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Abstract

Background: Hispanics are expected to experience the largest increase in Alzheimer’s disease 

(AD) and AD related dementias (ADRDs) over the next several decades. However, few studies 

have examined biomarkers of AD among Mexican Americans, the largest segment of the U.S. 

Hispanic population.
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Objective: We sought to examine proteomic profiles of an MRI-based marker of 

neurodegeneration from the AT(N) framework among a multi-ethnic, community-dwelling cohort.

Methods: Community-dwelling Mexican Americans and non-Hispanic white adults and elders 

were recruited. All participants underwent comprehensive assessments including an interview, 

functional exam, clinical labs, informant interview, neuropsychological testing and 3T MRI of the 

brain. A neurodegeneration MRI meta-ROI biomarker for the AT(N) framework was calculated.

Results: Data was examined from n=1,291 participants. Proteomic profiles were highly accurate 

for detecting neurodegeneration (i.e., N+) among both Mexican Americans (AUC=1.0) and non-

Hispanic whites (AUC=0.98). The proteomic profile of N+ was different between ethnic groups. 

Further analyses revealed that the proteomic profiles of N+ varied by diagnostic status (control, 

MCI, dementia) and ethnicity (Mexican American vs. non-Hispanic whites) though diagnostic 

accuracy was high for all classifications.

Conclusion: A proteomic profile of neurodegeneration has tremendous value and point towards 

novel diagnostic and intervention opportunities. The current findings demonstrate that the 

underlying biological factors associated with neurodegeneration are different between Mexican 

Americans versus non-Hispanic whites as well as at different levels of disease progression.

Keywords

Neurodegeneration; Alzheimer’s disease; mild cognitive impairment; Mexican American; 
Hispanic; diversity; biomarkers; neurodegeneration

INTRODUCTION

The 2018 AT(N) research framework[1] provided the field with the first ever biological-

based system for studying Alzheimer’s disease (AD) and this framework is the underlying 

foundation for many clinical trials and therapeutic pipelines (academic and industry). One 

major opportunity of the AT(N) framework is the generation of multi-modal therapeutic 

options based on the biological marker positivity within specific patients or subgroups of 

patients; however, this has yet to be tested. In fact, the majority of trials (prevention or 

intervention) have targeted amyloid (A) and tau (T), rather than N, which, as pointed out 

by the AT(N) framework itself, is a non-specific marker that can be associated with a range 

of comorbidities and/or pathologies. Though a non-specific biomarker, MRI-indicators of N 

have repeatedly been associated with cognitive impairment, diagnosis of mild cognitive 

impairment (MCI), dementia and AD[2,3]. Additionally, various MRI indicators of N 

predict cognitive function and decline[4,5][6].

Despite the obvious link between MRI indicators of N and cognitive impairment and 

cognitive decline, therapeutic pipelines specifically targeting N as a means for treating or 

preventing cognitive impairment and/or dementia have been overshadowed by amyloid and 

tau targets. In fact, a current search of ClinicalTrials.gov of trials targeting neuroprotection 

yielded n=188 results; however, only two were AD trials[7]. The non-specific nature of 

N may, by some, be viewed as a less attractive target owing to a poor understanding 

of the underlying pathways to neurodegeneration itself. That is, can a global therapeutic 

provide “neuroprotection” within the context of cognitive aging for all individuals who 
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may be suffering from a wide range of pathologies including, but not limited to, amyloid, 

tau, vascular, inflammation, metabolic dysfunction in addition to the environmental, 

sociocultural and/or behavioral mediators?

It is likely that N is a viable therapeutic target given the growing number of recent studies 

that have linked general markers of neuronal injury such as neurofilament light chain 

(NfL) with AD[8,9]; however, a precision medicine approach is potentially the only way to 

generate a successful pipeline. N positivity (N+) is only indicative that neurodegeneration 

has occurred, not why. This is a different scenario than targeting amyloid (A) or tau (T). 

On the other hand, a precision medicine approach has yielded substantial advancements in 

oncology due to improvements in identification, stratification, and application of treatments 

based on utilizing a system biology approach [10–12] and, therefore, consideration of such 

an approach to N (which is part of the fundamental AD framework) is a ripe opportunity. 

