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INTRODUCTION 
 

Aging is now known to be the single biggest risk for 

disease. In recent years, advances in aging interventions 

have been driven by increased interest in the effects of 

lifestyle on healthspan and lifespan. Genetic research [1], 

senolytic therapies [2], stem cell treatments [3], calorie 

restriction mimetics [4, 5], microbiome modulation [6], 

and epigenetic clock modulation [7] have collectively 

advanced the field of aging interventions. As medical 

treatments and therapies progress, aging, as the major 

contributor to illness and mortality, becomes increasingly 
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ABSTRACT 
 

Aging interventions have progressed in recent years due to the growing curiosity about how lifestyle impacts 
longevity. This study assessed the effects of SRW Laboratories’ Cel System nutraceutical range on epigenetic 
methylation patterns, inflammation, physical performance, body composition, and epigenetic biomarkers of 
aging. A 1-year study was conducted with 51 individuals, collecting data at baseline, 3 months, 6 months, and 
12 months. Participants were encouraged to walk 10 minutes and practice 5 minutes of mindfulness daily. 
Significant improvements in muscle strength, body function, and body composition metrics were observed. 
Epigenetic clock analysis showed a decrease in biological age with significant reductions in stem cell division 
rates. Immune cell subset analysis indicated significant changes, with increases in eosinophils and CD8T cells 
and decreases in B memory, CD4T memory, and T-regulatory cells. Predicted epigenetic biomarker proxies 
(EBPs) showed significant changes in retinol/TTHY, a regulator of cell growth, proliferation, and differentiation, 
and deoxycholic acid glucuronide levels, a metabolite of deoxycholic acid generated in the liver. Gene ontology 
analysis revealed significant CpG methylation changes in genes involved in critical biological processes related 
to aging, such as oxidative stress-induced premature senescence, pyrimidine deoxyribonucleotide metabolic 
process, TRAIL binding, hyaluronan biosynthetic process, neurotransmitter loading into synaptic vesicles, pore 
complex assembly, collagen biosynthetic process, protein phosphatase 2A binding activity, and activation of 
transcription factor binding. Our findings suggest that the Cel System supplement range may effectively reduce 
biological age and improve health metrics, warranting further investigation into its mechanistic pathways and 
long-term efficacy. 
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prominent. Nutraceuticals are emerging as a promising 

tool to optimize health and prolong lifespan. The global 

dietary supplement market was estimated at USD 

177.50 billion in 2023 and is expected to reach USD 

192.65 billion in 2024 [8]. There are numerous health 

benefits behind certain supplements, such as folic acid 

and omega-3 fatty acids [9], but a nutraceutical that 

decreases biological age or slows the rate of aging has 

not been established.  

 

Recently, the development of the Cel123 (Cel) by SRW 

Laboratories utilizes a tree-part formulation which is 

suggested to support functional areas and processes  

in the cellular system which typically decline with  

age. The Cel1 nutraceutical formulation contains 2-

HOBA (hobamine™), astragalus membranaceus extract 

(astragaloside), sophora japonica extract (rutin), vitamin 

C, levomefolic acid, vitamin B12, zinc, and selenium. 

2-HOBA supports DNA defense against free radical 

damage, as it neutralizes reactive carbonyl species that 

cause stress in cells [10]. This molecule binds to lipid 

free radicals, preventing them from binding to proteins 

and DNA, causing mutations that result in cellular 

damage [10]. Several studies support 2-HOBA’s ability 

to support healthy aging, DNA integrity, brain function, 

immune, and circulatory health [10]. Astragaloside is 

known to support telomere integrity and repair through 

stimulation of enzymes responsible for DNA repair 

[11]. Rutin strengthens the expression of antioxidant 

proteins and enzymes that protect against DNA damage 

associated with external stress, including UV exposure 

and other oxidative stress [12]. The antioxidant properties 

in vitamin C have shown therapeutic effects against 

oxidative stress, disorganization of chromatin, and 

telomere attrition, prolonging lifespan [13]. Deficiency 

in levomefolic acid, contributes to aging in elderly 

patients [14]. Vitamin B12, zinc, and selenium have 

been proven in several studies to contribute to improved 

immune function and decreased cellular aging through 

the reduction of oxidative stress, decreased DNA 

methylation, and telomere stability [15–18]. Vitamin 

B12, levomefolic acid, and zinc supplementation has 

additionally shown decreased epigenetic age measured 

by an epigenetic clock analysis calculated by the 

Horvath model [19, 20]. Selenium is considered an 

epigenetic modulator and correlates with at least one 

differentially methylated genome region [21].  

 

The Cel2 supplement incorporates a proprietary blend 

of ingredients including nicotinamide mononucleotide 

(NMN), pterostilbene, astaxanthin, L-carnosine, vitamin 

D, and riboflavin. NMN is a systemic signaling 

molecule and NAD+precursor, boosting cellular levels, 
with downstream effects positively impacting insulin 

sensitivity, mitochondrial dysfunction, and extending 

lifespan [22]. Pterostilbene has demonstrated regulation 

of gene expression by altering epigenetic patterns  

[23]. Astaxanthin, a potent antioxidant, shields cell 

membranes from damage, promoting resilience against 

age-related oxidative stress [24]. L-carnosine exhibits 

versatile anti-aging effects by inhibiting glycation, 

scavenging free radicals, and supporting mitochondrial 

function, thereby enhancing cellular vitality [25]. 

Vitamin D modulates immune function and gene 

expression associated with cellular aging, bolstering 

resilience against age-related decline [26]. Riboflavin's 

role as a cofactor in energy metabolism and antioxidant 

defense reinforces cellular health, mitigating age-

associated oxidative stress [27].  

 

The Cel3 formula contains apigenin, fisetin, oleuropein, 

EGCG, berberine, alpha lipoic acid, and withaferin A. 

Apigenin’s anti-inflammatory, CD38 inhibition and 

antioxidant properties protect cells from age-related 

stressors [28], while the natural senolytic compound 

fisetin modulates critical signaling pathways associated 

with the central nervous system linked to longevity 

[29]. Oleuropein, EGCG, and withaferin A contribute 

their antioxidant properties, bolstering cellular integrity, 

proteostasis and mTor inhibition [30, 31]. Berberine’s 

multifaceted impact on the AMPK pathway and down-

stream impact on cellular metabolism and inflammation 

further supports anti-aging mechanisms [32]. Alpha 

lipoic acid serves as both a mitochondrial cofactor and 

protects against oxidative damage [33].  

 

Primary, integrative, and antagonistic sectors of the 

hallmarks of aging focus on the molecular, cellular, and 

systemic processes accounting for the morphological 

and functional decline that affects aging [34]. These 

hallmarks include DNA instability, telomere attrition, 

epigenetic alterations, loss of proteostasis, deregulated 

nutrient-sensing, mitochondrial dysfunction, cellular 

senescence, stem cell exhaustion, altered intercellular 

communication, disabled macroautophagy, chronic 

inflammation, and dysbiosis [34]. The Cel System 

supplement range was formulated to target pathways 

associated with the Hallmarks of Aging when 

combining Cel1, Cel2, and Cel3 formulas. Cel1 

primarily targets DNA instability, telomere attrition, 

mitochondrial dysfunction, cellular senescence, and 

chronic inflammation. Cel2 synergistically targets aging 

pathways relating to mitochondrial dysfunction, dys-

biosis, stem cell health and intercellular communication 

Cel3 targets cellular senescence, proteostasis, and 

nutrient sensing and macroautophagy.  

 

Epigenetic biomarkers of aging, known as epigenetic 

clocks, measure biological age based on DNA 
methylation patterns at specific CpG sites, correlating 

with chronological age and capturing age-related 

epigenome changes [35]. First-generation biomarkers, 

700



www.aging-us.com 3 AGING 

like the Horvath clocks [36, 37] and Hannum clock 

[38], were trained using penalized regression techniques 

on genome-wide DNA methylation data, with Horvath 

clocks using multiple tissue types and cell lines,  

and the Hannum clock focusing on blood samples. 

Deviations from predicted chronological age indicate 

accelerated or decelerated biological aging. Second-

generation biomarkers, such as GrimAge [39], PhenoAge 

[40], and OMICmAge [41], improved predictive power 

by incorporating diverse data sets and advanced 

algorithms, with PhenoAge including clinical measures 

and biomarkers, GrimAge integrating DNA methylation 

with surrogate biomarkers for morbidity and mortality, 

and OMICmAge leveraging multi-omic data. These 

biomarkers predict health-related phenotypes and long-

term health outcomes, showing stronger associations 

with mortality, disease incidence, and health 

interventions [42]. Third-generation biomarkers, such 

as DunedinPACE [43], use longitudinal data to 

measure aging pace, offering dynamic views of 

biological aging processes over time, and show strong 

associations with lifespan, healthspan, and disease 

onset. Vetting methods for epigenetic clocks involve 

assessing hazard ratios and odds ratios, correlation 

analyses with chronological age, mean absolute 

deviation calculations, and error rate assessments  

to ensure accurate biological age estimates across 

populations. Longitudinal studies or randomized 

controlled trials examine response to interventions by 

tracking changes in biological age before and after 

lifestyle modifications or treatments, validating the 

reliability, accuracy, and clinical relevance of epigenetic 

clocks. These biomarkers provide insights into the 

effects of interventions, including supplementation 

[44]. Research on the impact of nutritional and 

pharmacological supplements on epigenetic aging has 

focused on compounds like vitamin D and omega-3 

fatty acids. Vitamin D supplementation is linked to 

modifications in epigenetic regulation of inflammation 

and metabolism genes, potentially slowing biological 

aging [45]. Omega-3 fatty acids, known for anti-

inflammatory properties, show potential in reducing 

age-related methylation changes at loci associated with 

chronic diseases [46]. These findings suggest targeted 

supplementation could beneficially influence epigenetic 

biomarkers of aging, extending healthspan and 

mitigating age-associated decline.  

 

While the individual ingredients of the Cel system have 

been shown to promote healthy aging phenotypes,  

it is not well understood whether the overall Cel  

system positively impacts human health, as measured 

by clinical lab testing and epigenetic age measures. 
Therefore, in this study, samples from 51 individuals 

over a 1-year period were used, collecting data at 

baseline, 3 months, 6 months, and 12 months. In 

addition to evaluating the Cel System supplement 

range, our study protocol encouraged participants to 

engage in 10 minutes of walking and 5 minutes of 

mindfulness daily. This inclusion aimed to provide a 

holistic approach to health improvement, combining 

the biochemical benefits of the supplements with the 

physical and mental advantages of light exercise and 

mindfulness practices. By integrating these activities, 

this study can confidently attribute the observed results 

to a synergistic effect of the Cel System range and  

the lifestyle modifications. Our primary aim was to 

assess the impact of the Cel System nutraceutical range 

on epigenetic methylation patterns, inflammation, 

physical performance, body composition, and epigenetic 

biomarkers of aging. Additionally, this study investigated 

how the Cel System nutraceutical range influences 

immune cell subsets and other epigenetic biomarker 

proxies (EBPs).  

 

RESULTS 
 

Participant demographics  

 

This study explored the potential effects of Cel  

System supplement range on both the clinical health  

and epigenetic age acceleration of healthy patients 

under continuous supplementation for 12 months. The 

analyzed cohort consisted of 51 participants (26 males 

and 25 females) with chronological ages ranging  

from 54.34 to 84.00. The study design included the 

longitudinal analysis of DNA methylation levels from 

blood and sputum samples taken at baseline, 3 months, 

6 months, and 12 months to calculate epigenetic age. In 

tandem, clinical assessments were conducted to evaluate 

changes in inflammation, physical performance, and 

body composition markers across the same four distinct 

time points. The demographic information of the patients 

involved in the study are detailed in Table 1. 

 

Baseline ages of the study participants were observed to 

those in TruDiagnostic and Mass General Brigham’s 

Aging Biobank Cohorts (MGB-ABC) described in 

previous publications. We compared the Epigenetic Age 

Acceleration (EAA) metrics calculated using three  

top epigenetic clocks: OMICmAge, PCGrimAge, and 

SystemsAge. The analysis was conducted by merging 

both datasets to ensure a fair comparison, and the 

individuals from the MGB-ABC cohort were subset to 

the same chronological age range (54–84) as those in 

the SRW cohort. For OMICmAge acceleration, the 

SRW cohort exhibited a mean EAA of −2.30, while the 

MGB-ABC cohort had a mean EAA of +0.20. The t-test 

yielded a highly significant p-value of 4.1 × 10−9, 
indicating a substantial difference between the two 

groups. SystemsAge acceleration showed a dramatic 

contrast, with the SRW cohort having a mean EAA of 
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Table 1. General demographic information of participants. 

 
Sample size (N) 

Mean chronological age 
0 months 3 months 6 months 12 months 

Females 25 17 20 19 63.97 

Males  26 23 22 21 65.14 

 

−5.71 and the MGB-ABC cohort at +0.49. The t-test 

for this metric produced an extremely significant  

p-value of less than 2.2 × 10−16. In the case of 

PCGrimAge acceleration, the mean EAA for the  

SRW cohort was −0.29, compared to +0.02 for the 

MGB-ABC cohort. Although this difference appeared 

smaller, the p-value of 0.2121 suggests that it was  

not statistically significant. These findings clearly 

demonstrate that the SRW cohort exhibits lower EAA 

values across multiple metrics compared to the general 

population, underscoring its overall healthier status. 
 

Cel System supplement range improves muscle 

strength and body function 

 

This study assessed short-term and long-term physical 

performance outcomes associated with the Cel System 

supplement range. A significant increase following 

supplement intake in both grip strength (p = 0.0038, 

Figure 1A) and chair stand test scores (p = 1.7 × 10−7, 

Figure 1B) from baseline to 12 months was observed. 

Specifically, chair stand test scores improved at every 

time point, suggesting that the supplement may have  

an unvarying positive effect on lower body strength.  

By contrast, Touch Toes test performance worsened 

from the start till the end of the study (p = 0.036, Figure 

1C). These results may be suggestive of the positive 

impact of long-term supplementation of the Cel System 

supplement range on muscle strength and lower body 

function while also highlighting potential its negative 

effects on body flexibility and mobility.  

