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Abstract

The biohacking movement has brought longevity research from academic laboratories into
public consciousness. This whitepaper critically evaluates the most popular biohacking
interventions through the lens of peer-reviewed evidence. We examine NAD+ precursors
(NMN, NR), caloric restriction and fasting protocols, red light therapy (photobiomodulation),
cold exposure, and facial exercises. Each intervention is assessed for mechanism of
action, quality of evidence, and practical relevance to biological age as measured by tools
like Face Age.
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1. NAD+ Precursors: NMN and NR

1.1 The NAD+ Decline Hypothesis

Nicotinamide adenine dinucleotide (NAD+) is a critical coenzyme in cellular metabolism, DNA repair via
sirtuins and PARPs, and mitochondrial function. NAD+ levels decline by approximately 50% between
ages 40 and 60, a reduction that correlates with metabolic dysfunction, neurodegeneration, and
accelerated aging (Yoshino et al., 2018; Covarrubias et al., 2021).

1.2 NMN (Nicotinamide Mononucleotide)

NMN is a direct biosynthetic precursor to NAD+. In murine models, NMN supplementation (500
mg/kg/day) restored NAD+ levels in aged tissues, improved insulin sensitivity, enhanced mitochondrial
function, and extended healthspan (Mills et al., 2016). The landmark human trial by Yoshino et al.
(2021) demonstrated that 250 mg/day NMN for 10 weeks improved skeletal muscle insulin sensitivity in
prediabetic postmenopausal women. However, long-term safety and efficacy data remain limited.

1.3 NR (Nicotinamide Riboside)

NR is another NAD+ precursor with established oral bioavailability. The CHROMADIET trial (Martens et
al., 2018) showed that 1000 mg/day NR for 6 weeks increased NAD+ levels by 60% in healthy
middle-aged adults with trends toward reduced systolic blood pressure and aortic stiffness. Elysium
Health NRPT (NR + pterostilbene) has been studied in multiple cohorts with consistent NAD+ elevation.

1.4 Clinical Relevance

While the preclinical evidence is compelling, the translation to human longevity remains unproven. No
randomized trial has demonstrated that NAD+ precursors extend human lifespan or meaningfully
reverse biological age. They are currently best considered as metabolic support supplements with
promising but preliminary evidence.

2. Caloric Restriction and Fasting

2.1 The CALERIE Paradigm

Caloric restriction (CR) without malnutrition is the most robustly replicated longevity intervention in
model organisms. The CALERIE trial (Ravussin et al., 2015) — the first controlled CR study in healthy
humans — showed that 25% caloric restriction over 2 years reduced cardiometabolic risk factors,
oxidative stress, and the DunedinPACE biological aging rate by 2-3% (Waziry et al., 2023).

2.2 Intermittent Fasting

Time-restricted eating (TRE), typically an 8-hour feeding window, has gained popularity as a practical
CR alternative. Metabolic benefits include improved insulin sensitivity, autophagy activation, and
circadian rhythm alignment. A 2022 meta-analysis (Patikorn et al.) found that TRE reduces body weight,
fasting glucose, and blood pressure but does not yet have direct evidence of lifespan extension in
humans.

2.3 Fasting-Mimicking Diets

Valter Longo's fasting-mimicking diet (FMD) — 5 days of restricted calories (~800 kcal/day) per month
— reduced biomarkers of aging, diabetes, cardiovascular disease, and cancer risk in a randomized
human trial (Wei et al., 2017). This approach may offer CR-like benefits with improved adherence.
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3. Red Light Therapy (Photobiomodulation)

3.1 Mechanism

Photobiomodulation (PBM) uses red (620-750 nm) and near-infrared (750-1100 nm) light to stimulate
mitochondrial cytochrome ¢ oxidase, enhancing ATP production and reducing reactive oxygen species.
This activates downstream signaling cascades that promote collagen synthesis, reduce inflammation,
and accelerate tissue repair (Hamblin, 2017).

3.2 Skin Rejuvenation Evidence

A systematic review by Wunsch and Matuschka (2014) found that red light (611-650 nm) and NIR
treatments improved skin complexion, collagen density, and wrinkle reduction in controlled trials.
Treatment protocols typically involve 10-20 minutes daily at 50-100 mW/cmz for 12-24 weeks.

3.3 Beyond Skin

PBM shows promise for cognitive function (Salehpour et al., 2018), wound healing, and musculoskeletal
recovery. Brain photobiomodulation via transcranial NIR is under investigation for neurodegenerative
conditions.

3.4 Practical Considerations

Consumer LED panels vary widely in power density and wavelength accuracy. Clinical benefits depend
on precise dosing (joules/cm?), and many consumer devices deliver insufficient energy. Users should
verify irradiance specifications and treatment distance to ensure therapeutic doses.

4. Cold Exposure and Hormesis

Cold exposure (cold showers, cryotherapy, ice baths) activates brown adipose tissue, increases
norepinephrine, and triggers hormetic stress responses that may enhance cellular resilience. Regular
cold water immersion has been associated with improved immune function and mood in observational
studies (Shevchuk, 2008).

However, the evidence for cold exposure as an anti-aging intervention is largely preclinical. The
hormesis hypothesis — that moderate stress stimulates repair mechanisms that exceed the original
damage — is biologically plausible but lacks direct proof of lifespan extension in humans.

5. Facial Exercises and Face Yoga

Northwestern University's HAPPY face study (Alam et al., 2018) is the only controlled trial of facial
exercises for rejuvenation. After 20 weeks of daily 30-minute exercises, blinded dermatologists rated
participants' cheek fullness as significantly improved, with estimated apparent age decreasing by
approximately 3 years.

The mechanism is likely hypertrophy of underlying facial muscles, which can compensate for
age-related volume loss. However, the study was small (n=16 completers), unblinded to participants,
and lacked a control group. Facial exercises may complement other anti-aging strategies but should not
be considered equivalent to proven interventions.

6. Tracking Interventions with Face Age
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Face Age provides a practical feedback mechanism for biohackers: by taking standardized facial
photographs at regular intervals (same lighting, angle, expression), users can track changes in their
estimated biological age, skin health metrics, and facial symmetry scores over time. This creates an
objective, non-invasive measurement layer that complements more expensive biomarker panels.

While facial analysis captures only a subset of aging biomarkers, the face integrates signals from skin
quality, subcutaneous fat distribution, vascular health, and lifestyle factors — making it a surprisingly
informative proxy for overall biological condition.

7. Conclusion

The biohacking longevity toolkit includes interventions ranging from well-validated (caloric restriction,
sunscreen) to promising but preliminary (NMN, red light therapy) to largely unproven (extreme cold
exposure, most supplements). Critical evaluation of the evidence base is essential, as the commercial
supplement market far outpaces the clinical data. Tools like Face Age enable individuals to track their
biological trajectory objectively, regardless of which interventions they pursue.
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