In fact, a precision medicine approach is explicitly pointed out as a key priority area in 

Milestone 1 of the NIA AD+ADRD Implementation Milestones[13].

Here we sought to conduct a study with two primary goals. First, we sought to determine 

if a blood-based profile could predict N+. The context of use (COU) of this blood test 

would be as follows: a blood screening test to rule out neurodegeneration among patients 

being considered for a clinical trial targeting neuroprotection. This specific COU would 

have the advantage of being cost-effective, scalable, rapid and could serve as the first-step 

in the trial screening process with those who screen positive undergoing structural MRI 

for confirmation of N+. Second, we sought to determine if the proteomic profile of N+ 

varied by ethnicity as well as by disease severity. In our prior work, we have shown 

that biological factors associated with MCI and AD vary between Mexican Americans 

and non-Hispanic whites. For example, when compared to non-Hispanic whites, amyloid 

positivity rates are lower[14], plasma NfL is lower and differentially associated with 

medical, imaging and cognitive outcomes[15], blood-based profiles of MCI and dementia 

are significantly different[16], inflammation is higher [17], and APOE4 genotype prevalence 

rates are lower [18][19]. In addition, we have found that medical comorbidities are 

disproportionately suffered by Mexican Americans[19,20], which we have found to be 

associated with N+[21]. Therefore, the diversity of medical comorbidities and biological 

pathways including mechanisms of inflammation may be ideal points to begin studying a 

precision medicine approach by identifying subgroups for targeted interventions as we have 

previously proposed[22]. Given the recently literature supporting plasma NfL as a putative 

biomarker of neurodegeneration, we conducted comparison analyses with this marker alone 

to determine if it, by itself, could serve the COU rather than a broader profile approach.

MATERIALS and METHODS

Participants & Assessment

The Health & Aging Brain Study – Health Disparities (HABS-HD; formally the Health 

& Aging Brain study among Latino Elders, HABLE study) is an ongoing, longitudinal, 

community-based project examining health disparities in MCI and AD among Hispanic, 

Mexican Americans and non-Hispanic whites [14] with recent expansion now enrolling 

African Americans. HABS-HD methods have been published elsewhere[14]. The HABS-
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HD protocol includes an interview, functional exam, blood draw for clinical labs and 

biobanking, neuropsychological testing and 3T MRI of the brain. PET amyloid and tau 

scans are ongoing as part of Visit 2 assessments. All aspects of the study protocol can 

be conducted in Spanish or English and the HABS-HD study is conducted under IRB 

approved protocols and each participant (or his/her legal representative) signs written 

informed consent. The neuropsychological test battery includes the following: Mini Mental 

Status Exam (MMSE)[23], Wechsler Memory Scale- Third Edition (WMS-III) Digit Span 

and Logical Memory[24], Digit Symbol Substitution, Trail Making Test Parts A and B[25], 

Spanish-English Verbal Learning Test (SEVLT)[26], Animal Naming (semantic fluency)

[27], FAS (phonemic fluency)[27] as well as the American National Adult Reading Test 

(English-speakers)[28] and Word Accentuation Test (Spanish-speakers)[29]. An informant 

interview is also conducted for completion of the Clinical Dementia Rating Scale[30] 

by clinicians with expertise in dementia. The HABS-HD data is readily available to the 

scientific community through the Institute for Translational Research website[31].

Diagnostic Classification

Cognitive diagnoses are assigned algorithmically and verified at consensus review as 

follows: Normal Control (NC) = no cognitive complaints, CDR sum of boxes score of 0 

and cognitive tests scores broadly within normal limits; Mild Cognitive Impairment (MCI): 

cognitive complaint (self or other), CDR sum of boxes score between 0.5- 2.0[32] and 

at least one cognitive test score falling 1.5 standard deviation below normative ranges; 

Dementia: CDR sum of boxes score >=2.5[32] (reflecting functional impairment) and at 

least two cognitive test scores 2 standard deviation below normative ranges.