 

When comparing performance marker scores between 

adjacent time points (baseline to 3 months, 3 months to 

 

 
 

Figure 1. Boxplots displaying different performance marker scores of participants following supplementation. (A) Grip 

Strength Test. (B) Chair-Stand Test. (C) Touch-Toes Test. (D) Time Up and Go Test (TUGO). (E) One Leg Stand Test. The x-axis refers to the 
four time points (0 months, 3 months, 6 months, and 12 months) at which the measurements were taken. The boxes represent the physical 
performance score outcomes which fall into the 25th to 75th percentile while all outliers are plotted as individual dots. Both mean and 
median at each time point are displayed as a bold dot and a horizontal line inside the box. A Wilcoxon signed-rank test was used to 
compare scores between adjacent and non-adjacent time points. Any change with p-value <0.05 was considered significant.  
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6 months, and 6 months to 12 months), no abrupt 

changes were detected. An initial mean Time Up and 

Go test scores of 8.9 was recorded, which peaked at 

3 months (mean = 9.7; Figure 1D) and then gradually 

dropped between time points 3 and 6 months (p = 

0.028) as well as between 6 and 12 months (p = 0.032) 

to reach a final mean score of 9. This implies an 

increment during the first 3 months that is reduced until 

getting the same value as the beginning after 12 months. 

Throughout the study duration, the one leg stand test 

scores remained consistent (Figure 1E), showing no 

significant fluctuations or variations. This observed 

outcome insinuates that the supplement may not affect 

balance. 

 

Cel System supplement range has no effect on 

inflammation  

 

To investigate the impact of the Cel System supplement 

range on inflammation, variation trends in clinical 

measures of C-Reactive Protein (CRP) and Interleukin-6 

(IL-6) levels were analyzed. The paired comparisons 

between the start and end of study as well as all the 

adjacent intermediate time points were considered. 

Results reveal no drastic change in either CRP and  

IL-6 levels from baseline to 12 months (Figure 2). 

While clinical CRP levels significantly increased from 

baseline to 3 months post supplementation (p = 0.019; 

Figure 2A), this was followed by fluctuations in 

measures across the time points resulting in an overall 

non-significant decrease from 3 months till the end of 

the study at 12 months. Clinical IL-6 levels remained 

relatively constant throughout the duration of the study 

with little variations between the four different time 

points (Figure 2B). These findings suggest that the  

Cel System supplement range does not have a notable 

effect on systemic inflammation mediated by these two 

markers.  

 

The Cel System supplement range contributes to 

favorable changes in body composition metrics 

 

Body composition is an essential component  

in determining the physical health and wellness  

of individuals. In this study, the weight, waist 

circumference, and body mass index (BMI) were used as 

metrics to explore the influence of Cel supplementation 

on body composition (Figure 3). Overall, notable weight 

loss, BMI decrease, and waist circumference reduction 

were found when comparing measures from baseline  

to the ones after 12 months of supplement intake  

(p = 0.033, p = 0.038, and p = 0.0018, respectively). 

There were no drastic variations in any measure 

observed during the initial 6 months of the study  

period. However, a significant shrinkage in the waist 

circumference size between the 6-month time point 

(mean = 38.7 in) and the end of the study (mean = 36.8 

in) was observed. 

 

 
 

Figure 2. Boxplots detailing the levels of CRP and IL-6 immunological metrics following supplementation. (A) C-reactive 

protein (CRP) levels. (B) Interleukin-6 (IL-6) levels. The X-axis refers to the four different timepoints starting with 0 months as baseline, 
3 months, 6 months, and 12 months as the final measure. The central boxes each represents the interquartile range (IQR) where 50% of the 
data at that time point lie. The vertical whiskers extend to the minimum and maximum values within 1.5 times the IQR from the first and 
third quartiles respectively. All the individual data points outside this range are considered outliers. The bold dot inside the box depicts the 
mean while the horizontal line indicates the median. Paired comparisons using Wilcoxon Signed-Rank Test were performed between 
adjacent as well as non-adjacent time points and any p-value <0.05 was considered statistically significant. 
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Cel System supplement range influences epigenetic 

age  

 

In order to obtain better insight on how the Cel  

System supplement range affects age associated with 

molecular changes, the biological age of participants 

was calculated using multiple epigenetic biomarkers  

of aging at baseline, 3 months, 6 months, and 12 

months. The quantification of epigenetic age predictors 

was achieved through first generation clocks (the 

principal component -PC- based multi-tissue Horvath, 

skin and blood Horvath, Hannum, Stochastic clocks 

and Intrinclock), multiple second-generation clocks 

(PhenoAge, GrimAge, Retroclock, OMICmAge, 

Marioni cAge, and DNAmTL), the third-generation 

clock DunedinPACE, fitness epigenetic biomarkers, 

and three causal biomarkers of aging (CausAge, 

DamAge, and AdaptAge). To compare the metrics in 

different timepoints, the epigenetic age acceleration 

(EAA) was calculated by regressing out chronological 

age and technical batches. 

 

After 12 months of the Cel System supplement  

range consumption, significant changes in multiple 

biomarkers of aging (Table 2) were observed. Notably, 

the epigenetic ages calculated by the first generation 

 

 
 

Figure 3. Boxplots detailing body composition measurements between timepoints. (A) Body Index Mass (BMI) in kg/m2. (B) Waist 

circumference in inches. (C) Weight in pounds. The four different time points: 0 months, 3 months, 6 months, and 12 months are plotted on 
the X-axis. The boxes correspond to all measurements which fall within the 25 to 75% interquartile range. The means at each time point as 
well as the median are displayed as a point and horizontal line respectively inside the box. All individual points which extend beyond the 
upper and lower limits of the IQR box plot and vertical whiskers are outlier measurements. All paired comparisons between adjacent and 
non-adjacent timepoints with a p-value <0.5 were considered statistically significant. 
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Table 2. Statistical comparisons of epigenetic age acceleration (EAA) between baseline, 3 months, 6 months, 
and 12 months of different aging biomarkers. 

 

Mean P-value 

Baseline 
3 

months 

6 

months 

12 

months 

Baseline  

vs.  

3 months 

3 months  

vs.  

6 months 

3 months  

vs.  

12 months 

Baseline  

vs.  

6 months 

6 months  

vs.  

12 months 

Baseline  

vs.  

12 months 

PCHorvath pan tissue  0.6 −0.09 −0.36 −0.15 0.041* 0.5 0.85 0.00061* 0.41 0.048* 

PCHorvath skin and blood −1.23 0.44 0.52 −0.31 9.9 × 10−5* 0.6 0.11 7.7 × 10−5* 0.018* 0.045* 

PCHannum −0.45 0.27 0.31 −0.15 0.052 0.61 0.66 0.027* 0.28 0.8 

PCPhenoAge −0.07 −0.08 0.24 −0.21 0.75 0.48 0.92 0.44 0.26 0.96 

DunedinePACE 0.94 0.95 0.95 0.99 0.15 0.38 0.0054* 0.28 0.0036* 7.4 × 10−5* 

OMICmAge −0.34 0.58 0.31 0.17 0.013* 0.43 0.31 0.071 1 0.13 

PCGrimAge 0.02 0.35 0.37 −0.02 0.11 0.82 0.062 0.068 0.017* 0.62 

PCDNAmTL −9.0 × 10−4 7 × 10−4 0.0043 0.006 0.96 0.62 0.79 0.73 0.72 0.3 

CausAge −0.48 −0.38 0.55 −0.17 0.69 0.12 0.96 0.039* 0.22 0.61 

DamAge  2.46 −2.07 −1.13 −0.12 0.0029* 0.6 0.19 0.0014* 0.43 0.12 

AdaptAge −1.12 0.64 0.26 −0.2 0.17 0.95 0.75 0.41 0.69 0.54 

Retroclock v1 −0.43 −0.25 −0.24 −0.04 0.56 0.85 0.95 0.73 0.86 0.68 

Retroclock v2 −0.61 0.41 0.52 −0.02 0.011* 0.55 0.3 0.0022* 0.11 0.4 

Intrinclock 0.151 0.57 0.448 −1.247 0.35 0.65 0.017* 0.64 0.063 0.065 

DNAmFitAge −0.92 0.45 −0.23 −0.35 0.013* 0.42 0.18 0.24 0.99 0.44 

DNAmGait 0.01 −0.005 0.002 0.01 0.13 0.55 0.18 0.35 0.13 0.55 

DNAmGrip 1.43 1.25 1.23 0.68 0.51 0.48 0.06 0.56 0.14 0.019* 

DNAmVO2max 0.34 −0.14 0.32 0.08 0.098 0.24 0.37 0.77 0.72 0.41 

DNAmFEV1 0.04 0.01 0.02 0.02 0.0017* 0.24 0.3 0.071 0.92 0.47 

Marioni cAge −0.2 0.1 0.36 −0.02 0.5 0.44 0.75 0.19 0.34 0.64 

Stochastic Zhang 0.34 0.28 0.08 0.34 0.77 0.88 0.54 0.4 0.48 0.79 

Stochastic Horvath −0.04 0.69 0.02 0.52 0.31 0.28 0.9 0.93 0.48 0.72 

Stochastic PhenoAge  −1.02 0.34 2.09 0.02 0.034* 0.0128* 0.77 0.00015* 0.034* 0.44 

The first column reports the different epigenetic biomarkers of aging assessed. The next 4 columns refer to the EAA means of each clock at each time point 
(0 months, 3 months, 6 months, and 12 months). The final 5 columns are the p-values obtained from a Wilcoxon Signed Rank Test comparison between 
adjacent and non-adjacent timepoints. *represents significant changes. Predictors meeting a significance threshold of p < 0.05 are noted with by an asterisk. 

 
clock PC Horvath pan-tissue and the DNAmGrip 

biomarker decreased significantly at 12 months 

compared to baseline (p = 0.048, and p = 0.019, 

respectively). In contrast, PC Horvath skin and blood 

and third-generation clock DunedinPACE exhibited a 

increase at 12 months compared to baseline (p = 0.045 

and p = 7.4 × 10−5, respectively). While other various 

age metrics showed no overall significant changes 

between the start and end of the study, intermediate 

fluctuations in clock measures were found. Remarkably, 

OMICmAge, Retroclock (version 2) and DNAm Fitness 

Age all recorded significant accelerated aging at 

3 months relative to baseline (p = 0.013, p = 0.011, and 

p = 0.013, respectively). In line with the increment at 

3 months on DNAm Fitness Age, DNAm FEV1 was 

reduced during this period of time (p = 0.0017). 

Notably, significant reductions at 3 months and 6 months 

were observed compared to baseline in the DamAge 

measurements known to assess the aging process in 

relation cellular damage accumulation (p = 0.0029 and 

p = 0.0014, respectively). Epigenetic age measured by 

PC Hannum, PC GrimAge, CausAge, IntrinClock, and 

Stochastic PhenoAge initially increased and peaked  

at 6 months, after which it significantly dropped in  

the final 6 months. Other age metrics, including PC 

PhenoAge, DNAm telomere length, AdaptAge, version 

1 of Retroclock, DNAm Gait and VO2max, Marioni 

cAge, and Zhang and Horvath Stochastic biomarkers, 

remained unchanged following supplementation. 

 

Using the SystemsAge approach, the independent 

biological age changes of different organ systems 

following Cel System supplement range intake were 

investigated. Among all the systems, blood, brain, 

inflammation, hormone, immune, liver, metabolic, 

musculoskeletal, and the overall SystemsAge had a 

similar trend, where the maximum level was identified 

at 3 months and it was followed by a deceleration 
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Table 3. Statistical epigenetic age acceleration (EAA) comparisons of different organ systems between baseline, 
3 months, 6 months, and 12 months.  

 

Mean P-value 

Baseline 3 months 6 months 12 months 
Baseline vs.  

3 months 

3 months vs.  

6 months 

3 months vs.  

12 months 

Baseline vs.  

6 months 

6 months vs.  

12 months 

Baseline vs.  

12 months 

SystemsAge −0.72 0.08 0.07 −0.49 0.029* 0.73 0.23 0.071 0.012* 0.73 

Blood −0.99 0.47 0.1 −0.33 0.005* 0.64 0.59 0.0718 0.3 0.18 

Brain −1.12 0.66 0.66 −0.36 0.0012* 0.6 0.22 0.0069* 0.091 0.3 

Inflammation −0.46 0.69 0.08 −0.22 0.014* 0.3 0.25 0.3 0.4 0.57 

Heart −0.89 0.13 0.32 −0.48 0.0065* 0.57 0.15 0.011* 0.0044* 0.48 

Hormone −0.42 −0.01 −0.73 −0.21 0.12 0.036* 0.99 0.54 0.38 0.56 

Immune −0.27 0.4 0.04 −0.15 0.41 0.61 0.96 0.55 0.76 0.57 

Kidney −0.59 0.43 0.46 −0.09 0.041* 0.76 0.72 0.06 0.12 0.59 

Liver −1.48 0.73 0.56 −0.27 9.1 × 10−5* 0.98 0.26 0.0013* 0.06 0.034* 

Metabolic −0.91 0.81 0.11 −0.21 0.0028* 0.34 0.22 0.16 0.29 0.29 

Lung 0.56 −0.53 −0.37 −0.45 0.0073* 0.57 0.51 0.019* 0.32 0.0061* 

MusculoSkeletal −0.96 0.74 0.6 −0.23 0.00013* 0.61 0.12 8.2 × 10−5* 0.084 0.17 

The different systems assessed by the SystemsAge clock are outlined in the first column along with the marginal mean values at each of the four timepoints. 
A paired Wilcoxon-Signed Rank test was performed between both adjacent and nonadjacent timepoints and all resulting p-values were included in the final 
5 columns. P-values <0.05 were considered statistically significant. *represents significant changes. Predictors meeting a significance threshold of p < 0.05 are 
noted with by an asterisk. 

 

between 3 and 12 months (Table 3). Kidney and heart 

systems had a similar trend but the highest level was  

at 6 months. Oppositely, the lung system showed a 

reduction between baseline and 12 months (p = 0.0061) 

with no significant increments in the intermediate 

timepoints. 

