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Abstract: Introduction: Alzheimer’s Disease (AD) is a progressive neurodegenerative condition in 
which individuals exhibit memory loss, dementia, and impaired metabolism. Nearly all previous 
single-treatment studies to treat AD have failed, likely because it is a complex disease with multiple 
underlying drivers contributing to risk, onset, and progression. Here, we explored the efficacy of a 
multi-therapy approach based on the disease risk factor status specific to individuals with AD diag-
nosis or concern. 
Methods: Novel software from uMETHOD Health was designed to execute a precision-medicine-
based approach to develop personalized treatment recommendations with the goal of slowing or re-
versing biologic drivers of AD. AD-associated inputs encompassed genomic data, bio-specimen 
measurements, imaging data (such as MRIs or PET scans), medical histories, medications, aller-
gies, co-morbidities, relevant lifestyle factors, and results of neuropsychological testing. Algo-
rithms were then employed to prioritize physiologic and lifestyle states with the highest probability 
of contributing to disease status, and these priorities were incorporated into a personalized care 
plan, which was delivered to physicians and supported by health coaches to increase adherence. 
The sample included 40 subjects with Subjective Cognitive Decline patients (SCD), and Mild Cog-
nitive Impairment Patients (MCI).  
Results: Software analysis was completed for 40 individuals. They remained on their treatment 
plan for an average of 8.4 months, equal to 2.8 iterations of care plans. 80% of individuals overall 
showed improved memory function scores or held steady, as measured by standardized cognitive 
evaluations. Cognitive assessments showed significant improvement in the SCD group (Composite 
P value .002, Executive P value .01), and the CNS-VS Executive domain showed significant results 
in the combined group as well (P value .01). There was also biomarker improvement over time ob-
served from the blood panels. 8 out of 12 selected biomarkers showed slight, though statistically 
non-significant, improvement overall for symptomatic individuals, and 6 out of 12 for the overall 
population. Only one biomarker, homocysteine, showed significant improvement, though (P values 
.03, .04, .002). 
Conclusions: Our analysis of these individuals lead to several interesting observations together 
suggesting that AD risk factors comprise a network of interlocking feedback loops that may be 
modifiable. Our findings indicate previously unidentified connectivity between AD risk factors, 
suggesting that treatment regimens should be tailored to the individual and multi-modal to simulta-
neously return several risk factors to a normative state. If successfully performed, the possibility to 
slow progression of AD and possibly reverse aspects of cognitive decline may become achievable. 

Keywords: Alzheimer’s disease, mild cognitive impairment, precision medicine, combination therapy, software, treatment. 

1. INTRODUCTION 

 Alzheimer’s Disease (AD) is a progressive neurodegen-
erative condition in which individuals exhibit memory loss,  
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dementia, and impaired metabolism. It is commonly a late-
onset disease, with symptoms developing around the age of 
65. AD is one of the most common forms of dementia, ac-
counting for 50 to 80 percent of all dementia cases [1] and is 
a growing economic and social burden [2-4]. Early symp-
toms include difficulty in recalling recent events, personality 
changes, trouble with problem-solving, and confusion. As 

1874-6128/18 $58.00+.00 © 2018 Bentham Science Publishers 

http://crossmark.crossref.org/dialog/?doi=10.2174/1874609811666181019101430&domain=pdf


