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Mean - SD - Test1 Mean — Mean - SD Wilcoxon (p-value)

Test 1 Test 2 Test 2

OMICmAge EAA - 1SD Higher 5686 1176 4185 2904 7 0.380
OMICmAge - 1D Higher 61.290 10.649 59940 11844 7
OMICmAge EAA - 1SD Lower -4.969 1037 -3718 1851 7 0.031
OMICmAge - 15D Lower 48.032 5557 49.404 5709 7
OMICmAge EAA - Within 15D ~0291 1.906 ~0.031 3120 2% 0.860
OMICmAge - Within 15D 54785 7.201 55.268 7538 2
OMICmAge EAA - All ~0.063 3604 0.062 3699 40 0.740
OMICmAge - All 54.741 8439 55.059 8548 40
PCPhenoAge EAA - 1SD Higher 8.065 2163 4.262 2294 6 0.031
PCPhenoAge - 15D Higher 51004 4785 47456 6345 6
PCPhenoAge EAA - 1SD Lower ~9.300 2886 ~5.790 4221 7 0078
PCPhenoAge - 15D Lower 36754 11490 40537 11347 7
PCPhenoAge EAA - Within 1SD ~0.087 2435 0.166 4132 27 0.360
PCPhenoAge - Within 15D 48.759 10.207 49.251 10.601 27
PCPhenoAge EAA - All -0476 5580 ~0.262 4854 40 0.690
PCPhenoAge - All 46.995 10778 47.457 10522 40
PCGrimAge EAA - 1D Higher 2960 0822 2177 1455 8 0.200
PCGrimAge - 1D Higher 63.209 11339 62,561 1717 8
PCGrimAge EAA - ISD Lower -3.759 0554 -1333 0536 6 0.031
PCGrimAge - 15D Lower 57.527 12238 60,078 12357 6
PCGrimAge EAA - Within 15D ~0.407 1165 ~0336 2166 26 0.670
PCGrimAge - Within 1D 61605 7425 61855 7.860 26

PCGrimAge EAA - All ~0.236 2248 0017 2178 40 0320
PCGrimAge - All 61314 8979 61730 9.187 40
PACE - 15D Higher 1.007 0050 0976 0.071 8 0.250
PACE - 1SD Lower 0710 0033 0,699 0,09 7 0.690
PACE - Within 15D 0841 0050 0.866 0079 2 0110
PACE - All 0851 0.104 0859 0.116 40 0.610

ltalicized terms meet statistical significance at a p-value of 0.0 or less.
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Bolded rows indicate a significant p value.
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GHQ Timepoint # Participan Days from baseline GHQ

IS Theoretical Median Min
Baseline 9 nla nla nla n/a
Day 30 39 30 37 —4 75
Day 30% 37 30 39 18 75
Day 60 4 60 7 53 m
Day 90 I 90 101 67 138

GHQ, General Health Questionnaire; /a, not applicable. *Two participants indicated taking the 30-d GHQ before consuming the product,resulting in minus days. The data in this line shows
median min and max days from baseline when these individuals were removed from the analysis.
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Component Amount per Amount per

Serving (2 day (4
capsules) capsules)
Himalayan Tartary buckwheat 95mg 190mg
(HTB) flour
D-chiro inositol 150mg 300mg

(DCI/D-chiro-inositol)

13mg 26mg
Hydroxymethylbutyrate 69mg 138mg
(HMB)

Chlorophyllin 7.5mg 15mg
Polyphenols* 579mg 1158 mg
Vitamin C 20mg 40mg
Calcium 30mg 60mg

“Polyphenols delivered in one serving (2 capsules) included 330 mg quercetin, §3 mg rutin,
83 mg hesperidin, and 83 mg luteolin.
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racteristic Units ITT BE

Population Number N 47 40

Age ¥ (+SD) 54 (£11)" 54(11)"
Sex % Female 60 625
Weight (self-report)t kg 703 (£15.7)" 69.2 (£14.7)°
Height (self-report)f cm 1667 (£11.1)° | 166.5 (+11.2)°
BMI kg/m?* 24.6 (£3.5) 24.2(£33)

