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Plasma Alzheimer’s Biomarkers:
Blood Tests to Detect Alzheimer’s Disease Pathology



Plasma ADRD Biomarkers in WHIMS

3

• Measured p-tau217, p-tau181, GFAP, NfL, and Aβ42:Aβ40 at 
baseline in 2,836 women

• Measured these biomarkers at baseline and LLS in 1,000 
women (15 years apart)

• Data resource to study how plasma biomarkers of ADRD 
pathology relate to various factors and outcomes in WHIMS
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Plasma p-tau217 has greater accuracy 
in detecting AD pathology relative to 
other biomarkers

Limited data on its ability to predict 
dementia in cognitively healthy people
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N=2,766 No. (%) or Mean (SD)
Age 69.9 (3.8)
College graduate 31.2%
White 73.9%
Current smoker 5.4%
BMI, kg/m2 28.6 (5.6)
Diabetes 6.9%
Cardiovascular disease 4.8%
APOE e4 carrier 26.8%

Baseline Characteristics



Plasma p-tau217 
associated with 2-fold 
higher risk of 
MCI/dementia

Stronger associations in 
White women, >70 yrs, 
APOE e4 carriers
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Plasma p-tau217 
associated with 2-fold 
higher risk of MCI

Stronger associations in 
White women and APOE 
e4 carriers

8



Plasma p-tau217 
associated with 3-fold 
higher risk of dementia

Stronger associations in 
women assigned to 
estrogen plus progestin, 
White women, >70 yrs
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• P-tau217 showed better 
discrimination than demographics 
for dementia

• Combination of p-tau217 and 
demographics outperformed 
either alone w/ AUC of 72.7%

• Similar performance in Black 
and White women
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Conclusions
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• Among cognitively healthy women, plasma p-tau217 
associated with incident MCI/dementia during 25-y follow-up

• P-tau217 and dementia HR was stronger in women assigned to 
estrogen plus progestin vs placebo but not e-alone vs placebo

• Similar discriminative accuracy for dementia in White and 
Black women when combining p-tau217 with age
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Bowei Zhang, MS

Associations of Plasma 
ADRD Biomarkers with 

Lifespan and Healthspan
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Elevated p-tau217, p-tau181, NfL, and GFAP associated with 
lower odds of survival to age 90 vs dementia-free death

Plasma ADRD Biomarkers and 
Exceptional Longevity
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Elevated p-tau217, p-tau181, NfL, and GFAP associated with lower odds of survival 
to age 90 without MCI/dementia vs dementia-free death

Plasma ADRD Biomarkers and 
Cognitively Healthy Longevity



15

Elevated p-tau217, p-tau181, NfL, and GFAP associated with lower odds of 
survival to age 90 without MCI/dementia vs with MCI/dementia

Plasma ADRD Biomarkers and 
Cognitively Healthy Longevity



Conclusions
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• Higher levels of all plasma ADRD biomarkers associated with 
lower odds of survival to age 90 without MCI/dementia

• Plasma ADRD biomarkers may serve as indicators of 
healthspan and identify those less likely to be cognitively 
healthy age 90

• Plasma biomarkers may be novel biomarkers of aging and 
potentially surrogate endpoints in anti-aging interventions
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Cardiovascular Risk Factors and 15-Year 
Changes in Plasma Biomarkers of ADRD 
Pathology in WHIMS



Background

• Alzheimer’s disease prevalence is rapidly increasing, with disproportionate burden in 

women

• Blood-based biomarkers enable minimally invasive assessment of AD-related 

pathology

• Cardiovascular (CV) risk factors are modifiable risk factors of dementia

• Limited studies have assessed their associations with changes in plasma biomarkers



Objectives

• Assess temporal changes in plasma ADRD biomarkers

• Examine associations of modifiable CV risk factors with baseline 
levels and longitudinal changes in plasma ADRD biomarkers



Study Population

7,479 women in the Women’s Health 
Initiative Memory Study 

4,643 women not selected for the plasma 
biomarker sample

2,784 women with complete plasma 
biomarker data (967 longitudinal)

2,836 women selected for plasma 
biomarker sample

• 1,334 women with incident MCI or probable dementia through 2021.
• 1,502 women without MCI or probable dementia

o 565 women enrolled in WHIMS-ECHO
o 519 women with brain imaging data
o 707 women from underrepresented population

52 women excluded due to incomplete 
plasma biomarker data



Plasma Biomarkers of ADRD

Measured at baseline (1996-1999) and second time visit (2012 - 2013) with 
a mean (SD) of 15.13 (0.60) years between visits