174    Current Aging Science, 2018, Vol. 11, No. 3 Keine et al. 

the disease progresses, symptoms include mood swings, irri-
tability, aggression, trouble with language, and long-term 
memory loss. In the late stages of AD, bodily functions are 
lost, leading to death. Life expectancy after diagnosis is 
seven years [1]. 
 Nearly all previous single-domain studies to treat AD 
have failed, likely because it is a complex disease with 
multiple underlying drivers contributing to risk, onset, and 
progression. Often potential pathologic drivers of AD (e.g., 
high homocysteine, genetic biases, insulin resistance, poor 
diet, poor sleep, lack of exercise, chronic inflammation, 
toxicity) are active simultaneously and need to be ad-
dressed accordingly [5]. It is now recognized that many of 
these underlying drivers are modifiable, allowing persons 
to reduce their risk and potentially delay disease onset. 
Even without any personal optimization, as many of one-
third of cases could be attributed to modifiable risk factors 
[6, 7].  
 It is also increasingly being recognized that early inter-
vention is key to developing an effective therapy. The neu-
ropathological changes of AD evolve many years before 
clinical onset of the disease. If the diagnosis and treatment 
are left until a patient has progressed to dementia, their 
“cerebral compensatory reserves have been exhausted be-
cause of extensive neurodegeneration” [8]. Therefore, it is 
believed that targeting patients who present with Mild Cog-
nitive Impairment (MCI) due to AD and Subjective Cogni-
tive Decline (SCD) are good targets for early treatment. MCI 
due to AD, also known as amnestic MCI, is when a patient’s 
cognitive capacity is below the level appropriate to their age, 
gender, and education level, but the cognitive decline has not 
reached dementia level. SCD is a cognitively-normal indi-
vidual with self-reported cognitive impairment, suggestive of 
a prodromal AD phase [8, 9].  
 Clinical informatics platforms can improve the treat-
ment of those with chronic, complex diseases such as AD 
(and its early phases) by optimizing a personalized multi-
factorial approach. With a multitude of underlying drivers 
of AD, genetic factors, comorbidities, medications, and 
optimizations for each person, the amount of data used in 
generating a care plan quickly accumulates, making a re-
peatable and reliable process beyond the scope of what a 
physician can do by hand, or do well quickly. But where 
manual methods fail, clinical informatics platforms excel. 
These platforms can provide a personalized treatment 
method for each individual in a repeatable, predictable, and 
timely manner.  

2. MATERIALS AND METHODS 

 uMETHOD Health has developed a precision-medicine 
platform that follows the multi-modal principles of the FIN-
GER trial [7], the Weill-Cornell Alzheimer’s Prevention 
Clinic [10], the AHRQ Report [11], and others [12-16]. 
Large datasets about each person are analyzed to generate 
personalized treatment plans for those at risk (SCD) or in 
early stages (MCI). The platform identifies and addresses 
active issues, and creates repeatable and practical treatment 
plans for use in doctors’ practices. The algorithms identify 
more than 50 drivers of AD [17-41].  

2.1. Overview of Population 

 All individuals presented here self-selected to follow the 
care plan. The program was recommended by their local 
physician or they found uMH’s website through their own 
searches and chose to purchase the evaluation and follow the 
care plan under the guidance of their physician. As this was 
not a controlled trial and the care plan was available to all 
patients through the physician, only those who wanted to 
continue for multiple iterations did so. Some did not con-
tinue due to cost, others due to complexity, and others were 
not yet due to renew for a second care plan at the time of this 
publication.  
 Patients often had a family history of AD and, out of 
concern for their own health, sought out our program. Others 
were recommended for the program by their physician, based 
on the physician’s office analysis of the patient’s cognitive 
state. uMH was not involved in these initial analyses, but 
physicians were expected to have followed standard of care 
for these initial assessments.  
 In order to enroll a patient in the program, physicians 
were instructed to follow a set of inclusion and exclusion 
criteria for interested patients before enrolling them (see Ta-
ble 1). All participants were initially assessed with the Self-
Administered Gerocognitive Examination (SAGE) to deter-

Table 1. Acceptance and exclusion criteria. 

