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Presentation Outline

● Background and “hallmarks of aging” 

● Primer on nutrients 
○ Macronutrients, vitamins, minerals, non-essential nutrients 
○ Dietary Reference Intakes 

● Why nutrient demands increase with age 
○ Physiology, lifestyle, social factors, medications 
○ “Triage theory” 
○ Nutrition and hallmarks of aging – specific foods & nutrients



Presentation Outline

● Specific nutrients of interest 
○ Protein 

■ Measures of quality, bioavailability, amino acids of interest  
■ mTor 

○ Vitamins, minerals, essential nutrients 
■ Vitamin B12 ,vitamin D, calcium, magnesium, iron, choline 

○ Other nutrients of interest 
■ Creatine, NAD+ precursors 

● Summary
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Nutrients: Overview

● Three macronutrients 
○ Protein 

■ 4 calories per gram 
○ Carbohydrate 

■ 4 calories per gram 
○ Fat 



Macronutrients: Protein
● Sources 

○ Meat, eggs, dairy, beans, etc. 

● Types 
○ Complete proteins 

■ Contain all 9 essential amino acids (EAA) 
● Body cannot produce EAA’s 

■ Most animal proteins complete  
○ Incomplete proteins 

■ Do not contain all 9 EAA’s 
■ Most plant proteins incomplete, can be combined to become complete 

● Digestion and Absorption 
○ Broken down to amino acids by protease enzymes 
○ 4 calories per gram 



Macronutrients: Carbohydrate
● Sources 

○ Grains, vegetables, fruit, bread, etc. 
○ No essential carbohydrates  

● Types 
○ Sugar 

■ “Simple” or “Complex” - monosaccharide or disaccharide 
○ Starch 

■ “Complex” - polysaccharide 
○ Fiber 

■ Non-starch polysaccharides 
■ Soluble vs. insoluble 

● Digestion and Absorption 
○ Broken down to glucose (except fiber) by amylase enzyme 
○ 4 calories per gram 



Macronutrients: Fat
● Sources 

○ Nuts, oils, avocadoes, animal foods 
○ Two essential fatty acids (EFA’s) 

■ Alpha linolenic acid (omega-3) & linoleic acid (omega-6) 

● Types 
○ Saturated: all carbon-carbon bonds  

■ Meat, dairy, coconut, palm, cocoa 
○ Monounsaturated: one carbon=carbon bond 

■ Vegetables, nuts 
○ Polyunsaturated: multiple carbon=carbon bonds 

■ Fish, vegetables, nuts  

● Digestion and Absorption 
○ Broken down to fatty acids by lipase enzyme 
○ 9 calories per gram 



Micronutrients: Vitamins
● Vitamins 

○ 13 organic (contain carbon) compounds essential to health 
■ Vitamin A (retinol… not beta-carotene), B1 (thiamine), B2 (riboflavin), B3 (niacin), B5, B6, B7 

(biotin), vitamin B9 (folic acid), vitamin B12, vitamin C, vitamin D, vitamin E, vitamin K 
○ No endogenous production… must be obtained through diet 
○ ex.) Vitamin K 

■ Allows blood to coagulate normally, involved in bone formation and strength, prevents 
calcification of arteries and heart disease 

      
        

Vitamin K2



● Minerals 
○ 16 inorganic (no carbon) compounds essential to health 

■ Macro - calcium, phosphorus, potassium, sodium, chloride, magnesium, sulfur 
■ Trace - iron, iodine, zinc, chromium, selenium, fluoride, molybdenum, copper, manganese 

○ No endogenous production… must be obtained through diet 
○ ex.) Calcium 

■ Bone formation, proper function of nervous, muscular, endocrine systems 

      
        

Micronutrients: Minerals



● Non-essential micronutrients 
○ Not "essential"… but many health benefits 
○ Carotenoids 

■ Lutein, zeaxanthin, lycopene, α- & β-carotene, etc. 
○ Flavonoids 

■ Resveratrol, curcumin, EGCG, anthocyanidins, etc.  