Neuroimaging

MRI Data.—The HABS-HD MRI protocol is based on that of ADNI3 using a 3T 

Siemens Magnetom SKYRA whole-body scanner. We acquired the following scan 

sequences: T1-weighted whole brain volumetric spoiled Magnetization-Prepared Rapid 

Gradient (MPRAGE), whole brain volumetric fluid attenuated inversion recovery (FLAIR), 

susceptibility-weighted imaging (SWI), diffusion tensor MRI (dMRI), 3D arterial spin 

labeling (3DPASL), resting-state functional (rsfMRI), and high resolution (0.4 x 0.4 mm x 2 

mm) T2-weighted hippocampal high resolution (HHR) scans. For this study, the “meta-ROI” 

for examination of the neurodegeneration (i.e. N) component of the AT(N) framework[1]. 

was examined as outlined by Jack et al [5]. The “meta-ROI” comprises the surface-area 

weighted average of the mean cortical thickness in individual ROIs of the entorhinal cortex, 

fusiform, inferior temporal gyri, and middle temporal gyri. N+ was determined based on a 

cut-off of 2.68 mm for cortical thickness[5]. Participants who failed quality checks (quality 

assurance [QA]) for the FreeSurfer software version 5.3.0 segmentation for at least one of 

the individual ROI sections (referenced above) were excluded when calculating meta-ROI. 

Meta-ROI was calculated based on the sum of each region in each hemisphere * the surface 

area for that region divided by the sum of surface areas for all regions included.
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Blood Collection & Processing Procedures

Fasting blood collection and processing were completed based on the international 

guidelines for AD biomarker studies and processed within 2 hours (stick-to-freezer) [33]. 

All proteomic assays are analyzed at the University of North Texas IRB Biomarker Core 

and undergo QA/QC procedures[14]. Plasma NfL, Aβ40, Aβ42, and total tau (t-tau) were 

assayed using the ultra-sensitive Simoa (single molecule array) technology (Quanterix.com). 

Samples were loaded onto a 96 well plate and analyzed on the Simoa HD-1 platform 

along with inter-assay controls. The ITR Biomarker Core has conducted >5,000 assays 

using this Simoa platform and all coefficients of variability (CVs) were <4%. Serum ECL 

markers were assayed per our previously published protocols[34–37]. Assay preparation 

was completed with the Hamilton Robotics StarPlus system. The ITR Biomarker Core has 

conducted >20,000 assays using this ECL platform and all coefficients of variability (CVs) 

were <=10%. ECL and Simoa assays were selected based on prior work utilizing them to 

detect AD[15,38–40] as well as other neurodegenerative disorders including Lewy Body 

Dementia[41], Parkinson’s Disease Dementia[42], and in AD among adults with Down 

Syndrome[37,43]. Clinical labs were conducted by a local Quest laboratory per HABS-HD 

protocols.

Statistical Analyses

Statistical Analyses were conducted in SPSS 25 (IBM) and R [44]. Support vector machine 

(SVM) analyses were used to create the proteomic profile of N+. SVM is based on the 

concept of decision planes that define decision boundaries and is primarily a classifier 

method that performs classification tasks by constructing hyperplanes in a multidimensional 

space that separates cases of different class labels. Here we used 10 times repeated 5-fold 

cross-validation. Ten times repeated 5-fold cross-validation is used to directly perform SVM 

parameter tuning and optimal cutoff determination using Grid Search which is traditional 

way of performing hyperparameter optimization [45]. In 5-fold cross-validation, the data is 

divided into 5 folds. The model is trained on 4 folds with one-fold held back for testing. This 

process gets repeated to ensure each fold of the dataset gets the chance to be the held back 

set. 10 times repeated 5-fold cross-validation repeats the process of 5-fold cross-validation 

10 times. Once the process is completed, the evaluation metrics are summarized using the 

mean. The advantage of 10 times repeated 5-fold cross-validation is that it can provide a 

more reliable estimate of out-of-sample performance by reducing the variance associated 

with a single trial of cross-validation. The 10-times repeated five-fold cross-validation based 

parameter optimization method was additionally used to measure and compare prediction 

performance between blood proteomic profiles and plasma NfL. Diagnostic accuracy was 

calculated via receiver operating characteristic (ROC) curves. Covariates included age, 

gender, and education. Sensitivity (SN), specificity (SP), negative predictive value (NPV) 

and positive predictive value (PPV) statistics were calculated and reported on. The following 

metrics were used for comparison: ROC, SN, SP, NPV, and PPV. First the process of 10 

times repeated 5-fold cross-validation was used to determine the optimal parameter set. And 

then the performance was reported for the final model, which was fitted to all the training 

data using the optimal parameter set. Analyses were conducted as follows: (1) detecting 

