, and

cognitive diagnosis.

Bold font indicates p-value< 0.05.

Abbreviations: APOE, apolipoprotein E; CU, cognitively unimpaired; ECog,

Everyday Cognition questionnaire; FDR, false discovery rate; MCI, mild

cognitive impairment.

*FDR-corrected p-value< 0.05.

(β = −0.02, p-value = 0.03) composite scores and higher informant-

reported SCD (β = 0.52, p-value = 0.02) scores in participants with

dementia. Results were comparable after FDR correction. See Table 3

for results stratified by diagnosis and Figure 1 for illustrations of

stratified analyses.

3.3 Plasma p-tau181 × APOE ε4 carrier status and
cognition

Level of p-tau181 interacted with APOE ε4 carrier status in predict-

ing memory (β = −0.006, p-value = 0.02) and executive functioning

(β = −0.006, p-value = 0.05) composite scores; however, these results

did not persist after FDR correction. Level of p-tau181 did not interact

with APOE ε4 carrier status on language (β = −0.005, p-value = 0.07),

visuospatial (β = −0.007, p-value = 0.58), self-reported SCD (β = 0.16,

p-value = 0.49), or informant-reported SCD (β = 0.18, p-value = 0.13)

scores. (See Table 4 for results stratified by APOE ε4 carrier

status.)

3.4 Plasma p-tau181 × age and cognition

Level of p-tau181 interacted with age on memory (β = 0.0004, p-

value = 0.005) and executive functioning (β = 0.0004, p-value = 0.02)

composite scores, but not on other outcomes (p-values> 0.10).Models

stratified by age showed that higher p-tau181 levels were associated

with lower scores on memory (β = −0.01, p-value < 0.001), executive

functioning (β = −0.01, p-value < 0.001), and language (β = −0.007,
p-value = 0.001) composite scores and informant-reported SCD

(β = 0.17, p-value = 0.05) in younger participants. Higher p-tau181

levels were also associated with worse memory performance in older

participants (β = −0.006, p-value < 0.001), although to a lesser degree

than in younger participants. Results were comparable after FDR cor-

rection. (See Table 5 for results stratified by age group and Figure 2 for

illustrations of stratified analyses.)

3.5 Plasma p-tau181 × sex and cognition

Level of p-tau181 interacted with sex on memory composite score

(β = −0.006, p-value = 0.03) and self-reported SCD scores (β = −0.68,
p-value=0.02).However, these resultswere attenuated after FDRcor-

rection (p-values > 0.06). In models stratified by sex, higher p-tau181

levels were associated with lower memory in both men (β = −0.006,
p-value = 0.002) and women (β = −0.009, p-value = 0.0001),

with stronger associations in women. Higher p-tau181 levels were

also associated with greater informant-reported SCD scores in men

(β = 0.23, p-value = 0.005), but not in women (p-value = 0.46), and

with executive function composite scores in women (β = −0.006, p-
value = 0.01), but not in men (p-value = 0.06). All stratified results

persisted after FDR correction. (See Table 6 for results stratified by sex

and Figure 3 for illustrations of stratified analyses.)

3.6 Sensitivity analyses

Results across all analyses were largely unchanged after excluding

outliers and using mean scores, rather than total scores, for all SCD

analyses.

4 DISCUSSION

Among community-dwelling older adults across the AD clinical

spectrum, higher levels of plasma p-tau181 were associated with

lower cognitive performance in the domains of memory, executive

functioning, and language, and greater informant-reported SCD.

Visuospatial abilities and self-report SCD were not associated with

plasma p-tau181. Results were most prominent in individuals who

were diagnosed with MCI or dementia, APOE ε4 carriers, women, and

younger in age. Plasma p-tau181 was not associated with objective or

subjective cognition in CU individuals.

The observed associations between plasma p-tau181 and cogni-

tion align with past work in support of plasma p-tau181 as a marker

of AD neurodegeneration.4 Plasma p-tau181 was robustly associated

with episodic memory functioning, the earliest and most typical cogni-

tive deficit seen in AD resulting from the formation of neurofibrillary

tangles and subsequent atrophy in memory-critical structures of the

medial temporal lobes. In addition, aligning with recently published

work,35 plasma p-tau181 was associated with language and executive

functioning, cognitive domains that become impaired due to evolving

neurodegeneration in the frontal and temporal association cortices

secondary to pathological progression of AD.36 These patterns were

strongest in individuals with MCI or dementia and in APOE ε4 carriers.

