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Scientific Abstract

The depletion of Nicotinamide Adenine Dinucleotide (NAD+) is increasingly recognized
as a fundamental hallmark of biological senescence and a primary driver of metabolic,

cardiovascular, and neurodegenerative pathologies. This report provides a high-fidelity
analysis of current clinical protocols for NAD+ replenishment, distinguishing between
the pharmacokinetic profiles of Intravenous (IV) and Oral administration. Based on data
synthesized from the European Food Safety Authority (EFSA), the National Institutes
of Health (NIH), and recent clinical trials (e.g., NCT06208527, NCT03423342), we
establish that while Oral precursors such as Nicotinamide Riboside (NR) and
Nicotinamide Mononucleotide (NMN) demonstrate superior evidence for intracellular
uptake and chronic safety, IV administration offers rapid plasma elevation essential for
acute intervention in addiction and fatigue syndromes. The study delineates the
therapeutic efficacy of NAD+ in treating Systolic Heart Failure, Alzheimer’s Disease,
Parkinson’s Disease, and Type 2 Diabetes. Furthermore, it addresses critical safety
concerns, including the risk of Tumor Promotion and Altered Methylation, providing a
standardized framework for clinical application as of January 16, 2026.
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Core Concepts in Review: What We Know and Why [t
Matters

As of January 16, 2026, the medical and regulatory landscape surrounding
Nicotinamide Adenine Dinucleotide (NAD+) has shifted from the fringes of
"biohacking" into the crosshairs of mainstream public policy and clinical medicine. For
the policymaker, understanding this molecule is no longer an academic exercise in
biochemistry; it is a necessity for navigating a $98.84 million NAD+ |V Therapy Market -
Global Forecast 2026-2032 — ResearchAndMarkets —January 2026 industry that touches
everything from the Opioid Crisis to the burgeoning Longevity Economy. This chapter
synthesizes the technical, clinical, and legal dimensions of NAD+ into a cohesive
framework for decision-making.

The Biological Foundation: Cellular Currency and the Aging Deficit

At its most fundamental level, NAD+ is the "cellular currency" of life. It is a coenzyme
present in every living cell, responsible for two critical survival functions: Energy
Metabolism and Genomic Stability. Without it, the body cannot convert food into fuel,
nor can it repair the constant stream of DNA damage that leads to disease.

The "Bioenergetic Crisis" we face as a society is the reality that NAD+ levels decline
naturally as we age. By the time an individual reaches 80 years, their NAD+ bioavailability
is often less than 10% Age-related NAD+ decline - PMC - PubMed Central — 2020 of what
it was at birth. This deficit is a primary driver of Mitochondrial Dysfunction, a hallmark

of almost every chronic disease currently straining the US Healthcare System. Policy
discussions regarding the "silver tsunami" of an aging population must account for these
underlying biological realities, as NAD+ replenishment represents a potential tool for
extending "healthspan"—the years spent in good health—rather than just lifespan.

The Delivery Dilemma: Intravenous Surge vs. Oral Maintenance

A primary point of confusion for regulators and patients alike is the method of
administration. The market is currently split between Intravenous (IV) Infusions and
Oral Precursors like Nicotinamide Mononucleotide (NMN) and Nicotinamide
Riboside (NR).

IV Therapy offers an immediate surge in plasma levels, bypassing the digestive system
to provide rapid saturation. This is often marketed for acute needs, such as Substance
Use Disorder (SUD) recovery or extreme fatigue. However, clinical evidence for IV
delivery remains more anecdotal and short-term compared to oral alternatives NAD+ |V
Therapy: Benefits, Evidence, and Risks Explained (2025) — Empire On-Demand — October
2025. Conversely, Oral Precursors act as "pro-drugs"” that the body uses to manufacture
its own NAD+ over time. Oral NR, for instance, has been shown to increase whole-blood
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https://www.researchandmarkets.com/reports/6118439/nad-iv-therapy-market-global-forecast
https://www.researchandmarkets.com/reports/6118439/nad-iv-therapy-market-global-forecast
https://pmc.ncbi.nlm.nih.gov/articles/PMC7442590/
https://empireondemand.com/blogs/posts/nad-iv-therapy-benefits-evidence-and-risks-explained-2025
https://empireondemand.com/blogs/posts/nad-iv-therapy-benefits-evidence-and-risks-explained-2025
https://empireondemand.com/blogs/posts/nad-iv-therapy-benefits-evidence-and-risks-explained-2025

NAD+ by up to 142% Pharmacokinetics of nicotinamide riboside versus nicotinamide
mononucleotide — Consensus — 2024 after two weeks of consistent use. For the

policymaker, the challenge lies in regulating these two very different delivery models—
one a high-cost clinical procedure and the other a daily consumer supplement.

Clinical Breakthroughs: From Heart Failure to Addiction

The most compelling reason for the current NAD+ surge is its demonstrated efficacy in
high-burden disease states. In Cardiology, a randomized, placebo-controlled trial
confirmed that IV NAD+ treatment significantly improved Left Ventricular Ejection
Fraction (LVEF) in patients with Ischemic Cardiomyopathy to 45.44% Effect of
Nicotinamide Adenine Dinucleotide on Heart Failure Caused by Ischemic
Cardiomyopathy: A Randomized, Placebo-Controlled Trial - PubMed — September 2025
compared to a placebo group.

In the realm of Addiction, NAD+ is being used as an intensive detoxification tool. By
restoring brain energy levels and stabilizing neurotransmitters like Dopamine, it has
shown a significant ability to attenuate cravings (p < 0.001) NAD+ and Enkephalinase
Inhibition Significantly Attenuate Psychiatric Burden — PMC — 2023 in poly-drug users. As

the US Government continues to seek novel solutions for the Fentanyl Crisis, the
integration of metabolic support like NAD+ into standard treatment protocols remains a
high-priority area for legislative and clinical consideration.

The Regulatory Landscape: A Global Realighment

Perhaps the most significant development for the NMN market occurred on September
29, 2025, when the US Food and Drug Administration (FDA) issued a landmark reversal.
After years of excluding NMN from the dietary supplement market, the FDA confirmed
that it is lawful for sale as a supplement FDA Reinstates NMN As Dietary Supplement

After NPA Lawsuit — Natural Products Association — September 2025. This decision,
catalyzed by a lawsuit from the Natural Products Association (NPA), has stabilized the
US market and opened the door for wider consumer access.

Globally, other jurisdictions are following suit with even more rigorous frameworks. On
January 14, 2026, the Australian Therapeutic Goods Administration (TGA) officially
listed NMN as a Permissible Therapeutic Ingredient Australia TGA Clears NMN As A
Permissible Therapeutic Ingredient In Landmark Longevity Move — BioPharma APAC —
January 2026. This makes Australia the first country to regulate the molecule within a
pharmaceutical-grade framework, setting a global benchmark for quality and evidence-
aligned claims.
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https://consensus.app/search/pharmacokinetics-of-nicotinamide-riboside-versus-n/wcrGGxveTi6L3MEUZsIoxw/
https://pubmed.ncbi.nlm.nih.gov/40954388/
https://pubmed.ncbi.nlm.nih.gov/40954388/
https://pubmed.ncbi.nlm.nih.gov/40954388/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://www.npanational.org/news/fda-reinstates-nmn-as-dietary-supplement-after-npa-lawsuit/
https://www.npanational.org/news/fda-reinstates-nmn-as-dietary-supplement-after-npa-lawsuit/
https://biopharmaapac.com/news/41/7440/australia-tga-clears-nmn-as-a-permissible-therapeutic-ingredient-in-landmark-longevity-move.html
https://biopharmaapac.com/news/41/7440/australia-tga-clears-nmn-as-a-permissible-therapeutic-ingredient-in-landmark-longevity-move.html
https://biopharmaapac.com/news/41/7440/australia-tga-clears-nmn-as-a-permissible-therapeutic-ingredient-in-landmark-longevity-move.html

Navigating Risks: The Oncology Paradox and Methylation

Despite the optimism, "more" is not always "better." A critical safety concern for
clinicians is the "Oncology Paradox." Because NAD+ fuels energy-intensive processes, it
can potentially promote the growth of existing tumors. Research in Glioblastoma (brain
cancer) has shown that the enzyme NMNAT1, which produces NAD+, is often elevated
in high-grade tumors and correlates with poorer patient survival Nuclear NAD+

synthase nicotinamide mononucleotide adenylyltransferase 1 contributes to nuclear

atypia and promotes glioma growth — Oxford Academic — February 2025.

Furthermore, high-dose NAD+ metabolism consumes the body's store of methyl donors.
Without proper co-administration of Trimethylglycine (TMG) or B-vitamins, patients risk
secondary depletion that can lead to elevated Homocysteine, a risk factor for heart
disease NAD+ — Strive Pharmacy — 2026. Policymakers must ensure that as consumer

access grows, it is accompanied by clear educational mandates regarding these
technical medical nuances.

Conclusion: Why It Matters for Policy

The story of NAD+ is a microcosm of the future of medicine: a shift toward proactive,
metabolic optimization rather than reactive symptom management. With the global
NAD+ market projected to reach $1.45 billion by 2030 Nicotinamide Adenine
Dinucleotide Market Size & Statistics, 2030 — GMInsights — 2022, the stakes are high.

For the reader in a position of influence, the goal is to foster an environment where
Responsible Innovation can thrive. This requires supporting the FDA's new clarity on
supplement status, encouraging the TGA-style pharmaceutical-grade standards to
prevent low-quality "grey-market" products, and funding the rigorous, large-scale clinical
trials needed to prove long-term safety and efficacy. In doing so, we move closer to a
future where the bioenergetic decline of aging is no longer an inevitability, but a
manageable medical condition.
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Chapter 1: Molecular Pathophysiology and the
Bioenergetic Crisis

The biological imperative of Nicotinamide Adenine Dinucleotide (NAD+) transcends its
classical role as a mere redox cofactor, positioning it as the central rheostat of cellular
viability and genomic stability. In the context of modern clinical research as of January
16, 2026, the "Bioenergetic Crisis" refers to the systemic depletion of NAD+ levels that
occurs naturally with chronological aging and is accelerated by chronic metabolic stress
Age-related NAD+ decline - PMC - PubMed Central - 2020. This chapter elucidates the
intricate molecular mechanisms governing this decline and the subsequent failure of
critical cellular defense systems.

The Mechanistic Role of NAD+ in DNA Repair and Sirtuin Activation

Atthe core of cellular resilience lies a family of seven enzymes known as Sirtuins (SIRT1-
7), which function as NAD+-dependent deacylases. These enzymes act as metabolic
sensors that translate nutrient availability into epigenetic and physiological responses
Slowing ageing by design: the rise of NAD+ and sirtuin-activating compounds - PMC -

2016. SIRT1, located primarily in the nucleus and cytoplasm, is a critical regulator of
mitochondrial biogenesis via the deacetylation of PGC-1a. Without sufficient NAD+,
Sirtuin activity is severely compromised, leading to a state of mitochondrial
"asphyxiation" where the Electron Transport Chain (ETC) efficiency drops, and the
production of Reactive Oxygen Species (ROS) increases, further damaging cellular
structures Sirtuins and NAD+ in the Development and Treatment of Metabolic and

Cardiovascular Diseases | Circulation Research - American Heart Association Journals -
2018.

Simultaneously, NAD+ serves as the essential substrate for Poly(ADP-ribose)
Polymerases (PARPs), specifically PARP1, which is the primary sensor for DNA strand
breaks. Upon detecting genomic damage, PARP1 consumes massive quantities of NAD+
to synthesize Poly-ADP-ribose (PAR) chains, which recruit the necessary machinery for
Base Excision Repair (BER) NAD+ consumption by PARP1 in response to DNA damage

triggers metabolic shift critical for damaged cell survival - PubMed Central - 2019. In the

presence of chronic DNA damage—a hallmark of aging and radiation exposure—PARP1
hyperactivation leads to a catastrophic depletion of the intracellular NAD+ pool. This
creates a lethal competition between Sirtuins (promoting survival and longevity) and
PARPs (prioritizing immediate repair at the cost of energetic bankruptcy) Roles of NAD+,
PARP-1, and Sirtuins in Cell Death, Ischemic Brain Injury, and Synchrotron Radiation X-
Ray-Induced Tissue Injury - PubMed Central - 2013.
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https://pmc.ncbi.nlm.nih.gov/articles/PMC7442590/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5107309/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5107309/
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.118.312498?doi=10.1161/CIRCRESAHA.118.312498
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.118.312498?doi=10.1161/CIRCRESAHA.118.312498
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.118.312498?doi=10.1161/CIRCRESAHA.118.312498
https://pmc.ncbi.nlm.nih.gov/articles/PMC6740200/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6740200/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3872437/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3872437/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3872437/

The Bioenergetic Crisis: A Multidimensional System Failure

The decline in NAD+ bioavailability is not merely a consequence of increased
consumption but also a failure of the Salvage Pathway. In mammals, the majority of
NAD+ is recycled from Nicotinamide (NAM) via the enzyme Nicotinamide
Phosphoribosyltransferase (NAMPT) NAD+ and Sirtuins in Aging and Disease - PMC -
PubMed Central - NIH - 2014. However, with advancing age, NAMPT expression levels

decline, particularly in adipose tissue and the brain, exacerbating the deficiency. As of
June 18, 2025, research confirms that this decline is associated with a wide spectrum of
chronic disorders, including Sarcopenia, Cognitive Decline, and Type 2 Diabetes (PDF)
The role of NAD+ metabolism and its modulation of mitochondria in aging and disease -
ResearchGate - June 2025.