Acceptance Criteria 

Diagnosis of mild cognitive impairment or subjective cognitive impair-
ment 

Progressive memory loss 

SAGE score of 12 or higher 

Exclusion Criteria 

Alcoholic (patient must be sober for at least 3 months) 

Diagnosed with any other neurological disease outside of MCI or Alz-
heimer’s disease 

BMI above 35 

Cancer, both current and recurring 

Current Lyme disease 

Currently in an Alzheimer’s trial 

History of major stroke, repeated strokes, recurring TIA’s, or speech 
impediment due to stroke 

Smoking 

Stage 4 or 5 of chronic kidney disease (using K/DOQI guidelines) 

Uncontrolled blood pressure greater than 140/90 (must be medically 
controlled to enroll) 

Uncontrolled seizures or on multiple medications to treat seizures 

Major depression; as defined by 3 or more medications needed to treat, 
counseling more than once a month, currently having suicidal 

thoughts/ideas 
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mine their cognitive status and the amount of cognitive im-
pairment present. SCD vs. MCI was defined following the 
University of Ohio’s validity and normality data [42], with 
SCD patients scoring 19 or higher, and MCI patients scoring 
from 12-18. Participants who scored below 12 on SAGE 
were excluded, as the care plan is best suited for those with 
mild symptoms, and not those who are have progressed into 
the dementia stages.  
 Of the 40 individuals who continued for multiple itera-
tions of their care plan, it was observed that they were of an 
appropriate age to be registering cognitive concerns due to 
AD. The MCI individuals (n = 20) were an average of 5 
years older than SCD (n = 20) ones. These self-selected in-
dividuals have a higher percentage of APOE ε4, a lower 
occurrence of diabetes, metabolic syndrome, and obesity, 
and are well-educated when compared to the general public 
(Table 2). In other words, this population is not 
representative of the general public. 

2.2. Input: Diverse Medical Data 

 Data collected from multiple health domains contribute 
to individuals’ risk profile, helps identify underlying driv-
ers of decline, and leads to their treatment recommenda-
tions.  
 Raw data files of genomic information are collected from 
consumer-focused companies such as 23andMe or Ances-
try.com. Alternatively, a full-exome VCF file of genomic 
data can be read. More than 2,000 Single Nucleotide Poly-
morphism (SNPs) were analyzed per individual.  

 Personal medical history is gathered from forms com-
pleted by the individual or their caretaker. This information 
includes current medications, nutraceuticals, over the counter 
drugs, along with comorbidities, past procedures and surger-
ies, allergies, imaging such as MRI, EEG, or PET scans, im-
munization history, and family history of dementia or car-
diovascular conditions.  
 Lifestyle data, vitals, and biometrics are also supplied. 
Information on sleep, diet, stress, educational attainment, 
physical activity, quality of life, and activities of daily living 
are all collected for input into the precision-medicine engine. 
 All forms were completed by the participants and/or their 
caregiver via an online portal, or using printed forms de-
pending on computer skills and access. See Table 3 for a full 
list of questions provided to the patient. 
 A panel of more than 100 blood tests was requested. 
These include complete blood count, comprehensive meta-
bolic panel, homocysteine level, lipid panel, endocrine panel, 
essential and toxic metals, and vitamin levels. Other bio-
specimen results, such as metabolomics, urine, saliva, and 
cerebrospinal fluid, are also incorporated if available. 
 Cognitive testing is performed before each care plan gen-
eration. Care plans are updated every 3 months. The battery 
includes the Montreal Cognitive Assessment (MoCA) [43], 
the Self-Administered Gerocognitive Exam (SAGE) [44], 
and CNS Vital Signs (CNS-VS) [45]. CNS-VS employs a 
normative dataset comprising the scores from 1,069 cogni-
tively-normal people. Each test-taker’s results are organized 
by age-group and compared to the appropriate normative 
data set for percentile scoring [45]. Alternate forms of all 

Table 2. Overview of baseline: Population and cognitive testing results. 

