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ABSTRACT

Manipulations to slow biological aging and extend healthspan are of interest given the societal and
healthcare costs of our aging population. Herein we report on a randomized controlled clinical trial
conducted among 43 healthy adult males between the ages of 50-72. The 8-week treatment program
included diet, sleep, exercise and relaxation guidance, and supplemental probiotics and phytonutrients. The
control group received no intervention. Genome-wide DNA methylation analysis was conducted on saliva
samples using the lllumina Methylation Epic Array and DNAmAge was calculated using the online Horvath
DNAmAge clock (2013). The diet and lifestyle treatment was associated with a 3.23 years decrease in
DNAmAge compared with controls (p=0.018). DNAmAge of those in the treatment group decreased by an
average 1.96 years by the end of the program compared to the same individuals at the beginning with a
strong trend towards significance (p=0.066). Changes in blood biomarkers were significant for mean serum
5-methyltetrahydrofolate (+15%, p=0.004) and mean triglycerides (-25%, p=0.009). To our knowledge, this is
the first randomized controlled study to suggest that specific diet and lifestyle interventions may reverse
Horvath DNAmAge (2013) epigenetic aging in healthy adult males. Larger-scale and longer duration clinical
trials are needed to confirm these findings, as well as investigation in other human populations.

INTRODUCTION diabetes, and cardiovascular disease [1, 2]. The growing

health-related economic and social challenges of our
Advanced age is the largest risk factor for impaired mental rapidly aging population are well recognized and
and physical function and many non-communicable affect individuals, their families, health systems and
diseases including cancer, neurodegeneration, type 2 economies. Considering economics alone, delaying
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aging by 2.2 years (with associated extension of
healthspan) could save $7 trillion over fifty years [3].
This broad approach was identified to be a much better
investment than disease-specific spending. Thus, if
interventions can be identified that extend healthspan
even modestly, benefits for public health and healthcare
economics will be substantial.

DNA methylation is the addition of a methyl group to
cytosine residues at selective areas on a chromosome
(e.g. CpG islands, shelf/shore, exons, open seca).
Methylation constitutes the best-studied, and likely
most resilient of many mechanisms controlling gene
expression [4]. Unique among epigenetic markers, DNA
methylation can readily and cheaply be mapped from
tissue samples. Of 20+ million methylation sites on the
human genome, there are a few thousand at which
methylation levels are tightly correlated with age.
Currently, the best biochemical markers of an
individual’s age are all based on patterns of methylation
[5]. This has led some researchers to propose that aging
itself has its basis in epigenetic changes (including
methylation changes) over time [6-9].

As of this writing, the best-studied methylation-based
clock is the multi-tissue DNAmAge clock [10]. At the
time this study design was approved, there were few
viable alternatives. Horvath’s DNAmAge clock predicts
all-cause mortality and multiple morbidities better than
chronological age. Methylation clocks (including
DNAmAge) are based on systematic methylation
changes with age. DNAmAge clock specifically
demonstrates about 60% of CpG sites losing methylation
with age and 40% gaining methylation. This is distinct
from stochastic  changes, “methylation drift”,
unpredictable changes which vary among individuals
and cell-by-cell ~within individuals. Systematic
methylation changes include hypermethylation in
promotor regions of tumor suppressor genes (inhibiting
expression) and hypomethylation promoting inflam-
matory cytokines (promoting expression). Saliva can be
considered a good source of high-quality DNA,
containing both white blood cells and buccal cells, and is
a suitable tissue type to be assessed for the DNAmAge
clock [10, 11].

The dietary recommendations employed as part of the
treatment protocol for this study were based largely on
biochemistry and generalized measures of health,
because few dietary associations with the DNAmAge
clock have yet been established. A modest, but
significant, reduction in DNAmAge in individuals
consuming a non-specific lean meat, fish and plant-
based diet (as measured by blood carotenoids) has been
observed [12]. It is possible that changes of a greater
magnitude require a more targeted approach. The dietary