The clinical implications are profound in the cardiovascular system. In patients with
Systolic Heart Failure, the myocardium exhibits a significant imbalance in the
NADH/NAD+ ratio. Emerging clinical trials, such as the NCT03423342 study, have
demonstrated that escalating doses of the precursor Nicotinamide Riboside (NR) to
1000 mg twice daily can safely double whole-blood NAD+ levels and reduce systemic
inflammation Study Details | NCT03423342 | Nicotinamide Riboside in Systolic Heart
Failure | ClinicalTrials.gov - 2025. This restoration is correlated with improved

mitochondrial respiration in Peripheral Blood Mononuclear Cells (PBMCs) and a
decrease in NLRP3 inflammasome expression Safety and Tolerability of Nicotinamide
Riboside in Heart Failure With Reduced Ejection Fraction - Providence - December 2022.

Therapeutic Intervention Framework

Current medical strategy as of January 16, 2026, focuses on three primary avenues to
mitigate this crisis:

e Direct Precursor Supplementation: Utilizing NR or Nicotinamide
Mononucleotide (NMN) to bypass the declining NAMPT rate-limiting step.

¢ Inhibition of NAD+ Consumers: Using CD38 Inhibitors to prevent the
degradation of NAD+ in the extracellular space NAD Injections: Benefits, Risks,

and Latest Research Explaine - Goldman Laboratories - 2022.

e NAMPT Activators: Pharmacological agents designed to boost the endogenous
recycling efficiency of the Salvage Pathway.

The global market for NAD+ therapeutics, valued at $535.53 million in 2022, is projected
to exceed $1.7 billion by 2032, reflecting the critical importance of this molecule in the

future of geriatric and regenerative medicine NAD Injections: Benefits, Risks, and Latest
Research Explaine - Goldman Laboratories - 2022.
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https://www.researchgate.net/publication/392772993_The_role_of_NAD_metabolism_and_its_modulation_of_mitochondria_in_aging_and_disease
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https://providence.elsevierpure.com/en/publications/safety-and-tolerability-of-nicotinamide-riboside-in-heart-failure/
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Chapter 2: Pharmacokinetic Divergence: Intravenous vs.
Oral Administration

The therapeutic landscape of Nicotinamide Adenine Dinucleotide (NAD+) as of
January 16, 2026, is fundamentally defined by the delivery methodology employed, as
the pharmacokinetic (PK) and pharmacodynamic (PD) profiles of Intravenous (IV) and
Oral administration exhibit radical divergence. This chapter provides a dense technical
analysis of how the route of administration dictates the systemic bioavailability, tissue
distribution, and ultimate intracellular metabolic fate of NAD+ and its precursors The role
of NAD+ metabolism and its modulation of mitochondria in aging and disease - PMC -
June 2025.

Pharmacokinetics of Intravenous NAD+ Infusion

Direct Intravenous administration represents the most immediate modality for
escalating plasma NAD+ concentrations, bypassing the initial metabolic barriers of the
gastrointestinal tract and the hepatic first-pass effect. In a landmark pilot study,
researchers documented that during a 6-hour 3 pumol/min NAD+ infusion, the molecule
is rapidly and completely sequestered from the plasma during the first 2 hours A Pilot
Study Investigating Changes in the Human Plasma and Urine NAD+ Metabolome During

a 6 Hour Intravenous Infusion of NAD+ - PMC - September 2019. This observation

suggests an immediate uptake by tissues or rapid degradation into metabolites by
extracellular enzymes like CD38 and CD157.

The plasma metabolome during IV infusion reveals a specific sequence of events:
significant elevations in Nicotinamide (NAM), Methylnicotinamide (MeNAM), and
Adenosine Phosphoribose Ribose (ADPR) are only detectable after the initial 2-hour
window A Pilot Study Investigating Changes in the Human Plasma and Urine NAD+
Metabolome During a 6 Hour Intravenous Infusion of NAD+ - ResearchGate - September

2019. Recent clinical data from June 10, 2024, indicates that IV administration of the
precursor Nicotinamide Riboside (NR) (500 mg) results in a peak blood NAD+ increase
of approximately 20.7% relative to baseline at the 3-hour timepoint, significantly
outperforming direct NAD+ IV in terms of infusion-related tolerability and metabolic
efficiency Randomized, placebo-controlled, pilot clinical study evaluating acute
Niagen®+ |V and NAD+ IV in healthy adults - medRxiv - June 2024.

Pharmacokinetics of Oral Precursor Administration

In contrast to the acute spikes seen with IV therapy, Oral administration of precursors
such as Nicotinamide Riboside (NR) and Nicotinamide Mononucleotide (NMN) relies
on sophisticated transport mechanisms and the Salvage Pathway. Oral NR at doses of
1000 mg has been shown to increase whole-blood NAD+ levels by up to 142% over a 2-
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week period, demonstrating superior efficacy for chronic, long-term cellular
replenishment Pharmacokinetics of nicotinamide riboside versus nicotinamide

mononucleotide - Consensus - 2024.

The absorption of Oral NMN is facilitated by the specific Slc12a8 transporter, which
allows for rapid entry into the small intestine and subsequent conversion into NAD+
within 15 to 30 minutes in animal models, a process now being validated in human
cohorts Use of the Dietary Supplements NR and NMN to Increase Nicotinamide Adenine

Dinucleotide, Impact Mitochondrial Function, and Improve Metabolic Health - MDPI -
November 2025. However, a significant portion of Oral NAD+ precursors undergoes gut
microbiota-mediated deamidation, converting them into Nicotinic Acid (NA) before
entering the Enterohepatic Circulation Nicotinamide riboside and nicotinamide

mononucleotide facilitate NAD+ synthesis via enterohepatic circulation - PMC - 2025.
This underscores the "Pro-drug" nature of Oral precursors, which effectively utilize the
body's natural recycling machinery.

Comparative Bioavailability and Tissue Specificity

While IV therapy can achieve 100% theoretical systemic bioavailability, leading longevity
researchers such as Dr. Eric Verdin have noted that the NAD+ molecule may be too large
to efficiently traverse cellular membranes directly NAD Injections vs. Oral NAD
Supplements: What to Expect - Jinfiniti - October 2025. Thus, IV NAD+ likely functions
primarily by providing a massive surge of metabolites (like NAM) that the cells then

reconstruct into NAD+ internally.
Key differences as of January 16, 2026 include:

e Time to Effect: IV infusion provides "immediate" plasma saturation (within
hours), whereas Oral supplementation typically requires 2 to 4 weeks to reach a
steady-state intracellular increase NAD Injections vs. Oral NAD Supplements:
What to Expect - Jinfiniti - October 2025.

o Tolerability: Direct NAD+ IV is frequently associated with moderate to severe side
effects, including Gastrointestinal Distress, Chest Pressure, and Increased
Heart Rate, often necessitating infusion times exceeding 90 minutes Intravenous
Infusion of Nicotinamide Adenine Dinucleotide (NAD+) versus Nicotinamide
Riboside (NR): A Retrospective Tolerability Pilot Study - Frontiers - April 2022.

e Target Organs: Oral NMN has demonstrated particular efficacy in improving
Insulin Sensitivity in skeletal muscle and enhancing Cognitive Function, while
IV protocols are traditionally favored in clinical settings for Opioid and Alcohol
Withdrawal NMN vs. NR in 2025: Which NAD+ Booster Works Better? - Tactus
Health - 2025.
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Chapter 3: Clinical Indications: Pathology-Specific
Therapeutic Outcomes

The therapeutic application of Nicotinamide Adenine Dinucleotide (NAD+) has
transitioned from theoretical anti-aging research to targeted clinical interventions for
high-burden chronic diseases. As of January 16, 2026, rigorous human trials have
delineated specific pathological domains where NAD+ augmentation—via direct
infusion or precursor supplementation—exhibits measurable modifying effects on
disease progression The role of NAD+ metabolism and its modulation of mitochondria in
aging and disease - PMC - June 2025. This chapter provides an exhaustive analysis of the

clinical outcomes across Cardiovascular, Neurodegenerative, Metabolic, and
Psychiatric domains.

Cardiovascular Medicine: Reversing Myocardial Failure

In the field of cardiology, the "Bioenergetic Failure" hypothesis of Heart Failure (HF)
suggests that a depleted myocardial NAD+ pool is a primary driver of contractile
dysfunction and adverse remodeling. Recent clinical data confirms that NAD+ levels are
markedly reduced in the failing hearts of human patients Effect of Nicotinamide Adenine
Dinucleotide on Heart Failure Caused by Ischemic Cardiomyopathy - SpringerMedizin -
2025.

1. Ischemic Cardiomyopathy and Ejection Fraction

In a randomized, placebo-controlled trial involving patients with Ischemic
Cardiomyopathy, daily Intravenous administration of 10 mg of NAD+ for 7 days resulted
in a statistically significant improvement in Left Ventricular Ejection Fraction (LVEF)
Effect of Nicotinamide Adenine Dinucleotide on Heart Failure Caused by Ischemic
Cardiomyopathy - SpringerMedizin - 2025. At the 1-month follow-up, the NAD+ group
achieved an LVEF of 45.44% compared t0 42.44% in the placebo group (p = 0.024) Effect
of Nicotinamide Adenine Dinucleotide on Heart Failure Caused by Ischemic

Cardiomyopathy - SpringerMedizin - 2025. Furthermore, a trend toward reduction in N-
terminal pro B-type natriuretic peptide (NT-proBNP) levels was observed, alongside a
lower rate of unplanned Heart Failure hospitalizations Effect of Nicotinamide Adenine

Dinucleotide on Heart Failure Caused by Ischemic Cardiomyopathy - SpringerMedizin -
2025.

2. Heart Failure with Preserved Ejection Fraction (HFpEF)

Restoration of the NAD+ salvage pathway has emerged as a promising strategy for
HFpEF, a condition with limited evidence-based therapies. Research demonstrates that
supplementing with Nicotinamide Riboside (NR) ameliorates the HFpEF phenotype by
improving mitochondrial fatty acid oxidation and reducing protein hyperacetylation via
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SIRT3 activation NAD+ Repletion Reverses Heart Failure With Preserved Ejection
Fraction - Circulation Research - April 2021.

Neurodegenerative Disorders: Targeting Proteostasis and
Neuroinflammation

The central nervous system is highly susceptible to NAD+ depletion due to the immense
energetic demands of synaptic transmission. NAD+ augmentation is now recognized as
a "disease-modifying" strategy for Alzheimer’s Disease (AD) and Parkinson’s Disease
(PD) NAD augmentation as a disease-modifying strategy for neurodegeneration - PubMed

- April 2025.

Alzheimer’s Disease and Cognitive Recovery

Recent molecular evidence suggests that NAD+ can reverse neurological deficits in AD
by regulating the alternative RNA splicing of EVA1C, a gene critical for neuronal survival
NAD+ reverses Alzheimer's neurological deficits via regulating differential alternative
RNA splicing of EVA1C - PubMed - November 2025. Clinical evaluations of orally
absorbable NADH in patients with Dementia have shown significantly better
performance on measures of verbal fluency and visual constructional ability after 6
months of treatment Evaluation of safety and effectiveness of NAD in different clinical

conditions: a systematic review - American Journal of Physiology - 2023.

Parkinson’s Disease and Mitochondrial Rescue

In Parkinson's Disease, high-dose NR (up to 1500 mg twice daily) has been successfully
used to boost cerebral NAD+ levels. Preliminary trials indicate that this intervention
improves mitochondrial function in the brain and reduces Pro-inflammatory Cytokines
in the cerebrospinal fluid Is NAD Safe to Take? What Research Actually Shows in 2025 -
Goldman Laboratories - 2025.
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Metabolic Syndromes: Insulin Sensitivity and Diabetic Complications

The role of NAD+ in metabolic health is governed by the activation of Sirtuins, which
regulate glucose homeostasis and lipid metabolism.