- MCI n = 20 mean (SD) SCD n = 20 mean (SD) 

Demographic Characteristics   

Age 67.20 (9.45) 61.09 (9.47) 

ApoE4 80.00% 65.00% 

Education (yrs.) 16.85 (2.58) 18.89 (2.40) 

Number of medications 15.75 (11.84) 12.50 (9.32) 

BMI 24.07 (3.36) 23.01 (3.46) 

Depression 35.00% 10.00% 

Gender: Male 
Female 

7 
13 

6 
14 

Cognitive tests   

SAGE (best = 22) 16.77 (3.02) 21.35 (1.34) 

CNS-VS Composite Memory (%tile) 6.83 (8.45) 51.61 (28.78) 

CNS-VS Executive Function (%tile) 5.17 (6.68) 44.50 (25.80) 

SF-36 mental health 63.56 (31.33) 72.32 (17.89) 

SF-36 physical health 80.44 (15.93) 79.00 (19.63) 

Unless otherwise indicated, data reported as mean (±SD). 
SAGE = Self-Administered Gerocognitive Exam, CNS-VS = CNS Vital Signs. APOE4 = Apolipoprotein E ε4 allele. 
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cognitive tests were used at subsequent administrations to 
prevent learning curves.  
 The blood labs panel, a subset of the lifestyle and diet 
information, and cognitive tests are updated with each itera-
tion of the care plan. 

 All granular data that is received is retained not only for 
the purpose of the algorithm processing, but also so that it is 
available to the physicians to help them in their decision 
process when reviewing the recommended treatment plan.   

2.3. Output: Recommended Interventions 

 Each participant’s information is analyzed by the infor-
matics platform and compared to standardized databases, 
peer-reviewed publications, and reference tables to generate 
treatment recommendations. Databases and reference tables 
used were sourced from the Centers for Disease Control, 
Food and Drug Administration, National Institutes of Health, 
DrugBank, and OMIM. The information in these databases 
and tables relates to SNPs, drug-drug interactions, drug-gene 
interactions, drug indications, and diagnostics.  
 The care plan recommendations consist of prescription 
medications, nutraceuticals, lifestyle changes, as well as spe-
cific additional diagnostics to be pursued. Lifestyle changes 
focus on nutrition, beginning with the MIND diet (17), exer-
cise, sleep, autophagy, stress reduction, and brain stimula-
tion. Each recommendation is listed by priority from highest 
to lowest, so the care plan may be more easily tailored to the 
person’s capabilities. Every recommendation is personalized 
to the individual, including the prioritization and dosage 
components. Medication recommendations may involve dos-
age changes, changes in formulation, or deprescribing.  
 Each care plan is updated after three months of imple-
mentation, allowing individual’s blood levels and medication 
response to be closely monitored and recommendations ad-
justed accordingly.  
 Separate care plan reports generated by the software are 
optimized for the physician, the person under treatment, and 
their coaching team – with the goal of suggesting what can 
best be achieved in a clinical setting in the long term, taken 
in three-month segments. 
 Coaches meet with individuals once a week for about one 
hour. They focus on explaining which areas of lifestyle 
changes to make in the coming week, so that improvements 
may be readily observable (an encouragement factor). They 
design personalized goals around what’s achievable over a 
week or month and are a resource for the individual and 
caregiver for 1) Scheduling, 2) Explaining the complexities 
of terminology, 3) Understanding what others have observed, 
and 4) interfacing with the medical team.  

2.4. Informatics Platform 

 This informatics platform reads medical data about a 
person and generates reports that describe recommended 
therapeutics given their current state. Internal software is 
written in the Python language. Interfaces to an external por-
tal, used by the medical, care, and coaching teams to gather 
input and return reports, is written in PHP and Java. External 
medical databases support internal rules-processing algo-
rithms. These are sourced from bodies such as the NIH, 
FDA, pharmaceutical trade groups, and consortia focused on 
topics such as genetics or allergies.  
 The initial input for a person is often on the order of one 
million data points. This count can vary (generally upwards), 

Table 3. Participant forms and questions. 