N+ versus N− in the entire cohort, (2) detecting N+ versus N− split by ethnicity, and (3) 

detecting N+ versus N− split by ethnicity and diagnostic status.
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RESULTS

A total of n=1,291 participants had all requisite data for inclusion in the current analyses 

(Mexican American n=607, non-Hispanic white n=684). The Mexican American group was 

significantly younger (p<0.001) and obtained fewer years of education (p<0.001) than non-

Hispanic whites. Mexican Americans were more likely to have a diagnosis of hypertension 

(p<0.05) and diabetes (p<0.001) than non-Hispanic whites. Demographic characteristics of 

the cohort, by ethnic group, is presented in Table 1.

Blood Profile of N+ Within Entire Cohort and Split By Ethnicity.

The SVM blood-based profile of neurodegeneration in the entire cohort was highly accurate, 

AUC=0.99, SN=0.97, SP=0.97, NPV=99%, PPV=96% (Figure 1). For comparison purposes, 

plasma NfL alone yielded an AUC=0.67. When split by ethnicity, the blood-based profile 

was highly accurate in detecting N+ among non-Hispanic whites (AUC=0.98, SN=0.90, 

SP=0.96, PPV=93%, and NPV=95%) (Figure 2a) as well as Mexican Americans (AUC=1.0, 

SN=1.0, SP=1.0, PPV=100%, NPV=100%)(Figure 2b). While all profiles were highly 

accurate, the relative importance of the markers in the proteomic profiles varied substantially 

between ethnic groups. The top markers for non-Hispanic whites included cholesterol, A2M, 

FVII, and TNC, while for Mexican Americans included NfL, A2M, Aβ40, and B2M. For 

comparison purposes, plasma NfL yielded an AUC=0.64 among non-Hispanic whites and an 

AUC=0.68 among Mexican Americans.

Blood Profile of N+ Within Entire Cohort and Split By Diagnosis.

Next, we examined the blood-based profile for detecting neurodegeneration split by 

cognitive diagnosis in the cohort (Figure 3). Figure 3a, revealed that for cognitive normal 

individuals, the blood-based profile was highly accurate in detecting N+ (AUC=1.00, 

SN=0.99, SP=1.00, PPV=100%, NPV =99%). A similar level of detection was found 

for those with a diagnosis of Dementia (AUC=1.00, SN=1.00, SP=1.00, PPV=100%, 

NPV=100%) (Figure 3b); however, among those with mild cognitive impairment, the 

detection accuracy was good but not at the same level of accuracy (AUC=0.92, SN=0.88, 

SP=0.82, PPV=78%, NPV=91%) (Figure 3c). The top markers across the diagnostic 

categories were shown to be distinct (normal controls: Aβ40, A2M, B2M, NfL; MCI: NfL, 

HDL cholesterol, Aβ40, B2M; dementia: TARC, glucose, Aβ42, TNC). For comparison 

purposes, plasma NfL yielded an AUC=0.58 for cognitively normal, an AUC=0.74 for mild 

cognitive impairment, and an AUC=0.72 for dementia participants.

Blood Profile of N+ Split By Ethnicity and Diagnosis.

We then examined the blood-based profile for detecting N+ split by ethnic group as well as 

diagnostic status with output of the models reported in Table 2 and Figure 4. Non-Hispanic 

Whites: Controls (Figure 4a) – AUC=0.99, SN=0.97, SP=0.97, plasma NfL AUC=0.62; MCI 

(Figure 4b) – AUC=1.0, SN=1.0, SP=1.0, plasma NfL AUC=0.62; dementia (Figure 4c) – 

AUC=1.0, SN=1.0, SP=1.0, plasma NfL AUC=0.67. Mexican Americans: Controls (Figure 

