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EXECUTIVE SUMMARY 
 
Nicotinamide adenine dinucleotide (NAD+) is an essential coenzyme that supports cellular energy production, 
mitochondrial function, DNA repair, metabolic regulation, and cellular resilience. Because NAD+ levels naturally 
decline with age and exposure to metabolic stress, restoring NAD+ has become a central focus of healthy aging 
and metabolic health research. 
 
Nicotinamide riboside (NR) is among the most extensively studied NAD+ precursors and has consistently been 
shown to safely increase blood and tissue NAD+ following oral supplementation. Parenteral administration offers 
a distinct pharmacological approach that bypasses the gastrointestinal (GI) and hepatic first-pass metabolism, 
potentially increasing delivery of intact NR to metabolically active tissues. 
 
Niagen™ Plus is a pharmaceutical-grade nicotinamide riboside chloride formulation developed for parenteral 
administration [intravenous (IV), intramuscular (IM), and subcutaneous (SC)]. Preclinical research demonstrates 
that parenteral NR increases tissue NAD+ more efficiently than oral administration and produces favorable 
biological effects in multiple disease models.  
 
Four pilot clinical studies have evaluated the safety and emerging clinical effects of Niagen™ Plus. Across all 
studies, parenteral administration demonstrated a favorable safety profile with no serious adverse events. 
Compared with conventional NAD+ IV therapy, Niagen™ IV was consistently better tolerated and allowed more 
efficient administration with fewer infusion-related adverse experiences. 
 
Although primarily designed to assess safety, these studies also identified encouraging biological and patient-
reported outcomes. Findings included transient increase in whole-blood NAD+, improvements in fatigue, sleep 
quality, and quality of life, favorable shifts in mitochondrial energy metabolism, reductions in oxidative stress 
biomarkers, and trends in inflammatory markers.  
 
Collectively, these findings support continued investigation of Niagen™ Plus as a novel strategy for rapidly boosting 
or restoring NAD+ levels. The observed functional benefits are hypothesis-generating and require confirmation in 
larger randomized, placebo-controlled trials. 
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1. INTRODUCTION  
 
NAD+ is an essential coenzyme involved in mitochondrial ATP production, DNA repair, oxidative stress defense, 
cellular signaling, and metabolic regulation. NAD+ declines with age and chronic exposure to metabolic stress [1–
3], making restoration of NAD+ an important goal in healthy aging [4]. 
 
Oral supplementation with Niagen® (a patented form of Nicotinamide Riboside Chloride [NRCl]) has been 
consistently demonstrated to safely increase blood and tissue NAD+ in humans [5–28]. Niagen™ Plus offers a 
complementary strategy to circumvent first-pass metabolism in the GI tract and liver, potentially increasing 
delivery of intact NR to metabolically active tissues.  
 
2. WHY PARENTERAL NR? 
 
Parenteral NR alters pharmacokinetics by avoiding first pass metabolism through the GI tract and liver. Preclinical 
studies suggest IV administration produces greater tissue NAD+ elevation than oral administration in skeletal 
muscle, liver, and kidney [29,30]. Niagen™ Plus is considered complementary to oral Niagen®, with each route of 
administration providing distinct biological advantages [31–33].  
 
To date, four clinical studies provide encouraging evidence of safety and biological activity for NR. Larger 
randomized, placebo-controlled trials are needed to confirm efficacy and optimize dosing (Table 1).  
 
Table 1: Summary of Niagen® IV and Injection Studies 

Study Design Purpose Key Outcomes 
Hawkins et al. 2024 RCT Safety & PK >20% blood NAD+ increase; 

superior IV tolerability 

Reyna et al. 2026 Retrospective Real-world safety Better tolerability than NAD+ IV 

Nkrumah-Elie et al. 2026 Randomized Injection safety Favorable safety and exploratory 
benefits 

Russ et al. (manuscript 
in process) 

Open label Long-term safety Improvements in fatigue, sleep, 
QoL, mitochondrial function, 
oxidative stress, transient NAD+ 
increase 

 
3. CLINICAL SAFETY OF NIAGEN™ PLUS  

The primary objective of the clinical development for Niagen™ Plus has been to establish the safety and 
tolerability. Across four pilot clinical studies evaluating parenteral administration, Niagen™ Plus demonstrated a 
favorable safety profile. No serious adverse events were reported, and adverse events were generally mild, 
transient in nature and self-resolving. Common experiences included temporary tingling during IV administration, 
mild muscle cramping, localized injection-site discomfort, redness, or sensitivity with IM or SC administration. 
Niagen™ IV was consistently better tolerated than conventional NAD+ IV.  