Medications 

Current medications 

Current supplements 

Dosage 

When started 

Who prescribed  

Allergies 

Food  

Medication 

Environmental 

Past Surgeries and Procedures 

Date 

Reason 

Successful or not 

Family History 

Cognitive impairment  

Cardiovascular conditions 

Lifestyle 

Alcohol intake per week 

Average exercise intensity (1-10) 

Average time spent exercising 

Caffeine intake per day 

Daily stress level (1-10) 

Days of exercise per week 

Hours of sleep per night 

SF-36 

Tobacco use 

Female Only 

Have you entered menopause? When? 

Have you had a hysterectomy? 

Medical History 

Past head trauma 

Past medical conditions 

General list of questions asked to each participant. Answers are used in creating their 
care plan.  
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depending on several input categories: 1) The completeness 
of the genetic exome data, 2) The resolution and number of 
images and image files, 3) The number of historical bio-
specimen lab results and cognitive assessments, 4) The 
granularity and history of wearable data samples, and 5) Any 
attached photos, scans, and faxes. Some of this input data is 
well-structured, such as genome data files or raw image data; 
other data is less well-structured, such as personal medical 
histories, medication lists, and image processing summaries. 
Natural language processing (NLP) techniques are used 
throughout the input steps, particularly for precise identifica-
tion of lab tests, medications, drug indications, and comor-
bidities. A range of NLP techniques is employed to normal-
ize input data. 
 The algorithms that implement this information platform 
go through a consistent set of steps each time they load a 
person’s input to generate a new set of reports. These steps 
are rules-based, so the logic and evidence sources can be 
tracked (and evaluated). First, the person’s current medical 
issues are identified, based on their available input data. 
There are frequently dozens of issues, so decision theory 
techniques are used to assign weights, priorities, and strate-
gies to the issues. This prioritization is drawn from a wide 
array of medical knowledge and is done in such a way that 
they are self-consistent for a person’s current state. Excep-
tional conditions can be encountered, where data values are 
far out of range or the need to address an issue is urgent. 
Examples include untreated kidney or liver disease, or a se-
rum value, such as creatine kinase, that is at an alarm level. 
When exceptional issues are determined, the generation of a 
regular care plan is stopped, the issues are described in de-
tail, and the physician and care team are alerted: these excep-
tional issues are beyond the scope of recommending a proto-
col for addressing cognitive decline in the next few months. 
 Next, interventions are selected to address the issues pri-
oritized high enough to be the focus for the care plan period 
of three months. For each issue, interventions may range 
from those that work slowly and have few side effects to 
those that work quickly but may have undesirable effects for 
the person in their current state. Interventions also have a 
wide range of costs, including financial costs, pain, an effort 
by the person being treated, and so on. Currently, no invasive 

interventions are recommended in the generated care plans. 
The selected interventions are fitted together as a group, in 
an iterative manner. Many interactions may be observed, 
such as drug-to-drug, drug-to-genome, drug-to-diet, and diet-
to-existing-comorbidity. Algorithms determine an appropri-
ate path forward, given the many potential conflicts. 
 Finally, a recommended dosage or amount for each inter-
vention is calculated, and again, the interactions among their 
current medications (and their dosages) and the recom-
mended interventions are compared (Fig. 1). The generated 
care plan contains recommendations for prescription and 
supplemental medications to be added, increased, decreased, 
changed, or discontinued. Specific changes to lifestyle and 
diet are recommended. Additional diagnostics, such as lab 
tests and imaging, may be recommended. 
 Every word in every report is generated by the informat-
ics algorithms. Natural Language Generation (NLG) tech-
niques assure all text, tables, and images are human-
readable, in high-quality natural language (such as American 
English). Multiple versions of the reports are generated 
suited to the presumed education (e.g., physician), reading 
ability (e.g., those under treatment and their caregivers), and 
vocabulary (e.g., dietitian, coach, physical therapist) of the 
readers.  

