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1 | BACKGROUND

Abstract

Introduction: To determine if cardiovascular risk factor (CVRF) burden is associated
with Alzheimer’s disease (AD) biomarkers and whether they synergistically associate
with cognition.

Methods: We cross-sectionally studied 1521 non-demented Mexican American (52%)
and non-Hispanic White individuals aged >50 years. A composite score was calculated
by averaging the z-scores of five cognitive tests. Plasma B-amyloid (AB) 42/40, total
tau (t-tau), and neurofilament light (NfL) were assayed using Simoa. CVRF burden was
assessed using the Framingham Risk Score (FRS).

Results: Compared to low FRS (< 10% risk), high FRS (> 20% risk) was indepen-
dently associated with increased t-tau and NfL. High FRS was significantly associated
with higher NfL only among Mexican American individuals. Intermediate or high FRS
(vs. low FRS) were independently associated with lower cognition, and the asso-
ciation remained significant after adjusting for plasma biomarkers. Hypertension
synergistically interacted with t-tau and NfL (p < 0.05).

Discussion: CVRFs play critical roles, both through independent and neurodegenera-
tive pathways, on cognition.

KEYWORDS
amyloid, blood biomarkers, cardiovascular risk factors, cognition, Hispanic, Mexican American,
neurofilament light, tau

and dementia through vascular pathways such as small vessel dis-

eases, which commonly co-occur with AD-related pathology in older

An estimated 6.2 million Americans age 65 years and older are
living with Alzheimer’s disease (AD) related dementia (ADRD).!
Cardiovascular risk factors (CVRFs), including hypertension, dyslipi-
demia, diabetes mellitus, obesity, and smoking, are key modifiable
risk factors for ADRD.2% CVRFs may contribute to cognitive decline

adults.*®> However, it is less well understood whether CVRFs are
directly associated with neurodegenerative pathways specifically asso-
ciated with AD. Previous studies on the association between CVRFs
and AD pathology (e.g., amyloid and tau deposition) have been
inconsistent.®~10
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Findings from neuroimaging and pathological studies indicate that
vascular pathology may lower the threshold of AD pathology for cog-
nitive impairment, suggesting that the combination of CVRFs and AD
pathology may have a greater impact on cognition than their addi-
tive effect.1112 However, findings from small cohort studies have been
mixed regarding whether CVRFs and AD pathology additively or syn-
ergistically contribute to cognitive aging.”131* Evidence from large,
population-based studies is lacking. Furthermore, studies in ethnically
diverse cohorts are lacking, although CVRFs and AD disproportion-
ately impact ethnic minorities, such as Mexican Americans (MAs)
15-17

Recently, key plasma biomarkers based on the AT(N) framework,
including B-amyloid (AB), tau, and neurofilament light (NfL), have
emerged as less invasive and inexpensive tools to detect and diagnose
AD.18-21 The availability of plasma biomarkers, including Ag, total tau
(t-tau), and NfL, in the Health and Aging Brain Study: Health Disparities
(HABS-HD) allows us to study the relationship of CVRFs with Ag and
neurodegenerative pathways and their interactions in a large, bi-ethnic
population of middle-aged and older adults. The goal of this study
is to investigate whether (1) CVRF burden is associated with plasma
biomarker levels, and (2) CVRFs and plasma biomarkers synergistically

associate with cognition in middle-aged and older adults.

2 | METHODS

2.1 | Study population

We cross-sectionally analyzed baseline data from the HABS-HD
study.’® Briefly, the HABS-HD study is an ongoing, community-based
cohort study of cognitive aging among MA and non-Hispanic White
(NHW) older adults at the University of North Texas Health Science
Center, Fort Worth, Texas. Since 2017, 1705 MA and NHW individu-
als, aged > 50 years who were willing to provide blood samples and
capable of undergoing neuroimaging studies have enrolled. Individuals
with type 1 diabetes, severe mental/physical illness that could impact
study participation, and active alcohol/substance abuse were excluded.
Participants were invited to complete a clinical interview, neuropsy-
chological assessment, functional examination, and blood draw for
clinical and biomarker analysis. The HABS-HD study is conducted
under institutional review board-approved protocols, and all partici-
pants and/or caregivers sign written informed consent. The HABS-HD
study data are publicly available through the University of North Texas
Health Science Center Institute for Translational Research website.

Of the 1705 MA and NHW individuals in HABS-HD, 116 (6.8%)
were diagnosed with dementia and were excluded from our analy-
sis. Dementia diagnoses were adjudicated at consensus review based
on the clinician-administered Clinical Dementia Rating Scale (CDR)
sum of boxes >2.5 or cognitive z-scores at least 2 standard devia-
tions (SD) below the mean on two or more neuropsychological tests.1®
Participants with mild cognitive impairment were not excluded. Of
the 1589 non-demented participants, 59 (3.7%) and 9 (0.6%) partic-

ipants were missing all plasma biomarkers and blood cholesterols,

RESEARCH IN CONTEXT

1. Systematic Review: Several studies have evaluated the
associations between cardiovascular risk factors (CVRFs)
and Alzheimer’s disease (AD) biomarkers, and the findings
have been mixed. Findings on the synergistic association
of CVRFs and p-amyloid (Ap) were inconsistent. Less is
known about tau and neurofilament light (NfL).