○ Choline, creatine, l-carnitine, coenzyme Q10 

      
        

Micronutrients: Non-essential



Nutrients: Reference Values
● Nutritional Reference Values 

○ 1997 Dietary Reference Intakes (DRI) 
■ Recommended Dietary Allowances (RDA) 
■ Tolerable Upper Levels (UL) 
■ Estimated Average Requirement (EAR) 
■ Adequate Intakes (AI) 

● Recommended Dietary Allowances (RDA) 
○ Information on food labels 
○ Average daily dietary intake sufficient enough to meet nutrient 

requirements of 97– 98% of healthy people 
○ Varies by gender and life-stages (pregnancy, age, etc.) 
○ Prevent nutrient deficiency diseases… not chronic disease



Nutrients: Reference Values
● Tolerable Upper Intake Level (UL) 

○ Highest level of daily nutrient intake that will not pose a risk of adverse 
effects in healthy people 
■ Highly conservative… substantial margin for error  

● Evidence-base for DRI values needs improvement  
○ Often based on old studies (1960’s) and few RCT’s 

■ 2008 Institute of Medicine: The Development of DRIs 1994–2004 
○ Many argue RDA’s far too low 

■ Vitamin D – 2010 Journal of Nutrition 
■ B-vitamins – 1996 Journal of American Geriatrics Society  
■ Vitamin C –  1994 Journal of American Medical Association



Nutrients: Reference Values



Nutrients: Reference Values
● Remember the following about RDA 

○ Amounts to prevent nutrient deficiency diseases…                          
not optimal thresholds to protect against chronic diseases 

○ Reading labels simply a guide… based on recommendations for 
young adult women (2,000 kcal) 

● Nutritional needs not “one size fits all” 
○ Nutrient needs vary between people (gender, weight, etc.)  

■ Areas not addressed by DRI’s… physical activity, smoking, etc. 
○ Nutrient needs vary by stage of life (age, pregnancy, etc.)  

■ Areas not addressed by DRI’s… before/during disease, stress, etc. 
○ Especially important to older adults with varying comorbidities



Why nutrient demands  
increase with aging



○ “Meals on Wheels” 
■ Medications 
■ Emotional problems 
■ Anorexia or alcoholism 
■ Late-life paranoia 
■ Swallowing disorders 
■ Oral problems 
■ No money 
■ Wandering (sign of dementia) 
■ Hyperthyroidism 
■ Enteric problems (malabsorption) 
■ Eating problems (cannot self feed) 
■ Low-salt, low-cholesterol diets 
■ Stones (cholelithiasis)

Multifactorial Roots

● “Determine” 
● Disease 
● Eating poorly 
● Tooth loss 
● Economic hardship 
● Reduced social contact 
● Multiple medications 
● Involuntary weight loss/gain 
● Needs self-care assistance 
● Elder above age 80 



Decreased Nutrient Bioavailability



● Physiological roots 
○ Decreases in small intestine absorption  
○ Pancreatic enzyme secretion  
○ Renal function  
○ Slower uptake of fat-soluble nutrients from chylomicrons

Decreased Nutrient Bioavailability



● Primarily driven by age-related disease… not age itself 
○ Atrophic gastritis 

■ Approximately 20% older adults 
■ Low stomach acid & pepsin -> low B12, folate, iron, calcium, carotenoids, etc. 
■ Amino acids… sarcopenia 

○ Other age-related diseases increase nutrient demands 
■ Diabetes, cognitive decline, cancer, sarcopenia, etc.

Decreased Nutrient Bioavailability



Medication-related Nutrient Depletion

Mospan (2019) US Pharm. 44(12):18-24.



Medication-related Nutrient Depletion
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Medication-related Nutrient Depletion



Medication-related Nutrient Depletion



Medication-related Nutrient Depletion



Medication-related Nutrient Depletion



Mechanism… Triage-Theory



● Scarce nutrients triaged for “survival” at expense of… 
○ Mitochondrial function, DNA repair, telomeres, senescence 

■ Hallmarks of aging 
■ Contributes to age-related disease

Mechanism… Triage-Theory



● Carnitine & alpha-lipoic acid of primary concern 

● Others… magnesium, vitamin D, calcium, vitamin B12, selenium, iron, omega-3 fats 
○ Cover bases with high-quality multivitamin

Mechanism… Triage-Theory



Strategies to address increased  nutrient demands with aging



Tufts Food Pyramid For Older Adults



● Increased fluid intake 
● Increased protein intake 
● Increased intake of key micronutrients 

○ Vitamin B12 
○ Calcium 
○ Vitamin D 

● Many other important nutritional factors for optimal aging & healthspan 
○ Minerals: magnesium, zinc, etc. 
○ Vitamins: B1, B3, C, E, K, folate, etc. 
○ Non-essential nutrients: creatine, carotenoids, NAD+ precursors, etc. 
○ Inflammation, protein bioavailability, nutrient timing, etc.