3. STATISTICAL ANALYSIS 

 The rate of change between data values was established 
by calculating the delta of the final and baseline visit and 
controlling for the baseline score (x2 – x1)/x1 for each bio-
marker reported, SAGE, and two CNS-VS subdomains. 
 To test for significance, normal distribution was estab-
lished with the Anderson-Darling test. Samples that were 
found to be normally distributed were further analyzed with 
a paired t-test to assess if results were significant. Welch’s t-
test was used for any non-normally distributed samples.  
 Power calculations for the paired t-test were done using 
the following: 

 

 
Fig. (1). Informatics platform process. 
© 2018 by uMETHOD Health 
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4. RESULTS 

4.1. Memory Function & Biomarkers Improved 

 Of the 40 individuals who followed the care plan for an 
average of 8.4 months, 80% of the overall population (SCD 
+ MCI) improved or held steady on their CNS-VS composite 
memory scores (Table 4), with overall percentile scores im-
proving from 40.4 (below average), to 55.87 (slightly above 
average) (Fig. 2). For the MCI subset of that population, 
57% showed improvement or held steady in their CNS-VS 
composite memory percentile scores (Table 4). This data is 
promising since the improvement in memory scores is rarely 
observed, especially in the context of MCI, and suggests that 
adherence to the treatment regime may have long-lasting 
benefits. 
 

 
Fig. (2). Overall Memory Improvement. 

 76% of all individuals also showed improvement or held 
steady in their SAGE scores, with 71% of the MCI portion of 
that population showing improvement or no decline (Table 
4), indicating the consistency of program results across mul-
tiple testing measures.  
 Of the cognitive assessments given, both CNS-VS do-
mains showed significant improvement in the SCD group 
(Composite P value .002, Executive P value .01), and the 
CNS-VS Executive domain showed significant results in the 

overall population (SCD+MCI) as well (P value .01) (Table 
5). 
 Although trends were noted, no other cognitive test 
showed significant improvement or decline in scores. Longer 
adherence to the program and/or more enrolled subjects is 
likely necessary to determine whether these cognitive out-
comes are significantly impacted. 
 There was also biomarker improvement over time ob-
served from the blood panels. Eight out of 12 selected bio-
markers showed slight improvement overall for symptomatic 
individuals and six out of 12 for the overall sample popula-
tion (Table 5). Only one biomarker, homocysteine, showed 
significant improvement though (P values .03, .04, .002). 
Although not currently feasible due to the limited number of 
subjects, it will be interesting to compare the behavior of 
different variables relative to each other. For instance, cogni-
tive performance may be more impacted by improvements in 
some biomarkers relative to others. This analysis may pro-
vide further prioritization and simplification as to the key 
parameters that treated and identify those subjects most 
likely to respond to the program. 

5. DISCUSSION 

 The results of this work show that not only are individu-
als able to follow a multi-modal treatment, but this approach 
also produced measurable improvements in both cognitive 
testing and biomarkers (Tables 4 and 5). Longer-term studies 
are needed to show that addressing multiple disease drivers 
simultaneously can be an effective path to improve cognitive 
function and to delay or prevent AD for patients in the pre-
clinical and prodromal stages.  
 Precision medicine is quickly becoming more realistic 
with advances in genetics, proteomics, lipidomics, me-
tabolomics, and many other fields of scientific and medical 
study. But implementing it in the clinic by hand is not sim-
ple. Algorithmic platforms are necessary to combine and 
analyze the wide range of information necessary to create 
individualized, detailed reports. The need for these platforms 
is increasingly being recognized in peer-reviewed publica-
tions as well as in industry settings [46, 47]. The United 
States government has recognized the need for precision 
medicine with the 2015 Precision Medicine Initiative  [48, 
49]. 
 As Galvin points out, a well-balanced diet and healthy 
lifestyle may be paramount to continued overall and brain 
health, but every disease risk factor has the potential to act 
both independently and to augment the effect of other risk 
factors [46]. Alzheimer’s, and potentially other complex 

Table 4. Percent of individuals with steady or improved cognitive status. 