2. Interpretation: CVRF burden is associated with
increased plasma total tau and NfL levels, but not AB
42/40, suggesting the contribution of CVRF to neu-
rodegenerative pathways. The differential association
between CVRF burden and NfL indicates the presence
of ethnic-specific mechanisms. CVRFs may contribute
to worse cognition partially through associations with
neurodegeneration and, more importantly, through
other pathways that may synergistically interact with
neurodegeneration.

3. Future Directions: The Health and Aging Brain Study:
Health Disparities is an ongoing study; therefore, longi-
tudinal associations and synergistic interactions between
CVRFs and AD biomarkers in middle-aged and older
adults will be critical to understand the mechanisms of
CVREF in cognitive aging.

respectively. For the current study, we analyzed 1,521 non-demented,

community-dwelling MA and NHW individuals, aged >50 years.

2.2 | Cognitive function assessment

A standard battery of cognitive tests was administered consisting of
the Trail Making Test, Parts A and B (measures of attention and exec-
utive function),?? the Digit-Symbol Substitution Test (a measure of

),2% verbal fluency tests of FAS and Animal Naming,23

processing speed
and the Spanish English Verbal Learning Test, 30 min-delayed recall
(a measure of verbal memory).2* We computed a cognitive composite

score by averaging the z-standardized test scores of all tests.

2.3 | Cardiovascular risk factors

At baseline, CVRFs were classified during the HABS-HD consen-
sus review based on lab values, objective measures, self-report, and
current medication use.l® We defined hypertension as at least two
readings of systolic blood pressure >140 mm Hg, diastolic blood
pressure >90 mm Hg, or with a medical history and use of medica-
tions. We defined diabetes as hemoglobin Alc (HbA1lc) > 6.5% or
with a medical history and use of medications. We defined dyslipi-
demia as low-density lipoprotein (LDL) cholesterol >120 mg/dL, total
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cholesterol >240 mg/dL, triglycerides >200 mg/dL, or with a med-
ical history and use of medications. Cigarette smoking was based
on self-reported current smoking. We used height and weight from
the baseline exam to calculate body mass index (BMI) and defined
obesity as a BMI >30 kg/m?2. Participants underwent a collection of
fasting blood at baseline, which was then assayed for a comprehen-
sive metabolic panel, lipid panel, and HbA1c. Information on systolic
and diastolic blood pressure, HbA1c, height and weight, LDL choles-
terol, total cholesterol, high-density lipoprotein (HDL) cholesterol, and
triglycerides were collected at the baseline exam.

We assessed aggregated CVRF burden using the Framingham Risk
Score (FRS),%° a sex-specific algorithm based on age, total cholesterol,
HDL cholesterol, systolic and diastolic blood pressures, smoking, and
diabetes. FRS was initially developed to assess risk of coronary heart
disease (CHD),2>2% and has been shown to be associated with cogni-
tive decline and brain pathology.2’-2? We defined low, intermediate,
and high FRS as having 10-year CHD risk of <10% (female FRS <10;
male FRS <6), 10% to 19% (female FRS 10-14; male FRS 6-8), and >
20% (female FRS >15 male FRS >9), respectively.?®

2.4 | Plasma biomarkers

Baseline fasting blood collection was completed within 2 hour (stick-
to-freezer).3% The ultra-sensitive Quanterix Simoa (single molecule
array) HD-1 platform was used for the assay of plasma A 40, AB 42,
and t-tau (three-plex plate), as well as NfL. The detection limit is 0.196
pg/ml for AR 40,0.045 pg/ml for A 42,0.019 pg/ml for t-tau, and 0.038
for NfL. More than 5000 assays have been conducted for the samples,

and the mean coefficients of variation for all assays were < 5%.

2.5 | Covariates

Demographic characteristics (age, sex, ethnicity), socioeconomic status
(SES; marital status, insurance, household income), and education were
from self-report. Hazardous/dependent alcohol use was assessed by
the Alcohol Use Disorders ldentification Test (AUDIT) questionnaire at
baseline interview (AUDIT score >8).31 Physical activity was assessed
by the Rapid Assessment of Physical Activity (RAPA) questionnaire
and dichotomized as physically active (RAPA score >6). Depression
was assessed using the Geriatric Depression Scale (GDS) and defined
as GDS >10 or with medical history. Apolipoprotein E (APOE) geno-
type and serum creatinine was ascertained at baseline using standard
techniques. Self-reported medical history, including coronary heart dis-
ease and stroke/transient ischemic attack (TIA), were collected from
interview.