Type 2 Diabetes and Muscle Insulin Sensitivity

In overweight or obese postmenopausal women with Prediabetes, Oral Nicotinamide
Mononucleotide (NMN) supplementation (250 mg/day) has been shown to increase
muscle insulin sensitivity and insulin signaling Evaluation of safety and effectiveness of
NAD in different clinical conditions: a systematic review - American Journal of Physiology
- 2023. A 2025 study conducted in Japan further demonstrated that NMN can elicit a
fivefold elevation in postprandial Insulin levels, potentially providing a preventive
mechanism against overt Type 2 Diabetes NMN's Insulin-Promoting Effect
Demonstrated in Latest Japanese Clinical Study - NMN.com - December 2025.

Diabetic Peripheral Neuropathy (DPN)

Chronic NAD+ deficiency in nerve cells is a hallmark of DPN. Experimental data indicates
that NMN or NR administration can normalize nerve conduction velocities and prevent
the loss of intraepidermal nerve fibers by repairing mitochondrial function in Dorsal Root
Ganglion (DRG) neurons NAD Precursors Repair Mitochondrial Function in Diabetes and
Prevent Experimental Diabetic Neuropathy - ResearchGate - October 2025.

Substance Use Disorders (SUD) and Psychiatric Burden

One of the most clinically established uses for IV NAD+ therapy is the mitigation of
withdrawal symptoms and cravings in patients with SUD.

Relapse Prevention and Craving Suppression

A retrospective study of 50 cases involving addicted poly-drug users showed that IV
NAD+ infusions significantly attenuated cravings (p < 0.001), anxiety, and depression
Nicotinamide Adenine Dinucleotide (NAD+) and Enkephalinase Inhibition Significantly
Attenuate Psychiatric Burden Sequalae in SUD - Scholars @ UT Health San Antonio -
2023. This effect is attributed to the restoration of Dopamine homeostasis and brain
energy balance, which are typically perturbed in chronic addiction Sobriety and Satiety:
Is NAD+ the Answer? - PMC - 2020.
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Summary of Treated Disorders and Specific Benefits

Pathology Primary Benefit Administration Evidence Level
(2026)

Ischemic Increase in LVEF and | Intravenous Level 1 (RCT)

Cardiomyopathy reductionin NT-proBNP

Alzheimer's Improved verbal fluency | Oral Level 2

Disease and RNA splicing (NADH/NR) (Pilot/Cohort)

Prediabetes Enhanced muscle | Oral (NMN) Level 1 (RCT)
insulin sensitivity

Substance Use Massive reduction in | Intravenous Level 2 (Cohort)

Disorder cravings and withdrawal

Chronic Fatigue Quality of life | Oral/IV Level 2
improvement and sleep (Systematic
quality Review)
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Chapter 4: Evidence-Based Clinical Protocols and
Methodologies

The clinical implementation of Nicotinamide Adenine Dinucleotide (NAD+) therapies
as of January 16, 2026, necessitates a rigorous, multi-modal approach that balances
rapid systemic replenishment with long-term cellular homeostatic maintenance.
Effective protocols are no longer viewed as "one-size-fits-all" but are instead stratified by
the route of administration, the specific molecular precursor used, and the underlying
clinical indication NAD+ - Strive Pharmacy - 2026. This chapter details the high-fidelity
methodologies required for Intravenous (IV), Subcutaneous (SQ), and Oral
administration, incorporating the latest regulatory and safety parameters from the FDA
and EMA FDA Declares Nicotinamide Mononucleotide Is a Dietary Supplement | Insights
-Venable LLP - October 2025.

Intravenous (V) Infusion Protocols: The Acute Replenishment Phase

Intravenous delivery remains the gold standard for achieving immediate supra-
physiological plasma levels of NAD+, particularly in acute settings such as Substance
Use Disorder (SUD) or severe Bioenergetic Crisis associated with chronic infection or
fatigue Sobriety and Satiety: Is NAD+ the Answer? - PMC - 2020.

Standard Induction and Loading Phase

Clinical consensus dictates a loading period consisting of consecutive daily infusions to
saturate systemic stores.

o Dosage Range: Initial treatments typically utilize 250 mg to 500 mg of NAD+
NAD+ - Strive Pharmacy - 2026.

¢ Dilution Parameters: The dose must be diluted in 500 mL to 1,000 mL of 0.9%
Normal Saline (NS) or Lactated Ringer’s (LR) NAD+ - Strive Pharmacy - 2026.

¢ Infusion Rate: A "Slow Drip" methodology is mandatory. The initial rate should be
set between 10 mL/hour and 30 mL/hour for first-time users to mitigate adverse
side effects What is the proper administration and safety protocol for NAD

(Nicotinamide adenine dinucleotide) infusion therapy? - Dr.Oracle - October
2025. Total infusion time generally spans 2 to 4 hours NAD+ - Strive Pharmacy -
2026.

Specialized Addiction Tapering Protocols

For patients undergoing drug or alcohol withdrawal, higher-intensity protocols are often
employed:
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e Duration: A 10-day intensive course is common for opioid or alcohol
detoxification Nicotinamide Adenine Dinucleotide (NAD+): A Review on Dosing -

Fagron Academy - June 2025.

e Dose Escalation: Dosing may start at 500 mg on Day 1 and escalate to 1,000 mg
or 1,600 mg by Day 3, depending on the patient's withdrawal score and metabolic
tolerance Nicotinamide Adenine Dinucleotide (NAD+): A Review on Dosing -
Fagron Academy - June 2025.

e Cofactor Integration: To optimize the Salvage Pathway, parenteral
administration should include Riboflavin (Vitamin B2) at doses of 3.6 mg to 5 mg
daily What is the proper administration and safety protocol for NAD (Nicotinamide
adenine dinucleotide) infusion therapy? - Dr.Oracle - October 2025.

Subcutaneous and Intramuscular Administration: The Maintenance
Bridge

For long-term healthspan extension or management of Neurodegenerative symptoms,
Subcutaneous (SQ) or Intramuscular (IM) injections offer a more convenient, yet highly
bioavailable, alternative to IV therapy.

e Standard SQ Protocol: Reconstituted NAD+ (200 mg/mL) is administered at an
initial dose of 50 mg (0.5 mL) once weekly NAD+ Injection Standard Operating
Procedure (SOP) - Walnut Creek Aesthetics - 2025.

o Titration Schedule: If well-tolerated, the dose is increased by 10 units (0.1 mL)
weekly to a maximum of 100 mg to 200 mg once to three times per week NAD+ -
Strive Pharmacy - 2026.

+ Site Rotation: Rotation between the Abdomen, Deltoid, and Thigh is necessary
to prevent tissue irritation or nodule formation NAD+ Injection Standard Operating
Procedure (SOP) - Walnut Creek Aesthetics - 2025.

Oral Supplementation Protocols: Chronic Homeostatic Support

The recent September 2025 reversal by the FDA regarding the status of Nicotinamide
Mononucleotide (NMN) has re-legalized its sale as a dietary supplement in the United
States, following a period of regulatory exclusion FDA Declares Nicotinamide
Mononucleotide Is a Dietary Supplement | Insights - Venable LLP - October 2025. This

has standardized oral dosing regimens in clinical practice.

Nicotinamide Riboside (NR) in Cardiovascular Failure

For patients with Systolic Heart Failure, current clinical trials (NCT03423342) utilize a
precise up-titration methodology:
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Initial Dose: 250 mg orally twice daily Study Details | NCT03423342 |
Nicotinamide Riboside in Systolic Heart Failure | ClinicalTrials.gov - June 2025.

Escalation Phase: Increase dose by 250 mg/dose (500 mg/day) weekly Study
Details | NCT03423342 | Nicotinamide Riboside in Systolic Heart Failure |
ClinicalTrials.gov - June 2025.

Target Maintenance: A final dose of 1,000 mg twice daily (total 2,000 mg/day) is
maintained for a minimum of 12 weeks Study Details | NCT03423342 |
Nicotinamide Riboside in Systolic Heart Failure | ClinicalTrials.gov - June 2025.

Nicotinamide Mononucleotide (NMN) for Metabolic Health

In the context of Insulin Sensitivity and Type 2 Diabetes prevention:

Therapeutic Range: Clinical studies range from 250 mg/day to 2,000 mg/day
Effects of Nicotinamide Mononucleotide on Glucose and Lipid Metabolism in
Adults - SpringerMedizin - December 2025.

Optimal Dosing: 1,000 mg administered as 500 mg tablets twice daily (e.g., the
MIB-626 protocol) has shown safety and efficacy in exercising adults Study
Details | NCT05878119 | Effects of MIB-626 With and Without Exercise |
ClinicalTrials.gov - 2025.

Patient Monitoring and Clinical Oversight

Strict monitoring parameters are essential to ensure the safety of high-dose NAD+

interventions.

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD+) THERAPEUTIC

Vital Signs: Blood pressure, heart rate, and temperature must be monitored
before, during, and after IV infusions to detect transient cardiovascular shifts
What is the proper administration and safety protocol for NAD (Nicotinamide

adenine dinucleotide) infusion therapy? - Dr.Oracle - October 2025.

Laboratory Panels: Bi-weekly assessments during dose escalation should
include Alanine Aminotransferase (ALT), Blood Urea Nitrogen (BUN), and
Creatine Kinase (CK) to monitor for hepatic or renal stress Study Details |
NCT03423342 | Nicotinamide Riboside in Systolic Heart Failure | ClinicalTrials.gov
- June 2025.

Methylation Balance: Because NAD+ metabolism consumes methyl groups,
patients on chronic high-dose protocols should be evaluated for Homocysteine
levels to prevent secondary Methylation depletion NAD+ - Strive Pharmacy -
2026.
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Chapter 5: Critical Safety Assessment and
Contraindications

The clinical safety profile of Nicotinamide Adenine Dinucleotide (NAD+) and its
precursorsis characterized by a high degree of tolerability in the healthy adult population,
yet it demands a nuanced understanding of biochemical trade-offs and secondary
metabolic consequences. As of January 16, 2026, regulatory bodies and peer-reviewed
literature have established a clear demarcation between the mild, transient side effects
of acute administration and the theoretical, long-term risks associated with systemic
NAD+ hyper-augmentation Safety of nicotinamide riboside chloride as a novel food -
ResearchGate - August 2025.

Acute Tolerability: Intravenous vs. Oral Profiles

The primary clinical challenge in NAD+ therapy is managing the "Infusion Reaction"
associated with Intravenous (IV) delivery. Unlike Oral administration, which is generally
asymptomatic at doses up to 1000 mg/day, the rapid introduction of NAD+ into the
venous system triggers a predictable constellation of symptoms NAD |V Therapy Side
Effects - Medica Depot - September 2025.

The Infusion Rate-Dependency Phenomenon

Clinical observations indicate that side effects such as Chest Pressure, Abdominal
Cramping, and Headache are strictly correlated with the rate of infusion rather than the
cumulative dose. In a comparative pilot study, IV Nicotinamide Riboside (NR) (500 mg)
was associated with significantly fewer and less severe adverse experiences than IV
NAD+ at the same dosage Randomized, placebo-controlled, pilot clinical study
evaluating acute Niagen®+ IV and NAD+ IV in healthy adults - medRxiv - June 2024.

Patients receiving IV NAD+ frequently report Palpitations and Shortness of Breath,
which are typically mitigated by reducing the drip rate to below 30 mL/hour NAD |V
Therapy Side Effects - Medica Depot - September 2025.

Hematological and Inflammatory Markers

Intriguingly, IV NAD+ has been shown to induce a transient increase in White Blood Cell
(WBC) counts and Neutrophils, suggesting an acute inflammatory response not
observed with IV NR Randomized, placebo-controlled, pilot clinical study evaluating
acute Niagen®+ [V and NAD+ IV in healthy adults - medRxiv - June 2024. While this effect
is temporary, it warrants caution in patients with pre-existing inflammatory or

autoimmune conditions.
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The Oncology Paradox: Dual Roles in Cancer

The most significant theoretical concern in NAD+ research is the "Double-Edged Sword"
role the molecule plays in carcinogenesis. Because NAD+ is essential for DNA Repair
(via PARPs) and genomic stability, its presence in healthy cells is a critical protective
factor against early-stage malignant transformation NAD + in Cancer Prevention and
Treatment: Pros and Cons - ResearchGate - August 2025.

However, once a tumor is established, cancer cells often upregulate NAD+ biosynthetic
enzymes to fuel their rapid proliferation and biomass production Targeting NAD+

metabolism: dual roles in cancer treatment - Frontiers - 2023. In the promotion and
progression phase, increased NAD+ levels could potentially provide a growth advantage
and increased resistance to therapy NAD +in Cancer Prevention and Treatment: Pros and

Cons - ResearchGate - August 2025. Consequently, NAD+ therapy is strictly

contraindicated in patients with active malignancies or a high risk of recent recurrence
until further longitudinal human data is available.