Cognitive Tests MCI n=20 SCD n=20 Combined n=40 

SAGE 71% 78% 76% 

CNS-VS Composite Memory 57% 88% 80% 

CNS-VS Executive Function 43% 94% 76% 

SAGE = Self-Administered Gerocognitive Exam, CNS-VS = CNS Vital Signs. 
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Table 5. Changes for Individuals with Multiple Care Plans. 

� MCI n=20� SCD n=20� Combined n=40�

Biomarkers� Start� End�
P(T<=t) 
two-tail�

Cohen's D� Start� End�
P(T<=t) two-

tail�
Cohen's D� Start� End�

P(T<=t) 
two-tail�

Cohen's 
D�

Homocysteine� 9.65 (2.45)�
8.36 

(1.64)�
0.03� -0.63�

8.85 
(2.27)�

7.49 
(1.62)�

0.04� -0.70�
9.25 

(2.37)�
7.925 
(1.67)�

0.002� -0.66�

Fasting insulin� 7.63 (8.14)�
6.945 
(8.1)�

0.79� -0.08�
6.53 

(6.29)�
6.28 

(7.16)�
0.91� -0.04�

7.11 
(7.25)�

6.63 
(7.57)�

0.80� -0.06�

Glucose�
90.75 

(11.99)�
93.2 

(9.51)�
0.47� 0.23�

89.75 
(8.19)�

88.3 (11)� 0.63� -0.15�
90.25 

(10.15)�
90.75 

(10.44)�
0.79� 0.05�

Total cholesterol�
212.21 
(40.19)�

190.26 
(43.22)�

0.12� -0.53�
202.74 
(32.52)�

205.79 
(28.13�

0.80� 0.09�
207.47 
(38.36)�

198.03 
(36.81)�

0.30� -0.25�

TSH� 2.05 (1.16)� 1.28 (1.2)� 0.05� -0.65�
1.91 

(1.29)�
1.73 

(1.17)�
0.61� -0.15�

1.98 
(1.21)�

1.5 (1.2)� 0.09� -0.40�

rT3� 5.39 (5.89)�
17.24 
(7.57)�

0.39� 0.27�
15.93 
(3.92)�

15.96 
(4.66)�

0.99� 0.01�
15.63 
(5.05)�

16.67 
(6.39)�

0.45� 0.18�

AM cortisol� 16.62 (4.82)�
16.94 
(4.49)�

0.83� 0.07�
14.24 
(4.98)�

14.29 
(4.8)�

0.99� 0.01�
15.46 
(4.98)�

15.65 
(4.77)�

0.84� 0.04�

hs-CRP� 1.05 (1.13)�
1.07 

(1.55)�
0.96� 0.02�

0.73 
(1.03)�

0.75 
(1.07)�

0.96� 0.01�
0.89 

(1.08)�
0.91 

(1.33)�
0.96� 0.02�

A/G ratio� 2.03 (0.2)�
2.03 

(0.27)�
0.95� 0.02�

1.87 
(0.37)�

1.83 (0.4)� 0.79� -0.11� 1.96 (0.3)�
1.94 

(0.35)�
0.84� -0.05�

Zinc� 92.1 (17.72)�
92.39 

(13.87)�
0.96� 0.02�

96.31 
(26.05)�

92.06 
(20.11)�

0.60� -0.18�
94.12 
(21.9)�

92.23 
(16.9)�

0.70� -0.10�

25(OH)D�
45.55 

(18.54)�
54.28 

(27.92)�
0.25� 0.38�

51.26 
(24.25)�

48.17 
(13.7)�

0.71� -0.13�
48.4 

(27.67)�
51.22 

(21.93)�
0.61� 0.11�

Creatinine clearance� 68.17 (17.1)�
68.8 

(16.73)�
0.91� 0.04�

74.6 
(17.4)�

79.16 
(19.53)�

0.47� 0.25�
71.38 

(17.33)�
73.98 
(18.7)�

0.54� 0.14�

Cognitive tests� � � � � � � � � � � � �

SAGE (best =22)� 17.07 (3.83)�
16.29 
(5.31)�

0.43� -0.17�
21.5 

(1.14)�
21.27 
(2.39)�

0.69� -0.13�
19.78 
(3.32)�

19.33 
(4.47)�

0.63� -0.11�

CNS-VS Composite 
Memory (%tile)�

6.83 (8.02)�
3.67 

(3.07)�
0.42� -0.55�

51.6 
(27.93)�

73.28 
(20.71)�

0.002� 0.89�
40.42 

(31.71)�
55.87 
(35.6)�

0.15� 0.46�

CNS-VS Executive 
Function (%tile)�

5.17 (6.68)�
32 

(32.27)�
0.10� 1.38�

44.5 
(25.17)�

64.33 
(19.77)�

0.01� 0.88�
34.67 

(27.94)�
56.25 

(26.83)�
0.01� 0.79�

Unless otherwise indicated, data reported as mean (±SD). 
*One outlier with an unexplained high hs-CRP of 37.5 was removed from mean and SD. 
Improvements are highlighted in green. 
TSH = Thyroid-stimulating hormone, rT3= reverse triiodothyronine, hs-CRP = high-sensitivity C-reactive protein, A/G ratio = albumin to globulin ratio, 25(OH)D = 25-hydroxy 