2.6 | Statistical analysis

Descriptive statistics for participant characteristics, plasma biomarker
levels, and cognitive performance were compared by low, interme-
diate, and high FRS using x2 and Kruskal-Wallis tests. Because of

Disease Monitoring

skewness, serum creatinine, and plasma biomarkers were natural log-
transformed in models. The associations between FRS with plasma
biomarkers were estimated using linear regression models adjusting
for confounders. To identify a minimally sufficient set of measured
confounders to be adjusted for,>23% we constructed directed acyclic
graphs (DAGs) considering factors associated both with FRS and
plasma biomarkers (Table 1, Supplemental Table and Figure). We con-
ceptualized that SES may be associated with plasma biomarkers and
cognition primarily through its association with CVRFs, education,
behavior factors (physical activity and alcohol use), and depression.
In a preliminary analysis, SES was not independently associated with
plasma biomarkers or cognition when other factors were adjusted
for. Therefore, we determined that adjustment for demographics (age,
sex, ethnicity), education, APOE, behavior factors, renal function, and
depression was minimally sufficient to control for confounding in
estimating the associations between FRS and biomarkers. Parameter
estimates were back-transformed to represent the percent increase in
each biomarker, comparing participants with intermediate or high ver-
sus low FRS. Ethnic differences in the FRS-biomarker associations were
also assessed.

To determine whether CVRFs and plasma biomarkers synergis-
tically associate with cognition, we first estimated the indepen-
dent associations of FRS with the composite cognitive score using
multivariable-adjusted linear regression with additional adjustment
for plasma biomarkers. We then examined the presence of an interac-
tion between FRS and each plasma biomarker one at a time, adjusting
for covariates (e.g., composite cognitive score ~ FRS + AR 42/40 + FRS
x AB 42/40 + covariates). The presence of interactions between each
biomarker and individual CVRFs, including hypertension, diabetes, dys-
lipidemia, obesity, and current smoking, were also assessed one at a
time (e.g., composite cognitive score ~ hypertension + Af 42/40 +
hypertension x A 42/40 + covariates). Additionally, we conducted
stratified analyses to estimate the association between biomarkers
and cognition by FRS levels or CVRF when a significant interaction
between FRS or a CVRF and a biomarker was present. Similarly, we
determined using DAGs that the minimally sufficient set of measured
confounders included demographics, education, behavior factors, renal
function, physical activity, and depression (Table 1, Supplemental Table
and Figure). In sensitivity analysis, we further adjusted for the other
CVRFs when an individual CVRF was assessed; excluded participants
with stroke/TIA or with plasma biomarker levels at the 1st and 99th
percentiles (to limit the impact of extreme values). Two-sided statis-
tical tests were conducted, and p < 0.05 was considered statistically

significant. Statistical analyses were conducted with SAS (version 9.4).

3 | RESULTS

The mean age of the 1521 participants (61% female and 52% MA indi-
viduals) was 66.3 + 8.7 years. The median FRS was 8 (interquartile
range [IQR], 5 to 10), with 36% and 15% having intermediate and high
FRS, respectively. Compared to participants with low FRS, those with
higher FRS were more likely to be older, male, MA individuals, APOE
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TABLE 1 Characteristics of the 1521 HABS-HD participants by low, intermediate, and high FRS
Intermediate

Low FRS FRS, High FRS,

n=740 n=>547 n=234 p-value®
Age, years, median (IQR) 65(57.5-72) 66(61-72) 69 (63-73) <0.001
Female, n (%) 585 (79) 284 (52) 61(26) <0.001
Mexican American, n (%) 311(42) 326 (60) 150 (64) <0.001
Education > high school, n (%) 576(79) 369 (68) 148 (64) <0.001
Hazardous/dependent alcohol use, n (%) 17 (2) 24 (4) 12 (5) 0.042
Physically active, n (%) 261 (35) 177 (32) 64 (27) 0.07
APOE ¢4 carrier, n (%) 195(26) 100 (18) 47 (20) 0.002
Hypertension, n (%) 356 (48) 395(72) 201 (86) <0.001
Diabetes, n (%) 61(8) 179 (33) 131(56) <0.001
Dyslipidemia, n (%) 433 (59) 389 (71) 177 (76) <0.001
Current smoking, n (%) 16 (2) 31(6) 35(15) <0.001
Obesity, n (%) 263(36) 289 (53) 111 (48) <0.001
Creatinine, mg/dL, medium (IQR) 0.78(0.67-0.91) 0.85(0.7-1) 0.92(0.78-1.09) <0.001
Coronary heart disease, n (%) 28 (4) 30(5) 13 (6) 0.28
Stroke/TIA, n (%) 29 (4) 27 (5) 10 (4) 0.68
Depression, n (%) 235(32) 186 (34) 68 (29) 0.38

Abbreviations: APOE, apolipoprotein E; FRS, Framingham Risk Score; HABS_HD, Health and Aging Brain Study: Health Disparities; IQR, interquartile range;

TIA, transient ischemic attack.

*Chi-squared test for categorical variable and Kruskal-Wallis tests for continuous variables. Participants with missing information: education 15 (1%), APOE

5 (0.3%), physical activity 1(0.1%).

g4 non-carrier, have hazardous/dependent alcohol use and higher cre-
atinine levels, and with lower education (Table 1). Participants with
intermediate and high FRS had significantly lower mean composite
cognitive scores (intermediate vs. low: -0.29; 95% confidence interval
[Cl],-0.37 to -0.22; high vs. low: -0.45; 95% CI -0.55 to -0.35) than those
with low FRS (both p < 0.001). Plasma biomarkers and cognitive score

by subgroups of participants were compared in Tables Sl and SlI.