BMI, body mass index; cm, centimeters IT'T, intent-to-treat; kg, Kilogram; m, meter; N,
subject number; PP, per protocol; SD, standard deviation; y, years. *The ITT data excluded
the two participants who did not complete final lab tess. Self-reported weight and height
data were converted to metric units for reporting purposes. “The ITT population had no data
for 3 participants for age, and 11 participants for weight and height. All participants had
reported BMI data. “The PP population had no data for 3 participans for age, and 7
participants for weight and height. Al participants had reported BMI data.
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Screening/ Mid-study Mid-study

Baseline i check-in check-in
Vi 1 2 3 4 5 6
Day' -15 0 1 30 60 %0
TeleVisit X X
Phone/email visit X X X X
Informed consent’ X
Inclusion/exclusion X
criteria®
Pregnancy verbal x
screen’
Consume test product! X
Compliance check® X X X X
General Health x X X X
Questionnaire (GHQ)*
“TruDiagnostic X X
Questionnaire”
Blood collection/ X X
Epigenetics Test*
Adverse events (AEs)’ X X X X

‘A window of +14 d was allowed between Visit 1 and 2. An email communication was provided prior to Visit 2 instructing participants to start product within 7-d (Visit 2, Day 0). Visits 3,4, 5,
and 7 were conducted by phone call with the Research Associate, and Visits 1 and 6 conducted by TeleVisit with the Clinical Investigator. A window of +24h was allowed for Visit 3, anchored
0 product start (Visit 2, Day 0). A window of 5 days was allowed between Visits 4 and 5, anchored to Visit 2 (Day 0). A window of +10 d was allowed for Visit 6, anchored to Visit 2 (Day 0).
“HIPAA, Health Insurance Portability and Accountability Act authorization for disclosure of protected health information and Informed Consents. Signed documents authorize the use and
disclosure of the subject’s Protected Health Information by the Investigator and by those persons who need that information for the purposes of the study.

‘Inclusion Exclusion Criteria were reviewed at study initiation for eligibiliy, and at end of study for possible changes and deviations from the study. Inclusion/exclusion review included verbal
assessment for pregnancy for all women age< 60 y.
‘Eligible participants were shipped study products afier confirmation of eligibilty and agreement to participate (Visit 1). Study product was labeled “FOR RESEARCH USE ONLY” and
participants were sent an email when confirmation of shipping was obtained. Participants were instructed to begin product consumption within 7 d and schedule the 24-h follow-up call. The
irst day of product consumption was documented and defined as study Day 0.

‘Participants were verbally queried about compliance at Visits 4, 5, and 6. Participants were provided a paper Study Log t0allow for slf-monitoring of daiy product consumption and
documentation of dlinical experiences and AEs as an aid.

“The General Health Questionnaire (GHQ) was sent to participants electronically via the clinical database module prior to Visit 1 (Day ~15), Visit 4 (Day 30), Visit 5 (Day 60), and Visit 6 (Day
90), and follow-up queries on completion were made at the subsequent study visits.

“The TruDiagnosic intake questionnaire, which contains questions on health history, diet and lifstyle, was provided at baseline (Visit 1, Day 0), and a folow-up brief questionnaire was
obtained at the final blood sampling, Visit 6, Day 90.

‘Epigenetics testing was conducted at baseline (Visit 1, Day 0) and end of product consumption (Visit 6, Day 90). Blood was obtained in the home by participants using the Tasso device and
sent to the TruDiagnostic laboratory, where it was analyzed by epigenetic testing,

"AEs were obiained by open-ended questioning at Visit 3 (24h),Visit 4 (30 d), Visit 5 (60 ) and Visit 6 (90 d) and assessed for severity and relationship to product by the Clinical Investigator.
The study log included questions for participants to provide daily observations and aid in response to the questions at the subsequent visits.
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Visit1(Day -15)
Assessedfor Eligibility (n=57)

Excluded: (n =7)
*  Notmeetinginclusion criteria(n=5)
* Noshow to Visit1(n=1)
* Notagreeingtoconsent (n=1)

Visit2 (Day 0)
Started supplement, n=49
Withdrew consent, n=1

Visit 3 (Day 1)
Completed visit, n=42
Did not complete visit, n=7

Visit 4 (Day 30)
Completed visit, n=49

Visit6 (Day 90)