Metabolic Risks: Methylation Depletion and Homocysteine

The metabolism of NAD+ and its precursors is intimately linked to the One-Carbon
Cycle. Excess Nicotinamide (NAM), a byproduct of NAD+ consumption, must be
methylated into Methylnicotinamide (MeNAM) for excretion. This process consumes S-
Adenosylmethionine (SAMe), the body’s primary methyl donor.

In a randomized, double-blind trial of healthy overweight adults, long-term
administration of Nicotinamide Riboside (NR) at 1000 mg/day was found to be safe and
did not cause adverse changes in 1-carbon metabolism markers Safety and Metabolism
of Long-term Administration of NIAGEN in a Randomized, Double-Blind, Placebo-
controlled Clinical Trial of Healthy Overweight Adults - Scientific Reports - 2019.
However, at higher doses (e.g., the 2000 mg/day used in Heart Failure trials), there is a

theoreticalrisk of depleting methyl pools, which could lead to elevated Homocysteine—
a known cardiovascular risk factor NAD+ - Strive Pharmacy - 2026. Clinical monitoring of

Homocysteine levels is recommended for any patient on chronic high-dose protocols.

Specific Contraindications and Exclusions

Based on the European Food Safety Authority (EFSA) guidelines and current clinical
trial protocols (e.g., NCT03423342), the following groups are excluded from standard
NAD+ therapy:

e Pregnancyand Lactation: While EFSA suggests an intake of NR up to 230 mg/day
is safe for pregnant women, clinical trials generally exclude this population due to
a lack of developmental toxicity data Safety of nicotinamide riboside chloride as
a novel food - ResearchGate - August 2025.

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD+) THERAPEUTIC

PROTOCOLS, CLINICAL EFFICACY AND SAFETY PROFILES COPYRIGHT © CHARLYE GHEZZI


https://www.researchgate.net/publication/308522687_NAD_in_Cancer_Prevention_and_Treatment_Pros_and_Cons
https://www.researchgate.net/publication/308522687_NAD_in_Cancer_Prevention_and_Treatment_Pros_and_Cons
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1269896/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1269896/full
https://www.researchgate.net/publication/308522687_NAD_in_Cancer_Prevention_and_Treatment_Pros_and_Cons
https://www.researchgate.net/publication/308522687_NAD_in_Cancer_Prevention_and_Treatment_Pros_and_Cons
https://www.nature.com/articles/s41598-019-46120-z
https://www.nature.com/articles/s41598-019-46120-z
https://www.nature.com/articles/s41598-019-46120-z
https://www.strivepharmacy.com/medications/nicotinamide-adenine-dinucleotide-nad
https://www.researchgate.net/publication/337839114_Safety_of_nicotinamide_riboside_chloride_as_a_novel_food_pursuant_to_Regulation_EU_20152283_and_bioavailability_of_nicotinamide_from_this_source_in_the_context_of_Directive_200246EC
https://www.researchgate.net/publication/337839114_Safety_of_nicotinamide_riboside_chloride_as_a_novel_food_pursuant_to_Regulation_EU_20152283_and_bioavailability_of_nicotinamide_from_this_source_in_the_context_of_Directive_200246EC

e G6PD Deficiency: Due to the metabolic stress on red blood cells, patients with
Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency should avoid high-
dose IV therapy NAD |V Therapy Side Effects - Medica Depot - September 2025.

« Severe Renal or Hepatic Insufficiency: Trials such as NCT03423342 exclude
patients with Alanine Aminotransferase (ALT) levels greater than 3 times the
upper limit of normal or Creatinine levels above 2.5 mg/dL Study Details |
NCT03423342 | Nicotinamide Riboside in Systolic Heart Failure | ClinicalTrials.gov
- June 2025.

e Active Gout: Because high-dose Niacin derivatives can compete with uric acid
for excretion, patients with a recent history of acute Gout are frequently excluded
from precursors trials Study Details | NCT03423342 | Nicotinamide Riboside in
Systolic Heart Failure | ClinicalTrials.gov - June 2025.
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Chapter 6: Regulatory Outlook and Future Paradigms in
NAD+ Research

The transition of Nicotinamide Adenine Dinucleotide (NAD+) from a niche laboratory
molecule to a regulated therapeutic agent has reached a critical inflection point as of
January 16, 2026. This evolution is characterized by a global realignment of regulatory
frameworks, where major health authorities are establishing formal pathways for both
dietary and pharmaceutical applications NAD+ Boosters for Anti-Aging Market to Reach
$320 Million by 2025, Forecasted to Grow at 25% CAGR Through 2032 - PharmiWeb.com
- August 2025. This chapter provides an exhaustive technical analysis of the current legal
landscape and the future scientific paradigms shaping the NAD+ field.

Global Regulatory Realignment: 2025-2026

The regulatory status of NAD+ precursors has shifted significantly due to intense legal
and scientific scrutiny. In the United States, the Food and Drug Administration (FDA)
recently issued a definitive reversal of its prior exclusion of Nicotinamide
Mononucleotide (NMN).

The FDA Reversal on NMN (September 2025)

Inalandmark decision on September 29, 2025, the FDA confirmed that NMN is no longer
excluded from the definition of a dietary supplement under section 201(ff)(3)(B) of the
Federal Food, Drug, and Cosmetic Act FDA Reverses Course and Dubs NMN Lawful in
Dietary Supplements - NMN.com - October 2025. The agency's reversal was based on

evidence that NMN was marketed as a dietary supplement in the United States before
clinical drug investigations were formally instituted FDA Declares Nicotinamide
Mononucleotide Is a Dietary Supplement | Insights - Venable LLP - October 2025.

However, this "green-light" is conditional: each company must still submit a New Dietary
Ingredient Notification (NDIN) and ensure products are not adulterated FDA Declares
Nicotinamide Mononucleotide Is a Dietary Supplement | Insights - Venable LLP - October
2025.

European Union: The Novel Food Pathway

The European Food Safety Authority (EFSA) continues to classify Nicotinamide
Riboside (NR) as an authorized Novel Food. As of August 6, 2025, EFSA has established
a Tolerable Upper Intake Level (UL) for Nicotinamide (the metabolic byproduct) at 900

mg/day for adults Overview on Tolerable Upper Intake Levels as derived by the Scientific
Committee on Food (SCF) and the EFSA Panel on - EFSA - August 2025. Furthermore, the
European Commission has authorized NR at levels up to 500 mg/day for specific use in

Foods for Special Medical Purposes (FSMP), provided it is not consumed by pregnant
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or lactating women L_2022179EN.01002501.xml - EUR-Lex - European Union - June
2022.

Australia TGA Clearance (January 2026)

In a major shift for the Asia-Pacific region, the Therapeutic Goods Administration (TGA)
of Australia formally cleared NMN as a permissible therapeutic ingredient on January
14, 2026 Australia TGA Clears NMN As A Permissible Therapeutic Ingredient In Landmark
Longevity Move - BioPharma APAC - January 2026. This ruling allows NMN to be included
in listed medicines for domestic sale, marking a transition from its previous "export-only"

status Regulators approve longevity molecule NMN for use in therapeutic goods -
BioPharmaDispatch - December 2025.

Economic Trajectory: The Billion-Dollar Longevity Sector

The commercialization of NAD+ therapies is expanding from niche "biohacking" circles
into high-profile clinical and commercial integration.

o Market Growth: The global NAD+ market was valued at $494 million in 2024 and
is projected to reach $873.4 million by 2032, growing at a Compound Annual
Growth Rate (CAGR) of 14% Nicotinamide Adenine Dinucleotide (NAD) Market
Size - Verified Market Research - May 2025.

e Specialized Clinics: The market for specialized IV clinics providing NAD+ therapy
is expected to exceed $1 billion by 2032, reflecting a shift toward professional-led
administration Nicotinamide Adenine Dinucleotide (NAD) Market Size - Verified
Market Research - May 2025.

e IV Therapy Specifics: The NAD+ IV Therapy segment alone grew from $93.26
million in 2025 to $98.84 million in 2026, demonstrating robust demand for acute
replenishment protocols NAD+ |V Therapy Market - Global Forecast 2026-2032 -
ResearchAndMarkets - May 2025.

Future Scientific Paradigms: Beyond Simple Supplementation

As the field matures, research is pivoting toward second-generation technologies
designed to overcome current bioavailability and safety limitations.

Second-Generation Analogs and Liposomal Delivery

To bypass the rapid degradation of NAD+ by CD38, researchers are developing second-
generation analogs with enhanced resistance to enzymatic breakdown. Concurrently,
Liposomal and Sustained-Release oral formulations are being pioneered to improve the
delivery of precursors like NMN directly to the systemic circulation NAD+ Boosters for
Anti-Aging Market to Reach $320 Million by 2025, Forecasted to Grow at 25% CAGR
Through 2032 - PharmiWeb.com - August 2025.
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Integration with Senolytics and Precision Medicine

The next frontier of NAD+ research involves combination therapies. As of 2026, clinical
trials are increasingly exploring the synergy between NAD+ boosters and Senolytics
(compounds that clear "zombie" cells) to address multiple hallmarks of aging
simultaneously NAD+ Boosters for Anti-Aging Market to Reach $320 Million by 2025,
Forecasted to Grow at 25% CAGR Through 2032 - PharmiWeb.com - August 2025.
Furthermore, the emergence of real-time NAD+ monitoring tools will allow for
personalized dosing based on an individual's "Bioenergetic Fingerprint" NAD+ Boosters
for Anti-Aging Market to Reach $320 Million by 2025, Forecasted to Grow at 25% CAGR
Through 2032 - PharmiWeb.com - August 2025.
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Unified Master Matrix: NAD+ Therapeutic Landscapes &
Regulatory Standards

Argument
Category

Detailed Concept
& Mechanistic
Insight

Primary Factual
Data & Clinical
Metrics

Verified

Source

Attribution (Live Jan

16, 2026)

Molecular
Pathophysiology

The Bioenergetic
Crisis: Age-
dependent decline
in NAD+
bioavailability is
driven by NAMPT
failure and PARP1
hyper-
consumption.

Chronological aging
results in a NAD+
bioavailability drop
from 100% in
newborns to <10%
in those over 80
years.

Age-related
decline -
PubMed Ce
2020

NAD+

PMC -

ntral -

Molecular
Pathophysiology

Epigenetic
Regulation: NAD+
acts as the
essential substrate
for SIRT1-7
(Sirtuins) to regulate
mitochondrial
biogenesis
longevity.

and

Sirtuin activation
translates nutrient
availability into
physiological
responses,
preventing
mitochondrial
"asphyxiation" and
ROS accumulation.

Sirtuins and NAD+ in

Metabolic

and

Cardiovascular

Diseases

Circulation
Research -

AHA -

2018

Pharmacokinetic
Divergence

Intravenous
Profile:
venous
achieves
immediate plasma
saturation but
triggers rapid
conversion into
metabolites.

(IV)
Direct
delivery

A  6-hour NAD+
infusion (3
pmol/min)  shows
complete plasma
sequestration

within the first 2
hours before
metabolites like
MeNAM rise.

A Pilot

Study

Investigating

Changes in

the

Human Plasma and

Urine

NAD+

Metabolome

- PMC -

2019

Pharmacokinetic
Divergence

Oral Precursor
Efficacy: NR and
NMN utilize the
Salvage Pathway for
gradual, sustained
intracellular NAD+
elevation.

Oral NR at 1000 mg
daily can increase
whole-blood NAD+
by upto 142% overa
2-week period
compared to
baseline.

Pharmacokin
nicotinamide
riboside

nicotinamide

etics of

VEersus

mononucleotide -

Consensus -

2024

Pharmacokinetic
Divergence

Delivery Tolerability:
Comparison of
treatment-
emergent
effects

side
between

IV NAD+ infusion
takes 97 minutes on
average vs. 37
minutes for NR due
to "moderate-to-

Intravenous |

nfusion

of NAD+ versus NR:

A Retros

pective

Tolerability

Pilot
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NAD+ and NR |severe" Gl and | Study - Frontiers -
administered Chest Pressure | 2026
intravenously. symptoms.
Clinical Cardiovascular Patients receiving | Effect of NAD+ on
Indications Medicine: Targeted | 10 mg/day IV NAD+ | Heart Failure
restoration of | for 7 days showed | Caused by Ischemic
myocardial NAD+ to | LVEF of 45.44% at 1 | Cardiomyopathy -
treat Ischemic  monthvs. 42.44%in | PubMed - 2025
Cardiomyopathy. the placebo group
(p=0.024).
Clinical Substance Use | IVNAD+ infusionsin | NAD+ and
Indications Disorder (SUD): | 50 cases | Enkephalinase
Reduction of | significantly Inhibition
psychiatric burden | attenuated craving | Significantly
and physiological | behavior (p=1.063E- | Attenuate
cravings in poly- | 9) and improved Psychiatric Burden
drug users. sleep quality. in SUD - PMC - 2023
Clinical Metabolic 250 mg/day of NMN | Evaluation of safety
Indications Syndromes: Impact | increased muscle | and effectiveness of
of NMN on insulin | insulin  sensitivity  NAD in different
sensitivity and  and signaling in | clinicalconditions:a
skeletal muscle | overweight systematic review -
glucose disposal. prediabetic AJP Endo - 2023
postmenopausal
women.
Protocols & IV Infusion | Standard dilution is | NAD+ - Strive
Methods Standards: Safety-  250-500 mg NAD+ | Pharmacy - 2026
first methodology in 500-1000 mL
for acute  0.9% Saline; rate
replenishment  in | must start at 10-30
clinical settings. mL/hour.
Protocols & | Oral Maintenance | Loading starts at | Nicotinamide
Methods Titration: 250 mg BID, | Riboside in Systolic
Methodology for | escalating by 250 | Heart  Failure -
long-term chronic | mg/dose weeklyto a | ClinicalTrials.gov -
heart failure | maintenance target 2025
support of 1000 mg BID
(NCT03423342). (2g/day).
Safety & Risks The Oncology | NAMPT is | Pathway linked to
Paradox: overexpressed in | slower aging also
Theoretical and | aggressive tumors | fuels brain cancer -
observed risks of | like Glioblastoma, | Siteman Cancer
NAD+ hyper- | where high | Center-2016
augmentation in | expression
active cancer | correlates with

environments.
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significantly shorter
survival times.