3.1 | Association of cardiovascular risk factor
burden with plasma biomarkers

After adjusting for demographics, APOE, and education, high (vs. low)
FRS was associated with increased t-tau (8.5%, 95% Cl 1.9% to 15.6%)
and NfL (14.2%, 95% CIl 5.8% t023.2%). Those with intermediate and
low FRS were not significantly different in t-tau and NfL levels, and FRS
was not associated with AR 42/40 levels (p > 0.05). The associations
of FRS with t-tau and NfL remained largely unchanged with additional
adjustments for alcohol use, physical activity, and depression (Table 2).
High (vs. low) FRS remained significantly associated with increased NfL
(10%, 95% Cl 2.4% to 18.2%, p = 0.009) and marginally significantly
associated with increased t-tau (5.7%, 95% Cl -0.6% to 12.4%, p =
0.07) after further adjustment for serum creatinine. The interaction
between FRS and ethnicity was significant for NfL (p = 0.012). Specif-
ically, participants with high FRS had a significantly higher NfL only in
MA individuals (20.9%, 95% CI 8.6% to 34.7%) but not in NHW indi-

viduals (4.4%, 95% Cl -6.2% to 16.2%). There was no evidence of an
interaction between FRS and ethnicity for AR 42/40 or t-tau (both p >
0.05).

3.2 | Assessment of synergistic associations
between cardiovascular risk factors and plasma
biomarkers

Intermediate and high (vs. low) FRS were significantly associated with
lower cognitive performance (intermediate: § =-0.09, 95% Cl -0.15 to
-0.03; high: g =-0.13, 95% Cl -0.22 to -0.05) after adjusting for demo-
graphics and education. Further adjusting for alcohol use, physical
activity, depression, and serum creatinine did not appreciably change
the results. The association between FRS and lower cognitive perfor-
mance remained significant after adjusting for A 42/40, t-tau, and NfL
(intermediate vs. low: § =-0.09, 95% CI -0.15 to -0.03; high vs. low: g =
-0.11, 95% CI1 -0.20 to -0.03), indicating that the contribution of CVRF
to worse cognition was independent of biomarkers.

In the extended models, the interactions between FRS and each
plasma biomarker were not statistically significant (p > 0.05 for inter-
actions). However, when individual CVRF (hypertension, diabetes,
dyslipidemia, obesity, and current smoking) was assessed separately
with AB 42/40, t-tau, and NfL one at a time, the interactions of hyper-
tension with t-tau and NfL were statistically significant (p = 0.047
and 0.002, respectively, Figure 1) after adjusting for all covariates,
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TABLE 2 Multivariable-adjusted association of Framingham Risk Score (FRS) with Alzheimer’s disease biomarkers

Model 1 Model 2
B (95% Cl) B(95% Cl)
Intermediate vs. High vs. Intermediate vs. High vs.
Low FRS Low FRS Low FRS Low FRS
AB42/40,n=1512 -0.3% -2.1% —0.4% —-2.1%
(—3.2% to 2.8%) (—6.1% t0 2.1%) (=3.3% t0 2.7%) (—6.1% t0 2.1%)
Total tau,n= 1513 4.5% 8.5% 4.1% 7.7%
(—0.1% to 9.3%) (1.9% to 15.6%) (—0.5% to 8.9%) (1.1% to 14.7%)
Neurofilament light, n = 1508 —-0.9% 14.2% -1.7% 13.4%
(—6.2% to 4.6%) (5.8% t0 23.2%) (—6.9% to 3.8%) (5.1% to 22.3%)

Note: Model 1 adjusted for demographics (age, sex, and ethnicity), APOE, and education; Model 2 additionally adjusted for physical activity, alcohol use, and
depression. Estimated associations () were derived from the regression coefficients and back transformed to represent the percent difference in biomarkers
comparing participants with Intermediate (10% to 19% risk) or high (> 20% risk) FRS with low FRS (< 10% risk). Abbreviations: Ag, 3-amyloid; Cl, confidence

interval.

(A) (B) ()
" Interaction p-value =0.40 5 Interaction p-value =0.047 2 Interaction p-value =0.002
o o o
o o (o)
O O O
(0] (] ()]
o [} [}
= = =
c = i
(o)) (o)) D
o O (o]
o (5] o
2 2 2
o o o -
[o% Q Q 3
g E g cn:u
@) 8 O coe WAV St
Hypertension- Hypgartens’lom»“%° Sl
—No = No 2
24 = Yes 2 =-Yes °
T T T T T T T T T
05 0.0 05 1.0 1.5 20 2 3 4 5
AR 42/40 Total tau Neurofilament light
FIGURE 1 Hypertension interacts with plasma biomarkers on cognitive performance. Associations of plasma Af 42/40, total tau, and

neurofilament light with the composite cognitive score in participants with and with hypertension. Abbreviations: Ag = 3-amyloid.

suggesting that hypertension together with increased t-tau and NfL
were associated with worse cognition more than their additive effect.
The interaction between hypertension and AB 42/40 was not signif-
icant (p = 0.40). Further adjustment for other CVRFs and excluding
participants with stroke/TIA or extreme biomarker values (1st and
99th percentiles) did not appreciably change the results. In stratified
analysis, 1 unit increase in t-tau and NfL (both natural log-transformed)
was more strongly associated with worse cognitive performance in par-
ticipants with hypertension (t-tau: § =-0.11, 95% CI -0.20 to -0.02; NfL:
B =-0.14, 95% CI -0.22 to -0.07) than in without hypertension (t-tau:
B =0.06, 95% Cl -0.06 to 0.19; NfL: 8 = -0.01, 95% CI -0.1 to 0.13).
Diabetes, dyslipidemia, obesity, and current smoking had no significant

interaction with plasma biomarkers (all p > 0.05).