 

The Cel System supplement range influences overall 

stem cell division rate  

 

The mitotic clock epiTOC2 was utilized to look into the 

impact of supplementation on the mitotic rate and 

overall proliferative activity of stem cells. Based on the 

total number of stem cell replication cycles (tnsc, Figure 

4A) estimated, results show a lower stem cell turnover 

rate at 12 months compared to baseline (p = 0.024). 

Specifically, the largest decrease in cumulative number 

of cell divisions was observed between 0 months and 3 

months (p = 0.00018). Similar trends were observed for 

the intrinsic stem cell division cycles (irS, Figure 4B), 

where a significant deceleration in intrinsic proliferation 

rate was also prominent following 12 months of 

supplementation (p = 0.027) and most significant 

between 3 months compared to baseline (p = 0.00016). 

 

The Cel System supplement range modulates 

immune cell levels  

 

Understanding the impact of continuous supplement 

intake on the immune system is essential in unraveling 

cellular and molecular relationships between specific 

dietary nutrients and aging processes associated with 

immunity. For this purpose, variations in 12 immune 

cell percentages were analyzed. CD4T naive cells, 

CD4T memory cells, CD8T naive cells, CD8T memory, 

B memory, B naive, T regulatory, basophil, natural 

killer, neutrophil, eosinophil, and monocyte whole 

blood levels were all quantified at each time point using 

the Epidish (2023) frame (Table 4). 

 

Results revealed noticeable changes in several immune 

cell subtype proportions. While B memory, CD4 T 

memory and T-regulatory cells insignificantly increased 

in the latter time points of the study, all 3 immune cell 

levels initially showed a striking decline between 

baseline and 3 months (p = 0.045, p = 0.00012, p = 

0.021, respectively). Eosinophils displayed a more 

gradual, yet significant increase in whole blood 

percentage after 12 months of supplementation (p = 

0.0012). This was also the case for CD8T cells, whose 

levels were categorized by a proportional reduction 

between the start and end of the study (p = 3.5 × 10−5). 

Other immune subset levels did not vary between 

baseline and 12 months. 

 

The Cel System supplement range affects Epigenetic 

Biomarker proxies and Marioni EpiSign scores for 

proteomic prediction  

 

In efforts to complement the above epigenetic age 

measures and provide a more comprehensive reflection 

of the physiological, proteomic, and molecular changes 

associated with the Cel System supplement range, 396 

previously developed DNAm-based epigenetic biomarker 

706



www.aging-us.com 9 AGING 

proxies (EBPs) were first calculated at all intermediate 

time points and compared means between baseline and 

12 months. Results showed significant changes in 2 

EBP predicted measures, deoxycholic acid glucuronide 

and Transthyretin (TTHY). However, in terms of 

directionality, these metabolic biomarkers followed 

opposite trends. While deoxycholic acid glucuronide, a 

bile acid byproduct related to liver function decreased 

following 12 months of supplementation, TTHY, a 

retinol and thyroid hormone transport protein, increased. 

All EBP mean values and start to end comparisons are 

detailed in Supplementary Table 1. 

 

 
 

Figure 4. Boxplot showing the estimated number stem cell divisions following supplementation. (A) Total number of stem cell 

division (tnsc). (B) Intrinsic tissue stem cell divisions (irS). The x-axis depicts 4 different time points: 0 months, 3 months, 6 months, and 12 
months. The boxes at each timepoint encompasses 50% of the estimated values. All outlier measures exceeding 1.5 times the interquartile 
range delimited by the vertical whiskers are displayed as individual points. The median and means are represented inside the boxes as a 
horizontal line and bold dot respectively. The stem cell division numbers between adjacent and nonadjacent time points were compared by 
a paired Wilcoxon Signed-Rank test and all p-values <0.05 were considered significant. 
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Table 4. Statistical comparisons of 12 immune cells at 0 months, 3 months, 6 months, and 12 months. 

 

Mean P-value 

Baseline 3 months 6 months 12 months 

Baseline  

vs.  

3 months 

3 months  

vs.  

6 months 

3 months 

vs.  

12 months 

Baseline  

vs.  

6 months 

6 months  

vs.  

12 months 

Baseline  

vs.  

12 months 

CD4T Naive 0.004 −0.001 0.001 0.003 0.18 0.86 0.62 0.1 0.77 0.37 

CD4T Memory 0.007 0.006 0.003 0.002 0.0029* 0.57 0.35 0.057 0.66 0.57 

CD8T Naive 0.001 3.0 × 10−4 7.0 × 10−5 2.0 × 10−4 0.00012* 0.017* 0.02* 1.4 × 10−4* 0.0054* 3.5 × 10−5* 

CD8T Memory −0.002 −0.002 −0.002 −0.004 0.61 0.86 0.36 1 0.54 0.49 

B Naive −0.0001 0.001 0.0003 0.001 0.22 0.41 0.89 0.96 0.92 0.37 

B Memory 0.002 −0.001 6.0 × 10−5 0.001 0.045* 0.48 0.44 0.12 0.33 0.25 

T-Regulatory 0.003 −0.003 −0.001 −0.001 0.021* 0.64 0.69 0.12 0.62 0.19 

Basophils −0.0003 0.0007 −1 × 10−5 1 × 10−5 0.11 0.45 0.82 0.8 0.72 0.6 

Natural Killer 0.0003 0.001 −0.0003 0.001 0.71 0.75 0.32 0.54 0.57 0.37 

Neutrophils −0.013 0.005 0.005 −0.003 0.71 0.8 0.92 0.25 0.51 0.75 

Monocytes 0.001 0.003 −0.0003 0.0004 0.4 0.47 0.44 0.72 0.8 0.82 

Eosinophils −0.0004 0.001 0.0001 0.0005 0.00018* 0.00056* 0.0013* 0.0069* 0.00066* 0.0012* 

The first four columns show the mean values of every immune cell subtype at each time point while the following columns contain the p-values of 
the paired-test performed between adjacent and nonadjacent time point measures. P-values <0.05 were considered statistically significant. 
*represents significant changes. Predictors meeting a significance threshold of p < 0.05 are noted with by an asterisk. 

 

Next, Marioni protein biomarker levels were analyzed to 

see how they differ between baseline and 12 months of 

the Cel System supplement range dietary enhancement 

(Supplementary Table 2). Among all the biomarkers 

assessed, 2 protein estimates with varying means were 

identified (Supplementary Table 2). The inflammatory 

chemokine CCL25, typically associated with intestinal 

epithelial cells, and the Hepatocyte Growth Factor 

Activator, involved in hepatic tissue regeneration and 

repair, both demonstrated noteworthy reductions. 

 

The Cel System supplement range impacts whole-

genome DNA methylation levels  

 

To assess the overall change in global DNA methylation 

patterns following Cel System supplementation,  

an epigenetic-wide association study (EWAS) was 

conducted and differentially methylated gene loci for all 

the CpG sites across the genome were identified. After 

adjusting for multiple confounding factors such as age, 

sex, cell type proportions, and other technical variables, 

a total of 1655 differentially methylated loci were found. 

Among these significant CpG sites, 674 loci were 

hypermethylated and 685 sites were hypomethylated 

when comparing baseline to 12 months (FDR <0.05). 

The Manhattan plot (Figure 5) reveals the unique genes 

these differentially methylated loci map to while Table 5 

details the top 20 differentiated CpG sites. 

 

To further identify functional implications in relation to 

biological processes, molecular functions and cellular 

components, an enrichment analysis was performed 

using the differentially methylated CpG sites. Based on 

the direction of methylation, the GREAT analysis results 

show that hypermethylated sites were mostly enriched 

for oxidative stress-induced premature senescence, 

pyrimidine deoxyribonucleotide metabolic process and 

hyaluronan biosynthetic process (Supplementary Figure 

1). As for related molecular functions, these CpG sites 

were highly associated with TRAIL binding hyaluronan 

synthase activity, and amide transmembrane transporter 

activity. By contrast, the enrichment of GO terms  

with the hypomethylated CpG loci highlighted the  

over-representation of neurotransmitter loading into 

synaptic vesicles, pore complex assembly, and collagen 

biosynthetic process (Supplementary Figure 2). Among 

the enriched molecular functions, protein phosphatase 

2A binding activity and the activation of transcription 

factor binding were identified. While the endoplasmic 

reticulum lumen and collagen trimer were enriched  

in hypermethylated loci, the DNA-directed RNA 

polymerase II, holoenzyme and nuclear DNA-directed 

RNA polymerase complex, among others were shown 

to be associated with the hypomethylated CpG sites. 

 

Methylation levels in genomic regions were compared 

between baseline and 12 months of supplementation. A 

total of 16 hypermethylated and 109 hypomethylated 

regions were identified with a Holm-adjusted FDR 

(HMFDR) <0.05. While only 10.4% of the differentially 

methylated regions are intergenic, 89.6% map back to 

overlapping or unique genes. Notably, genes implicated 

in various biological processes and cellular functions 

such as HAS3, SPRED2, CWC22, and SART1 have 

more than 9 significant CpG probes aligned to their 

locus. The top 20 genomic regions which exhibited the 
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most methylation change between baseline and 12 

months following the Cel System supplement range 

intake are represented in Table 6. 
 

DISCUSSION 
 

The integration of supplements into health management 

has received considerable attention due to their 

promising ability to influence various health metrics. 

The expanding body of evidence indicating that certain 

supplements may enhance cardiovascular health, 

cognitive function, and physical performance has 

further heightened this interest. Investigating the 

effects of supplements may reveal how they can 

enhance overall health by reducing biological aging, 

improving immune function, supporting optimal body 

composition, and addressing specific nutritional 

deficiencies. In this study, the Cel System supplement 

range showed significant effects on patients who  

took the supplement over a one-year period. In 

particular, supplementation resulted in improved 

muscle strength, body function, and body composition 

metrics, epigenetic changes related to biological age, 

impacted stem cell division rates, modulated immune 

cell levels, and significantly changed EBPs and Maroni 

biomarker proxies. 
 

Physiological function measures are clinically 

meaningful as they provide a comprehensive assessment 

of an individual’s physical capabilities and overall 

health, which are crucial for understanding the impacts 

of aging and evaluating interventions across studies. 

The improvements in grip strength and chair stand test 

scores observed when comparing physical performance 

measurements across the four-time points in this study 

are suggestive of the Cel System’s long-term benefit on 

muscle strength and lower body function. Numerous 

studies have investigated both the individual ingredients 

of this supplement and their combined effects, revealing 

their efficacy in promoting cognitive, physiological,  

and physical benefits. For instance, Nicotinamide 

mononucleotide (NMN) supplementation was previously 

linked to improvements in muscle function and  

physical performance metrics such as grip strength  

and endurance as it plays a crucial role in supporting 

mitochondrial energy production in muscles and other 

tissues [22, 47]. Likewise, Rutin and B12, both found  

in Cel System, have been found to enhance muscle 

strength, reduce muscle damage, and prevent weakness 

[48, 49]. Vitamin C’s involvement in collagen synthesis 

also hints at supporting musculoskeletal health [50]. 
 

Our results also highlight the positive influences of  

Cel System supplement range on body composition. 

Continuous supplement intake was marked by weight 

loss, BMI decrease and waist circumference reductions 

which may be an indicative of the underlying metabolic 

changes occurring as a result of the ingredients in the

 

 
 

Figure 5. Manhattan plot displaying the overall genomic distribution of unique genes associated with differentially 
methylated CpG sites. Individual dots represent different CpG sites with the x-axis denoting their color-coded chromosomal location. 

The y-axis indicates the negative logarithm (base 10) of the p-value. A False Discovery Rate (FDR) lower than 0.05 was considered as 
a significant threshold. 
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Table 5. Top 20 differentially methylated CpG sites following supplementation. 

CpG chr Position Gene symbol LogFC 
Average 

expression 
P-value 

Adjusted  
p-value 

cg05616135 chr20 57144849 APCDD1L-AS1 −0.2323 0.0400 2.92E-50 2.53E-44 

cg17341477 chr12 133246679 POLE 0.3845 0.9202 2.00E-48 8.64E-43 

cg09259694 chr2 65659878 SPRED2 −0.0733 0.0189 1.57E-47 4.53E-42 

cg18778932 chr2 180872150 CWC22 −0.2299 0.0415 2.01E-45 4.34E-40 

cg15558146 chr4 75859765 PARM1 −0.3259 0.0617 4.13E-42 7.15E-37 

cg18319687 chr5 179225515 MIR1229; MGAT4B 0.4906 0.8380 2.67E-40 3.85E-35 

cg09290506 chr12 58165961 METTL1; FAM119B −0.1110 0.0308 7.58E-40 9.36E-35 

cg26464006 chr10 1034338 GTPBP4 −0.0598 0.0147 3.24E-39 3.50E-34 

cg02514649 chr11 124633449 LOC101929340; ESAM 0.4581 0.8808 1.45E-38 1.40E-33 

cg14112041 chr9 91262358 LOC286238 0.3783 0.9110 2.71E-38 2.35E-33 

cg25325125 chr10 71217644 TSPAN15 0.2176 0.9230 4.25E-37 3.34E-32 

cg09213347 chr11 105948576 AASDHPPT; KBTBD3 −0.0415 0.0148 1.79E-33 1.29E-28 

cg04194852 chr15 63334506 TPM1 −0.0627 0.0182 7.08E-33 4.71E-28 

cg19963747 chr17 79633496 C17orf90; CCDC137 −0.0870 0.0294 5.62E-32 3.47E-27 

cg02344857 chr2 242448155 STK25 −0.1144 0.0372 1.39E-31 8.04E-27 

cg16467235 chr4 2964838 GRK4; NOP14 −0.0428 0.0145 2.41E-31 1.30E-26 

cg18160677 chr18 20939027 TMEM241 −0.1251 0.0397 6.68E-30 3.40E-25 

cg02690969 chr17 7590615 WRAP53; TP53 −0.0491 0.0248 1.34E-29 6.44E-25 

cg07317881 chr13 76123796 UCHL3; COMMD6 −0.0693 0.0257 1.54E-28 7.01E-24 

cg10269358 chr19 17728585 UNC13A 0.2123 0.9279 7.52E-28 3.25E-23 

Each CpG site is identified by its chromosomal location, base pair position, and associated gene symbol (when it is not an intergenic CpG 
site). The mean log fold change (LogFC) denotes the directionality and magnitude of the methylation change across the timepoint 4 (12 
months) compared to baseline, with negative values indicating hypomethylation and positive values indicating hypermethylation. This is 
followed by the mean expression levels of each CpG site across all four timepoints. The last two columns report both nominal p-values and 
the False Discovery Rate (FDR) adjusted p-values. 

