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Abstract

Background: There is a critical need for effective therapeutics for Alzheimer’s disease. However, the
majority of previous clinical trials have pre-determined a single treatment modality, such as a drug
candidate or therapeutic procedure, which may be unrelated to the primary drivers of the
neurodegenerative process. Therefore, a personalized, precision medicine approach, with increased
data set size to include the potential contributors to cognitive decline for each patient, and treatment
of the identified potential contributors, has emerged as a potentially more effective strategy. Recent
proof-of-concept trials have provided clinical data that support this approach. Objective: To
determine whether a precision medicine approach to Alzheimer’s disease at the mild cognitive
impairment or early dementia stage is effective in a randomized controlled clinical trial. Methods:
Seventy-three patients with mild cognitive impairment or early dementia, with Montreal Cognitive
Assessment (MoCA) scores of 18 or higher, were evaluated for markers of inflammation, chronic
infection, dysbiosis, immune dysfunction, insulin resistance, protein glycation, vascular disease,
nocturnal hypoxemia, hormone insufficiency or dysregulation, nutrient deficiency, toxin or toxicant
exposure, and other biochemical parameters associated with cognitive decline. Genetic and
epigenetic evaluations were included, as well as Alzheimer’s-associated biomarkers. Brain magnetic
resonance imaging with volumetrics was performed at baseline and study conclusion. Participants
were randomly assigned to either a personalized, precision medicine protocol or standard of care
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treatment. Cognition and clinical symptoms were assessed at 0, 3, 6, and 9 months. Results: Relative
to the standard of care protocol, statistically significant incremental effects of the precision medicine
protocol were observed for broad neurocognitive functioning, composite memory (verbal plus
visual), executive function, processing speed, cognitive symptom severity, and Alzheimer’s disease
symptom severity. Furthermore, overall health was enhanced, with improvements in blood pressure,
body mass index, glycemic index, lipid profiles, and methylation status. The treatment effect size for
overall cognitive function was calculated to be greater than previously published clinical trials, seven
times the effect size of the lecanemab trial and four times the effect size of the donanemab trial.
Conclusion: A personalized, precision medicine approach represents an effective treatment for
patients with mild cognitive impairment or early-stage dementia due to Alzheimer’s disease. In most
cases, this treatment leads to cognitive improvement rather than simply retarding decline, and it does
so without significant negative side effects such as brain edema, microhemorrhage, or atrophy.

Keywords: mild cognitive impairment; randomized controlled clinical trial; systems medicine; MRI
volumetrics; neurodegeneration

1. Introduction

Neurodegenerative diseases such as Alzheimer’s disease (AD), frontotemporal dementia, and
amyotrophic lateral sclerosis are without therapeutics that effect sustained improvement. There are
approximately seven million people with Alzheimer’s disease in the United States, and one study
estimated that it has become the third leading cause of death [1]. Unfortunately, the best results from
AD monotherapeutic clinical trials have been to slow cognitive decline rather than improve cognition
or halt decline [2].

In the field of oncology a personalized, precision medicine approach —in which the presumptive
molecular drivers of the disease process are targeted therapeutically —has improved outcomes in at
least some studies [3]. In the field of neurology, there is increasing interest in an analogous approach,
and recent proof-of-concept clinical trials have reported cognitive improvement in patients with mild
cognitive impairment (MCI) or early dementia [4,5], providing support for precision medicine in the
treatment of neurodegenerative disease, as well. However, one complicating feature is that the
etiology of Alzheimer’s disease remains controversial, with many competing theories, such as the
theory that Alzheimer’s disease is “type 3 diabetes”[6], or is due to chronic Herpes simplex infection
[7], or due to amyloid-f [8], or to misfolded proteins such as tau [9], or prions [10], among numerous
other theories. None of these theories, when addressed in isolation, has led to effective treatment.
Meanwhile, epidemiological, pathological, toxicological, genetic, and biochemical studies have
provided candidate mechanisms for the neurodegeneration associated with Alzheimer’s disease,
such as neuroinflammation [11], insulin resistance [12], and reduction in trophic support [13].

Addressing these candidate mechanisms with a personalized, precision medicine-based
protocol has led to anecdotal reports of cognitive improvement in patients with Alzheimer-related
dementia and its forerunner, MCI [14-16], in addition to the proof-of-concept trials noted above.
These reports have provided support for the conduction of a randomized controlled clinical trial, the
results of which are presented herein.

2. Methods

Trial design: The trial was designed as a randomized, controlled clinical trial, comparing
treatment of patients with MCI or early dementia treated with a personalized, precision medicine
protocol [17] to a control group that received standard-of-care treatment [18]. Treatment was carried
out for nine months, with 50 patients receiving the precision medicine protocol and 23 receiving the
standard of care treatment. The number of subjects chosen was based on the treatment effect observed
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in an earlier, proof-of-concept trial [4], which indicated that a total number of subjects between 50
and 60 would provide a 90% likelihood that the trial would document a statistically significant effect.

Participants: Seventy-three patients with MCI or early dementia, ages 45-76, were recruited to
six clinical sites: Walnut Creek, California; San Rafael, California; Folsom, California; Hollywood,
Florida; Rocky River, Ohio; and Nashville, Tennessee. Patients were recruited to the nine-month trial,
50 in Group A (the precision medicine protocol arm) and 23 in Group B (the standard of care
treatment arm). Six were homozygous for ApoE4, 29 were heterozygous for ApoE4, 33 were
homozygous for ApoE3, and 4 were heterozygous for ApoE2 and ApoE3. Demographics are listed in
Table 1.

Table 1. Demographic characteristics for each treatment condition.

Group Comparison
Variable Total sample A (N=50) B (N=23) P ES
(N=73)

Age, M (SD) 65.0 (7.6) 65.1 (7.3) 64.7 (8.2) .868 d=0.04
Education, M (SD) 16.2 (2.9) 15.9 (2.9) 16.8 (2.7) 211 d=-0.32
Education, n (%) -- -- -- .629 V=154

High school or 6 (8.2) 5 (10.0) 1(4.3) - -
less

Some college 17 (23.3) 11 (22.0) 6(26.1) - --

College 27 (37.0) 20 (40.0) 7 (30.4) - -
graduate

Post-graduate 23 (31.5) 14 (28.0) 9 (39.1) -- --
Sex, n (%) - -- - 191 @=-.153

Female 46 (63.0) 29 (58.0) 17 (73.9) - -

Male 27 (37.0) 21 (42.0) 6(26.1) - -
Race, n (%) -- -- -- 213 V=.248

White 68 (93.2) 48 (96.0) 20 (87.0) - -

Black 1(1.4) 0 (0.0) 1(4.5) - -

Asian 3(4.1) 2 (4.0) 1(4.5) - -
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Not reported 1(1.4) 0 (0.0 1(4.5)

Ethnicity, n (%) -- -- - .824 V=.073
Not Hispanic 63 (86.3) 44 (88.0) 19 (82.6) -- --
Hispanic 5(6.8) 3 (6.0) 2(8.7) -- --
Not reported 5(6.8) 3 (6.0) 2(8.7) -- -

ApoE alleles, n (%) - - -- 485 V=219
€2/€3 4 (5.5) 3 (6.0) 1(4.3) - --
e2/e4 1(1.4) 0 (0.0) 1(4.3) - -
€3/€3 33 (45.2) 24 (48.0) 9(39.1) - -
€3/e4 28 (38.4) 19 (38.0) 9(39.1) -- -
ed/ed 6(8.2) 3 (6.0) 3 (13.0) - -

ES: effect size. Group A was treated with a precision medicine protocol. Group B was treated with standard of

care. M: mean. SD: standard deviation.

Inclusion criteria were the following: age 45-76 years; cognitive impairment, as demonstrated
by complaints of cognitive decline plus a combination of AQ-21 >4 and either MoCA of 18-26 or two
or more scores on CNS Vital Signs <50t percentile (neurocognitive index, executive function, verbal
memory, visual memory, or composite memory). Thus all patients had symptomatic cognitive
decline as well as multiple areas of impairment, as judged by their significant others or study
partners, as well as cognitive testing indicative of MCI or early-stage dementia.

Exclusion criteria were the following: MoCA score <18 at baseline; uncontrolled major medical
illness such as seizures, unstable cardiovascular disease, or cancer (a diagnosis of cancer within the
past five years (excluding non-melanoma skin cancers), or any history of breast cancer (excluding
ductal carcinoma in situ) or prostate cancer); a positive blood test for human immunodeficiency virus,
hepatitis C, or syphilis; a major psychiatric diagnosis that affected activities of daily living; ongoing
psychoactive medications known to impact cognition; ongoing anticoagulant therapy or history of
recurrent deep vein thrombosis; MRI findings of hydrocephalus, cerebral infarct, extensive white
matter disease consistent with multiple sclerosis, or intracranial neoplasm; symptomatic traumatic
brain injury; lack of study partner (family member or care partner); inability to exercise; lack of
computer access; positive pregnancy test; diagnosis of a neurodegenerative disease other than
Alzheimer’s (e.g., frontotemporal dementia); previous or ongoing treatment for MCI or dementia
with the precision medicine protocol used here or a very similar approach. Menopausal and
perimenopausal women who were unwilling or unable to use bioidentical hormone replacement
therapy, or men who were unwilling or unable to use testosterone replacement therapy; any
contraindication to enclosed MRI; off-label use of donepezil; unwillingness to remediate or move
away from identified sources of toxicity such as mycotoxins; or unwillingness to forgo alcohol (other
than up to two small servings weekly of dry red wine).
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Evaluation: Standard physical and neurological examinations were performed on each patient.
Trained external raters (i.e., unaffiliated with the treatment teams) performed and assessed the
Montreal Cognitive Assessment (MoCA) remotely. Computerized neuropsychological assessment
batteries were performed at the study sites using CNS Vital Signs, which samples multiple domains
(verbal memory, visual memory, simple attention, complex attention, cognitive flexibility, executive
function, processing speed, psychomotor speed, motor speed, and reaction time) as well as providing
an overall Neurocognitive Index (NCI) and composite memory score. The AQ-21 (Alzheimer’s
Questionnaire) is an informant-based subjective assessment with sensitivity and specificity for
amnestic MCI and AD of over 90% [19], answered by the significant other or study partner, with
scores ranging from 0 (no problems noted) to 27 (all positive responses to questions regarding
impairment). A score of 5-14 is compatible with mild cognitive impairment, and 15-27 is compatible
with dementia. In this study, 67 subjects had AQ-21 scores of 5-14, and six had scores of 15-17.