vitamin D, SAGE = Self-Administered Gerocognitive Exam, CNS-VS = CNS Vital Signs. 
 
diseases, must be approached as a disease that results from a 
system of risk factors with a multi-modal care plan that tar-
gets the system as a whole.  
 A precision-medicine platform enables an actionable 
combination therapy for AD. Well-established, big-data ana-
lytics techniques are utilized, including prioritizing, weight-
ings, probabilities, partial differential equations, and tools 
from artificial intelligence. Diagnosis, treatment recommen-
dations and ongoing tracking is extensible. Health coaches 
are considered essential to adherence, providing guidance 

and influencing individuals' compliance. Individuals comply 
with the recommendations and can achieve goals leading to 
measurable cognitive improvements sustained over an aver-
age of 8.4 months. 
 80% of the population, and, of those, 57% of the MCI 
individuals, improved or held steady in their cognitive status 
as measured by CNS-VS composite memory. Even though 
MCI SAGE scores decreased by 0.6 points over 8.4 months 
(Table 5), this is still less than the average decrease of 1.91 
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points per year observed in previous studies for the untreated 
AD [50]. 
 No cognitive test score showed a significant change for 
MCI individuals. This finding does show that while indi-
viduals did not improve their scores, they also did not de-
cline. 
 The individuals here have a high rate of APOE ε4, are 
well-educated, average in their 60s, and can sense their cog-
nitive decline. We saw a range of natural biological variabil-
ity in the population data, although the population was not 
representative of the general public. 

CONCLUSION 

 As such, further research on a larger population is war-
ranted to conclude if these results remain consistent, and 
perhaps show more significant trends for a larger and more 
generalized population.  
 Additionally, future research could focus on finding ways 
to bring the cost of care down even further for this type of 
multi-modal approach. Every recommendation is given a 
priority and weight, as well as a monetary cost. The current 
algorithm has the ability to filter on those requirements for 
each person and setting. 
 This multi-modal approach also has the potential for use 
with other dementias and disease states. uMH’s software 
platform was developed to specifically address the issues and 
contributors to AD, but parts such as improved diet, exercise, 
and sleep can be applied to large populations. Software-
enabled, personalized combination treatment plans could be 
developed for many other disease states backed by similar 
research. Our research has shown that patients are able to 
follow these more complex treatment plans, and applying 
them to a broader audience through the development of other 
disease state-specific algorithms could increase the quality of 
life for many in the aging population, and subsequently 
reduce costs associated with many aging-related disease 
states. 
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