 

Table 6. Top 20 DNA methylation regions significant differences between 12 months following supplementation 
and baseline. 

Chr Start position 
End 

position 
Width 

Number  

of CpG  
sites 

Overlapping genes 
Mean 

differential 

Min 

smoothed 
FDR 

HMFDR 

chr5 179224563 179226186 1624 12 MGAT4B, MIR1229 0.0378 1.24E-39 5.21E-19 

chr16 69140794 69141478 685 11 HAS3 −0.0063 1.73E-18 4.04E-12 

chr17 43972306 43973522 1217 10 MAPT, MAPT-AS1 −0.0134 1.26E-22 5.53E-12 

chr2 65659148 65660700 1553 12 SPRED2 −0.0151 2.12E-18 3.62E-11 

chr16 56965376 56966475 1100 12 HERPUD1 −0.0041 2.63E-17 4.52E-11 

chr22 19466331 19467326 996 15 CDC45, UFD1L −0.0059 5.39E-23 7.43E-11 

chr10 1033582 1035006 1425 15 GTPBP4, AL359878.1 −0.0049 1.28E-14 9.76E-11 

chr4 2964097 2965549 1453 15 GRK4, NOP14 −0.0105 4.96E-19 1.42E-10 

chr11 105947676 105949106 1431 23 AASDHPPT, KBTBD3 −0.0053 1.03E-16 1.47E-10 

chr4 75859212 75860346 1135 6 PARM1 −0.0858 8.28E-18 2.22E-10 

chr7 75795555 75796528 974 7  −0.0152 6.79E-16 1.02E-09 

chr3 15468722 15469386 665 12 EAF1, METTL6 −0.0113 9.94E-18 1.18E-09 

chr16 11438416 11439785 1370 13 RMI2, RP11-485G7.5 −0.0106 3.38E-14 2.33E-09 
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chr12 58165256 58166652 1397 16 METTL21B, METTL1 −0.0096 5.30E-15 3.78E-09 

chr2 180871638 180872164 527 14 CWC22 −0.0654 2.33E-30 5.67E-09 

chr11 65728931 65729635 705 9 SART1 −0.0053 4.52E-11 1.19E-08 

chr11 94822598 94823603 1006 6 ENDOD1 −0.0084 1.29E-18 1.44E-08 

chr14 100070556 100071437 882 9 RP11-543C4.1 −0.0118 1.26E-12 2.79E-08 

chr17 79633202 79633857 656 15 CCDC137, OXLD1 −0.0068 1.47E-09 3.64E-08 

chr15 63333846 63335016 1171 8 TPM1 −0.0080 3.75E-15 3.89E-08 

The regions are annotated by their chromosomal location (chr), their start and end base pair position, and the number of base pairs they 
span (width). The number of differentially methylated CpG sites with each region as well as the genes overlapping these regions (when 
applicable) are also detailed. All regions with a positive mean differential coefficient are hypermethylated regions while regions with 
negative mean differential coefficients are hypomethylated. The last two columns list the minimum smoothed false discovery rate (FDR), 
and the Holm-adjusted FDR (HMFDR) which was used to determine significance. 

 

Cel supplement. Specifically, Rutin has been proven to 

aid in weight management and lipid metabolism [51], 

while NMN, as a nicotinamide adenine dinucleotide 

(NAD+) precursor, has been implicated in regulating 

cellular energy metabolic pathways and enhancing 

insulin sensitivity [52, 53]. Astragaloside has also been 

studied for its potential to improve metabolic health 

[54–57]. 

 

While the study’s findings align with weight 

management, BMI regulation and muscle strength 

improvements associated with supplement intake, this 

study reports no significant enhancement in flexibility 

and neuromuscular activity. This nuanced outcome  

is noteworthy, particularly when considering that in 

addition to the supplement consumption, participants 

were encouraged to practice mindfulness for 5 minutes 

and walk for 10 minutes on a daily basis as part of the 

study’s protocol. As such, highlighting both the positive 

and negative elements of physiological testing could 

provide a compelling argument that the specificity of 

the observed effects is more likely attributable to the 

supplement range rather than the lifestyle modifications 

alone. The lack of improvement in flexibility and 

neuromuscular connectivity further implies that the 

specific enhancements in body composition and lower 

body muscle strength may be a direct effect of Cel 

supplementation in combination to the daily physical 

activity or mindfulness practices. 

 

Due to the antioxidant, anti-inflammatory, 

immunomodulatory, anti-carcinogenic, and biosynthetic 

properties of the ingredients found in Cel supplements, 

it becomes of considerable interest to investigate 

whether such metabolic composition also promotes 

biological health, and longevity through positive 

molecular alterations. Our results demonstrate a reversal 

of biological aging in some but not all DNAm based 

measures. The epigenetic age deceleration across 

diverse methodologies is surprising considering that 

most patients enrolled in this cohort were already much 

biologically younger than traditional biobank cohorts 

such as the MGB-ABC cohort used to create 

OMICmAge. 

 

The antioxidant properties of some ingredients such as 

astragaloside and Rutin may mitigate the oxidative 

stress and reduce apoptosis. This has been shown to be 

correlated to cells that are less prone to constant cell 

division and differentiation [58]. This could explain the 

lower stem cell turnover rates observed using the 

mitotic clock epiTOC2. In the context of our study 

where supplementation was paralleled with a decrease 

in B memory, CD4 T memory, T-regulatory, and CD8T 

cells, it is plausible that astragaloside and Rutin, along 

with other ingredients found in Cel system may also  

be acting collectively to regulate immune function, 

potentially reducing excessive immune activity and 

chronic inflammation [59, 60]. Zinc, Selenium, and 

vitamin B12 have all been proven to modulate 

inflammation and dampen immune responses, mirroring 

the alterations observed in immune cell proportions 

[61–63]. The maintenance of cellular integrity and 

homeostasis highly depends on a balanced immune 

response. All metabolic and proteomic biomarker 

changes following Cel system supplementation further 

underscore the ability of its active ingredients to target 

intricate molecular and cellular processes, pivotal for 

maintaining metabolic homeostasis and reducing the 

burden of age-related oxidative damage and chronic 

inflammation. Reductions in the chemokine CCl25 were 

noticed, which may be indicative of a healthier gut 

environment, less prone to intestinal and epithelial 

inflammation [64]. Similarly, the decrease in Hepatocyte 

Growth Factor Activator and deoxycholic acid (DCA) 

may be hinting at hepatic stress mitigation. Such notable 

reductions reflect potential improvements in overall 

intestinal and liver health following supplementation, 

decreasing the need for injury-alleviating metabolites 

that mediate protective mechanisms within these organs 

[65]. 

 

Furthermore, the identification of a substantial  

number of differentially methylated sites involved in 
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antioxidation, multiple fatty acid and protein 

biosynthesis and transport pathways, and other 

biological processes, molecular functions and cellular 

components mirror sizable shifts in the epigenetic 

profile of the participants. Although more analysis 

needs to be done to confirm whether such alterations 

point towards a more youthful epigenome, these 

changes in methylation could provide additional 

molecular evidence supporting the systemic impact of 

supplementation on longevity and delaying age-related 

biological processes.  

 

The methylation changes observed in our EWAS 

analysis provide mechanistic insights into how the Cel 

supplement may exert its beneficial effects. Notably, 

hypermethylated loci were enriched for pathways 

associated with oxidative stress-induced premature 

senescence and pyrimidine deoxyribonucleotide 

metabolic processes. These findings suggest that the Cel 

supplement might mitigate oxidative stress and suppress 

pro-senescent signaling, thereby protecting against 

cellular damage and promoting genomic stability. In 

contrast, hypomethylated loci were significantly enriched 

in pathways related to neurotransmitter loading into 

synaptic vesicles, pore complex assembly, and collagen 

biosynthesis. The enrichment of neurotransmitter 

loading pathways may indicate improved synaptic 

function and neuronal signaling, potentially contributing 

to enhanced neuroplasticity and cognitive resilience. 

Together, these epigenetic modifications point to a dual 

mechanism by which the Cel supplement could be 

promoting systemic health: by reducing oxidative stress 

and cellular senescence while concurrently enhancing 

neurophysiological function. This integrated modulation 

of key biological pathways not only supports the 

observed clinical and molecular benefits but also 

underscores the complex interplay between epigenetic 

regulation and aging processes. Furthermore, these 

findings align with established longevity pathways  

and suggest that Cel supplementation may contribute  

to sustained physiological function and extended 

healthspan. Future research should assess whether  

these benefits translate to longer-term reductions in  

age-related disease risk and mortality. 

 

It is important to note however that some data showed 

initial worsening during the first three to six months 

before positive results emerged. This pattern suggests a 

potential adaptation period where the body adjusts to 

the supplement regimen. Further research is needed to 

evaluate whether these benefits continue to accrue over 

time or if a cycling protocol might be more effective. 

This phenomenon has also been observed in senolytic 
interventions, which initially induce stress responses 

before yielding long-term benefits [66]. Understanding 

these dynamics could optimize the efficacy of the Cel 

System supplement range and provide more nuanced 

guidelines for their use, particularly in managing user 

compliance and ensuring sustained long-term benefits. 

 

The discrepancies observed among the epigenetic 

clocks likely reflect inherent differences in their design, 

tissue specificity, and the biological processes they 

capture, and they offer insight into the multifaceted 

impact of the Cel supplement. For example, the 

significant deceleration in epigenetic age measured by 

the PC Horvath pan-tissue clock and the DNAmGrip 

biomarker suggests that the Cel supplement may 

effectively mitigate some aspects of biological aging  

at a systemic level. In contrast, the modest increase  

seen with the PC Horvath skin and blood clock could 

indicate that certain tissues or cell types respond 

differently to supplementation, potentially reflecting 

localized stress or differing rates of cellular turnover. 

Second-generation clocks—such as OMICmAge, 

Retroclock (version 2), and DNAm Fitness Age—

exhibited an initial acceleration at 3 months, followed 

by stabilization or deceleration. This transient increase 

may represent an early adaptive response to the Cel 

supplement, wherein the body undergoes a period of 

molecular remodeling before settling into a more stable, 

rejuvenated state, as supported by the significant early 

reduction in DamAge, a marker of cellular damage 

accumulation. Meanwhile, the sustained increase in 

DunedinPACE, a third-generation clock that estimates 

the pace of aging, suggests that while certain aspects of 

aging may be temporarily heightened, the overall rate of 

aging could still be modulated by the supplement over a 

longer period. Furthermore, the SystemsAge analysis 

revealed differential organ-specific responses, with 

most systems (e.g., blood, brain, immune) showing an 

initial increase followed by a deceleration, whereas  

the lung system consistently demonstrated a reduction 

in epigenetic age. This pattern implies that the Cel 

supplement may confer distinct benefits depending on 

the tissue context—possibly enhancing lung function  

or resilience, while other tissues undergo a more 

complex remodeling process. Collectively, these results 

indicate that the Cel supplement exerts heterogeneous 

effects across different biological systems. The divergent 

responses observed among the epigenetic clocks 

underscore the complexity of the aging process and 

suggest that the supplement may improve overall 

systemic aging while eliciting tissue-specific adaptations. 

Future studies should focus on linking these clock-

specific changes to defined molecular pathways and 

clinical outcomes, thereby clarifying the mechanistic 

basis of the Cel supplement’s impact on biological aging. 

 
This study does acknowledge several limitations in  

this analysis. Our sample size of 51 compels future 

studies with larger cohorts to validate our observations, 
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especially because not all individuals followed through 

with the study until completion. Investigating multiple 

ingredients simultaneously complicates the interpretation 

of results due to potential interactions between the 

ingredients. This complexity can obscure the individual 

effects of each ingredient, making it challenging to 

isolate their specific contributions to the observed 

outcomes. For instance, a future randomized controlled 

trial could compare the full Cel supplement formulation 

to separate study arms based on individual key 

ingredients (e.g., NMN, Rutin, Astragaloside), or 

combinations of key ingredients to better understand the 

synergistic effects of the components. Most importantly 

however, the comparison of molecular and physiological 

outputs of these groups against a placebo could clarify 

whether the observed benefits stem from specific 

components and/or their synergistic interactions, relative 

to a placebo. 

 

Furthermore, the study’s design as a non-randomized 

trial without a placebo control group limits its internal 

validity and the strength of its causal inferences.  

This lack of control over placebo effects makes it 

challenging to distinguish the genuine effects of the 

intervention from physiological responses triggered  

by participants’ expectations. While the pilot nature  

of this study is primarily exploratory and designed  

to test the feasibility of the methodology rather than  

to produce definitive results, we recognize that the 

absence of a placebo or control group is a significant 

limitation. Future research should incorporate a well-

designed, double-blind, placebo-controlled randomized 

controlled trial (RCT) with an increased sample size 

and extended follow-up. Such a design would better 

control for confounding factors, address potential 

placebo effects, and enable a more rigorous evaluation 

of the Cel System supplement range’s efficacy. 

Moreover, participants were encouraged to engage  

in mindfulness and light physical activity, which 

introduces additional potential confounding factors. 

These lifestyle modifications may have contributed to 

the observed improvements, making it difficult to 

determine the extent to which the supplement alone is 

responsible for the outcomes. Thus, the lack of a 

lifestyle-only control group means that some of the 

beneficial outcomes may be partially attributable to  

the combined effects of the Cel supplement and the 

prescribed mindfulness and walking regimen. Future 

research should incorporate a well-designed, double-

blind, placebo-controlled randomized controlled trial 

(RCT) with an increased sample size and extended 

follow-up. Such a study design would help control  

for potential confounders, including placebo effects  
and lifestyle modifications, thereby enabling a more 

rigorous evaluation of the Cel System supplement 

range’s efficacy. The insights gained from this pilot 

study will be invaluable for refining the methodology 

and guiding the design of subsequent, larger-scale 

studies. 