intervention used here was also plant-centered, but
including a high intake of nutrients that are substrates or
cofactors in methylation biosynthetic pathways (e.g.
containing folate, betaine), ten-eleven translocation
(TET) demethylase cofactors and modulators (e.g. alpha
ketoglutarate, vitamin C and vitamin A) [13] and
polyphenolic modulators of DNA methyl transferases
(DNMT) (e.g. curcumin, epigallocatechin gallate
(EGCQG), rosmarinic acid, quercetin, luteolin) [14]. It
also included limited nutrient-dense animal proteins (e.g.
liver, egg). The diet restricted carbohydrates and
included mild intermittent fasting, both designed to
lower glycemic cycling. The diet was supplemented
daily with a fruit and vegetable powder, also rich in
polyphenolic modulators of DNMT activity, and a
probiotic providing 40 million CFU of Lactobacillus
plantarum 299v. L. plantarum has been shown to be a
folate producer in the presence of para aminobenzoic
acid (PABA) [15]; it also has been demonstrated to alter
gene expression [16].

Lifestyle guidance in this study included a minimum of
30 minutes of exercise per day, at least 5 days per week
at an intensity of 60-80 percent of maximum perceived
exertion. Exercise is well-known to be broadly
beneficial for almost every aspect of health and has
been shown to extend mean lifespan in animal models.
Exploration of the effect of exercise on the methylome
has recently begun. For example, regular tai chi practice
was associated with slowing of age-related DNA
methylation losses in 500 women [17]. In another study
of 647 women, a lifelong history of exercise was
associated with a similar endpoint [18]. These results
were not reported in terms of the Horvath clock,
because it had not yet been developed. One systematic
review of human studies found that regular, daily
physical activity was associated with lower blood levels
of homocysteine, which when elevated, suggests an
insufficiency of methylation capacity [19]. Excessive
exercise may accelerate methylation aging, but this
danger has only been observed in elite, competitive
athletes [20].

Twice-daily breathing exercises that elicit the
Relaxation Response were prescribed for stress
reduction. It was recently demonstrated that 60 days of
relaxation practice designed to elicit the Relaxation
Response, 20 minutes twice per day, could significantly
reduce DNAmAge as measured by the Zbiec¢-Piekarska
clock in their group of healthy participants (though not
in their ‘patient’ group) [21]. Almost a quarter of the
DNAmAge CpG sites (85/353) are located in
glucocorticoid response elements, pointing to a likely
relationship between stress and accelerated aging.
Cumulative lifetime stress has been shown to be
associated with accelerated aging of the methylome
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[22]. Zannas et al. also reported that dexamethasone, a
glucocorticoid agonist, can advance the DNAmAge
clock and induce associated transcriptional changes.
Dexamethasone-regulated genes showed enriched
association of aging-related diseases, including
coronary artery disease, arteriosclerosis and leukemias.
Other findings include that PTSD contributes to
accelerated methylation age [23]; and that greater infant
distress (lack of caregiver contact) is associated with an
underdeveloped, younger epigenetic age [24].

This study aimed to optimize sleep, with a
recommendation for at least seven hours nightly. Seven
hours is generally considered to be healthy [25], but the
limited data on accelerated aging only relates to
extremes of sleep deprivation. A (presumably transient)
effect of sleep deprivation on genome-wide methylation
patterns in  blood has been demonstrated [26].
Acceleration of the DNAmAge clock has been
associated with insomnia in a sample of 2078 women
[27]. Carskadon et al. [28] found an association between
poor quality / fewer hours of sleep with age acceleration
in a small sample of 12 female college students.

This multimodal (“systems”) intervention is reflective
of a clinically-used approach that combines individual
interventions, each of which carry evidence of favorable
influence on the DNA methylome and of which several
authors of this study have clinical experience of health
benefits. Such interventions likely produce synergistic
effects and reduce the possibility of negative effects
from one disease-promoting input canceling out the
benefits of another health-promoting input. Dietary and
lifestyle interventions, as used here, target upstream
influences that are generally considered safe, even over
the long term.