Brain training baselines: Guidelines for clinical trial design from the National Institutes of
Health suggest that trials should include measures of target engagement in order to facilitate the
interpretation of both positive and negative results. BrainHQ brain health assessments, designed on
neuroscientific principles, were used to assess target engagement and training-related gains [20-22].

The battery included two assessments, Double Decision and Syllable Stacks, and took
approximately 6 minutes to complete [20]. Double Decision evaluates visual speed of processing and
cholinergic network health [21]. In this dual-task paradigm, participants discriminate and identify
which one of two perceptually similar cars appeared in the center of gaze while simultaneously
locating a traffic sign in the peripheral visual field. The adaptive dimension is display exposure
duration and scores are recorded in milliseconds, with lower scores indicating better performance
(range: 32ms - 3162ms). Syllable Stacks measures verbal memory. Using an auditory span paradigm,
participants recall a list of nonsense syllables. The adaptive dimension is set size, and scores are
recorded as the number of syllables recalled, with higher scores indicating better performance (range:
1 - 12). To calculate the BrainHQ composite percentile score, raw threshold scores for each subtest
were first converted to z-scores to standardize performance across measures, with higher scores
indicating better performance. These z-scores were transformed into percentiles and averaged to
produce the overall composite. Composite construction was aligned with prior published studies
using BrainHQ measures [20].

Genetic testing was carried out using the IntellxxDNA clinical decision support tool. This
allowed us to evaluate a few hundred genomic variants that can contribute to cognitive decline,
including ApoE genotype, markers for hypercoagulation (e.g., Factor V Leiden), detoxification (e.g.,
null alleles affecting glutathione-related enzymes and other detoxification pathways), and
methylation (e.g.,, MTHFR and MTRR), as well as a variety of other markers associated with cognitive
decline such as gene variants contributing to brain hormone levels, inflammation, and nutrient
transport.

Epigenetic testing was carried out by TruDiagnostic (Lexington, KY). Whole blood was
collected at baseline and at the conclusion of treatment (nine months). DNA methylation analyses
included participants with complete paired samples and high-quality array data at both timepoints
(Group A: n = 25; Group B: n = 13), yielding 76 total methylomes. The imbalance in paired sample
counts reflects the 2:1 randomization and sample availability at the methylation profiling stage. All
participants and study partners provided written informed consent, and study procedures were
performed in accordance with the Declaration of Helsinki and were approved by the relevant
institutional review board.

Genomic DNA was extracted from whole blood using standard column-based procedures, and
DNA quantity, purity, and integrity were confirmed prior to bisulfite conversion. Bisulfite-converted
DNA was whole-genome amplified, enzymatically fragmented, and hybridized to the Illumina
Infinium MethylationEPIC v2.0 Custom BeadChip (Illumina, San Diego, CA), which assays >935,000
CpG sites. Arrays were scanned on an Illumina iScan system and raw intensity data were exported
as IDAT files (methylated and unmethylated channels).
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DNA methylation age and aging-related biomarkers were computed using published
algorithms for established clocks, including the Horvath pan-tissue clock, the Hannum blood clock,
PhenoAge, and GrimAge (vl and v2) [23-26]. Clock calculations were implemented using
methylclock (R) [27] and the Python aging-clock framework pyaging [28], with additional support
via BioLearn where applicable [29]. We additionally computed next-generation measures including
DunedinPACE [30] and principal-component (PC) clocks (PCHorvath, PCHannum, PCPhenoAge,
PCGrimAge) to improve reliability of clock readouts in longitudinal settings [31]. Brain-relevant
aging estimates included the cortical clock (DNAmClockCortical) [32].

Epigenetic age acceleration (EAA) was defined as the residual from regressing DNAm age on
chronological age such that positive values indicate accelerated epigenetic aging relative to
chronological age.

DNA methylation-based epigenetic biomarker proxies (EBPs) representing circulating proteins
and clinical traits were computed using published regression models (EpiScore/EBP-style predictors)
derived from large methylation—omic association studies, including multi-omic proxy resources used
in the OMICmAge ecosystem and related proxy catalogs [33-35].Proxy outputs were analyzed as
standardized scores relative to their reference model scale.

Given the pilot nature of the trial and unequal paired sample sizes, analyses are considered to
be exploratory and hypothesis-generating. Longitudinal within-arm changes were tested using
paired Wilcoxon signed-rank tests or paired f tests depending on distributional diagnostics.
Treatment-associated differential trajectories were evaluated using linear mixed-effects models
implemented in Ime4, with fixed effects for Treatment, Time, their interaction, and Site, and a random
intercept for participant ID.

The interaction term (Treatment x Time) tested whether temporal change differed between arms.
Cross-sectional between-group comparisons at each timepoint used Wilcoxon rank-sum tests or
independent f tests as appropriate. To address multiple testing across clock families and proxy
panels, false discovery rates were computed using the Benjamini—-Hochberg procedure [36].

Epigenome-wide association testing was performed on logit-transformed methylation values
(M-values) using limma with empirical Bayes moderation [37-39]. Differentially methylated
positions (DMPs) were prioritized at an uncorrected discovery threshold of p < 1x10%, while
Benjamini-Hochberg FDR-adjusted g-values were additionally reported for transparency.

Differentially methylated regions (DMRs) were identified using DMRcate, which detects
spatially correlated methylation signals by fitting probe-wise statistics across the genome and
applying Gaussian kernel smoothing to aggregate evidence across neighboring CpGs [40]. In the
functional annotation pipeline, DMRcate was run via cpg.annotate followed by dmrcate using a
kernel bandwidth of A = 1000 and minimum consecutive CpGs C = 2. This DMR approach is distinct
from comb-p; comb-p/SLK correction was not assumed unless separately executed.

DMPs and DMRs were annotated to genomic features using GRCh38/hg38 annotations
(https://github.com/jokergoo/IlluminaHumanMethylationEPICv2anno.20al.hg38), including CpG
island context and proximity to transcription start sites, and genomic feature mapping/visualization
for DMR coordinates was supported by ChIPseeker [41]. Functional enrichment was performed using
complementary bias-aware strategies tailored to methylation arrays. In addition, region-based
functional enrichment of DMR genomic coordinates was performed using rGREAT, which
implements the GREAT algorithm locally for functional interpretation of regulatory-region-like
inputs [42].

Tracking cognitive symptoms utilized the Cognitive Symptom Tracker, a structured, patient-
reported outcome tool that quantifies both the severity and frequency of common cognitive and
functional symptoms across memory, language, executive function, navigation, and social
engagement domains. In clinical practice, longitudinal changes in Tracker scores have shown strong
concordance with changes in objective cognitive testing, allowing early detection of improvement or
stagnation that often precedes measurable shifts on standardized neuropsychological measures. This
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tool was applied in the trial to quantify subjective cognitive performance and complement objective

outcomes.
In addjition, the Patient-Reported Outcomes Measurement Information System-10 (PROMIS-10)
developed by the NIH (https://www healthmeasures.net/explore-measurement-

systems/promis/obtain-administer-measures) was used to determine subject estimates of physical
health (PROMIS-P) and mental health (PROMIS-M).

Biochemical tests and biomarkers were performed to identify markers of insulin resistance
(HOMA-IR), protein glycation (hemoglobin Alc), vascular disease (advanced lipid panel), systemic
inflammation (C-reactive protein, fibrinogen, homocysteine), iron markers, chronic infection
associated with cognitive decline (titers for Herpes family viruses (Herpes simplex type 1, Herpes simplex
type 2, Cytomegalovirus, Epstein-Barr virus, and Human herpesvirus 6), Borrelia (including tick-borne
relapsing fever) by IFA, immunoblot, and immunoblot speciation, Babesia (in situ hybridization),
Bartonella (in situ hybridization), spotted fever group, Anaplasma, Ehrlichia, Mycoplasma pneumoniae,
Chlamydia pneumoniae, Toxoplasma gondii, Treponema pallidum, Human immunodeficiency virus, and
Hepatitis C virus), gastrointestinal health (stool analysis of gut pathogens, digestion, absorption, gut
immune markers, and microbiome analysis), hormone dysregulation (serum estradiol, progesterone,
pregnenolone, DHEA sulfate, testosterone (free and total), sex-hormone binding globulin, prostate-
specific antigen (in males), free T3, free T4, reverse T3, and TSH), nutrient status (B vitamins, vitamin
D, vitamin E, iron markers, magnesium, zinc, copper, CoQ10, lipoic acid, omega-6:omega-3 ratio,
omega-3 index), toxin or toxicant exposure (metals, organic toxicants, and biotoxins (urinary
mycotoxins)), autoimmune markers (e.g., anti-thyroid peroxidase antibodies, anti-thyroglobulin
antibodies, anti-nuclear antigen), immunoglobulins, CD57, nocturnal hypoxemia (oximetry for three
nights to identify sleep apnea and upper airway resistance syndrome), and other biochemical
parameters associated with cognitive decline.

Neuroimaging: Magnetic resonance imaging of the brain with volumetrics (Neuroreader) was
performed for each patient, during initial evaluation and again at the completion of the 9-month
treatment protocol. All scans at baseline and follow-up were performed on clinical 3-Tesla MRI
scanners with either MPRAGE or SPGR sequences. Segmentation and quantification of the
hippocampus and total gray matter were carried out computationally, as described previously [43].
Volumetric change over the 9-month trial period was calculated on a percent annualized rate of
change. Additionally, each of these volume change rates was adjusted for each participant’s total
head size, computed as the sum of gray matter, white matter, and cerebrospinal fluid. Rates of change
in brain volumes of the hippocampus, total gray matter, white matter, frontal lobes, temporal lobes,
parietal lobes, occipital lobes, cerebella, and ventricles were then compared between the two
treatment groups.