 

Given the evidence that Cel enhances physical 

performance, optimizes body composition metrics, 

influences epigenetic age, affects overall stem cell 

division rates, and impacts EBPs and Maroni biomarker 

proteins, this study concludes that this supplement may 

effectively reduce biological age. This study confirms 

the capabilities of the Cel System supplement range 

through high significance in muscle strength and body 

function tests, body composition metrics, epigenetic 

clocks, and stem cell division rates between baseline 

and 12 months. Further studies should leverage these 

data to explore the mechanistic pathways underlying 

these effects. This research should aim to delineate the 

cellular processes by which Cel modulates these physical 

and physiological parameters. Detailed investigations 

should be conducted using advanced omics technologies, 

longitudinal studies, and randomized controlled trials to 

validate and expand upon these findings. By integrating 

proteomics, genomics, and metabolomics, future studies 

can elucidate the specific biological mechanisms and 

potential therapeutic applications of the Cel System 

supplement range. Additionally, studies should consider 

the dose-response relationship and long-term safety 

profile of the Cel System supplement range to fully 

establish its efficacy and potential as a novel 

intervention for reducing biological age and enhancing 

human healthspan. 

 

MATERIALS AND METHODS 
 

Study population  

 

This cohort consisted of 51 participants; 5 individuals 

had 1 sample, 2 individuals had 2 samples, 11 

individuals had 3 samples, and 33 individuals had 4 

samples (Table 1). 49% of participants were female. 

The mean chronological age of the cohort was 64.57. 

These individuals were recruited based on the following 

criteria: men and women of any ethnicity, minimum 55 

years old, female subjects must be post-menopausal, 

participants must be able to comply with treatment plan 

and laboratory tests, must be able to read, write, and 

speak English fluently, must have a smartphone and be 

able to download and use the App, must have an 

established primary care provider, and must be willing 

and able to consume study supplements throughout the 

duration of study period. 

 

DNA methylation assessment 

 

Whole blood was collected at baseline, 3 months,  

6 months, and 12 months for DNA methylation 
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preparation and analysis. Blood collected by the clinics 

was sent to TruDiagnostic labs in Lexington, KY,  

USA, for DNA extraction and methylation processing. 

Using the EZ DNA Methylation kit (Zymo Research), 

500 ng of DNA was bisulfite-converted following the 

manufacturer’s instructions. Bisulfite-converted DNA 

samples were randomly assigned to wells on the Infinium 

HumanMethylationEPIC BeadChip, and the subsequent 

steps included amplification, hybridization, staining, 

washing, and imaging with the Illumina iScan SQ 

instrument to acquire raw image intensities. Longitudinal 

DNA samples for each participant were assessed on  

the same array to mitigate batch effects. Raw image 

intensities were saved as IDATs for further processing. 

 

Collection of clinical inflammation measures 

 

Blood samples were collected simultaneously with the 

TruDiagnostic tests. Instead of using finger pricks, 

blood was drawn from the antecubital vein using a 

butterfly needle. A portion of the blood was then 

applied directly onto TruDiagnostic pads. Samples for 

IL-6 analysis were stored at −80°F until a batch of  

15 samples was collected. These frozen samples were 

then sent to Quest Labs for analysis. Blood samples for 

high-sensitivity C-reactive protein (hsCRP) were sent to 

Ulta Labs/Quest on the same day they were drawn for 

immediate analysis. 

 

Physical and body composition assessment 

 

Patients’ physical and body composition measurements 

were conducted consistently using standardized 

equipment and procedures to ensure accuracy and 

reliability. All measurements were performed by two 

trained medical assistants, ensuring consistency in the 

assessment process. 

 

Weight and body composition 

Patients were weighed using the InBody 970 scale, a 

multifrequency bioelectrical impedance analyzer known 

for its precision in body composition analysis. The 

InBody 970 provides detailed metrics including weight, 

body fat percentage, muscle mass, and other relevant 

parameters. 

 

Waist circumference 

Waist circumference was measured using a cloth tape 

measure placed at the top of the iliac crest. This 

anatomical landmark ensures that measurements are 

taken consistently at the same location across all 

patients. 

 
Grip strength 

Grip strength was assessed using a standardized 

dynamometer. The same two medical assistants 

conducted all grip strength tests to maintain consistency 

in technique and results. 

 

Timed Up and Go (TUG) test 

The Timed Up and Go (TUG) test was administered  

to evaluate patients’ functional mobility. This test 

measures the time taken for a patient to rise from a 

chair, walk three meters, turn around, walk back, and sit 

down. 

 

Statistical analyses and reproducibility 

 

Deriving estimates of epigenetic clocks and 

methylation-based metrics 

DNA methylation (DNAm) data were utilized to 

compute a range of measures collectively referred to as 

epigenetic clocks or aging biomarkers. These included 

three clocks designed to predict the chronological age  

of the donor: Horvath Pan Tissue [36], Horvath Skin 

and Blood [37], and Hannum [38]. Additionally, two 

clocks were employed aimed at predicting mortality: 

PhenoAge [40] and GrimAge [39]. Retroclock [67], 

OMICmAge [41], and a clock for measuring telomere 

length, DNAmTL [68] were also utilized. Furthermore, 

this study incorporated elastic net-based and BULP-

based Zhang clocks (Zhang-EN and Zhang-BULP)  

and three causal clocks (CausAge, DamAge, and 

AdaptAge) [69, 70]. To assess the rate of physiological 

integrity decline, the DundedinPACE clock was used 

[43]; and to measure chronological age independent  

of immune cells, the IntrinClock was used [71].  

In addition, stochastic epigenetic clocks, such as the 

PC-Hannum Stochastic and PC-PhenoAge Stochastic 

clocks, were used to evaluate stochastic aging, which 

reflects variability in aging rates due to accumulated 

epigenetic drift and cellular dysregulation [72]. 

 

To compute the principal component-based epigenetic 

clocks for the Horvath multi-tissue clock, Horvath  

Skin and Blood clock, Hannum clock, PhenoAge  

clock, GrimAge clock, and telomere length, a custom  

R script was employed available on GitHub 

(https://github.com/MorganLevineLab/PC-Clocks). Non-

principal component-based (non-PC) epigenetic metrics 

for Horvath, Hannum, and DNAmPhenoAge were 

calculated using the methyAge function in the ENmix  

R package. Retroclock, OMICmAge, Zhang-EN, 

Zhang-BULP, CausAge, DamAge, and AdaptAge were 

computed. The DunedinPACE clock, assessing the pace 

of aging, was calculated using the PACEProjector 

function from the DunedinPACE package on  

GitHub (https://github.com/danbelsky/DunedinPACE). 

The mitotic clocks were determined using the epiTOC2 
function from the meffonym package. The IntrinClock 

calculation was performed as previously described in 

literature. 
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Other non-epigenetic age metrics included the relative 

proportions of 12 immune cell subsets estimated via 

EpiDISH [73], 116 predictions of biochemical and 

lifestyle risk factors based on methylation using 

MethylDetectR [74], and 396 proxies of epigenetic 

biomarkers [41]. 

 

Statistical test for comparing metrics across time 

points 

To start the statistical comparison between each of the 

metrics in each time point, they were first adjusted for 

potential confounding factors and technical variability. 

The epigenetic age acceleration (EAA) metrics were 

calculated by regressing out the chronological and the 

array type. 

 

Statistical analyses for each EAA metric were 

performed using paired Wilcoxon-rank sum tests across 

individual timepoints. Both adjacent and non-adjacent 

time-point comparisons were taken into account. 

Statistical significance was set at a p-value below 0.05. 

For the analyses of Gen 1, 2, and 3 epigenetic clocks, no 

multiple testing correction was applied. This decision 

was made because these clocks are calculated from the 

same DNA methylation samples and are therefore not 

independent measures—a key assumption underlying 

conventional multiple testing corrections. Consequently, 

raw p-values are reported to allow for transparent 

interpretation of the results. 

 

Epigenome-wide association study 

The epigenome-wide association study (EWAS) was 

performed using the limma Bioconductor package. A 

differential mean analysis was performed between 

baseline and one-year post treatment to see whether 

the supplementation was associated with changes at 

specific loci. Based on the available covariates, the 

regression models were adjusted by sex, age, cell 

type proportions, and other technical variables. This 

study also set as random effect the participant ID. 

The model: 

 
 Ej αj βj yrCr εj= + + +  (1) 

 
was fitted where Ej denotes the methylation level vector 

across individuals at probe j (j = 1, . . . 866836), βj is 

the effect, Cr is the r adjusting covariate and its effect 

γr, and εj is the noise that follows the distribution of 

methylation levels with mean 0. 

 
Adjusted P-values were calculated using FDR correction 

for considering multiple comparisons. The inflation  
or deflation of P-values across the methylome was 

assessed with Q-Q plots and lambda values. Significant 

probes were selected as those with FDR lower than  

0.05 after correcting for multiple comparisons. GREAT 

was used to understand the functional relevance of the 

differentially methylated loci (DML). The GREAT 

software will compare genomic features against the 

genes of interest in order to run Gene Ontology (GO) 

analysis. This software looks at the number of DMLs 

which overlap to the promoter and enhancer regions to 

run a binomial enrichment analysis of identifying 

overrepresented/enriched GO terms. 

 

Differentially methylation region analysis 

To evaluate the global changes on DNA methylation  

in regions instead of specific loci, the DMRcate  

package was used. The model was adjusted by the same 

covariates as the EWAS analysis: age, sex, cell type 

proportions, and other technical variables. Again, the 

DNA methylations were compared at baseline and at 12 

months after the supplementation. Significant regions 

were considered by an adjusted p-value below 0.05. 

 

Data availability 

 

The data supporting the findings of this study are 

available upon request. 

 

AUTHOR CONTRIBUTIONS 
 

RG and VBD analyzed the data; RG, NCG, SPT, and 

VBD drafted the original manuscript; GM and SW 

recruited patients, extracted blood, and collected clinical 

measures; TLM generated methylation data; GM, SW, 

and RS designed the patient and clinical recruitment  

of the study; NCG and VBD designed the statistical 

analysis of the data; all authors proofed and edited the 

manuscript prior to submission. 

 

CONFLICTS OF INTEREST 
 

VBD, RD, NCG, SPT, TLM, and RS are employees of 

TruDiagnostic. GM is an employee of SRW. 

 

ETHICAL STATEMENT AND CONSENT 
 

This research was conducted in accordance with the 

ethical standards of the relevant institutional and/or 

national research committee(s) and with the Helsinki 

Declaration of 1975, as revised in 2013. The study 

involving human participants was reviewed and approved 

by the Institute for Regenerative and Cellular Medicine 

(Approval Number IRCM-2022-336). The participants 

provided informed consent to participate in this study. 

 

FUNDING 
 

SRW has provided funding for data analysis and IRB 

funding. Regenerative Wellness provided all other costs 

associated with testing and patient recruitment. 

715



www.aging-us.com 18 AGING 

REFERENCES 
 
1. Yang JH, Petty CA, Dixon-McDougall T, Lopez MV, 

Tyshkovskiy A, Maybury-Lewis S, Tian X, Ibrahim N, 
Chen Z, Griffin PT, Arnold M, Li J, Martinez OA, 
et al. Chemically induced reprogramming to 
reverse cellular aging. Aging (Albany NY). 2023; 
15:5966–89. 
https://doi.org/10.18632/aging.204896 
PMID:37437248 

2. Chaib S, Tchkonia T, Kirkland JL. Cellular senescence 
and senolytics: the path to the clinic. Nat Med. 2022; 
28:1556–68. 
https://doi.org/10.1038/s41591-022-01923-y 
PMID:35953721 

3. Keller A, Temple T, Sayanjali B, Mihaylova MM. 
Metabolic Regulation of Stem Cells in Aging. Curr 
Stem Cell Rep. 2021; 7:72–84. 
https://doi.org/10.1007/s40778-021-00186-6 
PMID:35251892 

4. Choi YJ. Shedding Light on the Effects of Calorie 
Restriction and its Mimetics on Skin Biology. 
Nutrients. 2020; 12:1529. 
https://doi.org/10.3390/nu12051529 
PMID:32456324 

5. Ros M, Carrascosa JM. Current nutritional and 
pharmacological anti-aging interventions. Biochim 
Biophys Acta Mol Basis Dis. 2020; 1866:165612. 
https://doi.org/10.1016/j.bbadis.2019.165612 
PMID:31816437 

6. Donati Zeppa S, Agostini D, Ferrini F, Gervasi M, 
Barbieri E, Bartolacci A, Piccoli G, Saltarelli R, Sestili P, 
Stocchi V. Interventions on Gut Microbiota for 
Healthy Aging. Cells. 2022; 12:34. 
https://doi.org/10.3390/cells12010034 
PMID:36611827 

7. Duan R, Fu Q, Sun Y, Li Q. Epigenetic clock: A 
promising biomarker and practical tool in aging. 
Ageing Res Rev. 2022; 81:101743. 
https://doi.org/10.1016/j.arr.2022.101743 
PMID:36206857 

8. Dietary Supplements Market Size And Share Report, 
2030. https://www.grandviewresearch.com/industry-
analysis/dietary-supplements-market-report. 