Safety & Risks Methylation High-dose NAD+ - Strive
Depletion: The risk | protocols require | Pharmacy - 2026
of secondary | monitoring for
Homocysteine Homocysteine  to
elevation due to | prevent depletion of
SAMe consumption @ methyl pools
during NAM | essential for
excretion. vascular health.
Regulatory US FDA Status: The | On September 29, | FDA Declares
Outlook formal 2025, the FDA | Nicotinamide
reinstatement of | concluded NMN is | Mononucleotide Is a
NMN as a lawful | not excluded from | Dietary Supplement
dietary supplement | the supplement | - Venable LLP - 2025
ingredient. definition, reversing
its 2022 exclusion.
Regulatory Australia TGA | On January 14, | Australia TGA Clears
Outlook Ruling: First-in- | 2026, the TGA listed | NMN As A
world therapeutic- | NMN as a | Permissible
grade framework for | permissible Therapeutic
NMN distribution. therapeutic Ingredient -
ingredient for use in | BioPharma APAC -
listed medicines. 2026
Regulatory Market Projections: | The global NAD+ | Nicotinamide
Outlook The economic | market is projected | Adenine
trajectory of the to reach $873.4 Dinucleotide (NAD)
global NAD+ | Million by 2032, with | Market Size - Gll -
therapeutic and |a CAGR of 14% 2025
longevity sector. during the 2026-
2032 period.
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Appendix I: Substance Use Disorder (SUD) & Addiction
Recovery

The application of Nicotinamide Adenine Dinucleotide (NAD+) in Substance Use
Disorder (SUD) represents one of the most clinically aggressive use cases for the
molecule. Unlike chronic metabolic support, addiction protocols aim for rapid
neurological "reset" by targeting the Dopaminergic pathways and the Cerebral
Bioenergetic deficit created by chronic substance exposure NAD+ |V Therapy | Inpatient
Treatment at ATMC in Sedona AZ - ATMC - August 2025.

Clinical Rationale: The Dopamine-NAD+ Axis

Chronic use of alcohol and opioids leads to a "Bioenergetic Bankruptcy" in the Nucleus
Accumbens and Prefrontal Cortex. Alcohol consumption, in particular, depletes NAD+
as it is consumed by Alcohol Dehydrogenase (ADH) and Aldehyde Dehydrogenase
(ALDH) during ethanol metabolism Sobriety and Satiety: Is NAD+ the Answer? - PMC -
May 2020. Restoration of NAD+ levels facilitates:

¢ Neurotransmitter Stabilization: Replenishment of GABA, Serotonin, and
Dopamine levels which are typically deficient in the "post-drug" brain NAD+ [V
Therapy | Inpatient Treatment at ATMC in Sedona AZ - ATMC - August 2025.

e Opioid Receptor Binding: Evidence suggests NAD+ may bind to the same
receptors as alcohol or opioids, providing a "reward" signal that mitigates acute
craving intensity NAD Drip Therapy for Alcohol Addiction Recovery - Rehab Guide
- August 2025.
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Standardized 10-Day Detoxification Protocol

The "standard" clinical intensive for Opioid and Alcohol withdrawal as of January 16,
2026, involves a high-dose loading phase followed by a maintenance taper NAD+ for
Substance Abuse & Addiction - Hydrate Medical - January 2025.

Phase Duration Dosage (IVNAD+) | Frequency

Acute Induction Days 1-3 500 mgto 1,500 mg  Daily (4-8 hour infusion)

Saturation Phase Days 4-10 | 500 mg to 750 mg Daily (4 hour infusion)

Maintenance Weeks 2-6 | 100 mg to 200 mg 1-2 times weekly (IM or SQ)

Long-Term Support | Ongoing 250 mg to 500 mg Daily (Oral NR/NMN)

Critical Monitoring & Outcome Measures

Success in SUD protocols is measured through both objective physiological stability and

subjective craving scores.

Withdrawal Scores: Use of the Clinical Institute Withdrawal Assessment
(CIWA) for alcohol or Clinical Opiate Withdrawal Scale (COWS) to titrate
infusion speed Nicotinamide Adenine Dinucleotide (NAD+): A Review on Dosing -
Fagron Academy - June 2025.

Hematological Vigilance: Monitoring for Hemolysis (indicated by slight
increases in Bilirubin) and inflammatory responses (spikes in Neutrophils)
during high-dose 1,500 mg sessions Sobriety and Satiety: Is NAD+ the Answer? -
PMC - May 2020.

Neuropsychiatric Stabilization: A cohort study of 50 cases found significant
reduction in Anxiety and Depression scores alongside cravings (p <0.001) NAD+
IV Therapy | Inpatient Treatment at ATMC in Sedona AZ - ATMC - August 2025.

Contraindications & Safety Notes

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD+) THERAPEUTIC

Liver Function: Patients with advanced Hepatic Cirrhosis are excluded, as the
metabolism of high-dose NAD+ can stress compromised intra-hepatic tissue
NAD+ Injection (Lyo) - Empower Pharmacy - 2026.

Methylation Support: Mandatory co-administration of Trimethylglycine (TMG)
or B-Complex vitamins is required during the 10-day intensive to prevent
Methylation depletion NAD+ - Strive Pharmacy - 2026.
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Appendix ll: Cardiovascular Disease (Heart Failure &
Ischemic Cardiomyopathy)

The cardiovascular application of Nicotinamide Adenine Dinucleotide (NAD+) has
shifted from experimental bioenergetics to a validated clinical strategy for improving
myocardial function. As of January 16, 2026, evidence confirms that failing human hearts
exhibit a severe depletion of the NAD+ pool, which can be partially reversed through
targeted parenteral or oral replenishment Effect of Nicotinamide Adenine Dinucleotide
on Heart Failure Caused by Ischemic Cardiomyopathy - PubMed - September 2025.

Clinical Rationale: The Myocardial Bioenergetic Deficit

Heart failure, specifically Ischemic Cardiomyopathy (ICM) and Heart Failure with
Reduced Ejection Fraction (HFrEF), is fundamentally a disease of mitochondrial
insufficiency.

e Redox Imbalance: Failing hearts show an increased NADH/NAD+ ratio, which
inhibits Sirtuin-dependent protein deacetylation, leading to hyperacetylation of
mitochondrial proteins and subsequent contractile dysfunction Normalization of
NAD+ Redox Balance as a Therapy for Heart Failure - Circulation - 2018.

¢ Restoration of Function: Supplementation with precursors like Nicotinamide
Riboside (NR) or direct NAD+ restores this balance, improving ATP production
and blunting adverse remodeling Raising NAD+ Level Alleviates Heart Failure
Independent of Mitochondrial Protein Deacetylation - Circulation - November
2023.
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Evidence-Based Therapeutic Protocols

Current clinical guidelines for cardiovascular NAD+ replenishment are stratified by the
severity of the heart failure and the desired speed of intervention.

Delivery Target Dosage Regimen Verified Outcome
Modality Population Metric
Intravenous | Ischemic 10 mg/day for 7 days | LVEF improved to 45.44%

(IV) NAD+ Cardiomyopathy | Effect of NAD+ on  vs. 42.44% at 1 month
Heart Failure Caused | (p=0.024) Effect of NAD+
by Ischemic | on Heart Failure Caused

Cardiomyopathy - | by Ischemic

PubMed - September | Cardiomyopathy -
2025 PubMed - September
2025

Oral NR | Stage C HFrEF 1,000 mg BID | Doubled whole-blood
(Niagen) (Stable) (Uptitrated from | NAD+; reduced NLRP3
250mg) Nicotinamide | inflammasome

Riboside in Systolic | expression Safety of NR

Heart Failure -|in__ Heart Failure -
ClinicalTrials.gov - | Providence - December
June 2025 2022
Oral NMN Metabolic 250 mg to 500 mg  Normalization of
Cardiomyopathy | daily NAD+ | NADH/NAD+ ratio and

Metabolism in Cardiac | reversed mitochondrial

Health, Aging, and | protein hyperacetylation
Disease - Circulation - | Normalization of NAD+
2018 Redox Balance as a

Therapy for Heart Failure
- Circulation - 2018
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Critical Monitoring & Safety Benchmarks

Given the vulnerability of the heart failure population, strict adherence to monitoring
parameters is mandatory:

e NT-proBNP Trends: A trend toward decreased NT-proBNP (from 2761 pg/mL to
1471 pg/mL) was observed within 7 days of IV NAD+ therapy, signaling reduced
myocardial wall stress Effect of Nicotinamide Adenine Dinucleotide on Heart

Failure Caused by Ischemic Cardiomyopathy - PubMed - September 2025.

e Laboratory Surveillance: Bi-weekly checks for ALT, Creatine Kinase (CK), and
Blood Urea Nitrogen (BUN) are required during the oral dose escalation phase to
ensure metabolic tolerance Nicotinamide Riboside in Systolic Heart Failure -
ClinicalTrials.gov - June 2025.

¢ NYHA Functional Class: 73.0% of patients receiving IV NAD+ showed
improvementin their NYHA class at 1 month compared to 57.3% in placebo Effect
of Nicotinamide Adenine Dinucleotide on Heart Failure Caused by Ischemic
Cardiomyopathy - PubMed - September 2025.

Absolute Contraindications for CV Patients

e Acute Gout: High-dose precursors are excluded for patients with a recent history
of Gout due to potential interference with uric acid excretion Nicotinamide
Riboside in Systolic Heart Failure - ClinicalTrials.gov - June 2025.

o Severe Renal Insufficiency: Patients with Creatinine 2 2.5 mg/dL are excluded
from high-dose protocols to avoid systemic toxicity Nicotinamide Riboside in

Systolic Heart Failure - ClinicalTrials.gov - June 2025.

e Hepatic Insufficiency: ALT greater than 3x the upper limit of normal remains a
hard exclusion criterion Nicotinamide Riboside in Systolic Heart Failure -
ClinicalTrials.gov - June 2025.
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Appendix lll: Neurodegenerative Disorders (Alzheimer’s
& Parkinson’s Disease)

The neuroprotective application of Nicotinamide Adenine Dinucleotide (NAD+)
focuses on reversing the "mitochondrial decay" and "proteostatic stress" that
characterize the aging brain. As of January 16, 2026, clinical data suggests that NAD+
augmentation can cross the Blood-Brain Barrier (BBB)—primarily via its precursors—to
modulate neuroinflammation and stimulate DNA repair in neurons NAD+ reverses
Alzheimer's neurological deficits via regulating differential alternative RNA splicing of
EVA1C - PubMed - November 2025.

Clinical Rationale: Neuro-Energetics and Genomic Integrity

The high metabolic demand of the human brain makes it uniquely sensitive to NAD+
depletion.

e Alzheimer’s Disease (AD): NAD+ levels are significantly lower in the
Hippocampus of AD patients. Replenishment has been shown to reduce the
accumulation of Amyloid-Beta plaques and Tau tangles by enhancing Mitophagy
(the clearance of damaged mitochondria) NAD augmentation as a disease-

modifying strategy for neurodegeneration - PubMed - April 2025.

e Parkinson’s Disease (PD): PD is associated with mutations or dysfunctions in
mitochondrial pathways. Nicotinamide Riboside (NR) has demonstrated the
ability to boost cerebral NAD+ levels, thereby improving mitochondrial respiration
in the Substantia Nigra |s NAD Safe to Take? What Research Actually Shows in
2025 - Goldman Laboratories - 2025.
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Evidence-Based Therapeutic Protocols for Neurodegeneration

Unlike acute addiction protocols, neurodegenerative treatment requires chronic, steady-
state elevation of brain NAD+ pools.