By design, an important endpoint of this study was to
be Horvath’s DNAmAge clock, to see if it could be
potentially slowed. This is to say we have tentatively
accepted the hypothesis that the methylation pattern
from which the DNAmAge clock is computed is a
driver of aging (and the chronic diseases of aging),
thus we expect that attempting to directly influence the
DNA methylome using diet and lifestyle to set back
DNAmAge will lead to a healthier, more “youthful”
metabolism. To date, three non-controlled studies have
demonstrated set back of DNAmAge. One small pilot
study has been reported to have set back the
DNAmAge clock over the course of 12 months by 1.5
(plus the one-year duration of the study) years in
healthy men, using a combination of growth hormone,
metformin, DHEA and two dietary supplements [29].
Two additional studies have demonstrated age
reduction from diet and/or dietary supplement
interventions. A subgroup of Polish women from the

NU-AGE cohort suggested a reduction in biological
age of 1.47 years after 1 year of a Mediterranean diet
plus 400IU vitamin D3, and a 16-week trial using
4000IU of vitamin D3 in overweight or obese African
Americans with suboptimal D status demonstrated a
1.85-year reduction in biological age [30, 31]. Herein
we report comparable initial results based on diet and
lifestyle interventions employed for eight weeks
(preceded by a one-week education period).

RESULTS
DNA methylation clock

Compared to participants in the control group (n=20),
participants in the treatment group scored an average
3.23 years younger at the end of the eight-week
program according to the Horvath DNAmAge clock
(p=0.018). Those in the treatment group (n=18) scored
an average 1.96 years younger, at the end of the
program compared to the same individuals at the
beginning with a strong trend towards significance
(p=0.066 for within group change). Control participants
scored an average of 1.27 years older at the end of the
study period, though this within-group increase was not
statistically significant (p= 0.153). Comparison of
DNAmAge change between treatment and control
groups is shown in Figure 1 whereas within group
changes for the treatment group are shown in Figure 2.

In both treatment and control groups, there was no net
increase or decrease in methylation of the 353 sites
that compose the Horvath clock. This finding suggests
that the intervention did not lead to an overall increase
in methylation of the Horvath clock sites, but rather it
prompted a repositioning of clock’s CpG methylation
patterns consistent with a younger biological age.

Metabolic measures

In blood markers, the most significant change was a
25% decrease in mean triglycerides from 112 to 89
mg/dL (p=0.009) over the eight-week study period. As
expected from a diet rich in folate, mean serum 5-
methyltetrahydrofolate (5-MTHF) rose 15% from 78 to
88 nmol/L (p=0.004).

None of the other blood markers measured changed
significantly compared to controls (glucose, hemoglobin
Al1C, total cholesterol, HDL cholesterol, LDL
cholesterol, methionine, s-adenosylmethionine (SAM), s-
adenosylhomocysteine (SAH) the ratio SAM:SAH and
homocysteine), but within-group the participants in the
treatment group showed significant decrease in total
cholesterol (-22.8 mg/dL, p=0.004) and LDL cholesterol
(-16.8 mg/dL, p=0.01).
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Emotional measures

Among the PROMIS markers of emotional health, there
were no statistically significant changes between
treatment and control groups after adjustment for
baseline values. There was some trend towards reduced
anxiety scores in the treatment group, however, these
changes were not statistically significant.

DISCUSSION
Significance of results

The significance of these findings is multi-factorial, but
primarily as the first demonstration of potential reversal

of epigenetic age in a randomized, controlled clinical
trial, accounting for any normal variability in epigenetic
methylation. This is the second report of a diet
and lifestyle intervention reducing biologic aging in
individuals otherwise known to be healthy. Notably, the
shorter timeframe of this study and the scale of potential
reduction, while modest in magnitude, may correlate
with meaningful socioeconomic benefits, and appears to
have the potential to be broadly achievable.

Vitamin D3 at a dose of 4,000 IU/d for 16 weeks has
previously been shown to decrease the DNAmAge
clock measurement by 1.85 years in overweight/obese
African Americans with a serum 25-hydroxyvitamin D
[25(0H)d] <50 nmol/L [31]. Subsequently, a one-year

Assessed for eligibility (n=133)

Excluded (n=89)
+ Mot meeting inclusion criteria (n=57)

+ Declined to participate (n=22)
+ Other reasons (n=10)

Randomized (n=44)

h 4

P 9

Y

e e

Allocated to intervention (n=22)

+ Received allocated intervention (n=22)

+ Did not receive allocated intervention
(allocated to control) (n=22)

Allocated to control (n=22)

+ Received allocated control (n=22)

+ Did not receive allocated control (allocated to
intervention) (n=22)
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+Lost to follow-up (n=0)
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(n=4)
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g

Analysed (n=18)
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Analysed (n=20)
+ Excluded from analysis (Participants did not
complete the study) (n=2)

Figure 1. CONSORT 2010 flow diagram.