3.2.1. Toxicity and Safety biomarkers 
Preclinical oral toxicology data for Niagen® established a no observed adverse effect level (NOAEL) of 300 and 500 
mg/kg body weight per day [34,35]. Published clinical studies have demonstrated oral NR to be well tolerated at 

https://doi.org/10.1101/2024.06.06.24308565
https://www.frontiersin.org/journals/aging/articles/10.3389/fragi.2026.1652582/full
https://www.medrxiv.org/content/10.64898/2026.04.28.26352007v1
https://clinicaltrials.gov/study/NCT07251608?term=NCT07251608&viewType=Card&rank=1&tab=researcher
https://clinicaltrials.gov/study/NCT07251608?term=NCT07251608&viewType=Card&rank=1&tab=researcher
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doses up to 2-3 g/day [5,9,10,13–15,22,25,36–41]. Across the four parenteral pilot studies, laboratory safety 
markers remained within expected ranges without consistent patterns of concern1.  

TAKEAWAY: ACROSS FOUR PILOT CLINICAL STUDIES, NIAGEN™ PLUS DEMONSTRATED A FAVORABLE 

SHORT-TERM SAFETY PROFILE WITH NO SERIOUS ADVERSE EVENTS FOLLOWING IV, IM, OR SC 

ADMINISTRATION AND WAS CONSISTENTLY BETTER TOLERATED THAN CONVENTIONAL NAD+ IV THERAPY.  

3.2.2. Whole blood NAD+ 
Niagen™ Plus rapidly increases circulating NAD+. In Hawkins et al. (2024) [39], a single 500 mg IV infusion 
increased whole-blood NAD+ by more than 20% within three hours (Figure 1).  
 

 
 Figure 1. NAD+ measured by capillary whole blood NAD+ captured by dried blood spot (DBS). Levels are reported as the mean ± SEM, 
*p<0.05, **p<0.01 of NR relative to saline. 
 
In Russ et al. (manuscript in process), IM and SC administration produced significant transient increases of up to 
6%, peaking after three consecutive days of injection. NAD+ levels were monitored throughout the dosing period. A 
transient peak was observed on Day 3, with levels increasing 6.4% above baseline (p = 0.001), before returning to 
baseline by Day 4 and remaining stable through Day 100. Baseline NAD+ concentrations did not change 
significantly over the course of the study (Figure 2).  
 
Together, these pilot studies demonstrate that parenteral Niagen produces rapid, but transient increases in 
whole-blood NAD+ that warrant confirmation in larger clinical studies. 
 

 
1 These pilot studies were conducted in generally healthy adults and have not been validated in larger or diseased populations. Periodic 
blood chemistry monitoring is recommended, and drug-drug and drug-nutrient interactions have not been evaluated.  
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Figure 2. NAD+ kinetics by dose in Russ et al. (manuscript in process). NAD+ increased through V3, with a greater response in the 100 mg 
group, returned below baseline after washout, and showed modest recovery by Day 100.   
 
4. UNDERSTANDING BLOOD AND TISSUE NAD+ FROM ORAL AND PARENTERAL NIAGEN ADMINISTRATION 

Whole blood is a complex mixture of plasma, red blood cells (RBCs), white blood cells, and platelets. RBCs 
account for ~40–45% of blood volume but have limited capacity to utilize NR for NAD+ synthesis. In contrast, NRK 
expression varies across metabolically active tissues, with particularly high NRK1 expression in kidney and NRK2 
expression in skeletal muscle. Preclinical isotope-tracing studies demonstrate that IV NR can be delivered intact 
to peripheral tissues and increase tissue NAD+. Together, these findings suggest that changes in whole-blood 
NAD+ may not fully reflect tissue exposure following parenteral NR [30,42]. 
 
For clinicians, the primary point is that whole-blood NAD+ is a useful pharmacodynamic biomarker of exposure to 
NAD+ precursors but may not be a direct measure of tissue NAD+ status. Blood measures may not fully capture 
NR activity in metabolically active tissues where NAD+ supports mitochondrial function, cellular repair, and 
metabolic regulation. 
 