The diagnostic association is likely due to the fact that people in pre-

clinical or dementia states of AD evidence the highest levels of plasma

p-tau1811 and lowest levels of cognition, and the current results lend

further support to the validity of plasma p-tau181 as a clinical marker

of AD. Of note, p-tau181was not associated with memory in dementia

likely due to the ubiquity ofmemory problems at this stage of cognitive

impairment and plateauing levels of p-tau181 in advanced disease.2

Similarly, APOE ε4 is associated with worse memory and reasoning in



6 of 11 BOLTON ET AL.

TABLE 3 Plasma p-tau181 × diagnosis interactions on cognitive and SCD outcomes.

p-tau× diagnosis CU (n= 406) MCI (n= 560) Dementia (n= 219)

Β p-value β p-value β p-value β p-value

Memory 0.001 < 0.001* −0.002 0.36 −0.01 <0.001* −0.002 0.47

Executive functions −0.01 0.01* 0.001 0.55 −0.005 0.01* −0.02 0.008*

Language −0.009 0.05 0.0002 0.94 −0.004 0.02* −0.01 0.03

Visuospatial −0.003 0.75 0.001 0.54 −0.001 0.41 −0.002 0.68

ECog self −0.53 0.13 0.10 0.37 0.14 0.43 −0.23 0.61

ECog informant 0.51 0.03 0.009 0.90 0.18 0.07 0.52 0.02*

Note: Models were adjusted for age, sex, education, and APOE ε4 status.
Bold font indicates p-value< 0.05.

Abbreviations: APOE, apolipoprotein E; CU, cognitively unimpaired; ECog, Everyday Cognition questionnaire; FDR, false discovery rate; MCI, mild cognitive

impairment.

*FDR-corrected p-value< 0.05.

F IGURE 1 Plasma p-tau181 × cognitive diagnosis interactions on cognitive outcomes. Lines reflect cognitive domain or informant-reported
SCD scores corresponding to plasma p-tau181 levels. Shading reflects 95% confidence interval. (A) Associations between plasma p-tau181 levels
andmemory composite score, stratified by cognitive diagnosis: CU β=−0.002, p= 0.36;MCI β=−0.01, p< 0.001; and dementia β=−0.002,
p= 0.47. (B) Associations between plasma p-tau181 levels and executive functioning composite score, stratified by cognitive diagnosis: CU
β= 0.001, p= 0.55;MCI β=−0.005, p= 0.01; and dementia β=−0.02, p= 0.008. (C) Associations between plasma p-tau181 levels and language
composite score, stratified by cognitive diagnosis: CU β= 0.0002, p= 0.94;MCI β=−0.004, p= 0.02; and dementia β=−0.01, p= 0.03. (D)
Associations between plasma p-tau181 levels and informant-reported SCD score, stratified by cognitive diagnosis: CU β= 0.0009, p= 0.90;MCI
β= 0.18, p= 0.07; and dementia β= 0.52, p= 0.02. CU, cognitively unimpaired;MCI, mild cognitive impairment; SCD, subjective cognitive decline.
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TABLE 4 Plasma p-tau181 × APOE ε4 status interactions on cognitive and SCD outcomes.

p-tau× APOE ε4 status ε4 negative (n= 671) ε4 positive (n= 516)

Β p-value β p-value β p-value

Memory −0.006 0.02 −0.004 0.02 −0.01 < 0.001*

Executive functions −0.006 0.05 −0.002 0.35 −0.008 < 0.001*

Language −0.005 0.07 −0.002 0.36 −0.006 0.003*

Visuospatial −0.002 0.58 −0.0004 0.85 −0.002 0.44

ECog self 0.16 0.49 −0.06 0.66 0.18 0.47

ECog informant 0.18 0.13 0.07 0.34 0.27 0.01*

Note: Models were adjusted for age, sex, education, and cognitive diagnosis.

Bold font indicates p-value< 0.05.

Abbreviations: APOE, apolipoprotein E; ECog, Everyday Cognition questionnaire; FDR, false discovery rate.
*FDR-corrected p-value< 0.05.