WWww.aging-us.com

9422

AGING



regimen of daily injection of growth hormone plus one
prescription drug and three nutritional supplements was
shown to set back the DNAmAge clock by 1.5 years in
9 middle-aged men (plus the 1-year study duration = 2.5
years) [29]. More recently, a 1-year non controlled pilot
trial involving 120 participants aged 65-79 years
(including 60 Italians, 60 Poles) drawn from the larger
NU-AGE cohort found a non-significant trend towards
reversal of the DNAmAge clock after 1 year of a
Mediterranean diet plus 400IU of vitamin D3 [30].
However, subgroup analysis did reveal a significant
1.47-year age decreases in female Polish participants
(n=36) and in individuals with a baseline higher
epigenetic age. It was noted in the study that Poland is a
country with a non-Mediterranean baseline diet. In the
present study, biological age set-back was achieved in
eight weeks, using similarly non-invasive, and
otherwise generally beneficial interventions known to
have mechanistic plausibility for affecting methylation
pathways.
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Figure 2. Comparison of DNAmAge change between
treatment and control groups. Each dot is a subject, and the
vertical axis represents difference in DNAmAge from the
beginning to the end of the eight-week term. Participants scored
an average 1.96 years younger, controls an average 1.27 years
older. The age reduction of the treatment group strongly trended
towards significance (p=0.066), while the age increase of the
control group itself was not significant (p=0.153). The difference
between control and treatment groups was significant at the
level p=0.018 (unpaired two-tailed t-test). Long red and blue lines
represent group averages (mean).

The increase in circulating folate demonstrates that
dietary sources and folate-producing probiotics can be
an effective method of nutrient repletion. The reduction
in serum triglycerides might be expected with a diet that
lowered carbohydrate intake and glycemic response,
plus exercise [32]. While we expected to see a decrease
in homocysteine with an intervention that supplied
additional dietary B vitamins and betaine, as well as
exercise, the average starting homocysteine value of the
treatment group was 10.9 umol/L, already within a range
typically identified as “normal” (<15 umol/L).

Effects of non-methyl donor factors on DNA
methylation

The seminal work of Waterland and Jirtle in the Agouti
mouse model marked a defining point in our
understanding that nutrition elements could so affect
DNA methylation marks as to silence gene expression
and dramatically alter phenotype [33]. The power of
nutrition to bring about transformative phenotypic
changes has held up over the intervening years, most
strongly in animal studies, but also in some limited
human trials [33]. All of the aforementioned human
trials (NU-AGE, TRIIM, Vitamin D3 study) and the
present study were able to effect changes on the DNA
methylome without extra-dietary supplementation of
known methyl donor nutrients (e.g. folate, vitamin B12,
choline, SAMe or betaine), supporting the concept of a
far-reaching regulatory network on DNA methylation
and representing a departure from previous studies that
manipulated DNA methylation more directly with extra-
dietary supplemental folate, B12 and other methyl
donor nutrients [33-36].

The DNAmAge clock is computed from some sites that
increase and others that decrease methylation with age,
so a net increase in methylation is not the therapeutic
target, compared to modifying methylation at appropriate
sties. Since this study targeted a healthy methylation
pattern, not limited to increased methylation, the
prescribed diet contained TET demethylase-associated
nutrients, such as vitamins A and C [13] and specific
plant polyphenols such as curcumin and EGCG known to
inhibit DNMT activity, in addition to high quantities of
food-sourced methyl donor nutrients. As evidenced by
younger DNAmAge (ie, “improved” methylation
patterns) in the treatment group without overall increase
(or decrease) in methylation, it suggests that these
compounds collectively assist in elevating methylation
and demethylation enzymatic support and thereby
potentially regulate where methyl groups are applied and
removed. In addition, the combination of polyphenols,
rather than the use of singular phytonutrients, has been
shown to deliver enhanced favorable effects on
epigenetic changes [14, 37].
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Rationale for not using supplemental methyl donor
nutrients