4.1. Oral Niagen®: Systemic Exposure with First-Pass Metabolism  
Oral Niagen increases NAD+ levels in both blood and tissues in humans [8,17,20,24,27,28]. However, oral NR 
undergoes first-pass metabolism in the GI tract and liver and interactions with the gut microbiome before it 
reaches systemic circulation [26]. A portion of NR is converted to downstream metabolites including nicotinamide 
(NAM) and nicotinic acid (NA), which may also contribute to NAD+ biosynthesis and the biological effects of oral 
NR [26].  
 
4.2. Parenteral Niagen: Direct Systemic Delivery  
IV, IM and SC administration bypass gastrointestinal and hepatic first-pass metabolism [26], altering the 
pharmacokinetic profile of NR. IV administration delivers intact NR directly into circulation, while IM and SC 
administration provide gradual systemic absorption without GI metabolism.  
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 Preclinical research demonstrates IV administration of NR produces greater increases in NAD+ in metabolically 
active tissues including skeletal muscle, kidney, liver and brain [30] compared to oral administration. Skeletal 
muscle also expresses high levels of NRK [43], making it a potentially important target for circulating NR [44].    
 
Conversely, oral NR may support NAD+ biology through both intact NR and downstream metabolites generated 
during GI and microbiome metabolism. These differences suggest that oral and parenteral NR should be viewed as 
complementary rather than competing approaches to NAD+ restoration, with distinct pharmacokinetic profiles 
and potentially different biological strengths. Table 2 summarizes the key differences between the two routes and 
their potential clinical relevance.  

TAKEAWAY: NIAGEN PLUS BYPASSES GASTROINTESTINAL AND LIVER METABOLISM AND THEREFORE 

INCREASES SYSTEMIC EXPOSURE TO INTACT NR, WHILE ORAL NIAGEN PROVIDES SUSTAINED NAD+ 

SUPPORT THROUGH COMPLEMENTARY METABOLIC PATHWAYS .  

Table 2: Comparison of Oral Niagen® and Niagen™ Plus  
Characteristic Oral Niagen® Niagen™ Plus Clinical Perspective 

Administration Capsule or powder IV, IM, or SC Niagen Plus offers rapid, flexible 
delivery; oral Niagen supports 
convenient daily use. 

Intact NR Exposure Shaped by GI 
absorption and 
metabolism 

Greater initial systemic 
exposure before 
metabolism 

Niagen Plus increases initial intact 
NR exposure, complementing oral 
metabolic pathways. 

Blood NAD+ Gradual increase 
with consistent 
daily use 

Rapid, transient increase 
after administration 

Niagen Plus provides rapid 
elevation; oral Niagen supports 
sustained NAD+ levels. 

Tissue NAD+ Human studies 
demonstrate 
increases in 
multiple tissues 

Preclinical studies suggest 
greater tissue delivery; 
human data remain limited 

Niagen Plus may enhance tissue 
delivery, complementing 
established oral tissue effects. 

Primary MOA NAD+ biosynthesis 
through intact NR 
and downstream 
metabolites 

Direct systemic delivery of 
intact NR before 
metabolism 

Distinct metabolic pathways 
provide complementary 
approaches to NAD+ support. 

Clinical Evidence Extensive human 
clinical evidence 

Early human evidence for 
safety, pharmacokinetics, 
and exploratory outcomes 

Niagen Plus extends an established 
oral evidence base through a 
distinct delivery approach. 

Table 2. Oral Niagen® and parenteral Niagen™ Plus offer complementary approaches to NAD+ support: sustained daily 
supplementation and rapid systemic delivery through parenteral administration.   
 

5. CLINICAL OUTCOMES OF PARENTERAL NIAGEN  

Although the Niagen Plus clinical studies were primarily designed to evaluate safety, exploratory biological and 
patient-reported outcomes were also assessed. Findings across fatigue, sleep, quality of life, mitochondrial 
bioenergetics, oxidative stress, inflammation, and skin health provide direction for larger efficacy-focused trials. 
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5.1. Energy and Fatigue 
NAD+ is essential for cellular energy production, making fatigue and perceived energy important exploratory 
outcomes for Niagen™ Plus. 
 