4d) – AUC=1.0, SN=1.0, SP=1.0, plasma NfL AUC=0.65; MCI (Figure 4e)– AUC=1.0, 

SN=1.0, SP=1.0, plasma NfL AUC=0.74; dementia (Figure 4f) – AUC=1.0, SN=1.0, 

SP=1.0, plasma NfL AUC=0.57. Again, the relative importance of the blood biomarkers 
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varied substantially by both ethnic status and disease severity. For example, the proteomic 

profiles for non-Hispanic whites with normal cognition, the top markers in the proteomic 

profile included cholesterol, Aβ40, TNC, and FVII while for Mexican Americans included 

A2M, NfL, Aβ40 and B2M. In contrast, among non-Hispanic whites with an MCI diagnosis, 

the top markers included triglycerides, HDL cholesterol, glucose and HbA1c while for 

Mexican Americans it included NfL, glucose, HbA1c, and I309. For those with Dementia, 

the top markers for non-Hispanics whites included HDL cholesterol, Aβ42, A2M, and 

FABP3 while for Mexican Americans included TNFα, eotaxin3, NfL, and IL10.

DISCUSSION

Here we provide direct support for the concept of a blood-based profile for detecting 

underlying neurodegeneration (as measured by MRI). The overall profile was highly 

significant across ethnic groups and diagnostic classifications. However, it is important 

to note that these profiles not only changed by ethnicity but also by disease severity. 

Given that N is a non-specific marker of brain damage, it is also highly likely that the 

underlying factors leading to neurodegeneration are just as non-specific and multi-factorial. 

The biological pathways underlying the proteomic profiles of N highlight the level of 

complexity with most showing a combination of general neuronal injury, inflammatory 

and vascular processes as well as for most, metabolic factors. Amyloid peptides (Aβ40 

and Aβ42) also drove a number of profiles with these proteins often falling within the 

top three markers on the variable importance plots. The impact of proteins involved in 

these biological pathways appear to differ across ethnic and diagnostic groups; however, 

interestingly, distinct indicators of a biological pathway were shown to differently drive the 

profiles across ethnic groups. An example of this was for the diagnostic group of MCI, as 

metabolic factors were shown to drive the proteomic profiles across ethnic groups; however, 

for Mexican Americans, glucose, HbA1c, and PPY were the driving variables as compared 

to triglycerides, HDL cholesterol, and glucose for Non-Hispanic Whites. Among individuals 

with a diagnosis of Dementia, the metabolic factors became less pronounced with only HDL 

cholesterol remaining as a top protein among Non-Hispanic Whites. The proteomic profiles 

across ethnic groups for this diagnostic category instead reflect a strongly inflammatory 

profile, suggesting the implications of inflammation in the disease process and potential for 

therapeutic intervention. Therefore, leveraging the heterogeneity of neurodegeneration may 

very well provide an optimal setting for targeted, precision medicine-based interventions, 

which we have previously proposed [22,46] targeting the pathways shown to drive the 

specific N profiles.

Our data suggests that (1) blood-based profiles are highly accurate in detecting underlying 

neurodegeneration and (2) targeted, disease-severity driven, precision medicine approaches 

may improve therapeutic outcomes. In fact, we have shown that a specific subset of 

AD patients benefitted from the previously conducted NSAID trial[22] and we have now 

shown that this same approach predicts treatment response in the ADAPT prevention trial 

(manuscript under review). Moreover, more recent work from our group demonstrates that 

another sub-group approach based on an inflammatory/metabolic profile was highly accurate 

in predicting treatment to rosiglitazone among AD patients[46]. Based on these findings, 

it is likely that the responders to these trials were suffering neurodegeneration-related 
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cognitive loss due to inflammatory and/or metabolic pathways that may or may not have 

been associated with amyloid.

Given the recent literature strongly supporting plasma NfL as a putative biomarker of 

neurodegeneration, a viable question is if this single marker can serve the purpose of 

the COU proposed here. In this study, NfL was utilized in combination with a larger 

proteomic panel and interesting, performed well in predicting N among Mexican Americans 

and was continually shown to be among the top markers spanning multiple profiles for 

this ethnic group including when separated by cognitive diagnosis. We recently completed 

a large-scale examination of the clinical parameters of plasma NfL in the HABS-HD 

study[15]. Consistent with prior work, plasma NfL was significantly associated with 

neuropsychological test scores and global amyloid SUVR. NfL levels varied by diagnostic 

group[15], also consistent with prior work. However, NfL was significantly impacted by 

demographic factors and medical comorbidities, which likely contributed to the lack of 

utility of plasma NfL as a diagnostic biomarker for MCI or dementia[15]. Therefore, here 

we also directly compared plasma NfL to our profile approach. There would be multiple 

advantageous of a single marker; however, plasma NfL did not achieve acceptable AUCs. 