Statistical analysis: Baseline continuous and categorical demographic data were compared
between groups using t-tests and chi-squared tests of independence, respectively. Skew, kurtosis,
and outliers were also screened for primary outcomes prior to proceeding to main analyses. Due to
non-normality, AD biomarkers (42/40 ratio, p-tau217) were rank-transformed. To assess the
incremental effect of the precision medicine intervention on the primary clinical (AQ, CST, PROMIS)
and cognitive (CNS-VS, MoCA, brainHQ) outcomes, repeated measures general linear models (GLM)
were constructed. This allowed for testing treatment x time interaction effects between group
assignment (precision medicine vs. standard of care) and change in outcomes over time (Month 0
(screening], Month 3, Month 6, Month 9). Only Month 3, Month 6, and Month 9 timepoints were
entered into the AQ GLM model as screening used a different scale (whereas the other three
timepoints captured AQ change scores). A significant interaction effect in the GLM indicates the
groups changed (on the respective outcome) at a different rate over the study period. Descriptive
statistics and line plots were used to interpret interaction trends. We also computed delta (A)
variables for each outcome as the difference between the final and screening visits (i.e., month 9 -
month 0), then compared change (A’s) between groups using t-tests to estimate incremental effect
sizes via Cohen’s d values. Due to non-normality, biochemical and AD biomarker variables were
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analyzed using non-parametric analyses (Wilcoxon signed-rank tests for looking at within-group
changes and Mann-Whitney U tests for comparing change from baseline between groups).
Ferguson’s (2009) criteria were applied across analyses to operationalize the minimum effects
necessary to denote a practically meaningful effect: d>0.41 (for t-tests and non-parametric analogs), ¢

or V.20 (for chi-squared tests), and "=>.04 (for GLMs). Level of significance () was set to .05 (two-
tailed).

Treatment: Patients were treated for nine months with either a standard-of-care protocol [18]
(Group B) or a personalized, precision medicine protocol that addressed each patient’s identified
potentially contributory factors [17] (Group A), and cognition was assessed at 0, 3, 6, and 9 months.
Physicians met monthly with subjects from each group. Note that, at the time of the planning, and
then IRB approval, of this trial in 2022-2023, anti-amyloid antibodies were not included in the
standard of care for patients with Alzheimer’s disease.

The goal was to identify and address the factors associated theoretically and epidemiologically
(though in some cases yet to be proven causally) with Alzheimer’s-related cognitive decline: restore
insulin sensitivity, improve hyperlipidemia, resolve inflammation if present (and remove the cause(s)
of the inflammation), treat pathogens, optimize energetic support (oxygenation, cerebral blood flow,
ketone availability, and mitochondrial function), optimize trophic support (hormones, nutrients, and
trophic factors), treat autoimmunity if identified, and detoxify if toxins were identified.

The treatment team included a physician, health coach, nutritionist, and physical trainer, and
was overseen by a study coordinator.

Diet was a plant-rich, high-fiber (soluble and insoluble), mildly/moderately ketogenic diet, high
in leafy greens and other non-starchy vegetables (raw and cooked), high in unsaturated fats, low in
glycemic load, with a fasting period of 12-16 hours each night. Organic produce, wild-caught low-
mercury fish (salmon, mackerel, anchovies, sardines, and herring), and modest consumption of
pastured eggs and meats were encouraged, as well as avoidance of processed food, simple
carbohydrates, gluten-containing foods, and dairy. Subjects were asked to avoid alcohol, alcohol
sugars, and artificial sweeteners. Blood ketone levels were monitored with fingerstick ketone meters,
with a goal of 1.0-4.0 mM beta-hydroxybutyrate at least once during each day. The importance of
including ketosis as a goal has been supported by the work of Cunnane et al. [44].

Exercise, both aerobic and strength training, as well as balance training and stretching, was
included as part of the protocol, for at least 45 minutes per day, at least six days per week (for aerobic
exercise) and at least twice per week (for strength training), and facilitated by the personal trainers.
High-intensity interval training (HIIT) was recommended a minimum of twice per week.

Sleep hygiene was supported to ensure 7-8 hours of quality sleep per night, and sleep was
tracked by Oura ring. All patients without known sleep apnea were tested over several nights using
home sleep study devices. In those diagnosed with sleep apnea or upper airway resistance syndrome
(UARS), referral for treatment with a continuous positive airway pressure apparatus (CPAP) or a
dental splint device (for those identified with UARS) was provided.

Stress management included biofeedback and heart-rate variability training with a HeartMath
Inner Balance for IOS device, for a minimum of 10 minutes per day [45], chosen because of the ease
of patient use and thus high compliance.

Brain training was carried out using BrainHQ (Posit Science, San Francisco, CA), an evidence-
based [46] online cognitive training program that is compliant with HIPAA and SOC-2 security
standards. The training includes 29 adaptive exercises designed to improve the speed and accuracy
of information processing across vision and audition, with demonstrated effects on brain health [47],
cognitive performance [48], and everyday functioning [49]. Participants were instructed to train for a
minimum of 15 minutes per day, corresponding to completion of approximately six exercise levels,
with a goal of 36 levels per week. The platform automatically adjusted task difficulty on a trial-by-
trial basis to maintain engagement and ensure training at each participant’s performance threshold.

Hormones and nutrients: For those patients with suboptimal hormonal status, bioidentical
hormone replacement and appropriate supplements were provided to optimize sex hormone levels
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[50], neurosteroids (dehydroepiandrosterone, pregnenolone, and vitamin D), and thyroid
medications as indicated were utilized for suboptimal thyroid function. For those with suboptimal
nutrients (e.g., vitamin D, omega-3, B vitamins, CoQ10, or minerals), the appropriate nutrients were
provided.

Gastrointestinal health: The following gut markers were tested and optimized for digestive
support (pancreatic elastase, fecal fats, protein breakdown products), Inflammation (secretory IgA,
calprotectin, eosinophilic protein X, occult blood), dysbiosis, metabolic imbalance (short-chain fatty
acids, butyrate, beta-glucuronidase), and infection. For those with gastrointestinal
hyperpermeability, infections, inflammation, or impaired absorption and digestion, gut healing with
dietary restriction, gut-healing nutrients, and digestive enzyme support if indicated, along with
treatment of any identified dysbiosis, was undertaken.

Inflammation: For those with evidence of systemic inflammation, specialized pro-resolving
mediators and anti-inflammatory herbal supplements (such as liposomal glutathione, fish oil,
turmeric, resveratrol, vitamins C and D, boswellia, and quercetin) were provided, low-dose
naltrexone was prescribed (if there was evidence of autoimmunity), and omega-3 fats included via
diet and supplements. Note that low-dose naltrexone was chosen for those with autoimmunity
because of its ability to increase endorphins, which in turn bind to the opioid receptors on the T-
regulatory cells to regulate immune function, reducing autoimmune responses [51].

Infectious agents associated with cognitive decline or systemic inflammation were identified
and treated. For those with evidence of Herpes simplex infection or a history of outbreaks, valacyclovir
was prescribed for 2-9 months. Active Epstein-Barr Virus (EBV) was treated with herbal protocols
(such as Monolaurin, Olive Leaf, and Lysine or Gemmotherapy with Juniperus, Acer, and Tamarix).
For those with evidence of tick-borne infections [52] such as Borrelia, Babesia, or Bartonella, organism-
sensitive treatment was prescribed with herbal antimicrobials, such as Cryptolepis and Japanese
knotweed [53] and immune support or antibiotics, such as dapsone, doxycycline, azithromycin and
rifampin.

Toxins and toxicants: For those with toxicity associated with metals (e.g., mercury or lead),
organic pollutants (e.g., benzene, xylenes, toluenes, styrenes, parabens, methyl tert-butyl ether,
phthalates, or organophosphate insecticides), or biotoxins (e.g., trichothecenes, ochratoxin A,
zearalenone, or gliotoxin), targeted detoxification was undertaken with binding agents (e.g.,
cholestyramine, charcoal, chlorella, or bentonite clay), sauna, herbs, sulforaphane, and dietary
restriction of seafood if indicated.

Photobiomodulation: Based on the extensive literature on photobiomodulation and its
cognitive benefits [54], most of the sites included photobiomodulation in the overall protocol, either
gamma frequency from Auragen, Vielight, Neuronic Neuradiant 1070, or, at one site, Aspen Apex
Laser (triple wavelength with pulsing from 20-40 Hz).

Adjunctive therapeutics: Three of the six sites also used adjunctive therapeutic approaches,
including hyperbaric oxygen at 1.3 atmospheres (one site), hyperbaric oxygen at 2.0 atmospheres (one
site), exercise with oxygen therapy (one site), cranio-electrical stimulation (one site) and
neurofeedback (two sites).

3. Results

Metabolic effects: Table 2 lists metabolic parameters prior to, and at the conclusion of, the 9
months of treatment. Relative to the standard of care group, the precision medicine group displayed
a statistically significant reduction in body mass index, systolic blood pressure, diastolic blood
pressure, glycation (as a reduction in hemoglobin Alc), and insulin resistance (as HOMA-IR,
homeostasis model assessment-estimated insulin resistance). Significant improvements were
observed in lipid profile (as reduction in triglyceride-to-high-density-lipoprotein ratio) and
methylation (as reduction in homocysteine), as well as a significant increase in serum vitamin D (as
serum 25-hydroxycholecalciferol).
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Table 2. Serum biochemical tests, BMI, and blood pressure prior to, and following, treatment for 9 months in

Group A (precision medicine protocol) vs. Group B (standard of care).