Across multiple pilot studies, participants reported improvements in fatigue and selected measures of perceived 
energy (Figure 3). In Russ et al. (manuscript in process), repeated SC administration significantly reduced PROMIS 
Fatigue scores by Day 100 in both the 50 mg and 100 mg groups. PROMIS (Patient-Reported Outcomes 
Measurement Information System) measures self-reported fatigue over the past 7 days. Hawkins et al. 2025 
(manuscript in process) reported improvements in general, emotional, and overall energy following IV 
administration. There was decline in physical energy, but fatigue showed improvement and a favorable trend 
toward reduced fatigue 30 days after a four-day IV loading protocol was also reported [45]. 
 
Together, these exploratory findings suggest that Niagen™ Plus may reduce perceived fatigue and influence 
energy-related outcomes. Larger randomized, placebo-controlled trials are needed to confirm these effects and 
determine their durability. 

 
Figure 3. Changes in fatigue and energy following Niagen™ Plus. (A) PROMIS Fatigue scores following repeated 50 mg and 100 mg SC 
administration. (B–E) Changes in total, general, emotional, and physical energy. (F–H) Changes in fatigue by IV, IM, and SC administration. 
Data are mean ± SEM; *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.  
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Mitochondrial Function 
Improvements in fatigue were accompanied by measurable changes in mitochondrial bioenergetics. In Russ et al. 
(manuscript in preparation), MeScreen™ test was used to assess ATP production from mitochondrial oxidative 
phosphorylation relative to glycolysis. This at-home test measures mitochondrial efficiency and cellular energy 
production to provide personalized health insights. 
 
Repeated injections of Niagen™ Plus increased the mitochondrial ATP-to-glycolytic ATP ratio by 44.5% from 
baseline to Day 40 (p=0.005), which was sustained through Day 100 (p=0.003) (Figure 4). This shift toward oxidative 
phosphorylation suggests greater reliance on mitochondrial energy metabolism and provides a potential biological 
link to the observed improvements in fatigue [46,47].   
 

 
Figure 4. Mitochondrial ATP-to-glycolytic ATP ratio following repeated Niagen™ Plus administration. The MitoATP:GlycoATP ratio increased 
from baseline to Day 40 and remained elevated through Day 100, as measured using the MeScreen™ Mitochondrial Efficiency assay from 
dried blood spots.   

TAKEAWAY: REPEATED ADMINISTRATION OF NIAGEN™ PLUS WAS ASSOCIATED WITH IMPROVED 

MITOCHONDRIAL BIOENERGETICS, PROVIDING A POTENTIAL BIOLOGICAL MECHANISM FOR THE OBSERVED 

IMPROVEMENTS IN FATIGUE AND ENERGY.  

5.2. Sleep 
NAD+ plays an important role in circadian regulation and cellular metabolism age [48–52] making sleep quality an 
important exploratory outcome for Niagen™ Plus. 
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In Russ et al. (manuscript in process), repeated administration of Niagen™ Plus was associated with progressive 
improvements in self-reported sleep quality. While improvements following the initial three injections did not 
reach statistical significance, sleep quality improved significantly across all participants by Day 40 (p < 0.0001) 
and remained improved through Day 100 (p < 0.001). 
 
These findings suggest that repeated NAD+ restoration may support healthy sleep, although larger placebo-
controlled studies are needed to confirm these observations. 
 

TAKEAWAY: REPEATED ADMINISTRATION OF NIAGEN PLUS WAS ASSOCIATED WITH SUSTAINED 

IMPROVEMENTS IN SELF-REPORTED SLEEP QUALITY. 

 
5.3. Quality of Life 
Quality of life was assessed using the PROMIS Global Health Rating (GHR), a validated measure of overall physical 
and mental well-being. It is a 10-item patient-reported questionnaire developed by the National Institutes of 
Health (NIH) to assess an individual’s overall health across physical, mental, and social domains. 
 
In the Russ et al. study, participants reported improvements in global health ratings as early as Day 10, with 
significant improvements across the study population by Day 40 (p < 0.001) that were maintained through Day 100 
(Figure 5). 
 
Although exploratory, these findings are consistent with the concurrent improvements observed in fatigue, sleep 
quality, mitochondrial function, and oxidative stress. 