Target
Pathology

Therapeutic
Agent

Protocol / Dosage

Observed Clinical Benefit

10 mg/day (Stable dosage)
Evaluation of safety and

Improved verbal fluency and
visual constructional ability

Alzheimer's effectiveness of NAD in )
i Oral NADH . o after 6 months Evaluation of
Disease different clinical ]
o safety and effectiveness of
conditions - AJP Endo -
NAD - AJP Endo - 2023.
2023
1000 mg to 3000 mg daily|{Increased cerebral NAD+
Parkinson's oral NR Is NAD Safe to Take? -|[levels and reduction in Pro-
ra
Disease Goldman Laboratories -|inflammatory Cytokines in
2025 CSF.
250 mg to 500 mg||Acute improvement in "brain
Cognitive Intravenous |[(Weekly/Bi-weekly) NAD+||[fog" and executive function;
Decline NAD+ Injection (Lyo) - Empower|lserves as a booster to oral

Pharmacy - 2026

therapy.

Critical Monitoring & Biomarkers

o Cognitive Assessment: Standardized use of the Mini-Mental State Examination
(MMSE) or MoCA every 3 months is necessary to track the trajectory of the

intervention Evaluation of safety and effectiveness of NAD - AJP Endo - 2023.

¢ Metabolic Signaling: Monitoring of RNA splicing patterns, specifically the EVA1C
gene, is an emerging biomarker for neuronal NAD+ sufficiency NAD+ reverses
Alzheimer's neurological deficits via regulating differential alternative RNA
splicing of EVA1C - PubMed - November 2025.

¢ Inflammatory Panel: Tracking C-Reactive Protein (CRP) and IL-6 to measure the
reduction in systemic "inflammaging" Is NAD Safe to Take? - Goldman
Laboratories - 2025.
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https://www.empowerpharmacy.com/compounding-pharmacy/nad-injection/
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://pubmed.ncbi.nlm.nih.gov/41202143/
https://pubmed.ncbi.nlm.nih.gov/41202143/
https://pubmed.ncbi.nlm.nih.gov/41202143/
https://goldmanlaboratories.com/blogs/blog/is-nad-safe-to-take
https://goldmanlaboratories.com/blogs/blog/is-nad-safe-to-take

Contraindications & Neuro-Specific Cautions

e Active Brain Tumors: Due to the risk of fueling malignant cell proliferation, NAD+
therapy is strictly contraindicated in patients with Glioblastoma or other
intracranial malignancies Targeting NAD+ metabolism: dual roles in cancer
treatment - Frontiers - 2023.

e Severelnsomnia: High-dose NAD+ (especially when administered late in the day)
can cause over-stimulation and worsen sleep disturbances in Dementia patients
NAD IV Therapy Side Effects - Medica Depot - September 2025.

o Excitotoxicity Risk: While rare, clinicians must monitor for increased agitation or
tremors during the initial IV loading phase NAD+ Injection (Lyo) - Empower
Pharmacy - 2026.
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https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1269896/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1269896/full
https://www.medicadepot.com/blog/nad-iv-therapy-side-effects.html
https://www.empowerpharmacy.com/compounding-pharmacy/nad-injection/
https://www.empowerpharmacy.com/compounding-pharmacy/nad-injection/

Appendix IV: Metabolic Disorders (Type 2 Diabetes,
Prediabetes & Obesity)

The metabolic application of Nicotinamide Adenine Dinucleotide (NAD+) is centered
on the restoration of insulin sensitivity and the modulation of lipid oxidation through the
activation of the Sirtuin pathway. In the current clinical landscape, NAD+ precursors—
specifically Nicotinamide Mononucleotide (NMN)—are being utilized as potentinsulin-
sensitizing agents that mimic the physiological benefits of caloric restriction and exercise
Evaluation of safety and effectiveness of NAD in different clinical conditions: a
systematic review - American Journal of Physiology - 2023.

Clinical Rationale: The NAD+-SIRT1-Insulin Axis

Obesity and high-fat diets are known to deplete intracellular NAD+ levels, particularly in
skeletal muscle and liver tissue, leading to mitochondrial dysfunction and insulin
resistance.

e Insulin Signaling Enhancement: NAD+ serves as a mandatory cofactor for
SIRT1, which deacetylates and activates PGC-1a, a master regulator of
mitochondrial biogenesis and glucose transporter (GLUT4) expression NAD+
Metabolism in Cardiac Health, Aging, and Disease - Circulation - 2018.

e Beta-Cell Support: Recent Japanese clinical data indicates that NMN can
improve insulin secretion from pancreatic beta-cells, addressing the secretory
deficit found in advanced Type 2 Diabetes NMN's Insulin-Promoting Effect
Demonstrated in Latest Japanese Clinical Study - NMN.com - December 2025.
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https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.121.056589
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.121.056589
https://www.nmn.com/news/boosting-insulin-and-nad-levels-in-healthy-adults-promising-discoveries-with-nmn
https://www.nmn.com/news/boosting-insulin-and-nad-levels-in-healthy-adults-promising-discoveries-with-nmn

Evidence-Based Therapeutic Protocols for Metabolic Health

Metabolic protocols favor oral administration to ensure consistent, long-term
stimulation of the Salvage Pathway in metabolic tissues.
Clinical Therapeutic | Protocol / Dosage Primary Metabolic
State Agent Outcome
Prediabetes | Oral NMN 250 mg/day (10 weeks) p < 0.05 increase in muscle
(Obese) Evaluation of safety and | insulin sensitivity and insulin
effectiveness of NAD - | signaling (Akt
AJP Endo - 2023 phosphorylation) Evaluation
of safety and effectiveness of
NAD - AJP Endo - 2023.
Type 2  Oral NMN 1,000 mg to 2,000 mg | Significant reduction in
Diabetes daily Effects of NMN on | HbA1¢c and improved
Glucose and Lipid @ postprandial glucose
Metabolism - | clearance.
SpringerMedizin - 2025
Metabolic Oral NR 1,000 mg BID Safety | Reduction in systemic
Syndrome and Metabolism of | inflammatory markers and

Long-term
Administration of
NIAGEN - Scientific

Reports - 2019

improved lipid profile (lower
triglycerides).
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https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://www.springermedizin.de/effects-of-nicotinamide-mononucleotide-on-glucose-and-lipid-meta/50199462
https://www.springermedizin.de/effects-of-nicotinamide-mononucleotide-on-glucose-and-lipid-meta/50199462
https://www.springermedizin.de/effects-of-nicotinamide-mononucleotide-on-glucose-and-lipid-meta/50199462
https://www.springermedizin.de/effects-of-nicotinamide-mononucleotide-on-glucose-and-lipid-meta/50199462
https://www.nature.com/articles/s41598-019-46120-z
https://www.nature.com/articles/s41598-019-46120-z
https://www.nature.com/articles/s41598-019-46120-z
https://www.nature.com/articles/s41598-019-46120-z
https://www.nature.com/articles/s41598-019-46120-z
https://www.nature.com/articles/s41598-019-46120-z

Critical Monitoring & Metabolic Biomarkers

To validate the efficacy of NAD+ in metabolic cohorts, clinicians must monitor specific

indices of glucose homeostasis:

HOMA-IR: Assessment of Homeostatic Model Assessment for Insulin
Resistance should be conducted monthly during the titration phase Evaluation of
safety and effectiveness of NAD - AJP Endo - 2023.

Continuous Glucose Monitoring (CGM): Highly recommended for patients on
high-dose NMN (>1,000 mg) to observe immediate improvements in glycemic
variability NMN's Insulin-Promoting Effect - NMN.com - December 2025.

Adiponectin Levels: High-dose NR has been shown to modulate Adiponectin, a
protein hormone that regulates glucose levels and fatty acid breakdown Safety
and Metabolism of Long-term Administration of NIAGEN - Scientific Reports -
2019.

Contraindications & Metabolic Cautions

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD+) THERAPEUTIC

Active Hypoglycemia: Patients on potent glucose-lowering medications (e.g.,
Insulin or Sulfonylureas) require strict dose monitoring to avoid synergistic
hypoglycemia when adding NMN NMN's Insulin-Promoting Effect - NMN.com -
December 2025.

Acute Gout and Hyperuricemia: Precursors can transiently elevate uric acid
levels; patients with uncontrolled gout should avoid doses exceeding 500 mg/day
Nicotinamide Riboside in Systolic Heart Failure - ClinicalTrials.gov - June 2025.

Hepatic Steatosis (Severe): While NAD+ generally improves fatty liver, extreme
doses may stress methyl-donor pools, potentially worsening hepatic function if
not supported by TMG or Choline NAD+ - Strive Pharmacy - 2026.
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https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://www.nmn.com/news/boosting-insulin-and-nad-levels-in-healthy-adults-promising-discoveries-with-nmn
https://www.nature.com/articles/s41598-019-46120-z
https://www.nature.com/articles/s41598-019-46120-z
https://www.nature.com/articles/s41598-019-46120-z
https://www.nmn.com/news/boosting-insulin-and-nad-levels-in-healthy-adults-promising-discoveries-with-nmn
https://www.nmn.com/news/boosting-insulin-and-nad-levels-in-healthy-adults-promising-discoveries-with-nmn
https://clinicaltrials.gov/study/NCT03423342
https://www.strivepharmacy.com/medications/nicotinamide-adenine-dinucleotide-nad

Appendix V: Reproductive Health & Fertility (Ovarian

Reserve & Oocyte Quality)

In the landscape of reproductive medicine as of January 16, 2026, Nicotinamide
Adenine Dinucleotide (NAD+) has emerged as a critical therapeutic target for
addressing "Ovarian Aging"—a process that typically occurs 2.5 times faster than aging
in other somatic tissues NAD+ and ovarian aging: Can it help with menopause? - Elysium

Health - 2025. This appendix details the protocols and mechanistic evidence for using

NAD+ precursors to rescue oocyte quality and improve outcomes in Assisted
Reproductive Technology (ART).

Clinical Rationale: The Ovarian "Bioenergetic Clock"

Oocytes have the highest mitochondrial density of any cell in the human body, requiring
immense ATP for spindle assembly and chromosomal segregation.

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD+) THERAPEUTIC
PROTOCOLS, CLINICAL EFFICACY AND SAFETY PROFILES

Age-Related Decline: NAD+ levels in the ovaries plummet with age, primarily due
toincreased expression of the NAD+-consuming enzyme CD38 NAD+ and ovarian
aging: Can it help with menopause? - Elysium Health - 2025. This depletion leads
to mitochondrial fragmentation, Reactive Oxygen Species (ROS) accumulation,
and meiotic spindle defects Study Shows that NAD" Precursor Supplementation
Decreases Obesity-induced Subfertility in Mice - NAD.com - March 2022.

DNA Integrity & Sirtuins: NAD+-dependent SIRT2 is essential for maintaining
microtubule-kinetochore attachments. Supplementing with Nicotinamide
Mononucleotide (NMN) has been shown to rejuvenate oocyte quality by
stabilizing these attachments and ensuring Euploidy (correct chromosome
number) NAD+ Repletion Rescues Female Fertility during Reproductive Aging -
PMC - NIH - 2020.
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https://www.elysiumhealth.com/blogs/aging101/nad-and-ovarian-aging
https://www.elysiumhealth.com/blogs/aging101/nad-and-ovarian-aging
https://www.elysiumhealth.com/blogs/aging101/nad-and-ovarian-aging
https://www.elysiumhealth.com/blogs/aging101/nad-and-ovarian-aging
https://www.nad.com/news/nad-precursor-supplementation-obesity-sub-fertility
https://www.nad.com/news/nad-precursor-supplementation-obesity-sub-fertility
https://pmc.ncbi.nlm.nih.gov/articles/PMC7063679/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7063679/

Evidence-Based Protocols for Fertility Enhancement

Protocols are increasingly categorized by the patient's proximity to a planned IVF cycle or

natural conception attempt.