• Phosphorylated tau at threonine 217 (p-tau217)

• Amyloid beta 42:40 ratio (Aβ42:Aβ40)

• Phosphorylated tau at threonine 181 (p-tau181)

• Neurofilament light chain (NfL)

• Glial fibrillary acidic protein (GFAP)



Cardiovascular Risk Factors  
Comorbidities

• Diabetes

• Hypertension

• Total cholesterol (≥ 200 mg/dL)

• HDL cholesterol (< 50 mg/dL)

• LDL cholesterol (≥ 160 mg/dL)



Cardiovascular Risk Factors  
Lifestyle behaviors

Smoking status: 

• Never smoked

• Past smoker

• Current smoker

Alcohol use: 

• Never

• Past drinker

• Current drinker (< 7 drinks per week)

• Current drinker (≥ 7 drinks per week)

Sleep duration: 

• < 7 hours

• 7-8 hours (reference)

• > 8 hours

Moderate-to-vigorous physical activity 

(MVPA): 

• Under guidelines (< 7.5 MET-hours/week), 

• Meets guidelines (≥ 7.5 MET-hours/week)



Baseline Characteristics and Cardiovascular Risk Factors 
of Analytic Sample

N = 2,784 No. (%) or Mean (SD)
Age 69.9 (3.8)
White 1,993 (73.1%)
Hispanic or Latino 202 (7.3%)
College graduate or higher 861 (31.0%)
BMI at Baseline (kg/m²) 28.6 (5.6)
eGFR at Baseline (ml/min/1.73 m²) 83.6 (13.6)
APOE

ε2 carrier 193 (12.5%)
ε4 carrier 403 (26.2%)

Cardiovascular disease 135 (4.8%)



Baseline Characteristics and Cardiovascular Risk 
Factors of Analytic Sample

N = 2,784 No. (%) or Mean (SD)

Diabetes 196 (7.1%)
Hypertension 1,874 (67.3%)
Total cholesterol ≥ 200 mg/dL 2,043 (81.3%)
HDL cholesterol < 50 mg/dL 1,015 (40.4%)
LDL cholesterol ≥ 160 mg/dL 914 (39.6%)
Current smoker 150 (5.5%)
Alcohol use

Current drinker (< 7 drinks per week) 1,473 (53.5%)
Current drinker (≥ 7 drinks per week) 259 (9.4%)

Sleep duration (hours)
< 7 1,136 (41.1%)
7 - 8 1,519 (55.0%)
> 8 109 (3.9%)

MVPA Meets Guidelines (≥ 7.5 MET/wk) 677 (24.4%)



Longitudinal Changes in Plasma 
ADRD Biomarkers
• Aβ42:Aβ40 declined over time, while p-tau181, p-tau217, NfL, and GFAP increased



Longitudinal Changes in Plasma 
ADRD Biomarkers
• Women >70 years had higher of levels of pathology, with a slower increase in GFAP 

only



Longitudinal Changes in Plasma 
ADRD Biomarkers
• APOE ε4 carriers vs. ε3/ε3 carriers showed more adverse baseline biomarker levels

• APOE ε2 carriers vs. ε3/ε3 carriers did not differ in biomarker levels

• Longitudinal changes did not differ by APOE genotype



Associations of Baseline Comorbidities with Baseline 
Levels of Plasma ADRD Biomarkers

At baseline,

• No significant association was 
observed for Aβ42:Aβ40

• Diabetes was associated with 
higher levels of p-tau217 and 
NfL

• Unexpectedly, an at-risk level 
of HDL cholesterol was 
associated with lower GFAP



Associations of Baseline Comorbidities with Changes in 
Plasma ADRD Biomarkers over an Average of 15 Years

Longitudinally,

• Diabetes was associated with a 
faster increase in p-tau217 (P-
FDR = 0.02)

• Hypertension was associated 
with faster increases in p-
tau217, NfL, and GFAP (P-FDR = 
0.02)

Diabetes

Hypertension



Associations of Baseline Comorbidities with Changes in 
Plasma ADRD Biomarkers over an Average of 15 Years

Longitudinally,

• At-risk levels of both total 
cholesterol and LDL cholesterol 
were each associated with a 
faster increase in p-tau217 (P-
FDR = 0.02)

Total Cholesterol

LDL Cholesterol



Associations of Baseline Lifestyle Behaviors with Baseline 
Levels of Plasma ADRD Biomarkers