A within group A between
groups
Gro Variable, Med Month 0 Month 9 Med (IQR) da Med dif db
up  (QR)
Preci Vitamin D (25- 43.3(18.3) 62.6 (19.9) 20.5(33.7) 1.60% 22.8 0.8
sion OH) 6t
0.6 (1.0) 0.6 (1.4) -0.02 (0.6) 0.0 -
medi 0.4
cine  hs-CRP -0.44 2
96.0 (11.0) 91.0 (9.0) -6.0 (11.0) -4.5 -
0.3
Fasting glucose -1.18t 8
65.0 (26.0) 72.0 (27.0) 3.0 (10.0) 3.0 -
0.2
HDL cholesterol 0.54 6
5.5(0.3) 5.3 (0.3) -0.2 (0.3) -0.3 -
1.1
Hgb Alc -1.93% 4f
9.8 (3.5) 7.8 (3.8) -2.1(3.0) -1.3 -
0.8
Homocysteine -2.04% 6t
5.9 (6.3) 5.0 (4.9) -1.1(3.2) -1.8 -
0.5
Fasting insulin -0.83t 1
212.5 (55.0) 204.0 (68.0) -3.0 (65.0) 0.5 -
0.1
Total cholesterol -0.54 7
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77.0 (45.0) 61.0 (29.0) -13 (37.0) -19.5 -
0.5
Triglycerides -1.08t 9t
647.0 (428.0) 1452.0 (846.0) 659.5 (768.3) 685.5 1.1
Vitamin B12 2.58% 81
1.4 (1.3) 1.1(1.1) -0.4 (0.8) -0.4 -
0.6
HOMA-IR -1.46% 1t
1.2 (1.1) 0.9 (0.7) -0.3 (0.6) -0.4 -
0.5
TG:HDL ratio -1.07+ 5t
BMI 24.0 (6.8) 224 (5.4) -1.2(3.1) -1.52% -1.7 -
1.2
7%
Systolic BP 123.0 (25.5) 118.0 (18.0) -9.0 (23.5) -0.99t -10.0 -
0.4
91
Diastolic BP 73.0 (11.3) 70.0 (9.3) -5.0 (14.3) -0.84t -5.0 -
0.3
6
Stan Vitamin D (25- 43.2(23.3) 51.5(30.3) -2.3(17.9) -0.02 -- --
dard OH)
of 0.5 (1.2) 0.8 (2.0) 0.2 (1.0 0.62 -- --
care  hs-CRP
Fasting glucose 92.5 (14.0) 93.0 (10.0) -1.5(10.3) -0.50 -- --
HDL cholesterol 62.0 (38.0) 62.0 (28.0) 0.0 (14.8) -0.08 -- --
Hgb Alc 5.7 (0.3) 5.7 (0.5) 0.1(0.3) 0.42 - -
Homocysteine 9.6 (3.0) 9.6 (3.4) -0.8 (3.7) -0.24 -- --
Fasting insulin 6.3 (6.3) 7.4 (5.9) 0.7 (5.1) 0.33 -- --
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Note. #p<.001, *p<.05, Ilp=.056 *BMI significantly increased for the standard of care group (p=.002). a Cohen’s d and

p-values estimated from Wilcoxon signed-rank tests to compare medians (month 9 vs. month 0) within each

group. BP, blood pressure. b d and p-values estimated from Mann-Whitney U tests comparing median change

(i.e., from month 0 to month 9) between groups. Month 0 values were subtracted from month 9 to compute delta

scores, where positive values indicate increase and negative indicate decrease in lab value. Hgb, hemoglobin.

Hs-CRP, high-sensitivity C-reactive protein. HOMA-IR, homeostasis model assessment-estimated insulin

resistance, calculated based on fasting insulin and fasting glucose (fasting insulin in mIU/L times fasting glucose
in mg/dL, divided by 405.45). TG:HDL ratio, serum triglyceride-to-high-density-lipoprotein ratio. Vitamin D

was measured as 25-hydroxycholecalciferol. Post-treatment tests were taken at the conclusion of the 9-month

protocol for each patient, as described in the text.

Cognition: Cognitive results are summarized in Table 3.

Table 3. Primary neurocognitive and clinical outcomes over the study period, stratified by treatment condition.

Variable Timepoint (month) A from A Group x

, M (SD) baseline, between timepoint

M (d) groups, interaction

M (d)®

Group 0 3 9 F 2 1r§

Precisi NCI 92. 98.89 103.76 106.19 14.02 18.39 21. <0 .26

on 04 (11.1) (8.9) (8.1) (1.23)t (1.12)% 08 01 O
Medici (12.
ne 3)

CM 89. 95.29 100.38 101.56 13.12 18.51 17. <0 .22

45 (17.3) (15.9) (17.0) (0.73) (0.94) 92 01 4
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(16.

4)
EF 90. 99.13 103.16 108.02 16.86 15.04 11. .00 .15
63 (15.6) (13.2) (10.8) (1.19)t (0.89: 25 1 4

(16.

0)
PS 103 107.6 111.0 116.1 12.26 9.74 69 .01 .10
5 (16.0) (13.3) (15.7) (0.85)% (0.67)t 8 0 3

(13.

0)
BrainH 33. -- - 58.2 25.15 14.8 6.9 .01 .11
Q 1 (20.5) (1.27)* (0.75)* 8 1 1

ao0.

9)
AQ 10. 2.70 5.93 (7.3) 8.74 8.74 11.11 16. <.0 .21
46 (5.1 (10.4) (10.4) (1.26)% 34 01 1

3.3

)
CST 47. 36.79 24.84 16.35 -33.27 (- -28.27 (- 15. <0 .23
57 (26.4) (22.6) (21.4) 1.19)4 1.05)+ 94 01 1

(28.

4)

PROMIS 49. 517  528(6.0) 55.1(6.1) 536(0.77)¢ 525 11. .00 .19
P 1 (6.5) 077 02 2 3
85

PROMIS 46. 494  502(64) 541(6.3) 6.70(0.93) 635 12. <0 21
M 5 (8.5) 097yt 41 01 2
8.1

MoCA 24. 251  258(3.1) 27.6(25) 3.79(1.52)¢ 123(041) 20 .15 .03
0 (3.2) 8 4 2
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.4

Standa NCI 96. 95.74 96.09 92.35 -4.36 (- -- -- - -
rd of 91 (13.6) (11.9) (24.2) 0.19)
care (6.7

CM 92 9143 88.78 87.48 -5.39 (- - -
87  (17.8) (14.1) (22.0) 0.24)
(14.
1)

EF 96.  93.04 97.83 97.74  1.82(0.09) - - e -
41 (215 (13.7) (20.7)
a10.
1)

PS 103  103.0 103.9 1064  2.52(0.17) - S
9  (13.0) (13.6) (16.1)

(11.
9)
BrainH  33. - - 424 10.36 - -
Q 1 (18.9) (0.54)
ao.
4)
AQ 95  -1.30 -0.87 236 -2.36 (44)" - S
2 (2.4) (5.7) (4.4)
(32
)
CST  51. 4810 46.18 46.95 -5.00 (- - -
55 (25.4) (21.2) (25.8) 0.20)
(6.
9)

PROMIS 52. 504  51.4(9.4) 523(75) 0.11(0.02) - -
P 0 (6.8)
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82

PROMIS 46. 475  46.8(65) 464 (6.5) 0.35(0.07) - - e -
M 3 (6.5)

(.8

)

MoCA  22. 2374 24.09 2548  2.57 (0.67)t - -
91  (35) (4.0) (4.0)
3.0
)

Note. #p<.001, 'p<.05, "The AQ for month 0 (screening) is the AQ-21 (higher=more symptomatic) whereas

subsequent months are AQ-20 (AQ change, higher=improvement; see methods), “A from baseline score reflects
M (SD) AQ-20 change at month 9. AQ: Alzheimer’s Questionnaire; CM: Composite Memory CNS-VS Composite;
CST: Cognitive Symptom Tracker; EF: Executive Function CNS-VS Composite; MoCA: Montreal Cognitive
Assessment; NCI: Neurocognitive Index CNS-VS Composite; PROMIS-P: Patient-Reported Outcomes
Measurement Information System-Physical Health subscale; PROMIS-M: Patient-Reported Outcomes
Measurement Information System-Mental Health subscale. PS: processing speed; *within-group delta capturing
score change between months 9 and 0 (screening), with Cohen’s d and p-value reflecting within-group paired-
samples t-test. *between-group comparison of deltas, with Cohen’s d and p-value reflecting independent-

samples t-test.

The AQ-C is a subjective change scale that is derived from the AQ-21. It is informant-based
(significant other or study partner) and has a range from -40 (marked decline in all functions) to +40
(marked improvement in all functions). A Likert-type scale was used, such that the scoring for each
of the 20 questions was -2 (much worse), -1 (slightly worse), 0 (no change), +1 (slightly better), or +2
(much better).

In the precision medicine protocol group, the AQ-C improved by 8.74 + 10.35 points, whereas in
the standard of care group, the AQ-C declined by 2.36 + 4.41 points, indicating that the partners of
the PMP group noted improvement, whereas those of the SOC group noted decline (p < 0.001).
Results are graphed in Figure 1.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2694.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 December 2025 d0i:10.20944/preprints202512.2694.v1

16 of 33

15
p-value (interaction) < .001
Group
= = Pracision Medicine _

] m— Standard of Care |
g |
E 10
G e
et T - I
f— - - I
©
c * - - N
c -
o 5 " Ea - |
b4 -
o il - - -
3 ="
e} [ 4
0 1 T
[ -— —r—
o —_
E o
£
E [ \
<

-5

Month 3 Month 6 Month 9
Timepoint

Figure 1. Line graph of AQ-Change scores (higher values = improved symptoms; time zero = zero by definition,
since it is a change score) over time with lines separated by group. Error bars depict 95% CI.

Similarly, the cognitive symptom tracker (CST) differed between the two groups, reflecting
improvement in the PMP group but only minimal improvement in the SOC group, with a p value <
0.001 and an effect size of 0.231 (Figure 2).
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Figure 2. Line graph of cognitive symptom tracker (CST) scores (higher = worse symptoms) over time with lines
separated by group. Error bars depict 95% CI.

PROMIS-10-Physical Health (Figure 3) and PROMIS-10-Mental Health (Figure 4) also showed
significant improvements, with p = 0.002 and p <0.001, respectively.
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Figure 3. PROMIS-10 Physical Health results in Group A (broken line) and Group B (solid line). Higher numbers

indicate better symptoms.
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Figure 4. PROMIS-10 Mental Health results in Group A (broken line) and Group B (solid line). Higher numbers

indicate better symptoms. .

CNS Vital Signs is a computerized neuropsychological assessment used to evaluate cognitive
performance and change. The reliability and validity of this battery have been described in previous
publications [55], and this assessment tool is more sensitive than the MoCA in the identification of
mild cognitive impairment [56]. The test battery administered for this study included assessments of
verbal memory, visual memory (both immediate and delayed), symbol digit coding, Stroop
performance, shifting attention, continuous performance, and finger-tapping. Age-matched domain
standard scores and percentile ranks were calculated for visual memory, verbal memory, composite
memory, motor speed, psychomotor speed, processing speed, reaction time, cognitive flexibility,
simple attention, complex attention, and executive function, as well as an omnibus domain score,
Neurocognitive Index (NCI). Scores are set such that a score of 100 indicates the 50t percentile, with
a standard deviation of 15.