Clinical Administration # Specific Protocol /  Primary Clinical

Condition Route Dosage Milestone

Diminished | Intravenous 200 units weekly as an | Significant

Ovarian (IV) NAD+ adjunct to ICSI cycles  improvement in oocyte

Reserve Intravenous NAD* as an | yield, quality, and day-3

(DOR) Adjunct  to IVF in | embryo number
Diminished Ovarian | Intravenous NAD™ as an
Reserve: The first Indian | Adjunct to IVF -
within-Subject (Before- | ResearchGate - 2026.
After) Study -
ResearchGate - January
2026

Recurrent Oral NMN 900 mg/day for up to 8 | Targeted enhancement

IVF Failure weeks post-intervention | of blastocyst
Investigate the Efficacy of | development rate on
Using NMN to Improve  day 5 and 6 Investigate
Embryo Development | the Efficacy of Using
Capacity - | NMN to Improve Embryo
ClinicalTrials.gov - 2025 | Development Capacity -

ClinicalTrials.gov - 2025.
General Pre- Oral NR 150 mg to 300 mg daily | Long-term support for

Conception
(>90 days)

NAD for Fertility: Shop
NAD+ for Reproductive
Health - Tru Niagen - July
2025

mitochondrial efficiency
and hormone regulation
NAD for Fertility - Tru

Niagen - 2025.
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https://www.researchgate.net/publication/399481415_Intravenous_NAD_as_an_Adjunct_to_IVF_in_Diminished_Ovarian_Reserve_The_first_Indian_within-Subject_Before-After_Study_of_Oocy_te_Yield_Oocy_te_Competence_and_Day-3_Embryo_Quality
https://www.researchgate.net/publication/399481415_Intravenous_NAD_as_an_Adjunct_to_IVF_in_Diminished_Ovarian_Reserve_The_first_Indian_within-Subject_Before-After_Study_of_Oocy_te_Yield_Oocy_te_Competence_and_Day-3_Embryo_Quality
https://www.researchgate.net/publication/399481415_Intravenous_NAD_as_an_Adjunct_to_IVF_in_Diminished_Ovarian_Reserve_The_first_Indian_within-Subject_Before-After_Study_of_Oocy_te_Yield_Oocy_te_Competence_and_Day-3_Embryo_Quality
https://www.researchgate.net/publication/399481415_Intravenous_NAD_as_an_Adjunct_to_IVF_in_Diminished_Ovarian_Reserve_The_first_Indian_within-Subject_Before-After_Study_of_Oocy_te_Yield_Oocy_te_Competence_and_Day-3_Embryo_Quality
https://www.researchgate.net/publication/399481415_Intravenous_NAD_as_an_Adjunct_to_IVF_in_Diminished_Ovarian_Reserve_The_first_Indian_within-Subject_Before-After_Study_of_Oocy_te_Yield_Oocy_te_Competence_and_Day-3_Embryo_Quality
https://www.researchgate.net/publication/399481415_Intravenous_NAD_as_an_Adjunct_to_IVF_in_Diminished_Ovarian_Reserve_The_first_Indian_within-Subject_Before-After_Study_of_Oocy_te_Yield_Oocy_te_Competence_and_Day-3_Embryo_Quality
https://www.researchgate.net/publication/399481415_Intravenous_NAD_as_an_Adjunct_to_IVF_in_Diminished_Ovarian_Reserve_The_first_Indian_within-Subject_Before-After_Study_of_Oocy_te_Yield_Oocy_te_Competence_and_Day-3_Embryo_Quality
https://www.researchgate.net/publication/399481415_Intravenous_NAD_as_an_Adjunct_to_IVF_in_Diminished_Ovarian_Reserve_The_first_Indian_within-Subject_Before-After_Study_of_Oocy_te_Yield_Oocy_te_Competence_and_Day-3_Embryo_Quality
https://www.researchgate.net/publication/399481415_Intravenous_NAD_as_an_Adjunct_to_IVF_in_Diminished_Ovarian_Reserve_The_first_Indian_within-Subject_Before-After_Study_of_Oocy_te_Yield_Oocy_te_Competence_and_Day-3_Embryo_Quality
https://www.researchgate.net/publication/399481415_Intravenous_NAD_as_an_Adjunct_to_IVF_in_Diminished_Ovarian_Reserve_The_first_Indian_within-Subject_Before-After_Study_of_Oocy_te_Yield_Oocy_te_Competence_and_Day-3_Embryo_Quality
https://www.researchgate.net/publication/399481415_Intravenous_NAD_as_an_Adjunct_to_IVF_in_Diminished_Ovarian_Reserve_The_first_Indian_within-Subject_Before-After_Study_of_Oocy_te_Yield_Oocy_te_Competence_and_Day-3_Embryo_Quality
https://clinicaltrials.gov/study/NCT06629636
https://clinicaltrials.gov/study/NCT06629636
https://clinicaltrials.gov/study/NCT06629636
https://clinicaltrials.gov/study/NCT06629636
https://clinicaltrials.gov/study/NCT06629636
https://clinicaltrials.gov/study/NCT06629636
https://clinicaltrials.gov/study/NCT06629636
https://clinicaltrials.gov/study/NCT06629636
https://clinicaltrials.gov/study/NCT06629636
https://clinicaltrials.gov/study/NCT06629636
https://www.truniagen.com/blogs/tru-niagen-labs/nad-for-fertility-cellular-support-from-the-very-start
https://www.truniagen.com/blogs/tru-niagen-labs/nad-for-fertility-cellular-support-from-the-very-start
https://www.truniagen.com/blogs/tru-niagen-labs/nad-for-fertility-cellular-support-from-the-very-start
https://www.truniagen.com/blogs/tru-niagen-labs/nad-for-fertility-cellular-support-from-the-very-start
https://www.truniagen.com/blogs/tru-niagen-labs/nad-for-fertility-cellular-support-from-the-very-start
https://www.truniagen.com/blogs/tru-niagen-labs/nad-for-fertility-cellular-support-from-the-very-start

Critical Monitoring & Reproductive Biomarkers

Oocyte Competence: Assessment of spindle assembly and mitochondrial
bioenergetics during the Germinal Vesicle (GV) to Metaphase Il (Mll) transition
NMN supplementation as a strategy to improve oocyte quality: a systematic

review - ResearchGate - November 2025.

Hormonal Regulation: Monitoring of Estrogen and Progesterone cycles; NAD+
is a precursor for NADPH, which is a mandatory cofactor for steroid hormone
synthesis NAD+ and ovarian aging: Can it help with menopause? - Elysium Health
- 2025.

AMH and Granulosa Cell Health: Evaluation of Anti-Miillerian Hormone (AMH)
levels and NAD+ concentrations in ovarian granulosa cells NR vs. Vitamin E in
Enhancing Fertility - ClinicalTrials.gov - July 2025.

Safety, Pregnancy, and Regulatory Limits

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD+) THERAPEUTIC

Pregnancy Safety: The European Food Safety Authority (EFSA) has established
that an intake of Nicotinamide Riboside (NR) up to 230 mg/day is safe for
pregnant and lactating women Safety of nicotinamide riboside chloride as a novel
food - ResearchGate - August 2019.

Embryonic Development: NAD+ deficiency during pregnancy can cause
Congenital NAD Deficiency Disorder (CNDD), leading to malformations.
Supplementation must be strictly monitored by an obstetrician Impact of NAD+
Metabolism on Ovarian Aging: Review - AboutNAD - December 2023.

Exclusion Criteria: Patients with Polycystic Ovaries (PCOS) or Premature
Ovarian Failure (POF) are currently excluded from standard NMN trials (e.g.,
NCT06629636) to isolate the effects on age-related decline Investigate the
Efficacy of Using NMN to Improve Embryo Development Capacity -
ClinicalTrials.gov - 2025.
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https://www.researchgate.net/publication/397038888_NMN_supplementation_as_a_strategy_to_improve_oocyte_quality_a_systematic_review_and_transcriptomic_analysis
https://www.researchgate.net/publication/397038888_NMN_supplementation_as_a_strategy_to_improve_oocyte_quality_a_systematic_review_and_transcriptomic_analysis
https://www.elysiumhealth.com/blogs/aging101/nad-and-ovarian-aging
https://www.elysiumhealth.com/blogs/aging101/nad-and-ovarian-aging
https://www.google.com/search?q=https://clinicaltrials.gov/study/NCT06950736
https://www.google.com/search?q=https://clinicaltrials.gov/study/NCT06950736
https://www.researchgate.net/publication/337839114_Safety_of_nicotinamide_riboside_chloride_as_a_novel_food_pursuant_to_Regulation_EU_20152283_and_bioavailability_of_nicotinamide_from_this_source_in_the_context_of_Directive_200246EC
https://www.researchgate.net/publication/337839114_Safety_of_nicotinamide_riboside_chloride_as_a_novel_food_pursuant_to_Regulation_EU_20152283_and_bioavailability_of_nicotinamide_from_this_source_in_the_context_of_Directive_200246EC
https://www.aboutnad.com/blogs/studies/impact-of-nad-metabolism-on-ovarian-aging-review
https://www.aboutnad.com/blogs/studies/impact-of-nad-metabolism-on-ovarian-aging-review
https://clinicaltrials.gov/study/NCT06629636
https://clinicaltrials.gov/study/NCT06629636
https://clinicaltrials.gov/study/NCT06629636

Appendix VI: Psychiatric and Mood Disorders (Anxiety,
Depression, and Chronic Fatigue)

The application of Nicotinamide Adenine Dinucleotide (NAD+) in psychiatry focuses on
the "Neuro-Metabolic" origin of mood disorders. As of January 16, 2026, clinical
evidence suggests that chronic anxiety and depressive states are often accompanied by
a deficitin mitochondrial ATP production in the Medial Prefrontal Cortex and Amygdala,
a state that NAD+ replenishment is uniquely positioned to address Nicotinamide
Adenine Dinucleotide (NAD+) and Enkephalinase Inhibition Significantly Attenuate
Psychiatric Burden - PMC - 2023.

Clinical Rationale: Brain Energy Homeostasis and Neuroplasticity

The brain's emotional regulatory centers are metabolically expensive. NAD+ acts as a
dual-action agent:

e Glutamatergic Regulation: NAD+ modulates the release of Glutamate,
preventing excitotoxicity and promoting the expression of Brain-Derived
Neurotrophic Factor (BDNF), which is essential for synaptic plasticity and
recovery from depressive episodes NAD+ in Brain Aging and Neurodegenerative
Disorders - PMC - NIH - 2019.

e Circadian Rhythm Synchronization: SIRT1 (an NAD+-dependent enzyme)
regulates the CLOCK gene. Replenishment helps restore normal sleep-wake
cycles, which are frequently disrupted in Major Depressive Disorder (MDD) and
Generalized Anxiety Disorder (GAD) NAD+ and Sirtuins in Aging and Disease -
PMC - 2014.
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https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6787555/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6787555/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4112140/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4112140/

Evidence-Based Protocols for Psychiatric Intervention

Protocols for mood and fatigue often combine acute parenteral loading with chronic oral

maintenance.

Condition

Modality

Protocol / Dosage

Primary Clinical

Outcome

Treatment-
Resistant
Depression

IV NAD+

500 mg twice weekly for 4

weeks  Evaluation  of

safety and effectiveness
NAD -
Journal of Physiology -

of American

Significant reduction
in Hamilton
Depression Rating
Scale (HAM-D) scores

Evaluation of safety

2023

and effectiveness of
NAD - AJP Endo - 2023.

Generalized
Anxiety Disorder

IV NAD+

250 mg daily for 5-10 days
Nicotinamide  Adenine

(NAD+)
Significantly Attenuates
Psychiatric Burden - PMC

- 2023

Dinucleotide

p < 0.001 reduction in
anxiety scores;
improved emotional
resilience and stress
tolerance Psychiatric
Burden in SUD - PMC -

2023.

Myalgic
Encephalomyelitis
(CFS)

Oral
NADH +
CoQ10

20 mg NADH + 200 mg
CoQ10 daily Does Oral
Q10 Plus
NADH Supplementation
Improve Fatigue? -
Nutrients - 2022

Coenzyme

Reduction in
perceived fatigue and
maximum
during
exercise Oral CoQ10
Plus NADH in Chronic
Fatigue - PMC - 2022.

improved

heart rate
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https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://journals.physiology.org/doi/full/10.1152/ajpendo.00242.2023
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9474872/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9415438/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9415438/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9415438/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9415438/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9415438/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9415438/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9415438/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9415438/

Critical Monitoring & Behavioral Biomarkers

Psychometric Testing: Regular assessment via the PHQ-9 (Depression) and
GAD-7 (Anxiety) scales is required every 14 days during treatment Nicotinamide
Adenine Dinucleotide (NAD+) Significantly Attenuates Psychiatric Burden - PMC -
2023.

Sleep Architecture: Utilization of wearable biometrics to track REM and Deep
Sleep duration, as NAD+ levels directly influence sleep quality NAD+ and Sirtuins
in Aging and Disease - PMC - 2014.

Lactate Threshold: In Chronic Fatigue Syndrome (CFS), monitoring blood
lactate levels post-exertion can indicate improved mitochondrial efficiency
following NAD+ therapy Does Oral Coenzyme Q10 Plus NADH Supplementation
Improve Fatigue? - Nutrients - 2022,

Contraindications & Safety in Mental Health

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD+) THERAPEUTIC

Bipolar Disorder (Manic Phase): NAD+ therapy can be over-stimulating and may
potentially trigger or exacerbate manic episodes. It is contraindicated during
active mania NAD IV Therapy Side Effects - Medica Depot - September 2025.

Panic Disorder: Patients with high sensitivity to physical sensations may
experience increased panic during the "tight chest" or "palpitation” phase of a fast
IV drip. Rates must be kept strictly below 20 mL/hour NAD IV Therapy Side Effects
- Medica Depot - September 2025.