4 | DISCUSSION

In this bi-ethnic cohort of nondemented, middle-aged and older adults,

we found that greater CVRF burden measured by FRS was cross-

sectionally associated with higher plasma t-tau and NfL, but not AB
42/40, which was independent of demographics, education, APOE,
physical activity, alcohol use, and depression. The association between
FRS and NfL was only in MA individuals but not NHW individu-
als. FRS was also associated with cognition, independently of plasma
biomarkers. We also found synergistic interactions of hypertension
with t-tau and NfL, whereby t-tau and NfL were primarily associated
with cognition among those with hypertension. These results suggest
that CVRFs may contribute to worse cognitive performance partially
through their association with neurodegenerative pathways involving
these biomarkers, more importantly, through other potential comorbid
changes that may synergically interact with neurodegeneration.
Previous studies on the association between CVRF and AD biomark-
ers have mainly focused on AB with mixed findings. CVRF burden has
been linked to AB deposition in late life. A study from the Atherosclero-
sis Risk in Communities (ARIC) found that a higher number of CVRFs
in midlife was associated with elevated A measured using positron
emission tomography (PET) at 76 + 5.3 years.® However, a study in
the British 1946 birth cohort did not find an association between FRS
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and PET AB among people aged 69 to 71 years.® Less is known about
other biomarkers, such as tau and NfL. A CVRF count was not asso-
ciated with CSF t-tau and phosphorylated tau (p-tau) levels among
middle-aged adults (56 + 11 years).” However, a study among slightly
older adults (61+8.5 years) found that the Cardiovascular Risk Fac-
tors, Aging and Dementia Study (CAIDE) risk score (without APOE) was
associated with CSF t-tau levels.’® Our findings on the association of
FRS with plasma t-tau and NfL align with results from the Alzheimer’s
Disease Neuroimaging Initiative, where cerebrovascular disease was
associated with plasma t-tau and neurofibrillary pathology severity.3*
Most prior studies have focused on PET and CSF biomarkers. Our
findings add to the standing debate on whether CVRF contributes
to the accumulation of AB. Our results support the recent findings
that CVRF burden was not associated with PET and CSF Af among
middle-aged and older adults.®? Our results need to be interpreted
with caution. Although plasma AB using Simoa (Neurology 3-Plex)
HD-1 platform has been shown to have modest-high sensitivity and
specificity in detecting abnormal CSF-amyloid status and PET AR

positivity,3°3¢

plasma biomarkers, including A, have both central and
peripheral sources, and the role of peripheral biomarkers in AD-related
pathologies is not well understood.?” Plasma biomarkers may be
less sensitive to changes compared to CSF biomarkers.3> Differences
between cohorts, especially the age of neuroimaging or biomarker
assessment, race and ethnic diversity, as well as measurement used for
CVRF burden, might contribute to different findings.

Importantly, we also found synergistic interactions of hypertension
with plasma t-tau and NfL, suggesting that the presence of vascular
risk factor and neurodegenerative biomarkers in combination may be
associated with a greater risk of cognitive aging than their additivity.
Previous neuropathological and neuroimaging studies have suggested
a synergistic effect of infarction and AD pathology (plaques and neu-
rofibrillary tangles), or white matter hyperintensities and plasma tau,
on cognition or AD diagnosis.' 112343839 Findings on aggregated CVRF
burden and with Ag were mixed. A synergistic effect between FRS and
PET AB burden on cognitive decline has been reported in a longitudi-
nal cohort (aged 74 + 6 years followed up for 3.7 + 1.2 years),” while
others found the combined effect of CVRF burden with CSF A@ to be
no more than additive.”144% Qur findings aligned with the results from
neuropathological studies, although we also did not find a significant
interaction between FRS and AB levels suggesting that the mechanism
of the synergistic interaction may be specific to individual CVRF and
neurodegenerative biomarkers.

The mechanisms underlying the association of CVRFs with plasma
biomarkers and a synergistic interaction are unclear but may involve
mixed vascular and neurodegenerative pathways. Our findings indi-
cate that the association between CVRF burden and cognition may be
partially attributable to the direct association with tau and neurode-
generative pathology. Cerebrovascular diseases, such as white matter
hyperintensities, infarction, lacunes, and microbleeds, resulting from
long-term exposure to CVRFs, may directly contribute to tau and neu-
rofibrillary pathology but also synergistically interact with tau-related
pathology in relation to dementia. 1112343941 Hypoperfusion occurs in

hypoxia-ischemia-induced white matter injury and may both promote

tau pathology and enhance its impact on AD expression.>4#2 CVRF
may independently be associated with cortical atrophy, contribut-
ing to neurodegeneration.’® More research is needed to elucidate
the specific mechanisms for individual CVRF in modifying the clinical
expression of AD.