Unique Nutritional Needs with Aging



Hallmarks of Aging: Impact of Nutrition
PRIMARY 

● Genomic instability 
○ Imbalance of DNA damage & repair 
○ Antioxidants, NrF2 activators (e.g. sulforaphane, curcumin, naringenin), sirtuin 

activators (e.g. NAD+ precursors, fucoidan, fasting), α-ketoglutarate 

● Telomere attrition 
○ DNA damage at end of chromosomes 
○ Mediterranean diets, fiber, polyphenols (e.g. coffee), vitamin D, omega-3 fats  

● Epigenetic alterations 
○ Deleterious changes in gene expression 
○ Methyl donors (e.g. SAM-e, TMG, choline, B vitamins, omega-3 fats), HDAC 

inhibitors (e.g. sulforaphane, EGCG, quercetin), α-ketoglutarate



Hallmarks of Aging: Impact of Nutrition

PRIMARY 
● Loss of proteostasis 

○ Misfolded, oxidized, glycated proteins 
○ Berberine, sulforaphane, spices/herbs, low 

temperature cooking 

● Disabled macroautophagy 
○ Compromised waste removal 
○ Fasting, caloric restriction, urolithin A, 

spermidine, NAD+ precursors



Hallmarks of Aging: Impact of Nutrition

ANTAGONISTIC 
● Deregulated nutrient sensing 

○ Altered anabolism, autophagy, inflammation  
○ Caloric restriction/fasting/time-restricted eating, 

ketogenic diet, berberine, adequate nutrients & no 
caloric excess 

● Mitochondrial dysfunction 
○ Poor cellular function, inflammation 
○ L-carnitine, CoQ10, PQQ, ketogenic diet 

 



Hallmarks of Aging: Impact of Nutrition

ANTAGONISTIC 
● Cellular senescence 

○ Inability to clear “zombie cells” 
○ Fisetin, quercetin, CR/fasting/time-restricted eating 

INTEGRATIVE 
● Stem cell exhaustion 

○ Loss of cellular plasticity  
○ CR/fasting/time-restricted eating, ketogenic diet



Hallmarks of Aging: Impact of Nutrition
INTEGRATIVE 

● Altered intercellular communication 
○ Deficiencies in signaling pathways 
○ Alpha lipoic acid, collagen/glucosamine&chondroitin/hyaluronic acid 

● Dysbiosis 
○ ↓ diversity, ↑ pathogens in gut microbiota 
○ Fermented foods, probiotics, prebiotics, SCFAs 

● Chronic inflammation 
○ Consequence of other hallmarks 
○ Omega-3 fats, curcumin, polyphenols, EGCG, spices & herbs



“The question arises to which extent strategies for extending human healthspan 
should be based on the avoidance of age-accelerating environmental factors 
(such as pollution, stress, inadequate physical activity, and unhealthy diets, often 
unavoidable in a context of poverty, precariousness, and wartime), the adoption of 
health-promoting lifestyle factors (such as diet, exercise, regular sleeping patterns, 
and social activities), the administration of relatively non-specific, pleiotropic 
drugs (exemplified by NAD+ precursors, metformin, spermidine, or MTORC1 
inhibitors), or more specific medical interventions.”

Lopez-Otin et al. (2023) Cell 186(2):243-278.





Protein



● Decrease in total body protein with age 
○ Clinical manifestation 

■ Decreased skeletal muscle mass 
○ Subclinical manifestation 

■ Organ tissue, immune system, blood components  

● Massive skeletal muscle decrease  
○ Young adults – skeletal muscle 45% total body weight 
○ Age 70 – skeletal muscle 27% total body weight 

● Dietary protein builds and maintains skeletal muscle 
○ Dietary protein → amino acids → builds skeletal muscle 

● High-quality protein intake key to prevent sarcopenia 

Protein Intake





● Older adults need more protein than RDA1,2,3 

○ RDA for protein 0.8 g/kg body weight 
■ RDA: 150 lb woman needs 54 grams protein per day 

○ Research suggests at least 1 g/kg body weight 
■ Research: Older 150 lb woman needs ≥ 68 grams protein per day 
■ Some argue even more optimal for certain conditions 