TABLE 5 Plasma p-tau181 × age interactions on cognitive and SCD outcomes.

p-tau× age Age<75 years (n= 594) Age≥75 years (n= 592)

β p-value β p-value β p-value

Memory 0.0004 0.005* −0.01 < 0.001* −0.006 < 0.001*

Executive functions 0.0004 0.02 −0.01 < 0.001* −0.001 0.47

Language 0.0001 0.43 −0.007 0.001* −0.003 0.12

Visuospatial 0.0002 0.23 −0.004 0.12 0.001 0.68

ECog self −0.03 0.11 0.22 0.58 −0.02 0.91

ECog informant −0.01 0.19 0.17 0.05 0.16 0.07

Note: Models were adjusted for age, sex, education, APOE ε4 status, and cognitive diagnosis.
Bold font indicates p-value< 0.05.

Abbreviations: APOE, apolipoprotein E; ECog, Everyday Cognition questionnaire; FDR, false discovery rate.
*FDR-corrected p-value< 0.05.

F IGURE 2 Plasma p-tau181 × age interactions on cognitive outcomes. Lines reflect cognitive domain scores corresponding to plasma
p-tau181 levels. Shading reflects 95% confidence interval. (A) Associations between plasma p-tau181 levels andmemory composite score,
stratified by age group:<75 years β=−0.01, p< 0.001;≥75 years β=−0.006, p< 0.001. (B) Associations between plasma p-tau181 levels and
executive functioning composite score, stratified by age group:<75 years β=−0.01, p< 0.001;≥75 years β=−0.001, p= 0.47.
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TABLE 6 Plasma p-tau181 × sex interactions on cognitive and SCD outcomes.

p-tau x sex Male (n= 644) Female (n= 543)

Β p-value β p-value β p-value

Memory −0.006 0.03 −0.006 0.002* −0.009 0.0001*

Executive functioning −0.002 0.48 −0.004 0.06 −0.006 0.01*

Language −0.0001 0.97 −0.004 0.06 −0.004 0.07

Visuospatial 0.0002 0.95 −0.0009 0.63 −0.002 0.50

ECog self −0.68 0.02 0.20 0.18 −0.46 0.07

ECog informant −0.07 0.57 0.23 0.005* 0.07 0.46

Note: Models were adjusted for age, education, APOE ε4 status, and cognitive diagnosis.
Bold font indicates p-value< 0.05.

Abbreviations: APOE, apolipoprotein E; ECog, Everyday Cognition questionnaire; FDR, false discovery rate.
*FDR-corrected p-value< 0.05.

F IGURE 3 Plasma p-tau181 × sex interactions on cognitive outcomes. Lines reflect cognitive domain and self-reported SCD scores
corresponding to plasma p-tau181 levels. Shading reflects 95% confidence interval. (A) Associations between plasma p-tau181 levels andmemory
composite score, stratified by sex: male β=−0.006, p= 0.002; female β=−0.009, p= 0.0001. (B) Associations between plasma p-tau181 levels and
self-reported SCD score, stratified by sex: male β= 0.20, p= 0.18; female β=−0.46, p= 0.07. SCD, subjective cognitive decline.

older adults,37 as well as a higher accumulation rate of tau in AD.38

As such, APOE ε4 carriers can be more prone to neurodegeneration

and current results suggest that APOEmay be an important considera-

tionwhen understanding how this plasma biomarker predicts whomay

display or develop cognitive impairment.