9. Palmer RD. The intervention on aging system: A 
classification model, the requirement for five novel 
categories. Aging Med (Milton). 2022; 5:68–72. 
https://doi.org/10.1002/agm2.12193 
PMID:35309156 

10. Ingredients | Hobamine. SRW. 2024. 
https://scienceresearchwellness.com/pages/hobamine 

11.  Ingredients | Astragaloside. SRW. 2024. 
https://scienceresearchwellness.com/pages/astragal
oside 

12.  Ingredients | Rutin. SRW. 2024. 
https://scienceresearchwellness.com/pages/rutin 

13. Mumtaz S, Ali S, Tahir HM, Kazmi SAR, Shakir HA, 
Mughal TA, Mumtaz S, Summer M, Farooq MA. Aging 
and its treatment with vitamin C: a comprehensive 
mechanistic review. Mol Biol Rep. 2021; 48:8141–53. 
https://doi.org/10.1007/s11033-021-06781-4 
PMID:34655018 

14. Reynolds EH. Folic acid, ageing, depression, and 
dementia. BMJ. 2002; 324:1512–5. 
https://doi.org/10.1136/bmj.324.7352.1512 
PMID:12077044 

15. Bjørklund G, Shanaida M, Lysiuk R, Antonyak H, Klishch I, 
Shanaida V, Peana M. Selenium: An Antioxidant with a 
Critical Role in Anti-Aging. Molecules. 2022; 27:6613. 
https://doi.org/10.3390/molecules27196613 
PMID:36235150 

16. Bao B, Ahmad A, Azmi A, Li Y, Prasad A, Sarkar FH. 
Chapter 2 - The Biological Significance of Zinc in 
Inflammation and Aging. In: Rahman I, Bagchi D, 
editors. Inflammation, Advancing Age and Nutrition. 
San Diego: Academic Press; 2014. 15–27. 
https://www.sciencedirect.com/science/article/pii/B
9780123978035000022  

17. Lee SG, Ham S, Lee J, Jang Y, Suk J, Lee YI, Lee JH. 
Evaluation of the anti-aging effects of Zinc-α2-
glycoprotein peptide in clinical and in vitro study. Skin 
Res Technol. 2024; 30:e13609. 
https://doi.org/10.1111/srt.13609 
PMID:38419415 

18. Tucker LA. Serum and Dietary Folate and Vitamin B12 
Levels Account for Differences in Cellular Aging: 
Evidence Based on Telomere Findings in 5581 U.S. 
Adults. Oxid Med Cell Longev. 2019; 2019:4358717. 
https://doi.org/10.1155/2019/4358717 
PMID:31687079 

19. Sae-Lee C, Corsi S, Barrow TM, Kuhnle GGC, Bollati V, 
Mathers JC, Byun HM. Dietary Intervention Modifies 
DNA Methylation Age Assessed by the Epigenetic 
Clock. Mol Nutr Food Res. 2018; 62:e1800092. 
https://doi.org/10.1002/mnfr.201800092 
PMID:30350398 

20. Noronha NY, Barato M, Sae-Lee C, Pinhel MAS, 
Watanabe LM, Pereira VAB, Rodrigues GDS, Morais 
DA, de Sousa WT Jr, Souza VCO, Plaça JR, Salgado W 
Jr, Barbosa F Jr, et al. Novel Zinc-Related Differentially 
Methylated Regions in Leukocytes of Women With 
and Without Obesity. Front Nutr. 2022; 9:785281. 

716

https://doi.org/10.18632/aging.204896
https://pubmed.ncbi.nlm.nih.gov/37437248/
https://doi.org/10.1038/s41591-022-01923-y
https://pubmed.ncbi.nlm.nih.gov/35953721/
https://doi.org/10.1007/s40778-021-00186-6
https://pubmed.ncbi.nlm.nih.gov/35251892/
https://doi.org/10.3390/nu12051529
https://pubmed.ncbi.nlm.nih.gov/32456324/
https://doi.org/10.1016/j.bbadis.2019.165612
https://pubmed.ncbi.nlm.nih.gov/31816437/
https://doi.org/10.3390/cells12010034
https://pubmed.ncbi.nlm.nih.gov/36611827/
https://doi.org/10.1016/j.arr.2022.101743
https://pubmed.ncbi.nlm.nih.gov/36206857/
https://www.grandviewresearch.com/industry-analysis/dietary-supplements-market-report
https://www.grandviewresearch.com/industry-analysis/dietary-supplements-market-report
https://doi.org/10.1002/agm2.12193
https://pubmed.ncbi.nlm.nih.gov/35309156/
https://scienceresearchwellness.com/pages/hobamine
https://scienceresearchwellness.com/pages/astragaloside
https://scienceresearchwellness.com/pages/astragaloside
https://scienceresearchwellness.com/pages/rutin
https://doi.org/10.1007/s11033-021-06781-4
https://pubmed.ncbi.nlm.nih.gov/34655018/
https://doi.org/10.1136/bmj.324.7352.1512
https://pubmed.ncbi.nlm.nih.gov/12077044/
https://doi.org/10.3390/molecules27196613
https://pubmed.ncbi.nlm.nih.gov/36235150/
https://www.sciencedirect.com/science/article/pii/B9780123978035000022
https://www.sciencedirect.com/science/article/pii/B9780123978035000022
https://doi.org/10.1111/srt.13609
https://pubmed.ncbi.nlm.nih.gov/38419415/
https://doi.org/10.1155/2019/4358717
https://pubmed.ncbi.nlm.nih.gov/31687079/
https://doi.org/10.1002/mnfr.201800092
https://pubmed.ncbi.nlm.nih.gov/30350398/


www.aging-us.com 19 AGING 

https://doi.org/10.3389/fnut.2022.785281 
PMID:35369101 

21. Watanabe LM, Pereira VAB, Noronha NY, de Souza 
Pinhel MA, Wolf LS, de Oliveira CC, Plaça JR, Noma 
IHY, da Silva Rodrigues G, de Souza VCO, Júnior FB, 
Nonino CB. The influence of serum selenium in 
differential epigenetic and transcriptional regulation 
of CPT1B gene in women with obesity. J Trace Elem 
Med Biol. 2024; 83:127376. 
https://doi.org/10.1016/j.jtemb.2023.127376 
PMID:38183920 

22. Shade C. The Science Behind NMN-A Stable, Reliable 
NAD+Activator and Anti-Aging Molecule. Integr Med 
(Encinitas). 2020; 19:12–4. 
PMID:32549859 

23. Harandi-Zadeh S, Boycott C, Beetch M, Yang T, Martin 
BJE, Ren K, Kwasniak A, Dupuis JH, Lubecka K, Yada RY, 
Howe LJ, Stefanska B. Pterostilbene Changes Epigenetic 
Marks at Enhancer Regions of Oncogenes in Breast 
Cancer Cells. Antioxidants (Basel). 2021; 10:1232. 
https://doi.org/10.3390/antiox10081232 
PMID:34439480 

24. Kim SH, Kim H. Inhibitory Effect of Astaxanthin on 
Oxidative Stress-Induced Mitochondrial Dysfunction-
A Mini-Review. Nutrients. 2018; 10:1137. 
https://doi.org/10.3390/nu10091137 
PMID:30134611 

25. Jukić I, Kolobarić N, Stupin A, Matić A, Kozina N, 
Mihaljević Z, Mihalj M, Šušnjara P, Stupin M, Ćurić ŽB, 
Selthofer-Relatić K, Kibel A, Lukinac A, et al. 
Carnosine, Small but Mighty-Prospect of Use as 
Functional Ingredient for Functional Food 
Formulation. Antioxidants (Basel). 2021; 10:1037. 
https://doi.org/10.3390/antiox10071037 
PMID:34203479 

26. Aranow C. Vitamin D and the immune system. 
J Investig Med. 2011; 59:881–6. 
https://doi.org/10.2310/JIM.0b013e31821b8755 
PMID:21527855 

27. Suwannasom N, Kao I, Pruß A, Georgieva R, Bäumler 
H. Riboflavin: The Health Benefits of a Forgotten 
Natural Vitamin. Int J Mol Sci. 2020; 21:950. 
https://doi.org/10.3390/ijms21030950 
PMID:32023913 

28. Yoon JH, Kim MY, Cho JY. Apigenin: A Therapeutic 
Agent for Treatment of Skin Inflammatory Diseases 
and Cancer. Int J Mol Sci. 2023; 24:1498. 
https://doi.org/10.3390/ijms24021498 
PMID:36675015 

29. Maher P. How fisetin reduces the impact of age and 
disease on CNS function. Front Biosci (Schol Ed). 
2015; 7:58–82. 

https://doi.org/10.2741/S425 
PMID:25961687 

30. Devi A, Jain S, Singhal D, Ghosh A, Kumar V, Dwibedi 
V, George N, Khan Z. Multiple Ligand Simultaneous 
Docking Analysis of Epigallocatechin-O-Gallate (Green 
Tea) and Withaferin A (Ashwagandha) Effects on Skin-
Aging Related Enzymes. Indian J Pharm Sci. 2023; 
85:1545–67. 
https://doi.org/10.36468/pharmaceutical-sciences.1171  

31. Nediani C, Ruzzolini J, Romani A, Calorini L. 
Oleuropein, a Bioactive Compound from Olea 
europaea L., as a Potential Preventive and 
Therapeutic Agent in Non-Communicable Diseases. 
Antioxidants (Basel). 2019; 8:578. 
https://doi.org/10.3390/antiox8120578 
PMID:31766676 

32. Och A, Och M, Nowak R, Podgórska D, Podgórski R. 
Berberine, a Herbal Metabolite in the Metabolic 
Syndrome: The Risk Factors, Course, and Consequences 
of the Disease. Molecules. 2022; 27:1351. 
https://doi.org/10.3390/molecules27041351 
PMID:35209140 

33. Dos Santos SM, Romeiro CFR, Rodrigues CA, Cerqueira 
ARL, Monteiro MC. Mitochondrial Dysfunction and 
Alpha-Lipoic Acid: Beneficial or Harmful in Alzheimer's 
Disease? Oxid Med Cell Longev. 2019; 2019:8409329. 
https://doi.org/10.1155/2019/8409329 
PMID:31885820 

34. López-Otín C, Blasco MA, Partridge L, Serrano M, 
Kroemer G. Hallmarks of aging: An expanding 
universe. Cell. 2023; 186:243–78. 
https://doi.org/10.1016/j.cell.2022.11.001 
PMID:36599349 

35. Ecker S, Beck S. The epigenetic clock: a molecular 
crystal ball for human aging? Aging (Albany NY). 2019; 
11:833–5. 
https://doi.org/10.18632/aging.101712 
PMID:30669120 

36. Horvath S. DNA methylation age of human tissues 
and cell types. Genome Biol. 2013; 14:R115. 
https://doi.org/10.1186/gb-2013-14-10-r115 
PMID:24138928 

37. Horvath S, Oshima J, Martin GM, Lu AT, Quach A, 
Cohen H, Felton S, Matsuyama M, Lowe D, Kabacik S, 
Wilson JG, Reiner AP, Maierhofer A, et al. Epigenetic 
clock for skin and blood cells applied to Hutchinson 
Gilford Progeria Syndrome and ex vivo studies. Aging 
(Albany NY). 2018; 10:1758–75. 
https://doi.org/10.18632/aging.101508 
PMID:30048243 

38. Hannum G, Guinney J, Zhao L, Zhang L, Hughes G, 
Sadda S, Klotzle B, Bibikova M, Fan JB, Gao Y, 

717

https://doi.org/10.3389/fnut.2022.785281
https://pubmed.ncbi.nlm.nih.gov/35369101/
https://doi.org/10.1016/j.jtemb.2023.127376
https://pubmed.ncbi.nlm.nih.gov/38183920/
https://pubmed.ncbi.nlm.nih.gov/32549859/
https://doi.org/10.3390/antiox10081232
https://pubmed.ncbi.nlm.nih.gov/34439480/
https://doi.org/10.3390/nu10091137
https://pubmed.ncbi.nlm.nih.gov/30134611/
https://doi.org/10.3390/antiox10071037
https://pubmed.ncbi.nlm.nih.gov/34203479/
https://doi.org/10.2310/JIM.0b013e31821b8755
https://pubmed.ncbi.nlm.nih.gov/21527855/
https://doi.org/10.3390/ijms21030950
https://pubmed.ncbi.nlm.nih.gov/32023913/
https://doi.org/10.3390/ijms24021498
https://pubmed.ncbi.nlm.nih.gov/36675015/
https://doi.org/10.2741/S425
https://pubmed.ncbi.nlm.nih.gov/25961687/
https://doi.org/10.36468/pharmaceutical-sciences.1171
https://doi.org/10.3390/antiox8120578
https://pubmed.ncbi.nlm.nih.gov/31766676/
https://doi.org/10.3390/molecules27041351
https://pubmed.ncbi.nlm.nih.gov/35209140/
https://doi.org/10.1155/2019/8409329
https://pubmed.ncbi.nlm.nih.gov/31885820/
https://doi.org/10.1016/j.cell.2022.11.001
https://pubmed.ncbi.nlm.nih.gov/36599349/
https://doi.org/10.18632/aging.101712
https://pubmed.ncbi.nlm.nih.gov/30669120/
https://doi.org/10.1186/gb-2013-14-10-r115
https://pubmed.ncbi.nlm.nih.gov/24138928/
https://doi.org/10.18632/aging.101508
https://pubmed.ncbi.nlm.nih.gov/30048243/


www.aging-us.com 20 AGING 

Deconde R, Chen M, Rajapakse I, et al. Genome-wide 
methylation profiles reveal quantitative views of 
human aging rates. Mol Cell. 2013; 49:359–67. 
https://doi.org/10.1016/j.molcel.2012.10.016 
PMID:23177740 

39. Lu AT, Quach A, Wilson JG, Reiner AP, Aviv A, Raj K, 
Hou L, Baccarelli AA, Li Y, Stewart JD, Whitsel EA, 
Assimes TL, Ferrucci L, Horvath S. DNA methylation 
GrimAge strongly predicts lifespan and healthspan. 
Aging (Albany NY). 2019; 11:303–27. 
https://doi.org/10.18632/aging.101684 
PMID:30669119 

40. 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, et al. An epigenetic 
biomarker of aging for lifespan and healthspan. Aging 
(Albany NY). 2018; 10:573–91. 
https://doi.org/10.18632/aging.101414 
PMID:29676998 

41. 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, et al. 
OMICmAge: An integrative multi-omics approach to 
quantify biological age with electronic medical 
records. bioRxiv. 2023; 2023.10.16.562114. 
https://doi.org/10.1101/2023.10.16.562114 

42. Dwaraka VB, Aronica L, Carreras-Gallo N, Robinson JL, 
Hennings T, Lin A, Turner L, Smith R, Mendez TL, 
Went H, Ebel ER, Carter MM, Sonnenburg ED, et al. 
Unveiling the Epigenetic Impact of Vegan vs. 
Omnivorous Diets on Aging: Insights from the Twins 
Nutrition Study (TwiNS). BMC Medicine. 2023. 
https://doi.org/10.1186/s12916-024-03513-w 