In designing the present study, extra-dietary
supplementation of methyl donor nutrients was
specifically avoided because a growing body of
epidemiological evidence indicates potential long-term
risks, to which the short-term studies were not
sensitive. Although overall data are mixed, and certain
conditions (e.g. pregnancy, macrocytic anemia, hyper-
homocysteinemia, dietary limitations) often require
extra-dietary supplementation, several trials have found
a positive association between methyl donor
supplementation and increased cancer risk: Published
long-term follow up on 2,524 participants in the B-
PROQOF trial which assessed the effect of 2-3 years of
daily supplementation with 400 mcg folic acid and 500
mcg vitamin B12 found an increased risk of overall
cancer (HR 1.25, 95% CI 1.00-1.53), p=0.05) and
colorectal cancer in particular (HR 1.77, 95% CI 1.08-
2.90, p=0.02) [38]. A meta-analysis of 2 trials in
Norway similarly reported that 800 mcg folic acid plus
400 mg vitamin B12 daily was associated with
increased cancer outcomes and all-cause mortality [39].
In contrast, dietary folate intake from food was found to
be inversely associated with non-muscle-invasive
bladder cancer progression in a study that also found
higher recurrence for folic acid intake [40], and baseline
dietary folate intake was inversely associated with
prostate cancer risk in a trial that subsequently
identified an increased risk of prostate cancer in the
treatment arm that received 1 mg folic acid per day for
10 years [41]. Also relevant is the demonstration, albeit
in a small study, adding dietary supplements of folic
acid, vitamin B6 and vitamin B12 to a vitamin D plus
calcium intervention increased biological aging (sex-
adjusted odds ratio 5.26 vs vitamin D plus calcium
alone) during a 1-year intervention [42].

Cautions and future directions

One significant limitation of this pilot trial is limited
statistical power due to the relatively small sample size.
Confirmation of these results is therefore needed in larger
study groups and populations beyond middle-aged men.

It is not yet fully established whether interventions that
slow any of the “methylation clocks” necessarily curtail
risks of age-related disease. This unknown remains an
important area of investigation by epidemiologists
working to validate predictors of age-related morbidity
and mortality, which would otherwise require very long
clinical trials. The use of a multimodal intervention has
advantages, as discussed above, however it also means
it is not possible to attribute improved outcomes to any
one element of the intervention. The combination of

interventions used in this study may yet be improved
upon and may be more impactful when further
personalized. Future iterations of the intervention in
continued clinical trials will attempt to optimize the
program for efficacy, efficiency, scalability and
affordability. An ever-evolving understanding of
personalized application of such dietary and lifestyle
interventions will likely lead to refinements to this kind
of intervention that may further extend indicators of
biological age.

Finally, it may be that emerging “omics” approaches
continue to evolve our understanding of biological
age prediction and reversal beyond DNA methylation
alone [43]. Integration of our future understanding
of multi-omics data should therefore be considered
in the future trials of candidate age-delaying
interventions.

MATERIALS AND METHODS
Study design and conduct

The trial design was approved by the Institutional
Review Board of the National University of Natural
Medicine (IRB number: RB100217) and registered at
ClinicalTrials.gov (Identifier: NCT03472820). All trial
procedures (visits, consent, randomization, and study
visits) were conducted at the Helfgott Research
Institute, 2220 SW 15t Ave, Portland, OR 97201.

Participants were voluntarily recruited on a rolling basis
from the general community surrounding Portland, OR,
using flyers, online and newspaper advertising, and
electronic newsletters posted at locations intended to
attract more health-conscious individuals, such as gyms.
Volunteers completed telephone pre-screening followed
by an initial onsite screening visit including confirmation
of eligibility, willingness to follow the study protocol,
and informed consent. Full inclusion and exclusion
criteria are provided as Supplementary Material.

43 eligible adult males without history of recent or
chronic disease, between the ages of 50-72, were
recruited, consented, enrolled and randomized between
March 2018 and August 2019. A CONSORT flow
diagram is shown in Figure 3. Baseline characteristics
are shown in Table 1. The age range of 50-72 was
selected as a time when age-related vulnerabilities
typically manifest, and the limitation to only male
participants was to avoid the potential confounding
factor of pre-, peri-, and post-menopausal sex hormone
levels of the same age range in women.