Methylation Balance: Patients on high-dose NAD+ for depression must be co-
supplemented with Methyl-B12 and Folate to prevent the depletion of methyl
donors required for neurotransmitter synthesis NAD+ - Strive Pharmacy - 2026.
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Clinical Implementation Checklist for NAD+ Therapy
Practitioners

This final synthesis provides a high-level operational framework for implementing
Nicotinamide Adenine Dinucleotide (NAD+) therapies within a clinical or hospital
setting. As of January 16, 2026, the medical community emphasizes a "Safety-First"
approach that transitions from acute parenteral intervention to long-term oral
homeostatic maintenance NAD+ - Strive Pharmacy - 2026.

Phase 1: Pre-Treatment Screening & Risk Stratification

e [ ] Oncology Clearance: Verify no history of active malignancy or recent
recurrence (within 5 years). Consult oncology if the patient has high-risk genetic
markers for Glioblastoma Targeting NAD+ metabolism: dual roles in cancer

treatment - Frontiers - 2023.

e [ ] Renal/Hepatic Baseline: Confirm Creatinine < 2.5 mg/dL and ALT < 3x the
upper limit of normal Study Details | NCT03423342 | Nicotinamide Riboside in
Systolic Heart Failure | ClinicalTrials.gov - June 2025.

e []G6PD Status: Screen for Glucose-6-Phosphate Dehydrogenase deficiency to
avoid oxidative stress on erythrocytes during high-dose IV sessions NAD |V
Therapy Side Effects - Medica Depot - September 2025.

e [] Metabolic Baseline: Record HbA1c, HOMA-IR, and Uric Acid to monitor for
insulin sensitivity improvements or potential gout flares Evaluation of safety and
effectiveness of NAD - American Journal of Physiology - 2023.

Phase 2: Acute IV Administration Protocols

e []Dilution Check: Ensure 250-500 mg NAD+ is diluted in at least 500 mL of 0.9%
Normal Saline or Lactated Ringer’s NAD+ - Strive Pharmacy - 2026.

e [ ] Drip Rate Management: Start infusion at 10-20 mL/hour. Do not exceed 30
mL/hour if the patient reports Chest Pressure or Abdominal Cramping \What is
the proper administration and safety protocol for NAD infusion therapy? -
Dr.Oracle - October 2025.

e []Vital Sign Monitoring: Record BP, HR, and SpO2 every 30 minutes during the
first two hours of the loading phase What is the proper administration and safety
protocol for NAD infusion therapy? - Dr.Oracle - October 2025.
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[ 1 Emergency Kit: Ensure Diphenhydramine and Epinephrine are bedside to
manage rare hypersensitivity reactions NAD |V Therapy Side Effects - Medica
Depot - September 2025.

Phase 3: Methylation & Cofactor Support

[ ] Methylation Guard: Prescribe Trimethylglycine (TMG) (500-1000 mg) or
Methyl-B12 daily to prevent SAMe depletion and elevated Homocysteine NAD+
- Strive Pharmacy - 2026.

[ ] Salvage Pathway Optimization: Ensure the patient is receiving adequate
Riboflavin (Vitamin B2) and Magnesium, which are necessary for the Salvage
Pathway to recycle Nicotinamide back into NAD+ What is the proper
administration and safety protocol for NAD infusion therapy? - Dr.Oracle - October
2025.

Phase 4: Chronic Maintenance & Titration

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD+) THERAPEUTIC

[ ] Oral Transition: Transition the patient to Oral NMN or NR at 250-500 mg daily
for maintenance once the IV loading phase (typically 5-10 days) is complete
Nicotinamide Adenine Dinucleotide (NAD+): A Review on Dosing - Fagron
Academy - June 2025.

[ ] Heart Failure Exceptions: For HFrEF patients, follow the 2000 mg/day target
dosage via weekly 250 mg increments as per the NCT03423342 protocol
Nicotinamide Riboside in Systolic Heart Failure - ClinicalTrials.gov - June 2025.

[ ] Long-Term Labs: Re-evaluate Homocysteine, ALT, and LVEF (if applicable)
every 12 weeks to confirm therapeutic benefit without metabolic drift Study
Details | NCT03423342 | Nicotinamide Riboside in Systolic Heart Failure |
ClinicalTrials.gov - June 2025.
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Summary of Regulatory Compliance (January 16, 2026)

Union (EFSA)

Region Regulatory Status Maximum Safe Daily Intake
(Oral)
United Dietary Supplement (NMN & NR) FDA | No formal UL set; 2,000 mg
States (FDA) | Declares NMNIs aDietary Supplement | tested in trials
-Venable LLP - 2025 NCT03423342.
European Novel Food (NR only) Safety of NR as a | 300 mg/day for adults; 230

novel food - ResearchGate - 2019

mg/day for pregnancy EFSA -
2019.

Australia
(TGA)

Permissible Therapeutic Ingredient
Australia TGA Clears NMN - BioPharma
APAC - 2026

Dependent on "Listed
Medicine" registration status
TGA - 2026.

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD+) THERAPEUTIC
PROTOCOLS, CLINICAL EFFICACY AND SAFETY PROFILES

COPYRIGHT © CHARLYE GHEZZI


https://www.venable.com/insights/publications/2025/10/fda-declares-nicotinamide-mononucleotide-is
https://www.venable.com/insights/publications/2025/10/fda-declares-nicotinamide-mononucleotide-is
https://www.venable.com/insights/publications/2025/10/fda-declares-nicotinamide-mononucleotide-is
https://clinicaltrials.gov/study/NCT03423342
https://www.researchgate.net/publication/337839114_Safety_of_nicotinamide_riboside_chloride_as_a_novel_food_pursuant_to_Regulation_EU_20152283_and_bioavailability_of_nicotinamide_from_this_source_in_the_context_of_Directive_200246EC
https://www.researchgate.net/publication/337839114_Safety_of_nicotinamide_riboside_chloride_as_a_novel_food_pursuant_to_Regulation_EU_20152283_and_bioavailability_of_nicotinamide_from_this_source_in_the_context_of_Directive_200246EC
https://www.researchgate.net/publication/337839114_Safety_of_nicotinamide_riboside_chloride_as_a_novel_food_pursuant_to_Regulation_EU_20152283_and_bioavailability_of_nicotinamide_from_this_source_in_the_context_of_Directive_200246EC
https://www.researchgate.net/publication/337839114_Safety_of_nicotinamide_riboside_chloride_as_a_novel_food_pursuant_to_Regulation_EU_20152283_and_bioavailability_of_nicotinamide_from_this_source_in_the_context_of_Directive_200246EC
https://biopharmaapac.com/news/81/7440/australia-tga-clears-nmn-as-a-permissible-therapeutic-ingredient-in-landmark-longevity-move.html
https://biopharmaapac.com/news/81/7440/australia-tga-clears-nmn-as-a-permissible-therapeutic-ingredient-in-landmark-longevity-move.html
https://biopharmaapac.com/news/81/7440/australia-tga-clears-nmn-as-a-permissible-therapeutic-ingredient-in-landmark-longevity-move.html

NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD+) THERAPEUTIC

PROTOCOLS, CLINICAL EFFICACY AND SAFETY PROFILES COPYRIGHT © CHARLYE GHEZZI



	Scientific Abstract
	Core Concepts in Review: What We Know and Why It Matters
	The Biological Foundation: Cellular Currency and the Aging Deficit
	The Delivery Dilemma: Intravenous Surge vs. Oral Maintenance
	Clinical Breakthroughs: From Heart Failure to Addiction
	The Regulatory Landscape: A Global Realignment
	Navigating Risks: The Oncology Paradox and Methylation
	Conclusion: Why It Matters for Policy

	Chapter 1: Molecular Pathophysiology and the Bioenergetic Crisis
	The Mechanistic Role of NAD+ in DNA Repair and Sirtuin Activation
	The Bioenergetic Crisis: A Multidimensional System Failure
	Therapeutic Intervention Framework

	Chapter 2: Pharmacokinetic Divergence: Intravenous vs. Oral Administration
	Pharmacokinetics of Intravenous NAD+ Infusion
	Pharmacokinetics of Oral Precursor Administration
	Comparative Bioavailability and Tissue Specificity

	Chapter 3: Clinical Indications: Pathology-Specific Therapeutic Outcomes
	Cardiovascular Medicine: Reversing Myocardial Failure
	1. Ischemic Cardiomyopathy and Ejection Fraction
	2. Heart Failure with Preserved Ejection Fraction (HFpEF)
	Neurodegenerative Disorders: Targeting Proteostasis and Neuroinflammation
	Alzheimer’s Disease and Cognitive Recovery
	Parkinson’s Disease and Mitochondrial Rescue

	Metabolic Syndromes: Insulin Sensitivity and Diabetic Complications
	Type 2 Diabetes and Muscle Insulin Sensitivity
	Diabetic Peripheral Neuropathy (DPN)

	Substance Use Disorders (SUD) and Psychiatric Burden
	Relapse Prevention and Craving Suppression


	Chapter 4: Evidence-Based Clinical Protocols and Methodologies
	Intravenous (IV) Infusion Protocols: The Acute Replenishment Phase
	Standard Induction and Loading Phase
	Specialized Addiction Tapering Protocols

	Subcutaneous and Intramuscular Administration: The Maintenance Bridge
	Oral Supplementation Protocols: Chronic Homeostatic Support
	Nicotinamide Riboside (NR) in Cardiovascular Failure
	Nicotinamide Mononucleotide (NMN) for Metabolic Health

	Patient Monitoring and Clinical Oversight

	Chapter 5: Critical Safety Assessment and Contraindications
	Acute Tolerability: Intravenous vs. Oral Profiles
	The Infusion Rate-Dependency Phenomenon
	Hematological and Inflammatory Markers

	The Oncology Paradox: Dual Roles in Cancer
	Metabolic Risks: Methylation Depletion and Homocysteine
	Specific Contraindications and Exclusions

	Chapter 6: Regulatory Outlook and Future Paradigms in NAD+ Research
	Global Regulatory Realignment: 2025–2026
	The FDA Reversal on NMN (September 2025)
	European Union: The Novel Food Pathway
	Australia TGA Clearance (January 2026)

	Economic Trajectory: The Billion-Dollar Longevity Sector
	Future Scientific Paradigms: Beyond Simple Supplementation
	Second-Generation Analogs and Liposomal Delivery
	Integration with Senolytics and Precision Medicine


	Unified Master Matrix: NAD+ Therapeutic Landscapes & Regulatory Standards
	Appendix I: Substance Use Disorder (SUD) & Addiction Recovery
	Clinical Rationale: The Dopamine-NAD+ Axis
	Standardized 10-Day Detoxification Protocol
	Critical Monitoring & Outcome Measures
	Contraindications & Safety Notes

	Appendix II: Cardiovascular Disease (Heart Failure & Ischemic Cardiomyopathy)
	Clinical Rationale: The Myocardial Bioenergetic Deficit
	Evidence-Based Therapeutic Protocols
	Critical Monitoring & Safety Benchmarks

	Absolute Contraindications for CV Patients

	Appendix III: Neurodegenerative Disorders (Alzheimer’s & Parkinson’s Disease)
	Clinical Rationale: Neuro-Energetics and Genomic Integrity
	Evidence-Based Therapeutic Protocols for Neurodegeneration
	Critical Monitoring & Biomarkers
	Contraindications & Neuro-Specific Cautions

	Appendix IV: Metabolic Disorders (Type 2 Diabetes, Prediabetes & Obesity)
	Clinical Rationale: The NAD+-SIRT1-Insulin Axis
	Evidence-Based Therapeutic Protocols for Metabolic Health
	Critical Monitoring & Metabolic Biomarkers
	Contraindications & Metabolic Cautions

	Appendix V: Reproductive Health & Fertility (Ovarian Reserve & Oocyte Quality)
	Clinical Rationale: The Ovarian "Bioenergetic Clock"
	Evidence-Based Protocols for Fertility Enhancement
	Critical Monitoring & Reproductive Biomarkers
	Safety, Pregnancy, and Regulatory Limits

	Appendix VI: Psychiatric and Mood Disorders (Anxiety, Depression, and Chronic Fatigue)
	Clinical Rationale: Brain Energy Homeostasis and Neuroplasticity
	Evidence-Based Protocols for Psychiatric Intervention
	Critical Monitoring & Behavioral Biomarkers
	Contraindications & Safety in Mental Health

	Clinical Implementation Checklist for NAD+ Therapy Practitioners
	Phase 1: Pre-Treatment Screening & Risk Stratification
	Phase 2: Acute IV Administration Protocols
	Phase 3: Methylation & Cofactor Support
	Phase 4: Chronic Maintenance & Titration
	Summary of Regulatory Compliance (January 16, 2026)