At baseline,

• Current smoking was 
associated with lower 
p-tau181 levels

• Current drinking was 
associated with lower 
p-tau181 and p-
tau217 levels



Associations of Baseline Lifestyle Behaviors with Baseline 
Levels of Plasma ADRD Biomarkers

At baseline,

• Current smoking was 
associated with lower 
GFAP levels

• Current drinking was 
associated with lower 
NfL and GFAP levels



Associations of Baseline Lifestyle Behaviors with Changes 
in Plasma ADRD Biomarkers over an Average of 15 Years

Longitudinally,
• Long sleep duration (>8 hours) was associated with a faster increase in p-tau217 (P-FDR = 0.03)
• No other significant association was observed in lifestyle behaviors



Summary

We observed that at baseline:

• Diabetes was associated with higher levels of p-tau217 and NfL

• At-risk levels of HDL cholesterol were associated with lower GFAP

• Current smoking was associated with lower levels of p-tau181 and GFAP

• Current drinking was associated with lower levels of p-tau181, p-tau217, 
NfL, and GFAP



Summary

In terms of changes over time:

• Hypertension was associated with faster increases in p-tau217, NfL, GFAP

• Several comorbidities (diabetes, hypertension, at-risk levels of total and 
LDL cholesterol) were associated with a faster increase in p-tau217

• Among lifestyle behaviors, only long sleep duration was associated with a 
faster increase in p-tau217



Conclusions
• Levels of pathology reflected in plasma ADRD biomarkers increased over 

time

• Some comorbidities, particularly diabetes, were associated with baseline 
levels of plasma biomarkers and increases over time

• Among lifestyle behaviors, only long sleep duration was associated with a 
faster increase in p-tau217
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Statistical Analyses
Sensitivity Analyses

• Effect modification evaluated across age group (≤ 70 vs > 70) and APOE categorized as 
ε3/ε3 (reference), ε2 carriers (ε2/ε2, ε2/ε3), and ε4 carriers (ε2/ε4, ε3/ε4, ε4/ε4).

• We did not stratify findings by race

• Sensitivity analyses

• Excluding women with CVD diagnosed at baseline 

• Removing extreme outliers (5-SD above the mean) instead of using winsorization

• Excluding women with eGFR < 60 mL/min/1.73m² 



Association of Baseline Comorbidities with Changes in Plasma 
Biomarkers of ADRD over an Average of 15 Years



Association of Baseline Lifestyle Risk Factors with Changes in 
Plasma Biomarkers of ADRD over an Average of 15 Years

Longitudinally,

• Long sleep duration 
(>8 hours) was 
associated with a 
faster increase in p-
tau217.



Association of Baseline Lifestyle Risk Factors with Changes in 
Plasma Biomarkers of ADRD over an Average of 15 Years

Longitudinally,

• No lifestyle risk factor 
was associated with 
changes in NfL or 
GFAP



Effect Modification
• Associations of cardiovascular risk factors and changes in plasma GFAP were modified 

by age group.

Age ≤ 70 yrs Age > 70 yrs

Risk Factors β (95% CI) P-value β (95% CI) P-value P-Interaction

Hypertension 0.092 (0.017, 0.166) .02 0.151 (0.042, 0.260) .007 <.001

Total Cholesterol ≥ 200 mg/dL 0.001 (0.000, 0.002) .05 0.000 (-0.001, 0.002) .63 <.001

LDL Cholesterol ≥ 100 mg/dL 0.001 (0.000, 0.002) .04 0.000 (-0.001, 0.002) .59 <.001

Smoking Status

Past Smoker 0.016 (-0.059, 0.091) .68 0.006 (-0.100, 0.112) .91
.009

Current Smoker 0.197 (0.024, 0.370) .03 -0.071 (-0.578, 0.435) .78

Sleep Duration

<7 hours 0.096 (0.018, 0.174) .02 -0.042 (-0.148, 0.065) .44
<.001

>8 hours 0.167 (-0.061, 0.396) .15 0.076 (-0.197, 0.350) .58



Effect Modification

• Associations of cardiovascular risk factors with changes in plasma biomarkers did not 
significantly vary by APOE genotype.



Sensitivity Analyses

Results were consistent with the primary analyses after

• Excluding women with CVD at baseline 

• Removing extreme outliers (5-SD above the mean) instead of using winsorization

• Excluding women with eGFR < 60 mL/min/1.73m² 



Discussion

Strengths

• Large sample size with longitudinal measurements of plasma ADRD biomarkers spanning an 
average of 15 years.

• Comprehensive set of modifiable cardiovascular risk factors and plasma ADRD biomarkers, 
including p-tau217 which few studies have examined.