A 3-week washout period (with written instruction) was
initiated for all participants involving discontinuation of
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any nutrition supplements or herbal products not
prescribed by a licensed healthcare provider for a
medical condition. Allowable exceptions for dietary
supplementation included low dose supplements, such
as a common "l-a-day" multivitamin/mineral (i.e. high
potency, high dose multivitamin/mineral products were
not allowable), and/or other supplements taken for
prevention: fish oil (up to 1 gram/day), vitamin D (up to
6000 IU/day), vitamin C (up to 1g/day), vitamin E (up
to 400 IU/day). Notably, these supplements were not
recommended or prescribed, but participants already
taking these products were allowed to continue them
during the trial, thus any effects would be captured in
their baseline assessments. Participants agreed to
avoid/discontinue any recreational drugs/substances, as
well as to consume no alcohol, nicotine, marijuana or
cannabinoids at least 1 week before scheduled study
visits.

Study participants were randomized at the baseline

(randomization.com). Allocation concealment was
accomplished by opening sealed, signed envelopes
prepared by research staff not associated with the trial
which were only opened at randomization.

Initial instructions, including a recorded instructional
webinar and electronic technology webinar were
provided at visit 1. To allow time for participant
education to occur, participants in the treatment group
were instructed to begin the 8-week intervention
protocol (including dietary, supplement, and lifestyle
changes) starting one week after the baseline visit.
Saliva samples were collected at each of the three study
visits (baseline, week 5 and week 9).

An overview of the intervention is provided in
Table 2. Two nutritional supplements (PhytoGanix®
and UltraFlora® Intensive Care, Metagenics Inc.,
25 Enterprise Aliso Viejo, CA 92656 USA) were
distributed at visits 1 and 2. Unused doses were

visit according to a randomization sequence collected, counted and recorded at visits 2 and 3.
Age Change over 8 Weeks
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Figure 3. Intervention group age change. Participants scored an average of 1.96 years younger than baseline (p=0.066). Of 18
participants included in the final analysis, 8 scored age reduction, 9 were unchanged, and 1 increased in methylation age.
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Table 1. Baseline characteristics.

Treatment group n =21

Control group n =22

Characteristics % Value %

Age, years (mean+SD) 58.5+6.12 60.3 + 6.68

Race
Black or African American 0 0 2 9.1
American Indian or Native Alaskan 0 0 0 0
Native Hawaiian or Other Pacific Islander 0 0 0 0
Asian or Asian American 3 13.6 1 4.5
White, Caucasian or European American 18 81.8 18 81.8
Caribbean Islander or African National 0 0 0 0
More than one race 0 0 1 4.5
Unknown 0 0 0 0

Education Level
Some high school 0 0 0 0
High school 0 0.00 3 0.14
Some university 1 0.05 1 0.05
2 year university 2 0.09 1 0.05
4 year university 6 0.27 4 0.18
Some graduate school 2 0.09 4 0.18
Graduate degree 11 0.50 9 0.41

Dosing adherence was verified by the retrospective
review of returned doses, direct queries about
each component of the intervention during study
visits, and by frequent communication with trial
participants.

Adherence to the program was supported by regular
coaching sessions, delivered weekly during the first four
weeks, and then at least every other week thereafter.
Coaching sessions followed a pre-defined script that
covered adherence to intervention guidelines and any
changes to medications. A HIPAA-compliant electronic
technology coaching tool was offered (MBody360, 640
Broadway 5A, New York, NY 10012) which contained
reference instructions, meal planning ideas, optional
recipes, and a shopping list. Participants could also use
this tool to communicate with their assigned coach in
between scheduled coaching sessions. Email, web
platform and/or phone communication were other
options for participants unable or unwilling to use
MBody360.

Determination of epigenetic age

Sample Handling: Saliva samples were stored at -70° C
and remained frozen throughout the duration of
the trial. Frozen samples were batch shipped overnight
on dry ice to Yale University Center for Genome
Analysis at the conclusion of clinical operations. Prior
to shipment, sample IDs were assigned to plates such
that each plate included a representative collection
of samples from both allocation groups (treatment

and control) and a distribution of samples from each
trial visit, i.e. plates were not homogenous by group or
by visit type, in an effort to equally distribute any
random variability resulting from measurement across
plates.

DNA extraction

Oragene Saliva tubes were submitted and DNA
extracted using the Perkin Elmer Chemagic 360
Instrument  (kit#  CMG-1081)  following  the
manufacturer’s recommended protocol. An RNASE A
digestion was added using 80uL of 4mg/pug Amercian
Bioanalytical RNASE A (Part#AB12023-00100) after
the 50 degree Celsius Oragene Saliva Incubation, before
loading samples onto instrument.