This is likely due to the substantial impact of medical comorbidities and demographic 

factors on plasma NfL levels that causes additional “spread” in values on top of the impact 

of neurodegeneration causing cognitive loss. Future work is planned to further examine 

what impact such factors (medical, demographics) have on progression and development of 

AT(N) pathology as this will be important to better understand AD from a systems biology 

approach.

According to 2019 Census Bureau data[47], Hispanics make up the largest minority 

population in the U.S. In fact, approximately 50% of the U.S. population growth from 

2010-2019 was due to an increase in the Hispanic population[48]. The percentage of 

Hispanics aged 65 and older will triple by the year 2050[49] and this ethnic group will 

experience the largest increase in AD and AD related dementia (ADRD) diagnoses among 

any racial/ethnic group by 2060[50]. Approximately 65% of Hispanics in the U.S. are 

of Mexican American ethnicity[51]; however, few studies have explicitly examined MCI 

and AD among Mexican Americans. Therefore, it is important to consider the factors 

contributing to A, T and N across diverse groups to have a comprehensive picture and 

to build more powerful intervention opportunities and strategies. The need to examine 

A, T, and N among diverse populations was even highlighted in the published text of 

the framework[1] and is an aim of the HABS-HD study. Another aim of the study is to 

also expand to examine additional factors underlying aging and cognitive decline such as 

vascular and inflammatory factors, which are not currently included in the existing A, T, and 

N Framework.

Overall, the current findings provide strong evidence for the potential utility of a blood-

based screening tool for neurodegeneration and one can then directly propose an application 

of a targeted, multi-modal neuroprotective prevention trial to the current findings (Table 

3). From a prevention trial pipeline standpoint with a view on A, T and N, most community-

dwelling older adults ages 50-70 will be amyloid and tau negative. In our prior work, 

N+ rates were 30% among cognitively older adults ages 50 and above; however, that 
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prevalence rate declines to 16% if restricted to 50-70. When looking at Figures 3a and 

3d, the blood profile of neurodegeneration is multi-factorial, as expected, with markers 

relevant to diabetes, heart disease and inflammation all playing prominent roles. Therefore, 

a preventative neuroprotection strategy may be able to use currently available medications 

based on the specific individual’s clinical labs. In Table 3, multiple hypothetical examples 

are provided. Person 1 is a 70-year-old non-Hispanic white patient who is amyloid positive 

that has elevated clinical labs related to cardiovascular disease. In our work (manuscript 

under review), cardiovascular disease markers were strong predictors of neurodegeneration 

specifically among non-Hispanic whites. Therefore, in Person 1, an anti-amyloid agent 

would be the primary (initial) intervention with the second (and/or 3rd) multi-modal level 

interventions targeting the clinical lab defined abnormalities. Person 2, however, is 50-year-

old Mexican American who only has diabetes. In our work (manuscript under review), 

duration of diabetes was a powerful driver of N among Mexican Americans. Therefore, 

in Person 2, the person-centered neuroprotection prevention strategy would be to target 

and control the diabetes. Numerous other multi-modal opportunities are readily apparent 

for targeting neuroprotection as a prevention strategy in Table 3. This reflects the broader 

generalizability and how proteomic profiles such as those presented in this study can 

be utilized to inform a person-centered approach for identifying therapeutic pipelines. 