Recently, plasma biomarkers have emerged as inexpensive and min-
imally invasive tools to identify individuals with increased risk of AD.
Our findings on the association between CVRF and cognition, both
dependent and independent of neurodegenerative biomarkers, as well
as their synergistic interactions, raise the question of whether CVRF
needs to be considered as a confounder and effect modifier when uti-
lizing plasma neurodegenerative biomarkers in risk stratification for
AD. Our findings need to be confirmed in additional studies, espe-
cially in diverse populations, where CVRF burden may be greater and
more strongly associated with neurodegeneration. The observed eth-
nic differences in the association between FRS and NfL suggest that
ethnic-specific mechanisms may be present in vascular contributions
to neurodegeneration. Critical questions remain regarding whether
this may contribute to the ethnic disparities in cognitive aging. More
studies on racially and ethnically diverse populations are warranted.

Our findings in the associations with plasma biomarkers are novel
but may need to be interpreted with caution. Compared with PET and
CSF biomarkers, such as Af and p-tau, the role of plasma t-tau and NfL
in AD is less clear. Although plasma t-tau is an indicator of neurofib-
rillary tangles and neuronal damage, it may not be AD-specific.*3-4¢
Biomarkers more specific to AD, such as CSF and plasma p-tau, were
only weakly associated with t-tau.*#4¢ Plasma NfL correlates with CSF
NfL and has diagnostic accuracy for AD.*” However, it reflects non-
specific axonal damage and may elevate in other neurodegenerative
disorders. Therefore, our findings on plasma t-tau and NfL but not AB
42/40 more likely reflect neurodegeneration rather than AD-specific
pathways.

This is one of the largest population-based studies examining
the association of CVRFs with AD biomarkers and their synergistic
interaction in diverse communities. We found robust associations of
aggregate CVRF burden with t-tau and NfL in a relatively young com-
munity of older adults, whereas prior studies focused mostly on A8
later in life.5*8 We also detected a significant synergistic interaction
of hypertension with t-tau and NfL, further supporting the critical and
multimodal roles of CVRFs in cognitive aging. With a large number
of MA individuals, we found an ethnic-specific association between
CVRF burden and NfL, highlighting the importance of considering
ethnic-specific pathways in cognitive aging research.

Several limitations of our study also require consideration. Data
on plasma p-tau and PET A, which were more AD-specific, was not
available at the time of analysis but will be analyzed when data col-
lection is complete. Interpreting the time course of CVRFs occurrence
and biomarker elevation is challenging given the cross-sectional design,
and we conceptualized the relationship between CVRF and plasma
biomarkers as associations rather than causation. Large population-
based studies that validate the use of FRS in MA individuals are
lacking, and it is possible that we overestimated CVRF burden in

MA individuals.*® We do not have information on complications
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associated with CVRFs, such as peripheral neuropathy, although the
ethnic differences in complications may have contributed to the dif-
ferential association between FRS and NfL by ethnicity. We may still
be underpowered to detect the association of FRS with A, as well
as additional synergistic interactions between CVRFs (or FRS) and
biomarkers,>® which may take time to exert their impact as biomark-
ers accumulate over the life course. We did not examine the use of
medications, although a follow-up assessment on the impact of antihy-
pertensive treatment on plasma biomarkers is warranted. Our findings
may not be generalizable to other racial/ethnic groups as our cohort
only included MA and NHW individuals.

ACKNOWLEDGMENTS

Research reported on this publication was supported by the National
Institute on Aging of the National Institutes of Health under
Award Numbers RO1AG054073, RO1AG058533, P41EB015922,
U19AG078109, and R35AG071916. The content is solely the respon-
sibility of the authors and does not necessarily represent the official
views of the National Institutes of Health.

CONFLICT OF INTEREST

None. Author disclosures are available in the supporting information.

REFERENCES

1. Rajan KB, Weuve J, Barnes LL, McAninch EA, Wilson RS, Evans
DA. Population estimate of people with clinical Alzheimer’s disease
and mild cognitive impairment in the United States (2020-2060).
Alzheimers Dement. 2021;17:1966-1976.

2. Yaffe K, Bahorik AL, Hoang TD, et al. Cardiovascular risk factors and
accelerated cognitive decline in midlife: the CARDIA Study. Neurology.
2020;95:e839-e846.

3. Barnes DE, Yaffe K. The projected effect of risk factor reduction on
Alzheimer’s disease prevalence. Lancet Neurol. 2011;10:819-828.

4. Qiu C, Fratiglioni L. A major role for cardiovascular burden in age-
related cognitive decline. Nat Rev Cardiol. 2015;12:267-277.

5. Schneider JA, Arvanitakis Z, Bang W, Bennett DA. Mixed brain
pathologies account for most dementia cases in community-dwelling
older persons. Neurology. 2007;69:2197-2204.

6. Gottesman RF, Schneider AL, Zhou Y, et al. Association between
midlife vascular risk factors and estimated brain amyloid deposition.
Jama.2017;317:1443-1450.

7. Rabin JS,Schultz AP, Hedden T, et al. Interactive associations of vascu-
lar risk and -amyloid burden with cognitive decline in clinically normal
elderly individuals: findings from the Harvard aging brain study. JAMA
Neurol. 2018;75:1124-1131.