● Other repercussions of insufficient protein    
○ Weakness and disability, impairments in immune function, wound & fracture healing, 

skin problems    
○ ≥ 1 g/kg body weight required for these conditions2,3,4 

● No evidence of renal harm to healthy kidneys

Protein Intake: Recommendations

1.) Gersovitz et al (1982) American Journal of Clinical Nutrition; 2.) Campbell et al (1996) European Journal of Clinical Nutrition; 
3.) Milward et al (1997) American Journal of Clinical Nutrition; 4.) Kurpad (2000) European Journal of Clinical Nutrition 



Protein Intake: Quality



● Many dimensions of protein quality 
○ Classic - Maintain body protein mass 
○ Amino acid content 
○ Body composition 
○ Bone health  
○ GI function 
○ Cell signaling 
○ Glucose homeostasis 
○ Satiety 
○ Accompanying nutrients & anti-nutrients (lectins, trypsin inhibitors)  

● Not all proteins created equally… THINK QUANTITY AND QUALITY

Protein Intake: Quality



Protein Intake: Quality



● Bioavailability 
○ Animal proteins > plant proteins

Protein Intake: Bioavailability



● Leucine particularly important for muscle maintenance

Protein Intake: Amino Acids



Protein Intake: Amino Acids



● Practical tips 
○ Ensure adequate leucine intake 
○ Encourage animal protein intake 

■ If uncomfortable with meat/fish/shellfish 
● Pasture-raised eggs & grass-fed dairy 
● Whey protein powder supplementation ideal    

■ If vegan 
● Encourage consideration of amino acids… not just 

grams of protein 
● Many plant-based protein powders have amino acid 

content on label

Dietary Protein



● Practical tips 
○ Avoid plant-based meat as primary protein source 

■ Poor-quality protein

Dietary Protein





● Mechanistic target of rapamycin (mTOR) 
○ Inhibition of pathway suppresses growth 
○ Increased longevity in non-human species 

● Cyclic mTOR inhibition  likely beneficial 
○ Could involve occasional protein restriction… 

■ … but glucose also activates mTOR! 
■ Sanguesa et al (2019) Int J Mol Sci 20(5):1117.

Dietary Protein: mTOR



● Fasting/time-restricted eating preferable strategy 
○ Within reason in advanced age, e.g. “16/8” 
○ Excessive time-restricted eating not recommended among older adults 

● Potentially: cyclic rapamycin, metformin, berberine 
○ Need more studies 

● Need for protein > mTOR inhibition among older adults 
○ Protein restriction not advised

Dietary Protein: mTOR



More on mTOR



Vitamins, Minerals,  
Essential Nutrients



Vitamin B12

● Largest and most complex vitamin 
○ Contains metal ion (cobalt)… called cobalamin 
○ Essential physiological functions 

■ Red blood cell formation, nerve cell generation, methylation 
■ Metabolism of food (macronutrients) → ENERGY 

● Protective against many diseases 
○ CVD, neurological disease, Alzheimer’s, depression, etc. 
○ Deficiency common… older adults and especially vegans 

■ Up to 60% of institutionalized older adults and 90% of vegans 
■ Poor digestion contributes to deficiency among older adults 

● Depleted by many common medications 
○ Acid-blocking medications (Prilosec, Tagamet, etc.) 
○ Anti-diabetic medications (Avandia, Metformin, etc.)



Vitamin B12: Sources

● Dietary sources   

● Consider supplement (methylcobalamin) when… 
○ Low serum B12 and/or low MMA and/or high homocysteine 
○ Vegetarian or vegan diet 
○ Taking B12-depleting medications 

■ Acid-reducing medications, anti-diabetic medications 
○ Consider FUT2, FUT6, CD320, MTHFR, MTRR SNPs



● Serum B12… plus methylmalonic acid (MMA), homocysteine, 
holotranscobalamin (holoTC) 
○ Serum B12 does not reflect concentration in cells  
○ 80% of serum B12 biologically unavailable to cells… available 20% attached to 

holotranscobalamin (holoTC) 
○ Serum B12  assays underestimate deficiency!