Additional work is ongoing in the HABS-HD study to further advance this line of work 

with the long-term goal of a multi-modal, population informed precision medicine strategy 

for preventing neurodegeneration and associated cognitive loss across populations.
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Figure 1. 
Proteomic profiles were derived from SVM analyses in the total sample. The SVM variable 

importance plot and AUC were included in Figure 1 along with the confusion matrix and 

class statistics of sensitivity, specificity and negative predictive value for the blood-based 

profile of neurodegeneration for the entire cohort.
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Figure 2. 
Proteomic profiles were derived from SVM analyses split by ethnic groups. The 

SVM variable importance plot and AUC were included for blood-based profiles of 

neurodegeneration in Figure 2a for Non-Hispanic Whites and Figure 2b for Mexican 

Americans along with the confusion matrix and class statistics of sensitivity, specificity 

and negative predictive value.
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Figure 3. 
Proteomic profiles derived from SVM analyses are presented for neurodegeneration 

separated by cognitive diagnosis of normal cognition (Figure 3a), mild cognitive impairment 

(Figure 3b), and dementia (Figure 3c). The SVM variable importance plot and AUC 

were included for the blood-based profiles of neurodegeneration for each diagnostic group 

along with the confusion matrix and class statistics of sensitivity, specificity and negative 

predictive value.
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Figure 4. 
Proteomic profiles derived from SVM analyses split by both ethnicity group and diagnostic 

status. The SVM variable importance plot and AUC were reported for each ethnic group 

and cognitive diagnosis (non-Hispanic white [NHW], normal control Figure 4a; NHW, Mild 

Cognitive Impairment [MCI] Figure 4b; NHW, Dementia Figure 4c; Mexican American 

[MA], normal control Figure 4d; MA, MCI Figure 4e; MA, Dementia Figure 4d).
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Table 1.

presents the demographic characteristics of the entire cohort. Differences between the groups are presented 

along with effect sizes.

Total Cohort Mean 
(SD)

Mexican American 
N=684 Mean (SD)

Non-Hispanic White 
N=607 Mean (SD)

t-value p-value Effect Size

Age 66.02 (8.65) 63.57 (7.91) 68.76 (8.63) −11.29 <0.001 −0.633

Education 12.37 (4.73) 9.63 (4.58) 15.44 (2.47) −28.76 <0.001 −1.55

Gender (% female) 64% 70% 58% 17.83 <0.001 N/A

Hypertension (% yes) 58% 61% 55% 3.123 0.077 N/A

Diabetes (% yes) 25% 36% 12% 1.916 0.166 N/A

Dyslipidemia (% yes) 62% 64% 60% 103.00 <0.001 N/A

MRI N 2.72 (0.15) 2.73 (0.14) 2.71 (0.15) 0.96 0.324 N/A

Cognitive Diagnosis 12.19 0.002 N/A

Normal Controls 81% (n=1050) 78% (n=532) 85% (n=518)

Normal Control and N+ (%) 57% 55% 58%%

MCI 13% (n=168) 16% (n=107) 10% (n=61)

MCI and N+ 19% 16% 22%

Dementia 6% (n=73) 7% (n=45) 5% (n=28)

Dementia and N+ 24% 29% 20%
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Table 2.

presents the performance output for the proteomic profiles of neurodegeneration separated by ethnic group 

and cognitive diagnosis. Class statistics of Areas Under the Curve (AUC), sensitivity (SN), specificity (SP), 

negative predictive value (NPV) and positive predictive value (PPV) are provided across the specified groups.

AUC SN SP NPV PPV

Non-Hispanic Whites

Normal Cognition 0.99 0.95 0.97 0.98 0.94

MCI 1.00 1.00 1.00 1.00 1.00

Dementia 1.00 1.00 1.00 1.00 1.00

Mexican Americans

Normal Cognition 1.00 1.00 1.00 1.00 1.00

MCI 1.00 1.00 1.00 1.00 1.00

Dementia 1.00 1.00 1.00 1.00 1.00

Note: MCI, Mild Cognitive Impairment; AUC, Area Under the Curve; SN, Sensitivity; SP, Specificity; NPV, Negative Predictive Power; PPV, 
Positive Predictive Power
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Table 3.

outlines how person-centered risk factors (amyloid positivity, tau positivity, etc.) can be utilized to help guide 

treatment and prevention strategies among cognitive normal older adults.

Therapeutic Target Potential Therapeutic Approach Person 1 Person 2

Amyloid Positive Amyloid lowering agent X1

Tau Positive Tau lowering agent

HDL/LDL/Triglycerides Cholesterol medications X2

Glucose, HbA1c Diabetes Medications X1

Inflammation Anti-inflammatory Medications

NOTE: X1=primary/initial therapeutic; X2=secondary multi-modal therapeutic
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