8. Lane CA, Barnes J, Nicholas JM, et al. Associations between vascular
risk across adulthood and brain pathology in late life: evidence from a
British birth cohort. JAMA Neurology. 2020;77:175-183.

9. Pettigrew C, Soldan A, Wang J, et al. Association of midlife vascular
risk and AD biomarkers with subsequent cognitive decline. Neurology.
2020;95:3093-3103.

10. Enache D, Solomon A, CavallinL, et al. CAIDE Dementia Risk Score and
biomarkers of neurodegeneration in memory clinic patients without
dementia. Neurobiology of aging. 2016;42:124-131.

11. Zekry D, Duyckaerts C, Moulias R, et al. Degenerative and vascular
lesions of the brain have synergistic effects in dementia of the elderly.
Acta neuropathologica. 2002;103:481-487.

12. Esiri MM, Nagy Z, Smith MZ, Barnetson L, Smith AD. Cerebrovascular
disease and threshold for dementia in the early stages of Alzheimer’s
disease. The Lancet. 1999;354:919-920.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Disease Monitoring

Clark LR, Koscik RL, Allison SL, et al. Hypertension and obesity mod-
erate the relationship between f-amyloid and cognitive decline in
midlife. Alzheimers Dement. 2019;15:418-428.

Hohman TJ, Samuels LR, Liu D, et al. Stroke risk interacts with
Alzheimer’s disease biomarkers on brain aging outcomes. Neurobiology
of aging. 2015;36:2501-2508.

Matthews KA, Xu W, Gaglioti AH, et al. Racial and ethnic estimates of
Alzheimer’s disease and related dementias in the United States (2015-
2060) in adults aged> 65 years. Alzheimers Dement. 2019;15:17-24.
O’Bryant SE, Johnson LA, Barber RC, et al. The Health & Aging Brain
among Latino Elders (HABLE) study methods and participant charac-
teristics. Alzheimers Dement: Diagnosis, Assessment & Disease Monitoring.
2021;13:e12202.

Kurian AK, Cardarelli KM. Racial and ethnic differences in cardiovas-
cular disease risk factors: a systematic review. Ethn Dis. 2007;17:143-
152.

Jack Jr CR, Bennett DA, Blennow K, et al. NIA-AA research frame-
work: toward a biological definition of Alzheimer’s disease. Alzheimers
Dement. 2018;14:535-562.

Nakamura A, Kaneko N, Villemagne VL, et al. High performance plasma
amyloid-B biomarkers for Alzheimer’s disease. Nature. 2018;554:249-
254.

Mattsson N, Andreasson U, Zetterberg H, Blennow K, Initiative
ftAsDN. Association of plasma neurofilament light with neurode-
generation in patients with Alzheimer disease. JAMA Neurology.
2017;74:557-566.

Dage JL, Wennberg AMV, Airey DC, et al. Levels of tau pro-
tein in plasma are associated with neurodegeneration and cognitive
function in a population-based elderly cohort. Alzheimers Dement.
2016;12:1226-1234.

Reitan RM, Wolfson D. The Halstead-Reitan neuropsychological test
battery: theory and clinical interpretation. Reitan Neuropsychology.
1985.

Lezak MD, Howieson DB, Loring DW, Fischer JS. Neuropsychological
assessment: Oxford University Press, USA; 2004.

Gonzalez HM, Mungas D, Haan MN. A verbal learning and memory test
for English-and Spanish-speaking older Mexican-American adults. The
Clinical Neuropsychologist. 2002;16:439-451.

Wilson PWF, D’Agostino RB, Levy D, Belanger AM, Silbershatz H,
Kannel WB. Prediction of coronary heart disease using risk factor
categories. Circulation. 1998;97:1837-1847.

Wolf PA, D’Agostino RB, Belanger AJ, Kannel WB. Probability of
stroke: arisk profile from the Framingham Study. Stroke. 1991;22:312-
318.

Kaffashian S, Dugravot A, Elbaz A, et al. Predicting cognitive decline: a
dementiarisk score vs. the Framingham vascular risk scores. Neurology.
2013;80:1300-1306.

Song R, Pan KY, Xu H, et al. Association of cardiovascular risk burden
with risk of dementia and brain pathologies: a population-based cohort
study. Alzheimers Dement. 2021;17:1914-1922.

Song R, Xu H, Dintica CS, et al. Associations between cardiovascu-
lar risk, structural brain changes, and cognitive decline. Journal of the
American College of Cardiology. 2020;75:2525-2534.

O’Bryant SE, Gupta V, Henriksen K, et al. Guidelines for the standard-
ization of preanalytic variables for blood-based biomarker studies in
Alzheimer’s disease research. Alzheimers Dement. 2015;11:549-560.
World Health Organization. AUDIT: the alcohol use disorders identi-
fication test: Guidelines for use in primary health care. World Health
Organization; 2001.

Fleischer NL, Diez Roux AV. Using directed acyclic graphs to guide
analyses of neighbourhood health effects: an introduction. J Epidemiol
Community Health. 2008;62:842-846.

Textor J, van der Zander B, Gilthorpe MS, Liskiewicz M, Ellison GT.
Robust causal inference using directed acyclic graphs: the R package
‘dagitty’. International journal of epidemiology. 2016;45:1887-1894.