Completedyvisit, n=47
Did notcomplete lab, n=2
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Non-adjusted model Model | Model Il

HR [95% ClI] HR [95% Cl] HR [95% CI]
Continuous MDS 1.69(1.54,1.85) <0.001 148(1.35,1.61) <0.001 1.44(1.27,162) <0.001
MDS=0 Reference = Reference = Reference =
MDS=1 1.28(0.77,2.13) 035 0.92(0.56,1.51) | 0.75 0.98(0.51,1.86) 095
MDS=2 2.89(1.84,4.51) <0.001 1.82(1.18,2.82) 0.01 1.71(1.13,2.95) 003
MDS23 5.05(3.16,8.05) <0.001 2.81(1.81,4.38) <0.001 2.56(1.49,4.41) <0.001

Data are presented as HR (95% CI). Model I adjusted for age, sex and race/ethnicity. Model I1 adjusted for age, sex, race/ethnicity, education levels, BMI, smoking, HbA ¢, TC, hypertension, DM,
calcium, phosphorus, phosphorus intake, calcium intake, magnesium intake, CDAL vitmain D, physical activity and poverty income ratio. MDS, Magnesium depletion score; OA, osteoarthritis.
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Non-adjusted model Model | Model Il

HR [95% Cl] HR [95% Cl] HR [95% Cl]
Continuous MDS 1.98(1.63,2.41) <0.001 1.76(1.46,2.13) <0.001 1.64(1.33, 2.02) <0.001
MDS=0 Reference
MDS=1 0.91(0.29, 2.80) 0.86 0.61(0.21,1.83) 038 0.68(0.22, 2.10) 0.51
MDS=2 2.53(0.89, 7.21) 0.08 1.53(0.57,4.13) 0.40 1.34(0.48, 3.73) 0.57
MDS=3 6.43(2.28,18.08) <0.001 3.47(1.35,8.95) 0.01 3.00(1.13, 7.98) 0.01

Data are presented as HR (95% CI). Model I adjusted for age, sex and race/ethnicity. Model Il adjusted for age, sex, race/ethnicity, education levels, BMI, smoking, HbA1c, TC, hypertension, DM,
calcium, phosphorus, phosphorus intake, calcium intake, magnesium intake, CDAL vitmain D intake, physical activity and poverty income ratio. MDS, Magnesium depletion score;
OA, osteoarthritis.





OPS/images/back-cover.jpg
Frontiers in
Nutrition

Explores what and how we eat n the context
of health, sustainability and 21st century food

Discover the latest
Research Topics

Nutrition





OPS/images/fnut-12-1508767/fnut-12-1508767-g001.jpg
Immunity

1) Restrict
micronutrients

Immune-
stressing

1) Restrict ALL
resources

2) Make noxious
products

Whole body
(acute phase response)

Infected Site

Phagolysosome

f Low ntensity restriction ™\

UFe, Zn, Mn,
(+/- Arg, Trp)

b .

High intensity restriction "\

Micronutrients

Pathogens

Effector cell

Higher intensity rgsgric(ign\

Micro-
nutrients

Effector cell

o

JFe, Zn, Mn,
reduced eating,
hypoxia/anemia

fever (heat)

[ Low intensity stress \ / High intensity stress

ey
heat,

acid

metabolism

All nutrients
0,

Effector cell

Higher intensity stress \

All nutrients
0,

Pathcg.ery

Effector cell






OPS/images/fnut-12-1508767/fnut-12-1508767-t001.jpg
Effector immune cells actively create much of the stressful conditions at infected
sites. Since this preferentially harms the proliferating pathogens, creating this

non-specific stress is one of the key functions of effector cell (2).

Effector cell typically do not proliferate at infected sites because it i too
stressful. Were they to proliferate there, they would lose their advantage of using

stress to preferentially harm the pathogens (2)

Nutritional immunity, the restriction of micronutrients to pathogens, is
overshadowed by “extended” nutritional immunity, the restriction of all

nutrients, including oxygen, to the pathogens (2).