The lack of association between plasma p-tau181 and cognition

in CU individuals was somewhat surprising given that plasma p-

tau181 elevates early in the disease process, purportedly shortly after

abnormal amyloid beta (Aβ) accumulation.2 Multiple factors may be

contributing to the observed findings. First, it is possible that although

plasma p-tau181 can be elevated early in the disease course, the vari-

ance of either the biomarker or cognitive performances observed in

this CU sample was not sufficient to observe differences. As discussed

elsewhere,39 the selection criteria for the ADNI cohorts limits the

presence of comorbidities or alternative etiologies (e.g., cerebrovascu-

lar disease); thus the sample here is likely healthier than the general

population. With fewer medical comorbidities, CU individuals may

be less likely to have other non-AD pathologies such as cerebrovas-

cular disease, and thus may be more resilient to early pathological

changes. Second, cognitive outcomes may lack sensitivity in identi-

fying very early and subtle cognitive changes. Education confounds

neuropsychological test performance and may protect against cogni-

tive changes related to the earliest accumulation of AD pathology.40

In a highly educated cohort, such as this one, AD pathological changes

may not produce a measurable cognitive deficit until later in the dis-

ease progression. Finally, the cross-sectional nature of this study likely

limited our ability to detect an association with cognition. Similar

cross-sectional studies also do not find an association between plasma



BOLTON ET AL. 9 of 11

p-tau181 and cognition in CU individuals.41–43 Plasma p-tau181 may

not be sensitive to cognitive changes when measured at a single

time point and prior to the preclinical stages. Rather elevated plasma

p-tau181 at baseline appears to predict future cognitive decline in

nondemented older adults.44

As expected, informant-reported SCD was associated with plasma

p-tau181 within the MCI and dementia phases of AD, whereas self-

reported SCD was not associated. This pattern is likely secondary to

the presence of anosognosia, a common clinical feature of AD that can

occur prior to frank dementia.45 Self-reported SCD was unrelated to

plasma p-tau181, even in CU participants. This finding was somewhat

unexpected, as self-reported SCD has been linked with amyloid depo-

sition, and previous findings suggest that p-tau181 elevations shortly

follow increased amyloid burden.46 This lack of association could indi-

cate that self-reported SCD occurs prior to detectable changes in

plasma p-tau181. Alternatively, self-reported SCD is present due to

a multitude of factors and the null findings may be related to other

etiologies driving the subjective cognitive weaknesses (e.g., mood and

personality factors, learning disability).

Age and sex both appeared to modify associations between plasma

p-tau181 and cognition, with stronger findings in younger partici-

pants (age <75 years) and women, likely due to multiple factors.

First, with increasing age comes an increasing risk of developing other

neuropathologies that contribute to cognitive changes.47 In addition,

younger age at AD onset is associated with a more aggressive disease

course, greater pathological burden, and faster clinical decline.48 Simi-

lar considerations likely occur with sex. Womenmay be more clinically

susceptible to pathological changes of AD. For example, when com-

paring women and men with similar levels of AD pathology, women

show greater problems with cognition across more domains as com-

pared to men.49 Thus, younger participants or women may be more

likely to have greater cognitive impairment acrossmore domains in the

presence of AD pathology.

One unexpected finding was that, despite plasma p-tau181 being

more strongly associated with cognition in women, it was associated

with greater informant-reported SCD in men, but not women. These

findings are previously unreported to our knowledge and could suggest

that informant-reported SCD in men may be more reflective of patho-

logical changes due to AD as compared to women. These results could

be related towomen beingmore likely to experience cognitive changes

that are due to alternative etiologies (e.g., depression) and not suffi-

ciently significant to produce objective changes on neuropsychological

measures but are producing changes that are noticeable to an infor-

mant. Taken together, these results suggest that plasma p-tau181 is

more strongly linkedwithobjective cognition inwomen than subjective

cognition inmen.

This study has notable strengths including utilizing a comprehen-

sive neuropsychological assessment with more granular measures of

objective cognition that have been developed using sophisticated sta-

tistical techniques. The current study included measures of self- and

informant-reported SCD, an early marker of increased risk for cogni-

tive decline. Furthermore, the large sample size in this study allows for

the examination of numerous potentially modifying factors, including

cognitive diagnosis, APOE ε4 carrier status, age, and sex. Limitations

include a lack of diversity in important factors, such as race/ethnicity

and education in ADNI, thereby limiting generalizability. In addition,

ADNI participants are relatively healthy; individuals with significant

systemic illnesses are screened out. This limits generalizability to

many individuals in the community with medical comorbidities that

are known to influence blood biomarker values (e.g., chronic kid-

ney disease).50 Furthermore, neuropsychological composite scores,

although advantageous in that they reduce the risk of type I error

related to multiple comparisons, may have less sensitivity in preclini-

cal disease states as compared to certain individual neuropsychological

measures or process scores.

In sum, we found that plasma p-tau181 correlates with clinical

changes that are typical of AD, thereby providing new evidence con-

sistent with past work showing that this novel biomarker is useful in

detecting clinical changes specific to AD pathology. In addition, we

highlighted the specific demographic, diagnostic, and clinical factors

that modify the association between plasma p-tau181 and cognition.

These findings provide additional interpretive guidance to clinicians

for using plasma p-tau181, should this biomarker make its way into

clinical use. Women, younger individuals, and those with an increased

genetic risk for AD show the strongest associations between plasma

p-tau181 and cognition; p-tau181 results, if taken in isolation, may

underestimate cognitive decline in individuals not belonging to these

groups. Plasma p-tau181, assessed cross-sectionally, may bemost clin-

ically useful in individuals with some degree of objective cognitive

impairment, although APOE ε4 carrier status, age, and sex should be

consideredwhen understanding these associations.
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