Table 3 (above) lists CNS Vital Signs results of the NCI, composite memory, executive function,
and processing speed from all patients who completed the study at baseline, 3 months, 6 months, and
9 months of treatment. Figure 5 (below) displays the NCI means and 95% confidence intervals for
each group. Comparing the results at outset to those at completion revealed an improvement in the
Neurocognitive Index from 92.0 +12.3 to 106.2 £ 8.1 in Group A, whereas there was a decline in Group
B from 96.9 + 6.7 to 92.4 + 24.2 (p < 0.001).
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Figure 5. Line graph of CNS-VS NCI composite scores over time with lines separated by group. Error bars depict
95% CL

Composite memory scores are shown in Figure 6. Group A improved by approximately one
standard deviation (14.0 + 11.4), whereas Group B declined by 5.4 + 22.7 (p < 0.001 with effect size of
0.224).
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Figure 6. Line graph of CNS-VS composite memory scores (verbal memory + visual memory) over time with

lines separated by group. Error bars depict 95% CI.

Executive function scores (Figure 7) also showed an approximately one standard deviation
improvement in Group A subjects (16.9 + 14.2), whereas there was little change in Group B subjects
(1.8 £ 21.3). This difference was significant (p = 0.001, with an effect size of 0.154).
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Figure 7. Line graph of CNS-VS executive function scores over time with lines separated by group. Error bars
depict 95% CL

Processing speed also displayed a significant difference between groups (Figure 8), with Group
A improving from 103.5 +13.0 to 116.1 + 15.7, whereas Group B improved more modestly, from 103.9
+11.9 to 106.4 +16.1 (p =0.01).
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Figure 8. Line graph of CNS-VS processing speed over time with lines separated by group. Error bars depict
95% CI.

Montreal Cognitive Assessment (MoCA) was also used to evaluate the patients (version 8.1 at
baseline, 8.2 at 3 months, 8.3 at 6 months, and 8.1 at 9 months). Group A improved the MoCA scores
by 3.8 + 2.5 (Figure 9), whereas Group B improved MoCA scores by 2.6 + 3.8. Thus the difference
between the two groups showed a trend that did not reach statistical significance (p = 0.154, effect

size 0.033).
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Figure 9. Line graph of MoCA scores over time with lines separated by group. Error bars depict 95% CIL.

Brain training: Participants in the precision medicine (Group A) and standard of care (Group B)
groups demonstrated similar BrainHQ assessment composite percentile scores at baseline (Group A
mean = 33.1 + 10.9 percentile, Group B mean = 33.1 + 10.4 percentile). At the conclusion of the trial,
Group A demonstrated a 25.1 percentile point improvement on assessment performance (mean = 58.2
+ 20.5 percentile), while Group B demonstrated a 9.3 percentile point improvement in scores (mean =
42.4 + 18.9 percentile). Change scores ranged from declines (Group A: -14 percentile, Group B: -21.5
percentile) to substantial improvement (Group A: +66 percentile, Group B: +45 percentile). These
results suggest successful target engagement and demonstrate that the study cohort was responsive
to cognitive training.

Although BrainHQ was implemented as an intervention (for Group A only), participants’
performance trajectories within the platform provide preliminary indicators of cognitive change over
the course of the trial. All participants demonstrated improvement in their BrainHQ composite
percentiles during the intervention period, with a mean increase of 19 percentile points (range: 3 -
29). Participants engaged with the training for an average of 52 hours across the study (range: 15
minutes - 164 hours). These performance metrics offer supplemental evidence of individual
engagement with the intervention and the degree of cognitive improvement achieved during the
study period.

Brain MRI with volumetric quantification: Table 4 shows the comparison between Group A
and Group B with respect to how many subjects increased vs. decreased the volumes of the brain
regions analyzed. These changes favored Group A (i.e., a greater percentage of the Group A subjects
increased their regional volumes than did the Group B subjects) for gray matter, frontal lobes,
temporal lobes, parietal lobes, occipital lobes, hippocampi, and cerebella; whereas they favored
Group B for white matter and ventricles.
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Table 4. Number of subjects in each group showing increases vs. decreases in brain region volumes.

Brain Region Group A | Group A | Group B | Group B | p- Odds

Increase Decrease Increase Decrease value | Ratio
Gray Matter 20 20 7 15 0.167 | 2.12
White Matter 23 17 13 9 0.903 | 0.94
Lateral 32 8 15 7 0.298 | 1.85
Ventricles
Frontal Lobes 19 21 5 17 0.055 | 3.02
Temporal Lobes | 21 19 10 12 059 |1.32
Hippocampi 23 17 12 10 0.822 |1.13
Parietal Lobes 22 18 6 16 0.036 |3.20
Occipital Lobes | 25 15 11 11 0.340 | 1.65
Cerebella 27 13 10 12 0.090 | 245

Odds ratio > 1 means that Group A underwent more volume increases vs decreases than did Group B.

However, mean group changes in annualized rate of volume change showed no significant
differences between groups (Table 5).

Table 5. Comparison of changes in brain volumes in various neuroanatomical regions in Group A vs. Group B.

Variable Mean A |SD A |Mean B|SD B | p-value
(%) (%) (%) (%) (Wilcoxon)

Gray Matter Vol / mTIV | -2.59 9.83 -1.30 7.52 NS

(rate)

White Matter Vol / mTIV | 0.026 19.9 0.868 6.47 NS

(rate)

Lateral Ventricle Vol /| 5.85 14.9 4.59 7.82 NS

mTIV (rate)

Frontal Lobe Vol / mTIV | -2.08 8.65 -1.44 443 NS

(rate)

Temporal Lobe Vol /mTIV | -1.50 8.92 -0.829 5.59 NS

(rate)

Hippocampus Vol / mTIV | -0.578 9.68 1.32 9.48 NS

(rate)
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Parietal Lobe Vol / mTIV | -1.60 7.59 0.311 6.33 NS
(rate)
Occipital Lobe Vol / mTIV | -0.237 12.3 0.499 7.56 NS
(rate)
Cerebellum Vol / mTIV | 1.46 4.24 0.215 3.36 NS
(rate)

mTIV: measured total intracranial volume. NS: not significant. SD: standard deviation. Vol: volume.

Epigenetics: Epigenetic studies were carried out on blood samples from both groups of subjects
at t = 0 and t = 9 months, i.e., prior to treatment and at the end of the trial, as described above.
Comparisons of the two groups (Group A, precision medicine protocol, and Group B, standard of
care), and comparison of the before-treatment samples of each group to the completion-of-treatment
samples from each group, revealed multiple differences, summarized below:

eEpigenetic indicators of aging revealed that the mortality clock, OMICmAge, was reduced in
Group A by approximately 1.3 years (p = 0.016), but not in Group B, suggesting slower mortality-
linked epigenetic aging in Group A.

*Synaptic plasticity increase was implied by an epigenome-wide association study (EWAS),
which identified 14 protocadherin genes that were differentially methylated (p < 10-7), arguing for
modulation of synaptic specificity and neural circuit organization in Group A.

*Reduced systemic inflammation and neuroinflammation in Group A were indicated by
reduction in multiple inflammatory markers, including TNFRSF17, EN-RAGE, OSM, VCAM]1, and
multiple cytokines.

eConvergent changes in glutathione-related metabolites, PON1, sphingomyelin species, and
ornithine suggest enhanced antioxidant and detoxification capacity, vascular and nitric oxide
signaling, and white matter integrity in Group A.

e Tryptophan-serotonin pathway markers, such as tryptophan betaine and indole butyrate, were
consistent with shifts toward serotonergic signaling.

As noted above, given the small number of samples and unequal paired sample sizes (Group A:
n =25; Group B: n = 13), these analyses are considered to be exploratory and hypothesis-generating.

Biomarkers: Blood-based biomarkers p-tau 217, GFAP, NfL, and A[342/40 ratio were evaluated
by Neurocode prior to treatment and again at the completion of the trial. Sixty-eight of the 73 subjects
had an abnormal Ap42/40 ratio (<0.170), two had a normal ratio, and three were early terminations
that had no reported A[342/40 ratio. Analysis of p-tau revealed that 29 subjects had normal p-tau 217
(<0.34ng/L), whereas 41 did not: 21 were at a level that is strongly associated with amyloid
accumulation (>0.63ng/L), 8 were at a level that is greater than 95% of amyloid-negative patients (0.48-
0.63ng/L), and 12 were in the indeterminate range (0.34-0.47ng/L).

In Group A, p-tau 217 declined modestly, whereas in Group B it did not. Non-parametric within-
group analyses revealed the precision medicine group had a significant reduction in p-tau-217 from
baseline (p=.028, d=-0.71) whereas the standard of care within-group reduction did not reach
significance (p=.234, d=-0.51). However, the magnitude of reduction in p-tau-217 between groups was
not significant. That is, non-parametric comparison of the p-tau-217 change from baseline (A)
between groups was statistically negligible (p=.609, d=-0.13).

However, this small difference may be amplified when weight changes are taken into account:
it has been noted previously that obesity is associated with reduced blood-based biomarkers,
including p-tau 217 and NfL [57]. In the current trial, several of the subjects in Group A lost weight
of 10-30 pounds when they adopted a plant-rich, mildly ketogenic diet and began regular exercise;
these same individuals demonstrated marked improvement in cognitive scores and symptoms, yet
showed increased p-tau 217. In contrast, Group B subjects did not undergo weight loss similar to
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what occurred in Group A. Therefore, if the p-tau scores are normalized for any weight changes that
occurred, the significance of the difference would likely be increased.

Overall, however, brain biomarker concentrations underwent little change during the study, and
this may have been in part due to the offsetting associated with weight loss that occurred in Group
A subjects, which could have compromised any biomarker improvements. None of the changes in
A[42/40 ratio, GFAP, or NfL reached statistical significance. There was a slight increase in A {342 in
Group A (136.4 + 161.3->139.7 + 138.4), with a slight reduction in Group B (169.3 + 148.3>164.2 +
143.3), but this was not significantly different. There was also a minimal decrease in GFAP in Group
A (64.0 + 29.8->57.5 + 34.4), and minimal increase in Group B (50.7 + 23.9->51.5 + 20.1), but these
differences were not statistically significant.