‘The restricted nutrients can be converted to noxious products, acting as

damaging stressors to harm the more vulnerable pathogens (2),

High uptake of glucose and glutamine by effector cells at infected sites does not
reflect the functional needs of the cells, instead functioning to deprive

pathogens of nutrients (2).

“The metabolic needs of effector cells when confronting pathogens cannot

be determined by uptake of resources/nutrients or output of metabolic products

(any more than the metabolic needs of adipose cells can be determined by

measu

g lipid uptake).

‘The enhancement of glycolysis of effector cells not only depletes glucose, but

also generates noxious acidity from lactic acid (2).

Acetic acid, found in very high concentrations at infected sites (35, s likely

another host-generated noxious stressor.

Oxygen is actively depleted from infected sites and is converted to ROS as

neutrophils move toward inflamed sites (). (Oxygen depletion impairs

pathogens'ability to oxidize liids, amino acids, lactate, and acetate for fucl).

10. Localized heat generated from the oxidative burst s likely to be the main
source of heat stress applied to pathogens, with the systemic heat of fever a
lesser contributor (2, 29).

11, The oxidative burst harms pathogens not only by ROS (a noxious product), but
also by oxygen depletion (a resource) and local heat generation (a noxious

product).

12, Immunometabolism should emphasize how the immune system uses
metabolism to control pathogens, in addition to emphasizing how metabolism

controls the immune system.
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Non-adjusted model Model | Model Il

OR [95% Cl] OR [95% Cl] P value OR [95% Cl]
Continuous MDS 1.59(1.52,1.66) <0.001 1.25(1.19,1.32) <0.001 1.22(1.14,1.30) <0.001
MDS=0 Reference - Reference - Reference -
MDS=1 1.76(1.52,2.04) <0.001 1.28(1.08,1.50) | 0.004 1.19(0.98,1.43) 0.07
MDS=2 2.79(2.39,3.26) <0.001 1.61(1.34,1.94) <0.001 1.48(1.19,1.85) <0.001
MDS=3 4.35(3.72,5.09) <0.001 2.02(1.67,2.44) <0.001 1.83(1.46,2.30) <0.001

Data are presented as OR (95% CI). Model I adjusted for age, sex and race/ethnicity. Model II adjusted for age, sex, race/ethnicity, education levels, BMI, smoking, HbA e, TC, hypertension, DM,
calcium, phosphorus, phosphorus intake, calcium intake, magnesium intake, CDAI, vitmain D intake, physical activity and poverty income ratio. MDS, Magnesium depletion score;
OA, osteoarthritis.
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Variables Overall Non-OA OA P value
Age, % 57.22+0.16 55.7240.16 63.57+0.26 <0.001
Sex, % <0.001
Female 52.09(49.33,54.84) 49.09(48.24,49.94) 64.85(62.94,66.76)

Male 47.91(45.24,50.58) 50.91(50.06,51.76) 35.15(33.24,37.06)

Race/ethnicity, % <0.001
White 73.30(67.44,79.15) 70.77(68.23,73.31) 84.05(82.10,86.01)

Black 9.46( 8.46,10.45) 10.25(8.90,11.60) 6.10(4.99, 7.22)

Mexican 6.32(15.34, 7.30) 7.21(5.99,8.42) 2.56(1.88,3.24)

Others 10.92( 9.95,11.89) 11.78(10.58,12.98) 7.29( 6.14, 8.43)

Education levels, % <0.001
Less than high school 15.36(14.15,16.57) 16.14(14.94,17.34) 12.09(10.58,13.60)

High school or equivalent 23.53(21.75,25.31) 23.61(22.43,24.80) 23.21(21.04,25.38)

College or above 61.07(57.35,64.78) 60.24(58.40,62.09) 64.70(62.21,67.19)