43. 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, et al. 
DunedinPACE, a DNA methylation biomarker of the 
pace of aging. Elife. 2022; 11:e73420. 
https://doi.org/10.7554/eLife.73420 
PMID:35029144 

44. McGee KC, Sullivan J, Hazeldine J, Schmunk LJ, 
Martin-Herranz DE, Jackson T, Lord JM. A 
combination nutritional supplement reduces DNA 
methylation age only in older adults with a raised 
epigenetic age. Geroscience. 2024; 46:4333–47. 
https://doi.org/10.1007/s11357-024-01138-8 
PMID:38528176 

45. Vetter VM, Sommerer Y, Kalies CH, Spira D, Bertram 
L, Demuth I. Vitamin D supplementation is associated 
with slower epigenetic aging. Geroscience. 2022; 
44:1847–59. 
https://doi.org/10.1007/s11357-022-00581-9 
PMID:35562603 

46. Quach A, Levine ME, Tanaka T, Lu AT, Chen BH, 
Ferrucci L, Ritz B, Bandinelli S, Neuhouser ML, Beasley 
JM, Snetselaar L, Wallace RB, Tsao PS, et al. Epigenetic 
clock analysis of diet, exercise, education, and lifestyle 
factors. Aging (Albany NY). 2017; 9:419–46. 
https://doi.org/10.18632/aging.101168 
PMID:28198702 

47. Yi L, Maier AB, Tao R, Lin Z, Vaidya A, Pendse S, 
Thasma S, Andhalkar N, Avhad G, Kumbhar V. The 
efficacy and safety of β-nicotinamide mononucleotide 
(NMN) supplementation in healthy middle-aged 
adults: a randomized, multicenter, double-blind, 
placebo-controlled, parallel-group, dose-dependent 
clinical trial. Geroscience. 2023; 45:29–43. 
https://doi.org/10.1007/s11357-022-00705-1 
PMID:36482258 

48. Chae SA, Kim HS, Lee JH, Yun DH, Chon J, Yoo MC, Yun 
Y, Yoo SD, Kim DH, Lee SA, Chung SJ, Soh Y, Won CW. 
Impact of Vitamin B12 Insufficiency on Sarcopenia in 
Community-Dwelling Older Korean Adults. Int J 
Environ Res Public Health. 2021; 18:12433. 
https://doi.org/10.3390/ijerph182312433 
PMID:34886159 

49. Hah YS, Lee WK, Lee SJ, Lee SY, Seo JH, Kim EJ, Choe 
YI, Kim SG, Yoo JI. Rutin Prevents Dexamethasone-
Induced Muscle Loss in C2C12 Myotube and Mouse 
Model by Controlling FOXO3-Dependent Signaling. 
Antioxidants (Basel). 2023; 12:639. 
https://doi.org/10.3390/antiox12030639 
PMID:36978887 

50. DePhillipo NN, Aman ZS, Kennedy MI, Begley JP, 
Moatshe G, LaPrade RF. Efficacy of Vitamin C 
Supplementation on Collagen Synthesis and Oxidative 
Stress After Musculoskeletal Injuries: A Systematic 
Review. Orthop J Sports Med. 2018; 
6:2325967118804544. 
https://doi.org/10.1177/2325967118804544 
PMID:30386805 

51. Cai C, Cheng W, Shi T, Liao Y, Zhou M, Liao Z. Rutin 
alleviates colon lesions and regulates gut microbiota 
in diabetic mice. Sci Rep. 2023; 13:4897. 
https://doi.org/10.1038/s41598-023-31647-z 
PMID:36966186 

52. Hong W, Mo F, Zhang Z, Huang M, Wei X. 
Nicotinamide Mononucleotide: A Promising Molecule 
for Therapy of Diverse Diseases by Targeting NAD+ 
Metabolism. Front Cell Dev Biol. 2020; 8:246. 
https://doi.org/10.3389/fcell.2020.00246 
PMID:32411700 

53. Roos J, Zinngrebe J, Fischer-Posovszky P. 
Nicotinamide mononucleotide: a potential effective 
natural compound against insulin resistance. Signal 
Transduct Target Ther. 2021; 6:310. 

718

https://doi.org/10.1016/j.molcel.2012.10.016
https://pubmed.ncbi.nlm.nih.gov/23177740/
https://doi.org/10.18632/aging.101684
https://pubmed.ncbi.nlm.nih.gov/30669119/
https://doi.org/10.18632/aging.101414
https://pubmed.ncbi.nlm.nih.gov/29676998/
https://doi.org/10.1101/2023.10.16.562114
https://doi.org/10.1186/s12916-024-03513-w
https://doi.org/10.7554/eLife.73420
https://pubmed.ncbi.nlm.nih.gov/35029144/
https://doi.org/10.1007/s11357-024-01138-8
https://pubmed.ncbi.nlm.nih.gov/38528176/
https://doi.org/10.1007/s11357-022-00581-9
https://pubmed.ncbi.nlm.nih.gov/35562603/
https://doi.org/10.18632/aging.101168
https://pubmed.ncbi.nlm.nih.gov/28198702/
https://doi.org/10.1007/s11357-022-00705-1
https://pubmed.ncbi.nlm.nih.gov/36482258/
https://doi.org/10.3390/ijerph182312433
https://pubmed.ncbi.nlm.nih.gov/34886159/
https://doi.org/10.3390/antiox12030639
https://pubmed.ncbi.nlm.nih.gov/36978887/
https://doi.org/10.1177/2325967118804544
https://pubmed.ncbi.nlm.nih.gov/30386805/
https://doi.org/10.1038/s41598-023-31647-z
https://pubmed.ncbi.nlm.nih.gov/36966186/
https://doi.org/10.3389/fcell.2020.00246
https://pubmed.ncbi.nlm.nih.gov/32411700/


www.aging-us.com 21 AGING 

https://doi.org/10.1038/s41392-021-00723-z 
PMID:34413285 

54. Liu P, Peng QH, Tong P, Li WJ. Astragalus 
polysaccharides suppresses high glucose-induced 
metabolic memory in retinal pigment epithelial cells 
through inhibiting mitochondrial dysfunction-induced 
apoptosis by regulating miR-195. Mol Med. 2019; 
25:21. 
https://doi.org/10.1186/s10020-019-0088-z 
PMID:31117931 

55. Zhai Y, Zhou W, Yan X, Qiao Y, Guan L, Zhang Z, Liu H, 
Jiang J, Liu J, Peng L. Astragaloside IV ameliorates 
diet-induced hepatic steatosis in obese mice by 
inhibiting intestinal FXR via intestinal flora 
remodeling. Phytomedicine. 2022; 107:154444. 
https://doi.org/10.1016/j.phymed.2022.154444 
PMID:36155217 

56. Guo LH, Cao Y, Zhuang RT, Han Y, Li J. Astragaloside IV 
promotes the proliferation and migration of 
osteoblast-like cells through the hedgehog signaling 
pathway. Int J Mol Med. 2019; 43:830–8. 
https://doi.org/10.3892/ijmm.2018.4013 
PMID:30535481 

57. Xu C, Tang F, Lu M, Yang J, Han R, Mei M, Hu J, Wang 
H. Pretreatment with Astragaloside IV protects 
human umbilical vein endothelial cells from hydrogen 
peroxide induced oxidative stress and cell dysfunction 
via inhibiting eNOS uncoupling and NADPH oxidase - 
ROS - NF-κB pathway. Can J Physiol Pharmacol. 2016; 
94:1132–40. 
https://doi.org/10.1139/cjpp-2015-0572 
PMID:27453997 

58. Irfan F, Jameel F, Khan I, Aslam R, Faizi S, Salim A. 
Role of quercetin and rutin in enhancing the 
therapeutic potential of mesenchymal stem cells for 
cold induced burn wound. Regen Ther. 2022; 
21:225–38. 
https://doi.org/10.1016/j.reth.2022.07.011 
PMID:36092499 

59. Zaman Q, Zhang D, Reddy OS, Wong WT, Lai WF. Roles 
and Mechanisms of Astragaloside IV in Combating 
Neuronal Aging. Aging Dis. 2022; 13:1845–61. 
https://doi.org/10.14336/AD.2022.0126 
PMID:36465185 

60. Hamad RS. Rutin, a Flavonoid Compound Derived 
from Garlic, as a Potential Immunomodulatory and 
Anti-Inflammatory Agent against Murine 
Schistosomiasis mansoni. Nutrients. 2023; 15:1206. 
https://doi.org/10.3390/nu15051206 
PMID:36904204 

61. Mikkelsen K, Apostolopoulos V. Vitamin B12, Folic 
Acid, and the Immune System. In: Mahmoudi M, 

Rezaei N, editors. Nutrition and Immunity. Cham: 
Springer International Publishing; 2019; 103–14. 
https://doi.org/10.1007/978-3-030-16073-9_6 

62. Wessels I, Maywald M, Rink L. Zinc as a Gatekeeper of 
Immune Function. Nutrients. 2017; 9:1286. 
https://doi.org/10.3390/nu9121286 
PMID:29186856 

63. Huang Z, Rose AH, Hoffmann PR. The role of selenium 
in inflammation and immunity: from molecular 
mechanisms to therapeutic opportunities. Antioxid 
Redox Signal. 2012; 16:705–43. 
https://doi.org/10.1089/ars.2011.4145 
PMID:21955027 

64. Svensson M, Agace WW. Role of CCL25/CCR9 in 
immune homeostasis and disease. Expert Rev Clin 
Immunol. 2006; 2:759–73. 
https://doi.org/10.1586/1744666X.2.5.759 
PMID:20477631 

65. Zhang L, Zheng Z, Huang H, Fu Y, Chen T, Liu C, Yi Q, 
Lin C, Zeng Y, Ou Q, Zeng Y. Multi-omics reveals 
deoxycholic acid modulates bile acid metabolism via 
the gut microbiota to antagonize carbon 
tetrachloride-induced chronic liver injury. Gut 
Microbes. 2024; 16:2323236. 
https://doi.org/10.1080/19490976.2024.2323236 
PMID:38416424 

66. Saha P, Ajgaonkar S, Maniar D, Sahare S, Mehta D, 
Nair S. Current insights into transcriptional role(s) for 
the nutraceutical Withania somnifera in inflammation 
and aging. Front Nutr. 2024; 11:1370951. 
https://doi.org/10.3389/fnut.2024.1370951 
PMID:38765810 

67. Ndhlovu LC, Bendall ML, Dwaraka V, Pang APS, 
Dopkins N, Carreras N, Smith R, Nixon DF, Corley MJ. 
Retro-age: A unique epigenetic biomarker of aging 
captured by DNA methylation states of 
retroelements. Aging Cell. 2024; 23:e14288. 
https://doi.org/10.1111/acel.14288 
PMID:39092674 

68. Lu AT, Seeboth A, Tsai PC, Sun D, Quach A, Reiner AP, 
Kooperberg C, Ferrucci L, Hou L, Baccarelli AA, Li Y, 
Harris SE, Corley J, et al. DNA methylation-based 
estimator of telomere length. Aging (Albany NY). 
2019; 11:5895–923. 
https://doi.org/10.18632/aging.102173 
PMID:31422385 

69. Ying K, Liu H, Tarkhov AE, Sadler MC, Lu AT, Moqri M, 
Horvath S, Kutalik Z, Shen X, Gladyshev VN. Causality-
enriched epigenetic age uncouples damage and 
adaptation. Nat Aging. 2024; 4:231–46. 
https://doi.org/10.1038/s43587-023-00557-0 
PMID:38243142 

719

https://doi.org/10.1038/s41392-021-00723-z
https://pubmed.ncbi.nlm.nih.gov/34413285/
https://doi.org/10.1186/s10020-019-0088-z
https://pubmed.ncbi.nlm.nih.gov/31117931/
https://doi.org/10.1016/j.phymed.2022.154444
https://pubmed.ncbi.nlm.nih.gov/36155217/
https://doi.org/10.3892/ijmm.2018.4013
https://pubmed.ncbi.nlm.nih.gov/30535481/
https://doi.org/10.1139/cjpp-2015-0572
https://pubmed.ncbi.nlm.nih.gov/27453997/
https://doi.org/10.1016/j.reth.2022.07.011
https://pubmed.ncbi.nlm.nih.gov/36092499/
https://doi.org/10.14336/AD.2022.0126
https://pubmed.ncbi.nlm.nih.gov/36465185/
https://doi.org/10.3390/nu15051206
https://pubmed.ncbi.nlm.nih.gov/36904204/
https://doi.org/10.1007/978-3-030-16073-9_6
https://doi.org/10.3390/nu9121286
https://pubmed.ncbi.nlm.nih.gov/29186856/
https://doi.org/10.1089/ars.2011.4145
https://pubmed.ncbi.nlm.nih.gov/21955027/
https://doi.org/10.1586/1744666X.2.5.759
https://pubmed.ncbi.nlm.nih.gov/20477631/
https://doi.org/10.1080/19490976.2024.2323236
https://pubmed.ncbi.nlm.nih.gov/38416424/
https://doi.org/10.3389/fnut.2024.1370951
https://pubmed.ncbi.nlm.nih.gov/38765810/
https://doi.org/10.1111/acel.14288
https://pubmed.ncbi.nlm.nih.gov/39092674/
https://doi.org/10.18632/aging.102173
https://pubmed.ncbi.nlm.nih.gov/31422385/
https://doi.org/10.1038/s43587-023-00557-0
https://pubmed.ncbi.nlm.nih.gov/38243142/


www.aging-us.com 22 AGING 

70. Zhang Q, Vallerga CL, Walker RM, Lin T, Henders AK, 
Montgomery GW, He J, Fan D, Fowdar J, Kennedy M, 
Pitcher T, Pearson J, Halliday G, et al. Improved 
precision of epigenetic clock estimates across tissues 
and its implication for biological ageing. Genome 
Med. 2019; 11:54. 
https://doi.org/10.1186/s13073-019-0667-1 
PMID:31443728 

71. Tomusiak A, Floro A, Tiwari R, Riley R, Matsui H, 
Andrews N, Kasler HG, Verdin E. Development of an 
epigenetic clock resistant to changes in immune cell 
composition. Commun Biol. 2024; 7:934. 
https://doi.org/10.1038/s42003-024-06609-4 
PMID:39095531 

72. Tong H, Dwaraka VB, Chen Q, Luo Q, Lasky-Su JA, 
Smith R, Teschendorff AE. Quantifying the stochastic 
component of epigenetic aging. Nat Aging. 2024; 
4:886–901. 
https://doi.org/10.1038/s43587-024-00600-8 
PMID:38724732 

73. Luo Q, Dwaraka VB, Chen Q, Tong H, Zhu T, Seale K, 
Raffaele JM, Zheng SC, Mendez TL, Chen Y, Carreras 
N, Begum S, Mendez K, et al. A meta-analysis of 
immune-cell fractions at high resolution reveals novel 
associations with common phenotypes and health 
outcomes. Genome Med. 2023; 15:59. 
https://doi.org/10.1186/s13073-023-01211-5 
PMID:37525279 

74. Hillary RF, Marioni RE. MethylDetectR: a software for 
methylation-based health profiling. Wellcome Open 
Res. 2021; 5:283. 
https://doi.org/10.12688/wellcomeopenres.16458.2 
PMID:33969230 

 

 

720

https://doi.org/10.1186/s13073-019-0667-1
https://pubmed.ncbi.nlm.nih.gov/31443728/
https://doi.org/10.1038/s42003-024-06609-4
https://pubmed.ncbi.nlm.nih.gov/39095531/
https://doi.org/10.1038/s43587-024-00600-8
https://pubmed.ncbi.nlm.nih.gov/38724732/
https://doi.org/10.1186/s13073-023-01211-5
https://pubmed.ncbi.nlm.nih.gov/37525279/
https://doi.org/10.12688/wellcomeopenres.16458.2
https://pubmed.ncbi.nlm.nih.gov/33969230/


www.aging-us.com 23 AGING 

SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 
 

 
 

Supplementary Figure 1. Gene Ontology (GO) terms enriched for the hypermethylated CpG sites after supplementation.  