Limitations:

• Included cognitively unimpaired women 65 years or older only.

• Plasma ADRD biomarkers were measured up to two time points.
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Plasma Biomarkers of AD-Related 
Pathology

• have shown promise for detecting latent AD pathology and for 
predicting cognitive decline and dementia 

• associations with mortality are less well understood

Objective: Determine the association of AD-specific biomarkers 
(Aβ42/Aβ40, p-tau181, p-tau217) and non-specific biomarkers (NfL, 
GFAP) with all-cause and cause-specific mortality among WHIMS 
women.
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Study Population

7,479 women in the Women’s Health 
Initiative Memory Study 

4,643 women not selected for the 
plasma biomarker sample

2,784 women with complete plasma 
biomarker data

2,836 women selected
• 1,334 with incident MCI or probable dementia 

through 2021.
• 1,502 women without MCI or probable dementia

o 565 women enrolled in WHIMS-ECHO
o 519 women with brain imaging data
o 707 women from underrepresented 

population

52 women excluded due to incomplete 
plasma biomarker data

Shadyab & McEvoy R01AG079149



Ascertainment of Cause of Death

Cause of death was determined by centralized review of medical records and 
death certificates at each WHI clinical center

All-cause mortality: death from any cause 

• Dementia mortality: deaths attributed to any form of dementia 

• CVD mortality: deaths from possible or definite coronary heart disease, 
cerebrovascular disease, other cardiovascular conditions, or unknown 
cardiovascular causes 

• Cancer mortality: deaths due to any type of cancer

• Other-cause mortality: deaths not classified as dementia, cancer, or CVD 
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Statistical Approach
• Biomarker values were winsorized at the 99th percentile, log2-transformed, then 

z-scored
• Kaplan-Meier methods to estimate cumulative incidence of all-cause mortality
• Cox proportional hazards models to estimate association of each biomarker 

with all-cause mortality, incorporating weights to account for the sampling 
design 

• Models adjusted for race, ethnicity, hormone therapy trial arm, education, BMI, 
and eGFR

• In secondary analyses, Fine-Gray subdistribution hazard models were used to 
estimate associations of each plasma biomarker with cause-specific mortality, 
treating other causes of death as competing events
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Sample Characteristics at Baseline Among 
2784 WHIMS Women

54 Blue Notch Template

Characteristic Mean (SD) or No. (%)
Age 70 (4)
College Graduate or Higher 861 (31%)
Race: 

Asian 127 (5%)
Black 505 (19%)
White 1,993 (73%)

Hispanic or Latina 202 (7%)
BMI (kg/m2) 29 (6)
eGFR (ml/min/1.73 m²) 84 (14)
APOE ε4 Carrier 486 (27.0%)



Cumulative Incidence of All-Cause Mortality by 
Biomarker Quartiles
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Cumulative Incidence of All-Cause Mortality by 
Biomarker Quartiles
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Associations of Plasma Biomarkers with 
All-Cause Mortality

Cox proportional hazards regressions models, adjusted for age, race, ethnicity, hormone therapy trial group, 
education, BMI, and eGFR. Models were weighted to account for biomarker sample selection. The analytic sample 
included 2700 women after removing those with missing race or ethnicity. 
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Modification by APOE ε4 Carrier Status
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Modification by Race
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Associations of Plasma Biomarkers with Cause-
Specific Mortality

• Subdistribution hazard ratios and 
95% confidence intervals from 
Fine-Gray subdistribution hazard. 

• Models were adjusted for age, 
race, ethnicity, hormone therapy 
trial group, education, BMI, and 
eGFR. 

• Models were weighted to 
account for biomarker sample 
selection. 

• The analytic sample included 
2700 women after removing 
those with missing race or 
ethnicity.
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Summary & Conclusions

• Elevated levels of p-tau181, p-tau217, NfL and GFAP at baseline were 
associated with increased risk of all cause mortality.

• Largest associations were observed for p-tau217; particularly among 
APOE e4 carriers.

• Differences in NfL associations with all cause mortality between White 
and Black women may reflect differences in cause of death.
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Summary & Conclusions
• All biomarkers were associated with risk of dementia death.

• Elevated NfL was associated with increased risk of CVD mortality and 
with other causes of death besides CVD, cancer, and dementia; no 
other biomarker was associated with CVD mortality or mortality from 
other causes. 

• Higher levels of p-tau217 were associated with decreased risk of 
cancer mortality.

Plasma biomarkers are informative not only of dementia risk, but 
also of mortality risk.
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Thank you!
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