80f8 Diagnosis, Assessment

34.

35.

36.
37.
38.
39.

40.

41.
42.

43,
44,

45.
46.

47.

JIANGET AL.

Disease Monitoring

Laing KK, Simoes S, Baena-Caldas GP, et al. Cerebrovascular dis-
ease promotes tau pathology in Alzheimer’s disease. Brain Commun.
2020;2:fcaal32.

Chong JR, Ashton NJ, Karikari TK, et al. Blood-based high sensitivity
measurements of beta-amyloid and phosphorylated tau as biomarkers
of Alzheimer’s disease: a focused review on recent advances. J Neurol
Neurosurg Psychiatry. 2021;92:1231-1241.

Verberk IMW, Slot RE, Verfaillie SCJ, et al. Plasma amyloid as pre-
screener for the earliest Alzheimer pathological changes. Ann Neurol.
2018;84:648-658.

Syrjanen JA, Campbell MR, Algeciras-Schimnich A, et al. Associa-
tions of amyloid and neurodegeneration plasma biomarkers with
comorbidities. Alzheimers Dement. 2022;18:1128-1140.

Snowdon DA, Greiner LH, Mortimer JA, Riley KP, Greiner PA,
Markesbery WR. Brain infarction and the clinical expression of
Alzheimer disease. The Nun Study. JAMA. 1997;277:813-817.
Schneider JA, Boyle PA, Arvanitakis Z, Bienias JL, Bennett DA. Subcor-
tical infarcts, Alzheimer’s disease pathology, and memory function in
older persons. Annals of neurology. 2007;62:59-66.

Gottesman RF, Wu A, Coresh J, et al. Associations of vascular risk and
amyloid burden with subsequent dementia. Annals of Neurology. 2022.
Pase MP, Beiser AS, Himali JJ, et al. Assessment of plasma total tau
level as a predictive biomarker for dementia and related endopheno-
types. JAMA neurology. 2019;76:598-606.

Raz L, Bhaskar K, Weaver J, et al. Hypoxia promotes tau hyperphos-
phorylation with associated neuropathology in vascular dysfunction.
Neurobiology of disease. 2019;126:124-136.

Humpel C. Identifying and validating biomarkers for Alzheimer’s
disease. Trends Biotechnol. 2011;29:26-32.

Mattsson N, Zetterberg H, Janelidze S, et al. Plasma tau in Alzheimer
disease. Neurology. 2016;87:1827-1835.

Wang T, Xiao S, Liu Y, et al. The efficacy of plasma biomarkers in early
diagnosis of Alzheimer’s disease. Int J Geriatr Psychiatry. 2014;29:713-
719.

Simren J, Leuzy A, Karikari TK, et al. The diagnostic and prognostic
capabilities of plasma biomarkers in Alzheimer’s disease. Alzheimers
Dement. 2021;17:1145-1156.

Mattsson N, Andreasson U, Zetterberg H, Blennow K, Initiative AsDN.
Association of plasma neurofilament light with neurodegeneration in
patients with Alzheimer disease. JAMA neurology. 2017;74:557-566.

48.

49.

50.

Reed BR, Marchant NL, Jagust WJ, DeCarli CC, Mack W, Chui HC.
Coronary risk correlates with cerebral amyloid deposition. Neurobiol-
ogy of aging. 2012;33:1979-1987.

D’Agostino RB Sr., Grundy S, Sullivan LM, Wilson P, Group CHDRP. Val-
idation of the Framingham coronary heart disease prediction scores:
results of a multiple ethnic groups investigation. JAMA. 2001;286:180-
187.

Durand CP. Does raising type 1 error rate improve power to detect
interactions in linear regression models? a simulation study. PloS one.
2013;8:€71079.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Jiang X, O’Bryant SE, Johnson LA,
Rissman RA, Yaffe K. Association of cardiovascular risk factors
and blood biomarkers with cognition: The HABS-HD study.
Alzheimer’s Dement. 2023;15:€12394.
https://doi.org/10.1002/dad2.12394

APPENDICES A

Collaborators

HABS-HD MPIs: Sid E O'Bryant, Kristine Yaffe, Arthur Toga, Robert
Rissman, & Leigh Johnson; and the HABS-HD Investigators: Mered-

ith

Braskie, Kevin King, James R Hall, Melissa Petersen, Raymond

Palmer, Robert Barber, Yonggang Shi, Fan Zhang, Rajesh Nandy, Roder-

ick

McColl, David Mason, Bradley Christian, Nicole Philips, Stephanie

Large, and Rocky Vig.


https://doi.org/10.1002/dad2.12394

	Association of cardiovascular risk factors and blood biomarkers with cognition: The HABS-HD study
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Study population
	2.2 | Cognitive function assessment
	2.3 | Cardiovascular risk factors
	2.4 | Plasma biomarkers
	2.5 | Covariates
	2.6 | Statistical analysis

	3 | RESULTS
	3.1 | Association of cardiovascular risk factor burden with plasma biomarkers
	3.2 | Assessment of synergistic associations between cardiovascular risk factors and plasma biomarkers

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	REFERENCES
	SUPPORTING INFORMATION
	APPENDICES A
	Collaborators