The top 5 most enriched GO terms for Biological Processes (A), Molecular Function (B), and Cellular Component (C) were included. 
A nominal p-value <0.001 was used to assign significance. 
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Supplementary Figure 2. Gene Ontology (GO) terms enriched for the hypomethylated CpG sites after supplementation. 
The top 5 most enriched GO terms for Biological Processes (A), Molecular Function (B), and Cellular Components (C) were included. 
A nominal p-value <0.001 was used to assign significance. 
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Supplementary Tables 
 

Please browse Full Text version to see the data of Supplementary Table 1. 

 

Supplementary Table 1. Epigenetic Biomarker Proxy (EBP) analysis between baseline (0 months) and 12 months 
following supplementation. 

The first column shows the epigenetic biomarker proxy assessed. Columns 2 and 3 report the marginal mean values for each 
time point. The p-value column depicts the p-value of the Wilcoxon-rank sum test performed between baseline and 12 
months. The final column depicts the adjusted p-value by using the false discovery rate (FDR) adjustment. The table includes 
396 EBPs. 
 

Supplementary Table 2. Marioni protein biomarker analysis between baseline and 12 months. 

 
Mean 0 vs. 12 months 

0 months 12 months P-value FDR 

HGFA −0.004203092086 −0.00002423180198 0.006633638129 0.776135661 

CCL25.C.C 0.002364087425 −0.0002437389103 0.04517312702 0.9989683987 

Smoking 0.05098585389 −0.05589807382 0.08928440953 0.9989683987 

Complement.C5a −0.002406946082 −0.0005270524153 0.09389576275 0.9989683987 

CCL11 0.001569555276 0.0000639118954 0.09707473754 0.9989683987 

CCL17 0.002145944585 −0.002608575736 0.127691418 0.9989683987 

LFT −0.001969481142 −0.0005748644109 0.127691418 0.9989683987 

G.CSF 0.00002570528647 −0.00196911118 0.1778664331 0.9989683987 

SLITRK5 −0.002253284984 0.002162560076 0.1910861944 0.9989683987 

Complement.c9 −0.003249777039 0.002421814867 0.1993575334 0.9989683987 

CD6 0.000539745659 −0.002415556568 0.2078874653 0.9989683987 

Complement.C4 0.0008952033478 0.002461451791 0.2166790143 0.9989683987 

FGF.21 −0.002600517248 −0.002642970462 0.2226867873 0.9989683987 

L.selectin −0.001787397862 0.002164534726 0.2414228278 0.9989683987 

MMP.12 0.002845722996 −0.0008490416694 0.2446503463 0.9989683987 

RARRES2 0.0006662812642 −0.0008207870631 0.2893759682 0.9989683987 

FcRL2 0.001409784616 −0.0003806847187 0.2967171324 0.9989683987 

Myeloperoxidase −0.001700098875 0.0009619427831 0.3079605512 0.9989683987 

NMNAT1 0.0009248453747 −0.001046839759 0.3079605512 0.9989683987 

Alpha.L.iduronidase −0.001586732312 0.0005394910755 0.335277798 0.9989683987 

MMP.1.1 0.002617914772 −0.0004795092825 0.3393039543 0.9989683987 

Waist.Hip.Ratio 0.004785177115 0.002362838477 0.3474488829 0.9989683987 

Testican.2 0.001418897395 0.0001742450372 0.3515676019 0.9989683987 

PIGR 0.0008219686285 −0.0002180970136 0.3598973853 0.9989683987 

ESM.1 −0.000576849828 0.0005601781908 0.4124403625 0.9989683987 

HDL.Cholesterol −0.01181922425 0.000002421792444 0.4170151527 0.9989683987 

B2.microglobulin 0.003914250702 −0.0004911990806 0.4450856538 0.9989683987 

CCL21 −0.0005963455388 −0.0004011925487 0.4595153953 0.9989683987 

FAP −0.0001376186235 0.0003160726244 0.4595153953 0.9989683987 

MIA 0.00001389760461 −0.0009370849232 0.4643828978 0.9989683987 

Interleukin.19 −0.00005526310484 −0.0004332867977 0.4742034356 0.9989683987 

Coagulation.factor.VII 0.003018531584 0.003091150809 0.4791561718 0.9989683987 

Semaphorin.3E −0.0002407264728 0.00003832858881 0.4791561718 0.9989683987 

LGALS3BP 0.00008624623521 0.0003827604661 0.4891457976 0.9989683987 

BMP.1 −0.00240163659 −0.001623841147 0.5043381406 0.9989683987 
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GHR −0.002040970852 −0.0006354712703 0.5043381406 0.9989683987 

CCL22 0.0004679041346 −0.0003383886162 0.5197757608 0.9989683987 

NTRK3 −0.002482866877 0.0001828863074 0.5197757608 0.9989683987 

TNFRSF17 −0.0008848719987 −0.0001668868935 0.5197757608 0.9989683987 

CCL18 −0.00118479946 0.001843641076 0.5302012868 0.9989683987 

FCER2 0.0009996415821 −0.0004107485766 0.5302012868 0.9989683987 

Tryptase.beta.2 −0.009750982018 −0.002955007247 0.5302012868 0.9989683987 

VEGFA 0.001761861761 0.001340692446 0.5729382548 0.9989683987 

NRTK3 0.0003012171188 0.0001495477023 0.5783931804 0.9989683987 

N.CDase 0.002411467873 0.00935735488 0.5838724 0.9989683987 

Osteomodulin 0.001871324262 −0.00017438412 0.5949027425 0.9989683987 

THBS2 0.0004041928107 −0.002311829086 0.5949027425 0.9989683987 

BCAM 0.000003496856842 −0.00001249792955 0.6060272831 0.9989683987 

IGFBP.1 0.002664630607 0.003683271563 0.6342370447 0.9989683987 

SERPIN.A3 0.003140451133 0.0008758347599 0.6342370447 0.9989683987 

MMP.2 0.000008367060625 −0.0000792192152 0.6399451274 0.9989683987 

LY9 0.002719537659 0.002161660627 0.6514251765 0.9989683987 

CXCL11.soma 0.0007340883083 −0.0003227192082 0.6571965641 0.9989683987 

Resistin 0.0002396798435 0.001550441076 0.6571965641 0.9989683987 

Body.Fat.. −1.216026354 −0.2231436556 0.6688005903 0.9989683987 

SIGLEC1 −0.0001177740104 −0.00180246272 0.6688005903 0.9989683987 

SKR3 0.00001285003897 −0.002576840009 0.6746326279 0.9989683987 

ADAMTS 0.003942952981 0.003928218319 0.6863552226 0.9989683987 

NEP −0.003103583437 0.0009963272374 0.7040807194 0.9989683987 

HCII 0.001086743038 0.0008045524871 0.7159883899 0.9989683987 

OSM 0.001572286871 −0.001098441165 0.7159883899 0.9989683987 

SMPD1 0.002112516179 0.001853556137 0.7219684478 0.9989683987 

ENPP7 0.002613330293 0.003970865634 0.7400095086 0.9989683987 

HGFI 0.04255047106 0.04580961298 0.7400095086 0.9989683987 

CD163 0.0009508661162 −0.001900454481 0.7642869187 0.9989683987 

CXCL9 0.0004576005966 0.0008835725259 0.776514776 0.9989683987 

EZR 0.00005323461148 −0.0003401201723 0.7826497483 0.9989683987 

MMP.9 −0.000681185814 −0.0005637678863 0.7826497483 0.9989683987 

GPIba −0.0006501529099 −0.0009839887479 0.7887982685 0.9989683987 

ICAM5 −0.003377737211 −0.001299728137 0.7887982685 0.9989683987 

PAPP.A −0.001186602545 −0.001643318436 0.7887982685 0.9989683987 

Adiponectin −0.000368786407 −0.003670844601 0.7949599725 0.9989683987 

E.selectin −0.0008755952635 −0.0007930053268 0.7949599725 0.9989683987 

GDF.8 0.0002305888132 0.0002630791744 0.7949599725 0.9989683987 

MRC2 −0.0003441140358 0.000241747697 0.8073214634 0.9989683987 

CRTAM −0.0003649384859 0.0008722371158 0.8135205102 0.9989683987 

Galectin.4 −0.0002285249335 −0.0001310805028 0.8197312605 0.9989683987 

Lymphotoxin.abeta −0.001000085492 −0.004109682487 0.8259533386 0.9989683987 

CHIT.1 0.0001064523224 0.001253765024 0.8321863666 0.9989683987 

Contactin.4 0.00122158863 0.0008709213154 0.8321863666 0.9989683987 

NCAM.120 0.001472576064 −0.0002932360989 0.8321863666 0.9989683987 

Aminoacylase.1 0.001675816685 −0.001459171278 0.8446837506 0.9989683987 

Body.Mass.Index −0.01829311343 −0.0128794876 0.8572203494 0.9989683987 
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MMP.1 −0.0001887707847 −0.0003103901232 0.8572203494 0.9989683987 

Trypsin.2 −0.001670578608 −0.002872303469 0.8572203494 0.9989683987 

CDL5 −0.0005564806795 0.001898859675 0.8697930701 0.9989683987 

Granzyme.A −0.0009004787999 −0.00180643731 0.8697930701 0.9989683987 

Stanniocalcin.1 −0.002183077473 0.00195805378 0.8697930701 0.9989683987 

TGF.alpha 0.0002829634784 −0.001320731373 0.8697930701 0.9989683987 

Relative.IL6.Level 0.0126283489 0.01777560992 0.8697930701 0.9989683987 

TPO 0.000516942982 −0.0004800328284 0.8887130474 0.9989683987 

Ectodysplasin.A −0.0005005245063 −0.00007858233604 0.9013623677 0.9989683987 

Lysozyme.C −0.0002508442498 −0.00007384676591 0.9013623677 0.9989683987 

Alcohol −0.03447228293 −0.08453733175 0.9076966385 0.9989683987 

TNFRSF1B −0.0002531632742 −0.0002662013871 0.9140367846 0.9989683987 

SHBG 0.001450253694 0.0001245994045 0.9203824056 0.9989683987 

CD48.antigen −0.0005786074031 −0.002001623108 0.9267331002 0.9989683987 

CLEC11A.e2 −0.00523528939 −0.003384806367 0.9330884662 0.9989683987 

FCGR3A −0.0006931375727 −0.00293786917 0.9330884662 0.9989683987 

Granulysin 0.0003857477398 0.00001546427019 0.9394481002 0.9989683987 

GZMA −0.0006083701915 −0.00002283059874 0.9458115984 0.9989683987 

WFIKKN2 −0.000192622704 0.001309446329 0.9458115984 0.9989683987 

Epigenetic.Age..Zhang. 0.06837951592 0.1544228142 0.952178556 0.9989683987 

CXCL10.soma 0.000530649964 −0.00005319367948 0.952178556 0.9989683987 

CXCL11 −0.001922826117 0.003847603819 0.952178556 0.9989683987 

S100.A9 −0.001809123652 −0.0009185710265 0.952178556 0.9989683987 

CXCL10 −0.002239725134 −0.002218975739 0.9585485674 0.9989683987 

NOTCH1 −0.0001156664781 0.0003349860589 0.9585485674 0.9989683987 

VCAM1 −0.0003345048158 0.00003166906158 0.9585485674 0.9989683987 

Afamin −0.000354242315 −0.0002201612204 0.9649212268 0.9989683987 

HGF 0.0001379774814 0.0002887524682 0.9712961276 0.9989683987 

CRP −0.001499514853 −0.000571591246 0.9776728628 0.9989683987 

EN.RAGE −0.001079737208 0.0006186750341 0.9776728628 0.9989683987 

CLEC11A.e1 −0.003310912633 −0.002682490204 0.9840510252 0.9989683987 

IGFBP.4 −0.0001903608078 0.0004681879562 0.9840510252 0.9989683987 

CD209.antigen 0.00112310137 −0.002100367834 0.9904302072 0.9989683987 

Insulin.receptor −0.0009746132488 −0.0005752805747 1 1 

The first column details all Marioni proteins assessed between baseline and 12 months. The following columns (columns 2 and 3) report the 
predicted marginal mean values at each of the time points. The p-value column depicts the p-value of the Wilcoxon-rank sum test 
performed between baseline and 12 months. The final column depicts the adjusted p-value by using the false discovery rate (FDR) 
adjustment. 
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