Genomic DNA and RNA

The quality of the RNA/DNA was evaluated by:
A260/A280 and A260/A230 ratios (as supplied by the
NanoDrop 1000 Spectrophotometer), both of which
should be > 1.8. The gel electrophoresis pattern was
consistent with non-degraded samples.

Methods

Sample DNA was normalized to the recommended
starting concentration, 1ug, for the Zymo EZ-96 DNA
Methylation Kit (Cat No D5004). The samples
underwent an overnight bisulfate conversion and were
purified using the Zymo Methylation protocol. Samples
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Table 2. Summary of dietary and lifestyle interventions®.

Intervention category

Details

Dietary Prescription

Supplement Prescription

Exercise Prescription

Sleep Prescription

Stress Management
Prescription 4

Guidance per week:
3 servings of liver
* (1 serving =3 0z)
*  Preferably organic
5-10 eggs
e Ideally free-range, organic, omega-3 enriched

Guidance per day:
2 cups of dark leafy greens
. Measured raw, chopped, and packed
. Including kale, Swiss chard, collards, spinach, dandelion, mustard greens
. Does not include salad greens such as romaine, iceberg, Spring mix
2 cups cruciferous vegetables
*  Measured raw, chopped, and packed
* Includes broccoli, cabbage, cauliflower, Brussels sprouts, bok choy, arugula, kale,
mustard greens, watercress, rutabaga, kohlrabi, radish, Swiss chard, turnip
3 additional cups colorful vegetables of your choosing (excluding white potatoes,
sweetcorn)
1-2 medium beet
4 tbsp (1/4 cup) pumpkin seeds (or pumpkin seed butter)
4 tbsp (1/4 cup) sunflower seeds (or sunflower seed butter)
1+ serving methylation adaptogens, choose from:
e 1/2 cup berries (wild preferred)
* 1/2 tsp rosemary
* 1/2 tsp turmeric
* 2 medium cloves garlic
* 2 cups green tea (brewed 10 minutes)
* 3 cups oolong tea (brewed 10 minutes)
6 oz animal protein
*  Qrass-fed, pastured, organic and hormone/antibiotic-free
2 servings of low glycemic fruit

General guidance:
Organic preferred over conventional
Stay hydrated
Don’t eat between 7pm and 7am
Include “healthy” oils
+  Balance types of fat
* E.g. coconut, olive, flaxseed and pumpkin seed oil
Avoid added sugar/candy, dairy, grains, legumes/beans
Minimize plastic food containers
PhytoGanix®, a combination of organic vegetables, fruits, seeds, herbs, plant enzymes,
prebiotics and probiotics at a dose of 2 servings daily, divided
UltraFlora® Intensive Care, containing Lactobacillus plantarum 299v at a dose of 2 capsules
daily, divided
Minimum of 30 minutes of exercise per day for at least 5 days per week, at an intensity of 60-
80% of maximum perceived exertion
Average a minimum of 7 hours of sleep per night
Breathing exercise Steps to Elicit the Relaxation Response developed by Herbert Benson
MD, twice daily

AStress Management Recommendations were updated from the original Study Protocol as listed on ClinicalTrials.gov. All
updates were IRB approved. *Patent pending.
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proceeded directly to the Illumina Infinium HD assay
(Illumina Methylation Epic Array Cat. No. WG-317-
1001) to overnight whole genome amplification at 37
degrees Celsius. The following day samples were
fragmented for lhour at 37 degrees, precipitated at 4
degrees for 30 minutes, and pelleted at 4 degrees for 20
minutes at 3000xg. Samples were dried in a hood at
room temperature for 1 hour and re-suspended in the
recommended volume of RA1 following Illumina’s
Infinium HD assay at 48 degrees Celsius for 1 hour.
Samples were then denatured at 95 degrees Celsius for
20 minutes. Samples had a 10-minute cool down and
then directly hybridized to Illumina Methylation Epic
Array Cat. No. WG-317-1001. Sample placement in
each chip was randomized. Hybridization was for 18
hours at 48 degrees Celsius using a stabilized
hybridization oven. The following day arrays were
washed and stained automatically using the Tecan
Freedom Evo technology. Arrays were then be dipped
in the UV protectant (Illumina’s XC3) for ten minutes
and any excess removed. Arrays were dried for 1 hour
in a vacuum desiccator. Arrays were scanned using
Illumina’s iScan array scanner and raw files generated.
Raw data files were imported into Illumina’s
GenomeStudio software and a project created as well as
QC parameters checked to ensure project went as
expected. Scanned output files were analyzed and call
rates calculated using Illumina’s GenomeStudio. The
quality of the data was evaluated by both sample
dependent and sample independent controls.
Specifically, efficiency of target removal, non-specific
binding, and appearance of cross-contamination was
examined. All raw Data and the GenomeStudio project
were uploaded to the password protected Keck
Microarray Database.