4. Discussion

The randomized controlled trial reported here compared the effects of a precision medicine
approach to the standard of care in patients with mild cognitive impairment or early dementia (initial
MoCA scores of 18 or higher). The magnitudes of effects, proportion of patients improved, and
combinations of improvements observed here —in metabolic parameters, memory scores, executive
function scores, overall cognitive indices, processing speed, cognitive symptoms, partner-judged
cognitive status (AQ change), brain training scores (BrainHQ), and epigenetic profiles—have not
been reported with any other treatment approach. Thus the overall results support the notion that a
precision medicine approach to the cognitive decline of Alzheimer’s disease at the mild cognitive
impairment and early dementia stages is the most effective strategy reported to date. This is
supported by a Forest Plot comparing the overall cognitive outcomes of randomized controlled trials
of anti-amyloid antibodies or lifestyle interventions vs. the personalized precision medicine approach
in the trial reported here (Figure 10). Furthermore, the approach used here did not lead to side effects
such as brain edema, microhemorrhage, or atrophy, and instead improved overall health including
blood pressure, body mass index, insulin sensitivity, fasting glucose, homocysteine, and lipid

profiles.
Evanthea (precision med) 4 1.11[0.56, 1.67)
Ornish (lifestyle) 1 0.58[-0.00,1.17)
Donanemab (drug) n—-—~ 0.29[0.00,0.58]
Isaacson (personalized) . 0.27[0.19,0.35)
Lecanemab (drug) E R 0.16[0.06, 0.25)
POINTER (ifestyle) - 0.12[0.03,021)

] T T T T ]
-0.5 0 0.5 1 15 2

Figure 10. Forest plot comparing effect sizes on overall cognition outcomes in randomized controlled trials of
anti-amyloid antibodies, lifestyle, or precision medicine. Standardized M difference [95% CI] displayed where

values <0 favor the “placebo” condition and >0 favor the target intervention in each trial.

Because of the contribution of numerous systemic factors, a personalized, multimodal precision
medicine approach to cognitive decline is necessarily a systems medicine approach. This therapeutic
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approach is distinct from traditional treatment strategies for MCI and Alzheimer’s-related dementia,
which have largely been monotherapeutic, monophasic, non-personalized, and blind, i.e., cause-
independent, thus not targeted to the underlying drivers of the disease in each person, but rather to
common downstream consequences and/or secondary drivers, such as amyloidosis. This is at least in
part because Alzheimer’s disease remains a disease of controversial etiology, with many competing
theories, none of which has led to effective treatment when addressed in isolation. The dominant
theory over the past three decades has been the amyloid cascade hypothesis [58], but numerous
antibodies targeting the associated amyloid have failed to improve cognition (although a trial that
failed to improve cognition or halt decline nevertheless slowed decline by 32% [2]).

The strategy utilized in this study also differs from preventive management of Alzheimer’s
disease risk factors [59], a strategy whose interventions are derived from statistical associations rather
than individual network diagnostics, and whose main purpose is to delay rather than to halt and
reverse cognitive decline, although the two strategies are compatible in ideology and complementary
in practice.

The positive results from the randomized controlled trial reported here, along with similar
results from the two proof-of-concept trials referenced above, are compatible with the notion that
Alzheimer’s disease represents a complex network insufficiency. Therefore, multifactorial
optimization of network function and support offers a rational therapeutic strategy. It might be
argued that the strategy utilized for this trial targets associated biochemical pathways but not
necessarily causal ones. However, both the utilization of genomics to help identify underlying causal
factors and the cognitive, epigenetic, and overall health improvements documented in this study
argue that at least some of the biochemical targets addressed are indeed causal. Moreover, due to the
small-world nature of biochemical and signaling networks, targeting a sufficient number of
associated pathways is likely to impact the causal ones, even if indirectly. Nonetheless, it will be
important for future studies to continue to dissect and prioritize the targeted interventions in order
to develop an optimal protocol for each individual.

5. Limitations of the Study

There are several limitations inherent to the trial reported here, as well as obvious concerns. One
limitation is that the trial was not double-blind, due to the difficulty in blinding subjects to significant
lifestyle changes. The neuropsychology and neuroimaging assessments were blinded, but the
subjects and physicians’ treating teams were not.

A second limitation is that it did not address patients with intermediate stage or advanced
Alzheimer’s disease: potential trial patients with MoCA scores of 17 and lower were excluded from
this study, and therefore, although there are anecdotal reports of patients with such scores showing
improvement with a similar precision medicine approach [14], the current study offers no insight into
the treatment of patients in that group. In treating patients who had mild cognitive impairment or
early-stage dementia, this trial focused on a similar group to those treated in recent pharmaceutical
trials [2,60].

One potential concern regarding the positive results is whether they may simply be due to
practice effects, and indeed the MoCA scores suggested a learning effect, since they did not correlate
with reported symptoms, brain training analyses, epigenetic results, or the more sensitive computer-
based testing.

However, the marked improvements in CNS Vital Signs scores make practice effects an unlikely
explanation for the overall results: (i) the CNS Vital Signs testing has been designed to minimize such
effects, and this has been demonstrated experimentally [18]; (ii) the 3-month interval in CNS Vital
Signs testing renders practice effects less likely than shorter duration intervals; (iii) the magnitude of
the effects is incompatible with practice effects, which are typically much more modest; (iv) the AQ-
C score improvements provided confirmation of the increased cognitive scores; (v) the cognitive
symptom tracker scores and the PROMIS-10 results provided further confirmation of the increased
cognitive scores.
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A previously reported precision medicine approach to cognitive decline [61] showed no
significant improvement in those with MCI or dementia, arguing at least superficially against the
results reported here. However, that study was more modest in both the evaluation and treatment
protocols employed —for example, many of the pathogens and toxins evaluated and treated in the
current study were not addressed in that study —and therefore, it is possible that success with such
an approach requires identifying and targeting the many potential contributors to cognitive decline,
as opposed to restricting the therapy to a more limited subset.

A third limitation is that none of the subjects had spinal fluid analysis or amyloid PET scans,
raising the question of how many had Alzheimer’s-associated pathology. However, the blood-based
biomarkers were compatible with early-stage Alzheimer’s pathophysiology: 68 of the 70 tested had
abnormal plasma Ap42:40 ratios (<0.170), and 41 of the 70 tested had plasma p-tau 217 levels higher
than normal. This does not exclude the possibility that some of the patients in the study could have
had non-Alzheimer pathology, but it supports the conclusion that the protocol used is effective for
patients with Alzheimer’s pathophysiology, at least those with MoCA scores of 18 and higher.

A fourth limitation is that, although both biochemical parameters (as shown in Table 2) —such
as those reflecting insulin sensitivity, glycation, vascular risk, and methylation —and cognitive tests
improved, this study provides no proof that the cognitive amelioration was caused by the metabolic
enhancements. However, the application of artificial intelligence methods to similar data sets from
larger studies may be capable of identifying candidate causal relationships.

Fifth, the patients who responded to the trial announcement and became trial participants were
only a modestly diverse group racially and ethnically. Therefore, the trial results reported here may
or may not prove to be applicable to non-Caucasian patients.

Sixth, although cognitive scores improved markedly, MRI volumetrics did not show any
significant difference between the two treatment groups. Furthermore, although p-tau showed a
significant decline in the treatment group, other Alzheimer-related biomarkers—A[42/40 ratio, GFAP,
and NfL-showed no significant differences between groups.

There was a single severe adverse event (SAE) during the nine months of the study, which was
deemed to be unrelated to treatment: a subject in the precision medicine protocol treatment group
developed chest pain and hypotension during exercise, and underwent cardiac catheterization,
which revealed 60% narrowing of the left anterior descending coronary artery. However, his
cardiologist did not recommend intervention, and he had no further problems. A second SAE
occurred after a patient in the standard-of-care group had completed his nine months in the trial. All
standard-of-care patients were offered six months of treatment with the precision medicine protocol
that had been followed by Group A during the trial, and one patient who elected to follow this post-
study treatment died in his sleep. Autopsy results revealed significant coronary artery disease and
the death was declared a cardiac death, unrelated to the treatment protocol (although he did exercise
as part of the treatment protocol, he had been an avid exerciser for many years, so this did not
represent a change for him).

Most patients improved their overall health (Table 2, Table 3, Figs. 3-4), and unpublished
observations show that some patients will no longer require antihypertensives, antidiabetes drugs,
or lipid-lowering agents, as they address the contributors to cognitive decline. This is compatible
with the approach of identifying and targeting the root cause contributors to cognitive decline,
improving resilience and overall health.

Finally, this study confirms and extends anecdotal reports and previous proof-of-concept trials
by showing once again that it is possible to reverse cognitive decline in MCI and early dementia with
a personalized, precision medicine (/systems medicine/functional medicine) protocol, but it does not
show that it is practical to do so. The analysis involved is more comprehensive than is currently in
use in memory centers, the data sets collected more extensive, the behavioral alterations required of
the patients more demanding, the time required by the team of practitioners greater, and the cost
significant (although far less than an assisted living facility or anti-amyloid antibodies, which are
both much more costly and less effective). Further refinement and simplification of the protocol may
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render it more feasible, accessible, affordable, and ultimately, reimbursable. Furthermore, given the
recognized biochemical targets of the interventions, novel pharmaceutical agents may become a
critical part of an optimal protocol, and, in a complementary fashion, future trials of new drug
candidates may enjoy more successful outcomes when conducted in the context of precision medicine
protocols.

The results of this randomized controlled trial support the performance of a larger, randomized,
double-blind, placebo-controlled clinical trial, which will require the utilization (and in some cases,
development) of various therapeutic entities, including lifestyle factors, that mimic those shown to
be effective but exert only a placebo effect.

Funding for the Study: Funding for this study was provided by the Four Winds Foundation, a 501(c)(3)

foundation.

Acknowledgment: We are grateful to the Four Winds Foundation for its support, to Diana Merriam for her
support of this study, and to David Perlmutter for introductions. For clinical support, we thank Julie Kuck, site
coordinators Denise Jernas, Katy Motola, Katelyn Petrie, Shelley Rosepal, Nikkey Hemington, Stacy Hawkins,
Ali Johnston, and Lindsay Jost; H. Mark Lickey; Kylie Campbell; for marketing, Danielle Farias; health coaches:
Joanne Pappas, Lynn Killips, Alison Connors, Jackie Huron, Dina Frazier, Jannell Baez, and Nancy Bowron;
nutritionists and dietitians: Kia Sanford, Nicole Gould, Jannell Baez, Lisa Wagaman; and exercise coaches Mac
Dodds, Lia Mikla, Eduardo Chacon, and Jen Fuller. We thank Susie Walker and Molly Susag for administrative
assistance. We are grateful to the sponsors who provided diagnostics or therapeutic modalities for this trial,
including Abbott Freestyle Libre CGM; Auragen PBM - Reversal Systems; Biocidin Toothpaste and Dental Rinse;
Bioharvest Vinia Resveratrol; Brain HQ - Posit Science; Cerbo, LLC - Electronic Medical Records; Cronometer;
CNS Vital Signs; Genova Diagnostics; Heads Up Health - Data Tracking; Heartmath; Infectolab; Intellxx DNA;
Ketone Aid - KE1, KE4; KetoMojo - Ketone Monitors; Lis Biotech Home Mold Testing; My PerioPath - Dental
Microbiome Testing; NeuroCode Brain Biomarker Testing; Northeast Bio Labs - BDNF testing; Omega Quant;
Oura Ring; Patient Safety, Inc. - Sleep Testing; Radnet/NorCal Imaging; Real Time Labs; TruDiagnostics; US
Enzymes Supplements; and Vireo Con-Crete Creatine. For research support leading to this trial, we are grateful
to Phyllis and James Easton. The funders of this study had no role in study design, data collection, data analysis,

data interpretation, or writing the report.