BMI, kg/m2 29.30+0.08 28.95+0.09 30.77£0.20 <0.001
HbAlc, % 5.78+0.01 5.77+0.01 5.8420.02 <0.001
TC, mmol/L 5.17£0.01 5.19£0.01 5.13+0.02 0.02
Serum calcium, mmol/L 2.35£0.00 2.3520.00 2.36:0.00 0.01
Serum phosphorus, mmol/L 1.20+0.00 1.19+0.00 1.2240.00 <0.001
Magnesium intake, mg 305.46+1.92 308.01+2.17 294.60+3.46 0.001
Calcium intake, mg 940.36+7.09 946.58+ 7.56 913.88+14.47 0.03
Phosphorus intake, mg 1360.89+7.11 1375.73+ 7.83 1297.79+15.98 <0.001
Vitmain D intake,mcg 4.67+0.07 4.70+0.08 4.55+0.13 0.28
CDAI 0.75(0.62,0.87) 0.77(0.63,0.91) I 0.65(0.45,0.85) 0.33
Physical activity, % ‘ 008
No 53.00(50.22,55.78) 52.55(50.92,54.18) 54.90(52.44,57.36)

Yes 47.00(43.81,50.19) 47.45(45.82,49.08) 45.10(42.64,47.56)

Poverty income ratio, % 0.19
<130 15.50(14.27,16.72) 16.89(15.51,18.27) 15.40(13.69,17.10)

1.31-3.49 32.27(30.15,34.39) 34.25(32.70,35.81) 35.96(33.56,38.35)

23.50 45.55(42.00,49.10) 48.86(46.61,51.10) 48.65(45.43,51.87)

Smoking, % <0.001
No 52.74(50.02,55.46) 53.72(52.45,54.99) 48.68(46.05,51.31)

Yes 47.22(44.19,50.26) 46.28(45.01,47.55) 51.32(48.69,53.95)

Hypertension, % <0.001
No 50.78(47.70,53.85) 54.27(52.93,55.62) 35.94(33.52,38.36)

Yes 49.22(46.55,51.88) 45.73(44.38,47.07) 64.06(61.64,66.48)

DM, % <0.001
No 80.86(76.34,85.39) 81.99(81.10,82.88) 76.44(74.54,78.33)

Yes 19.05(17.92,20.19) 18.01(17.12,18.90) 23.56(21.67,25.46)

Continuous data were presented as the mean+SEM, category data were presented as the proportion and 95% confidence interval. SEM, Standard Error of the Mean; BMI, body mass index;
HbAIc, glycosylated hemoglobin; MDS, Magnesium depletion score; TC, total cholesterol; CDAIL composite dietary antioxidant index; DM, diabetes mellitus.
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Overall Non-OA OA P value

MDS 1.09£0.01 1.01£0.01 1.47£0.02 <0.001
Diuretic use <0.001
No 83.69(79.12,88.25) 85.86(85.04,86.69) 74.44(72.35,76.52)

Yes 1631(15.21,17.41) 14.14(13.31,14.96) 25.56(23.48,27.65)

PPI use <0.001
No 88.22(83.70,92.74) 90.58(89.88,91.29) 78.18(76.49,79.88)

Yes 11.78(10.74,12.82) 9.42( 8.71,10.12) 21.82(20.12,23.51)

Heavy drinking 0.01
No 83.77(79.25,88.28) 83.26(82.16,84.37) 85.89(84.17,87.61)

Yes 16.23(14.93,17.54) 16.74(15.63,17.84) 14.11(12.39,15.83)

EGER scores <0.001
0 45.15(42.83,47.47) 48.44(47.02,49.86) 31.17(29.13,33.21)

1 44.75(41.82,47.69) 42.91(41.66,44.15) 52.61(50.45,54.77)

2 10.10( 9.32,10.87) 8.66( 8.07, 9.25) 16.22(14.73,17.72)

Data were presented as the mean+SEM. SEM, Standard Error of the Mean; MDS, Magnesium depletion score; OAosteoarthritis; PPI, proton pump inhibitor; ¢GER, estimated glomerular

filtration rate.
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Other minerals! .
Vitamins' 3
Carbohydrates (esp. glucose) Acids (lactic likely acetic’)
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products

Oxygen ROS, heat
Carbohydrates (esp. glucose) Acids (lactic?,likely acetic’)
Amino acids’ # (Ammonia?)

Glutamine Ammonia?

Arginine Nitric oxide

Tryptophan Picolinic acid
Lipids’ Antimicrobial lipids’? Acetic acid??

‘Not known to be specifically withheld from pathogens
‘Restricted use as fuel without oxygen.
See text for discussion and references.