Data analysis

DNAmAge was calculated using the online Horvath
clock available at https://dnamage.genetics.ucla.edu/.
Analysis of epigenetic age was performed, blinded, on
the final 18 participants in the treatment group and 20
participants in the control group. P values were
computed as an unpaired 2-tailed t-test between the
experimental group and control group, using the
individual score differences (after treatment minus
before) as a random variable.

Data sharing

The data that support the findings will be available in
Gene Expression Omnibus at https://www.ncbi.nlm.nih.
gov/geo/, submission number GSE 149747, from
04-14-23 following an embargo from the date of
publication to allow for commercialization of research
findings.
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SUPPLEMENTARY MATERIALS

Supplementary information: Inclusion and exclusion
criteria

ClinicalTrials.gov Identifier: NCT03472820.
Inclusion criteria

e Males, ages 50-72.

e Willing to adhere to 9 weeks of a dietary and
lifestyle program including specific nutrition
and exercise guidelines.

e Willing to avoid any over-the-counter
medications, supplements or herbal products for
the length of the study, except short-term use
(<1 week) use at least 1 week before scheduled
study visits.

e Willing to have blood drawn three times and
abstain from food or beverage intake for 10-12
hours before blood draws.

e Willing to provide saliva samples.

e Willing to track food intake, sleep, stress
management techniques, and exercise daily.

e Willing to drink a nutrient-enriched beverage
and take a encapsulated probiotic daily.

e Willing and able to use electronic devices and
connect to the internet.

e Able to speak, read and understand English.

Exclusion criteria

e Currently taking any of the following
prescription medications.

o Proton pump inhibitors: omeprazole
(Prilosec, Prilosec OTC); aspirin and
omeprazole  (Yosprala); lansoprazole
(Prevacid, Prevacid 1V, Prevacid 24-
Hour); ;dexlansoprazole (Dexilent,
Dexilent Solutab); rabeprazole (Aciphex,
Aciphex Sprinkle); pantoprazole
(Protonix).

o H2-blockers: nizatidine (Axid, Axid AR,
Axid Pulvules); famotidine (Pepcid, Pepcid
ACQ); cimetidine (Tagamet, Tagamet HB);
ranitidine (Zantac).

o These classes of medications are excluded
due to direct (due to nutrient requirements
for metabolism) and indirect (through
impaired digestion and assimilation of
nutrients).

Use of nutrition supplements or herbal products
prescribed by a licensed healthcare provider for
a medical condition.

Currently following a prescribed dietary/
lifestyle program or initiate within the 30 days
prior to baseline.

Initiation of or changes to an exercise regimen
within 30 days prior to baseline.

Use of nicotine, marijuana or cannabinoids
(including CBD products) or recreational
drugs/substances (such as but not limited to
cocaine, phencyclidine [PCP], and
methamphetamine) current/within the last 30
days or use during the study.

Have a diagnosis of cardiovascular disease,
kidney disease, liver disease, diabetes,
autoimmune disease, high blood pressure, or
cancer (does not include basal cell carcinoma,
squamous cell carcinoma, and/or carcinoma in
situ of the cervix).

Have a diagnosis of an immunodeficiency
condition, such as Human Immunodeficiency
Virus (HIV) infection or Acquired Immune
Deficiency Syndrome (AIDS).

Have a diagnosis of neurodegenerative
conditions such as, amyotrophic lateral sclerosis
(ALS), Parkinson’s disease, Multiple Sclerosis,
or Alzheimer’s disease.

Excessive alcohol consumption (more than 4
drinks per day or 14 per week on average).
Known sensitivity, intolerance or allergy to
ingredients in the study supplements or in the
recommended dietary therapy.

Currently receiving intravenous nutrient
therapy.

Currently participating in another interventional
research study or participated in another
interventional study within the last 3 weeks
prior to baseline.
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