Conflict of Interest/Disclosure Statement: S. Hausman-Cohen is a founder of IntellxxDNA. K. Burke is a
founder of TruNeura. D. Bredesen consults for Apollo Heath and Life Seasons. None of these for-profit entities
had any role in study design, data collection, data analysis, data interpretation, writing the report, or providing
any funding for the study. Life Seasons produces a brain health product, which was used at a single site in this
study. None of the clinical trial data were shared with any corporation or for-profit entity prior to public

availability.

References

1. James BD, Leurgans SE, Hebert LE, Scherr PA, Yaffe K, Bennett DA (2014) Contribution of Alzheimer
disease to mortality in the United States. Neurology 82, 1045-1050.

2. Mintun MA, Wessels AM, Sims JR (2021) Donanemab in Early Alzheimer's Disease. Reply. N Engl | Med
385, 667.

3. Kato S, Kim KH, Lim HJ, Boichard A, Nikanjam M, Weihe E, Kuo D], Eskander RN, Goodman A, Galanina
N, Fanta PT, Schwab RB, Shatsky R, Plaxe SC, Sharabi A, Stites E, Adashek J], Okamura R, Lee S, Lippman
SM, Sicklick JK, Kurzrock R (2020) Real-world data from a molecular tumor board demonstrates improved
outcomes with a precision N-of-One strategy. Nat Commun 11, 4965.

4. ToupsK, Hathaway A, Gordon D, Chung H, Raji C, Boyd A, Hill BD, Hausman-Cohen S, Attarha M, Chwa
W], Jarrett M, Bredesen DE (2022) Precision Medicine Approach to Alzheimer’s Disease: Successful Pilot
Project. Journal of Alzheimer’s Disease 88, 1411-1421.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2694.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 December 2025 d0i:10.20944/preprints202512.2694.v1

30 of 33

5. Sandison H, Callan NGL, Rao RV, Phipps ], Bradley R (2023) Observed Improvement in Cognition During
a Personalized Lifestyle Intervention in People with Cognitive Decline. | Alzheimers Dis.

6. Kandimalla R, Thirumala V, Reddy PH (2017) Is Alzheimer's disease a Type 3 Diabetes? A critical appraisal.
Biochim Biophys Acta Mol Basis Dis 1863, 1078-1089.

7. Itzhaki RF, Lathe R, Balin BJ, Ball MJ, Bearer EL, Braak H, Bullido MJ, Carter C, Clerici M, Cosby SL, Del
Tredici K, Field H, Fulop T, Grassi C, Griffin WS, Haas J, Hudson AP, Kamer AR, Kell DB, Licastro F,
Letenneur L, Lovheim H, Mancuso R, Miklossy J, Otth C, Palamara AT, Perry G, Preston C, Pretorius E,
Strandberg T, Tabet N, Taylor-Robinson SD, Whittum-Hudson JA (2016) Microbes and Alzheimer's Disease.
J Alzheimers Dis 51, 979-984.

8.  Karran E, De Strooper B (2016) The amyloid cascade hypothesis: are we poised for success or failure? |
Neurochem 139 Suppl 2, 237-252.

9. Kametani F, Hasegawa M (2018) Reconsideration of Amyloid Hypothesis and Tau Hypothesis in
Alzheimer's Disease. Front Neurosci 12, 25.

10. Aoyagi A, Condello C, Stohr ], Yue W, Rivera BM, Lee JC, Woerman AL, Halliday G, van Duinen S,
Ingelsson M, Lannfelt L, Graff C, Bird TD, Keene CD, Seeley WW, DeGrado WF, Prusiner SB (2019) Abeta
and tau prion-like activities decline with longevity in the Alzheimer's disease human brain. Sci Transl Med
11.

11. Heneka MT, Carson M], El Khoury J, Landreth GE, Brosseron F, Feinstein DL, Jacobs AH, Wyss-Coray T,
Vitorica ], Ransohoff RM, Herrup K, Frautschy SA, Finsen B, Brown GC, Verkhratsky A, Yamanaka K,
Koistinaho J, Latz E, Halle A, Petzold GC, Town T, Morgan D, Shinohara ML, Perry VH, Holmes C, Bazan
NG, Brooks DJ, Hunot S, Joseph B, Deigendesch N, Garaschuk O, Boddeke E, Dinarello CA, Breitner JC,
Cole GM, Golenbock DT, Kummer MP (2015) Neuroinflammation in Alzheimer's disease. Lancet Neurol 14,
388-405.

12. Craft S (2007) Insulin resistance and Alzheimer's disease pathogenesis: potential mechanisms and
implications for treatment. Curr Alzheimer Res 4, 147-152.

13. Ye X, Tai W, Zhang D (2012) The early events of Alzheimer's disease pathology: from mitochondrial
dysfunction to BDNF axonal transport deficits. Neurobiol Aging 33, 1122 e1121-1110.

14. Bredesen DE (2014) Reversal of cognitive decline: a novel therapeutic program. Aging (Albany NY) 6, 707-
717.

15. Bredesen DE, Amos EC, Canick J, Ackerley M, Raji C, Fiala M, Ahdidan ] (2016) Reversal of cognitive
decline in Alzheimer's disease. Aging (Albany NY) 8, 1250-1258.

16. Bredesen DE, Sharlin K, Jenkins K, Okuno M, Youngberg W, al. e (2018) Reversal of Cognitive Decline: 100
Patients. ] Alzheimers Dis Parkinsonism 8, 450.

17.  Bredesen DE, Toups K, Hathaway A, Gordon D, Chung H, Raji C, Boyd A, Hill BD, Hausman-Cohen S,
Attarha M, Chwa W], Kurakin A, Jarrett M (2023) Precision Medicine Approach to Alzheimer's Disease:
Rationale and Implications. | Alzheimers Dis 96, 429-437.

18. Teipel S, Gustafson D, Ossenkoppele R, Hansson O, Babiloni C, Wagner M, Riedel-Heller SG, Kilimann I,
Tang Y (2022) Alzheimer Disease: Standard of Diagnosis, Treatment, Care, and Prevention. | Nucl Med 63,
981-985.

19. Malek-Ahmadi M, Sabbagh MN (2015) Development and Validation of the Alzheimer's Questionnaire
(AQ). ] Nat Sci 1, e104.

20. Attarha M, Mahncke H, Merzenich M (2024) The Real-World Usability, Feasibility, and Performance
Distributions of Deploying a Digital Toolbox of Computerized Assessments to Remotely Evaluate Brain

Health: Development and Usability Study. JMIR Form Res 8, e53623.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2694.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 December 2025 d0i:10.20944/preprints202512.2694.v1

31 of 33

21. Attarha M, De Figueiredo Pelegrino A, Ouellet L, Toussaint PJ, Grant SJ, Van Vleet T, de Villers-Sidani E
(2025) Association of a Brief Computerized Cognitive Assessment With Cholinergic Neurotransmission:
Assessment Validation Study. JMIR Form Res 9, e68374.

22. Attarha M, Carolina de Figueiredo Pelegrino A, Ouellet L, Grant SJ, de Villers-Sidani E, Van Vleet T (2025)
Bringing Executive Function Testing Online: Assessment Validation Study. JMIR Form Res 9, €75687.

23. Horvath S (2013) DNA methylation age of human tissues and cell types. Genome Biol 14, R115.

24. Hannum G, Guinney ], Zhao L, Zhang L, Hughes G, Sadda S, Klotzle B, Bibikova M, Fan ]-B, Gao Y,
Deconde R, Chen M, Rajapakse I, Friend S, Ideker T, Zhang K (2013) Genome-wide Methylation Profiles
Reveal Quantitative Views of Human Aging Rates. Molecular Cell 49, 359-367.

25. Levine ME, Lu AT, Quach A, Chen BH, Assimes TL, Bandinelli S, Hou L, Baccarelli AA, Stewart JD, Li Y,
Whitsel EA, Wilson JG, Reiner AP, Aviv A, Lohman K, Liu Y, Ferrucci L, Horvath S (2018) An epigenetic
biomarker of aging for lifespan and healthspan. Aging (Albany NY) 10, 573-591.

26. Lu AT, Binder AM, Zhang ], Yan Q, Reiner AP, Cox SR, Corley ], Harris SE, Kuo PL, Moore AZ, Bandinelli
S, Stewart JD, Wang C, Hamlat EJ, Epel ES, Schwartz JD, Whitsel EA, Correa A, Ferrucci L, Marioni RE,
Horvath S (2022) DNA methylation GrimAge version 2. Aging (Albany NY) 14, 9484-9549.

27. Pelegi-Sis6 D, de Prado P, Ronkainen J, Bustamante M, Gonzalez JR (2020) methylclock: a Bioconductor
package to estimate DNA methylation age. Bioinformatics 37, 1759-1760.

28. de Lima Camillo LP (2024) pyaging: a Python-based compendium of GPU-optimized aging clocks.
Bioinformatics 40.

29. Ying K, Paulson S, Eames A, Tyshkovskiy A, Li S, Eynon N, Jacques M, Grolaux R, Seale K, Jacques E,
Goeminne LJE, Cipriano A, Perez-Guevara M, Emamifar M, Casas Martinez M, Kwon D, Kosheleva A,
Snyder M, Gobel D, Herzog C, McCartney DL, Marioni RE, Lasky-Su ], Poganik JR, Moqri M, Gladyshev
VN (2025) A unified framework for systematic curation and evaluation of aging biomarkers. Nature Aging
5, 2323-2339.

30. Belsky DW, Caspi A, Corcoran DL, Sugden K, Poulton R, Arseneault L, Baccarelli A, Chamarti K, Gao X,
Hannon E, Harrington HL, Houts R, Kothari M, Kwon D, Mill ], Schwartz J, Vokonas P, Wang C, Williams
BS, Moffitt TE (2022) DunedinPACE, a DNA methylation biomarker of the pace of aging. eLife 11, €73420.