TAKEAWAY: PARTICIPANTS RECEIVING REPEATED NIAGEN PLUS INJECTIONS REPORTED SUSTAINED 

IMPROVEMENTS IN OVERALL QUALITY OF LIFE .  

 

 
Figure 5. Global Health Rating, a QoL measurement, was sustainably improved with 100 mg SC injections three times per week. Bars 
represent the mean ± SEM.  (***p<0.001) 
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5.4. Oxidative Stress  
Oxidative stress was evaluated in Russ et al (manuscript in process) using 17 urinary biomarkers spanning 
multiple oxidative pathways. Repeated Niagen Plus administration was associated with reductions in several 
biomarkers of oxidative stress.  
 

 
Figure 6. Changes in 8-OHdG and CML from baseline to Day 100 by Niagen™ Plus dose 
 
By Day 100, key oxidative stress biomarkers improved significantly. 8-OHdG, a marker of oxidative DNA damage, 
decreased by more than 50% (p<0.001), while carboxymethyl lysine (CML), a marker of advanced glycation, 
decreased by approximately 35% (p<0.003) relative to baseline (Figure 6).   
 
Together, reductions across multiple oxidative stress biomarkers suggest that repeated Niagen Plus injections 
may support cellular redox balance. These exploratory findings are consistent with the role of NAD+ in supporting 
antioxidant defense and mitochondrial function and warrant confirmation in larger placebo-controlled studies 
[53–55]. 
 
5.5. Skin  
In Russ et al., participant-reported skin improvements increased from 0% at baseline to 34% by Day 100, including 
27% reporting improved facial appearance. These exploratory findings warrant confirmation using objective 
dermatologic endpoints.  
 
5.6 Inflammation 
Oral Niagen® has been shown to reduce proinflammatory cytokines in clinical studies [10,11,17,20,25,28,56], 
providing a rationale for evaluating inflammatory outcomes with Niagen™ Plus. In Hawkins et al. [57] changes in IL-
1β, IL-6, IL-10, and TNFα were not significantly different from saline control. Exploratory patterns were observed 
including increases in IL-6, IL-10, and TNFα after NAD+ IV that were not seen with NR IV; however, these findings 
require confirmation in larger studies (Figure 7). 
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Figure 7. Changes in IL-1β, IL-6, IL-10, and TNFα following IV administration in Hawkins et al. (2024; unpublished data). No significant 
treatment differences were observed. 
 
Clinical markers of inflammation, including hsCRP, serum viscosity, and erythrocyte sedimentation rate (ESR), 
were also evaluated. Nkrumah-Elie et al. (2026)[58] observed nonsignificant trends toward reductions in hsCRP 
and ESR (Figure 8), while Russ et al. found no significant changes in hsCRP over time. 
 
Overall, Niagen™ Plus did not increase the inflammatory markers evaluated. Larger studies are needed to 
determine whether parenteral NR has clinically meaningful anti-inflammatory effects, especially in populations 
with elevated baseline inflammation. 
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Figure 8. Clinical inflammatory markers following Niagen™ Plus administration, including hsCRP, serum viscosity, and ESR.   
 
6. CONCLUSION 
 
Across four pilot clinical studies, parenteral Niagen™ Plus administered by IV, IM, and SC routes demonstrated a 
favorable short-term safety and tolerability profile with no serious safety signals. Niagen™ Plus administration 
produced rapid, transient increases in whole-blood NAD+, while Niagen IV was better tolerated and administered 
more efficiently than conventional NAD+ IV. 
 
Importantly, these studies also generated encouraging biological and participant-reported outcomes beyond 
NAD+ elevation. Repeated Niagen™ Plus administration was associated with improvements in fatigue, sleep 
quality, and quality of life, alongside favorable changes in mitochondrial bioenergetics and markers of oxidative 
stress. Exploratory inflammatory findings further suggest that parenteral NR does not increase inflammation and 
warrant investigation in populations with elevated baseline inflammation. 
 
Together, these findings demonstrate biological activity across multiple domains relevant to cellular and 
metabolic health and support the potential of parenteral Niagen™ Plus as a distinct approach to NAD+ restoration. 
While the efficacy findings remain preliminary, their consistency across objective biomarkers and participant-
reported outcomes provides a strong rationale for larger randomized, placebo-controlled trials to confirm clinical 
benefits, optimize dosing, and identify populations most likely to benefit. 
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