31. Higgins-Chen AT, Thrush KL, Wang Y, Minteer CJ, Kuo PL, Wang M, Niimi P, Sturm G, Lin ], Moore AZ,
Bandinelli S, Vinkers CH, Vermetten E, Rutten BPF, Geuze E, Okhuijsen-Pfeifer C, van der Horst MZ,
Schreiter S, Gutwinski S, Luykx JJ, Picard M, Ferrucci L, Crimmins EM, Boks MP, Hagg S, Hu-Seliger TT,
Levine ME (2022) A computational solution for bolstering reliability of epigenetic clocks: Implications for
clinical trials and longitudinal tracking. Nat Aging 2, 644-661.

32. Shireby GL, Davies JP, Francis PT, Burrage J, Walker EM, Neilson GWA, Dahir A, Thomas AJ, Love S,
Smith RG, Lunnon K, Kumari M, Schalkwyk LC, Morgan K, Brookes K, Hannon E, Mill J (2020)
Recalibrating the epigenetic clock: implications for assessing biological age in the human cortex. Brain 143,
3763-3775.

33. Gadd DA, Hillary RF, McCartney DL, Zaghlool SB, Stevenson AJ, Cheng Y, Fawns-Ritchie C, Nangle C,
Campbell A, Flaig R, Harris SE, Walker RM, Shi L, Tucker-Drob EM, Gieger C, Peters A, Waldenberger M,
Graumann ], McRae AF, Deary IJ, Porteous D], Hayward C, Visscher PM, Cox SR, Evans KL, McIntosh AM,
Suhre K, Marioni RE (2022) Epigenetic scores for the circulating proteome as tools for disease prediction.
Elife 11.

34. Chen Q, Dwaraka VB, Carreras-Gallo N, Mendez K, Chen Y, Begum S, Kachroo P, Prince N, Went H,
Mendez T, Lin A, Turner L, Moqri M, Chu SH, Kelly RS, Weiss ST, Rattray NJW, Gladyshev VN, Karlson

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2694.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 December 2025 d0i:10.20944/preprints202512.2694.v1

32 of 33

E, Wheelock C, Mathé EA, Dahlin A, McGeachie MJ, Smith R, Lasky-Su JA (2023) OMICmAge: An
integrative multi-omics approach to quantify biological age with electronic medical records. bioRxiv.

35. Carreras-Gallo N, Chen Q, Balagué-Dobdn L, Aparicio A, Giosan IM, Dargham R, Phelps D, Guo T, Mendez
KM, Chen Y, Carangan A, Vempaty S, Hassouneh S, McGeachie M, Mendez T, Comite F, Suhre K, Smith
R, Dwaraka VB, Lasky-Su JA (2024) Leveraging DNA methylation to create Epigenetic Biomarker Proxies
that inform clinical care: A new framework for Precision Medicine. medRxiv.

36. Benjamini Y, Hochberg Y (2018) Controlling the False Discovery Rate: A Practical and Powerful Approach
to Multiple Testing. Journal of the Royal Statistical Society: Series B (Methodological) 57, 289-300.

37. Du P, Zhang X, Huang CC, Jafari N, Kibbe WA, Hou L, Lin SM (2010) Comparison of Beta-value and M-
value methods for quantifying methylation levels by microarray analysis. BVC Bioinformatics 11, 587.

38. Smyth GK (2004) Linear models and empirical bayes methods for assessing differential expression in
microarray experiments. Stat Appl Genet Mol Biol 3, Article3.

39. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, Smyth GK (2015) limma powers differential
expression analyses for RNA-sequencing and microarray studies. Nucleic Acids Res 43, e47.

40. Peters T], Buckley MJ, Statham AL, Pidsley R, Samaras K, R VL, Clark SJ, Molloy PL (2015) De novo
identification of differentially methylated regions in the human genome. Epigenetics Chromatin 8, 6.

41. Yu G, Wang L-G, He Q-Y (2015) ChIPseeker: an R/Bioconductor package for ChIP peak annotation,
comparison and visualization. Bioinformatics 31, 2382-2383.

42. Gu Z, Hiilbschmann D (2022) rGREAT: an R/bioconductor package for functional enrichment on genomic
regions. Bioinformatics 39.

43. Ahdidan ], Raji CA, DeYoe EA, Mathis ], Noe KO, Rimestad ], Kjeldsen TK, Mosegaard ], Becker JT, Lopez
O (2016) Quantitative Neuroimaging Software for Clinical Assessment of Hippocampal Volumes on MR
Imaging. | Alzheimers Dis 49, 723-732.

44. Cunnane SC, Sieber CC, Swerdlow RH, Cruz-Jentoft AJ (2021) Mild cognitive impairment: when nutrition
helps brain energy rescue-a report from the EuGMS 2020 Congress. Eur Geriatr Med 12, 1285-1292.

45. Field LH, Edwards SD, Edwards D], Dean SE (2018) Influence of HeartMath Training Programme on
Physiological and

46. Psychological Variables. Global Journal of Health Science 10, 126-133.

47. Shah TM, Weinborn M, Verdile G, Sohrabi HR, Martins RN (2017) Enhancing Cognitive Functioning in
Healthly Older Adults: a Systematic Review of the Clinical Significance of Commercially Available
Computerized Cognitive Training in Preventing Cognitive Decline. Neuropsychol Rev 27, 62-80.

48. Attarha M, de Figueiredo Pelegrino A, Ouellet L, Toussaint P], Grant SJ, Van Vleet T, de Villers-Sidani E
(2025) Effects of Computerized Cognitive Training on Vesicular Acetylcholine Transporter Levels using
[18F]Fluoroethoxybenzovesamicol Positron Emission Tomography in Healthy Older Adults: Results from
the Improving Neurological Health in Aging via Neuroplasticity-based Computerized Exercise
(INHANCE) Randomized Clinical Trial. JMIR Serious Games 13, €75161.

49. Smith GE, Housen P, Yaffe K, Ruff R, Kennison RF, Mahncke HW, Zelinski EM (2009) A cognitive training
program based on principles of brain plasticity: results from the Improvement in Memory with Plasticity-
based Adaptive Cognitive Training (IMPACT) study. | Am Geriatr Soc 57, 594-603.

50. Rebok GW, Ball K, Guey LT, Jones RN, Kim HY, King JW, Marsiske M, Morris JN, Tennstedt SL, Unverzagt
FW, Willis SL, Group AS (2014) Ten-year effects of the advanced cognitive training for independent and
vital elderly cognitive training trial on cognition and everyday functioning in older adults. ] Am Geriatr Soc

62, 16-24.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2694.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 December 2025 d0i:10.20944/preprints202512.2694.v1

33 of 33

51. Wharton W, Gleason CE, Lorenze KR, Markgraf TS, Ries ML, Carlsson CM, Asthana S (2009) Potential role
of estrogen in the pathobiology and prevention of Alzheimer's disease. Am | Transl Res 1, 131-147.

52.  Brown N, Panksepp J (2009) Low-dose naltrexone for disease prevention and quality of life. Med Hypotheses
72, 333-337.

53. Miklossy J (2011) Alzheimer's disease - a neurospirochetosis. Analysis of the evidence following Koch's and
Hill's criteria. ] Neuroinflammation 8, 90.

54. Feng ], Leone ], Schweig S, Zhang Y (2020) Evaluation of Natural and Botanical Medicines for Activity
Against Growing and Non-growing Forms of B. burgdorferi. Frontiers in Medicine 7.

55. Ramanishankar A, S AS, Begum RF, Jayasankar N, Nayeem A, Prajapati BG, Nirenjen S (2024) Unleashing
light's healing power: an overview of photobiomodulation for Alzheimer's treatment. Future Sci OA 10,
Fs0922.

56. Gualtieri CT, Johnson LG (2006) Reliability and validity of a computerized neurocognitive test battery, CNS
Vital Signs. Arch Clin Neuropsychol 21, 623-643.

57. Bojar I, Wojcik-Fatla A, Owoc A, Lewinski A (2012) Polymorphisms of apolipoprotein E gene and cognitive
functions of postmenopausal women, measured by battery of computer tests - Central Nervous System
Vital Signs. Neuro Endocrinol Lett 33, 385-392.

58. Mohammadi S, Rahmani F, Dolatshahi M, Schindler SE, Raji CA, Collaborators A (2025) Effects of obesity
on plasma biomarker and amyloid PET trajectories in Alzheimer's disease. Alzheimers Dement (Amst) 17,
e70143.

59. Hardy J, Allsop D (1991) Amyloid deposition as the central event in the aetiology of Alzheimer's disease.
Trends Pharmacol Sci 12, 383-388.

60. Ngandu T, Lehtisalo ], Solomon A, Levalahti E, Ahtiluoto S, Antikainen R, Backman L, Hanninen T, Jula
A, Laatikainen T, Lindstrom J, Mangialasche F, Paajanen T, Pajala S, Peltonen M, Rauramaa R, Stigsdotter-
Neely A, Strandberg T, Tuomilehto ], Soininen H, Kivipelto M (2015) A 2 year multidomain intervention
of diet, exercise, cognitive training, and vascular risk monitoring versus control to prevent cognitive decline
in at-risk elderly people (FINGER): a randomised controlled trial. Lancet 385, 2255-2263.

61. van Dyck CH, Swanson CJ, Aisen P, Bateman R], Chen C, Gee M, Kanekiyo M, Li D, Reyderman L, Cohen
S, Froelich L, Katayama S, Sabbagh M, Vellas B, Watson D, Dhadda S, Irizarry M, Kramer LD, Iwatsubo T
(2023) Lecanemab in Early Alzheimer's Disease. N Engl | Med 388, 9-21.

62. Isaacson RS, Hristov H, Saif N, Hackett K, Hendrix S, Melendez J, Safdieh J, Fink M, Thambisetty M, Sadek
G, Bellara S, Lee P, Berkowitz C, Rahman A, Melendez-Cabrero ], Caesar E, Cohen R, Lu PL, Dickson SP,
Hwang MJ, Scheyer O, Mureb M, Schelke MW, Niotis K, Greer CE, Attia P, Mosconi L, Krikorian R (2019)
Individualized clinical management of patients at risk for Alzheimer's dementia. Alzheimers Dement 15,

1588-1602.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2694.v1
http://creativecommons.org/licenses/by/4.0/