Vitamin B12: Testing



Vitamin D
● A uniquely important vitamin 

○ Hormone (secosteroid) 
○ Controls expression of hundreds of genes 

■ Important role in many important human functions 

● Vitamin D active in most biological systems 
○ Musculoskeletal system 

■ Classically emphasized role 
■ Necessary for calcium absorption… calcium without vitamin D problematic 

○ Endocrine system 
○ Nervous system 
○ Cardiovascular system 
○ Digestive system 
○ Immune system



Vitamin D: Sources
● Sun exposure 

○ UVB light converted to vitamin D3 in skin 
○ D3 transported to liver, metabolized to 25(OH)D 

■ Also called calcidiol… measured most vitamin D blood tests 
○ 25(OH)D converted to calcitriol in kidneys 
○ ≈ 20,000 international units (IU) from 30 minutes sun exposure 

■ Only spring and summer if north of Atlanta 

● Limited amount from foods 
○ D3 from oily fish, eggs, butter, cheese, fortified milk/cereals 

■ Vitamin D is fat-soluble… needs fat for absorption 
■ 10-100 IU: depending upon source 

○ Supplements deliver much higher doses… up to 10,000 IU per pill 
■ Acute vitamin D toxicity very rare... usually food fortification mistakes 

● Acute D3 toxicity intake ≈ 176,000,000 IU… 440,000 400 IU capsules 
■ Chronic D3 toxicity even more rare



Vitamin D: RDA
● Current RDA varies 

○ Age < 70 yrs: 600 IU 
○ Age ≥ 70 yrs: 800 IU 

● Amount to prevent vitamin D deficiency 
○ Rickets 

■ Softening of bones → deformities, fractures, etc. 
■ Most common in children 
■ Can also occur in older adults… called osteomalacia  

● Amount to prevent many chronic diseases likely higher 
○ Call to substantially increase RDI to at least 1,000 IU 
○ Explosion in vitamin D research 

■ Bone disorders... immune health, cardiovascular health, cancer  



Vitamin D: Recommendations
● Convincing evidence: 25(OH)D test  

○ Vitamin D inadequacy extremely common 
■  Between 36-100% depending on group, 2006 Mayo Clinic Proceedings 

● Consider supplementation (vitamin D3) when… 
○ Advanced age 
○ Low BMD/osteopenia/osteoporosis 
○ Live north of Atlanta in fall & winter 

■ Cannot synthesize from sun 
○ Have darker skin tone 

■ Less efficient synthesis in skin 
○ Avoid sun or wear sunscreen 

■ Most vitamin D from sun exposure 
○ Low serum 25(OH)D 
○ Consider VDR SNPs



Calcium
● Mineral essential to healthy bone  

○ 99% calcium stored in bone and teeth 
○ Calcium and phosphorous form calcium phosphate 

■ Major component of bone provides structure and strength 

● Calcium other essential physiological functions 
○ Blood clotting, muscle contraction, nerve conduction,  regulation of 

enzyme activity, cell membrane function 
○ Helps eliminate oxalates… Sally Norton work 

● Regulation: low calcium in blood, extract from bone 
○ Low Ca intake → low blood Ca → extract bone Ca → osteoporosis 

● Calcium intake prevents and helps treat osteoporosis



Calcium: Sources
● Dietary sources   

● Consider supplement (with vitamin D & K2) when… 
○ Postmenopausal women or low BMD/osteopenia/osteoporosis 
○ Lactose intolerant or others who avoid dairy 
○ Taking calcium-depleting medications 

■ Acid-blocking medications, aluminum containing antacids, laxatives, certain 
antibiotics (aminoglycosides), digoxin (monitor blood levels) 

○ Consider GC SNPs 



Magnesium
● Mineral involved in > 300 physiological processes 

○ 60% magnesium in bone… major role in bone health 
■ Involved in calcium & vitamin D metabolism 

○ Also important in protein synthesis, nerve & muscle function 

● Magnesium intake protects against chronic disease 
○  Osteoporosis, cardiovascular disease, hypertension, etc. 

● Magnesium deficiency very common 
○ Magnesium RDA not met at all ages… especially older adults 
○ Older adults: 420 mg/day men, 320 mg/day women 



Magnesium: Sources
● Dietary sources   

● Consider supplement (magnesium citrate, orotate, glycinate, 
chelate, etc… not magnesium oxide): 
○ Not eating leafy green vegetables, seafood, bone broth 
○ GI disorders, muscle problems, heart arrhythmia, etc. 
○ Taking magnesium-depleting medications 

■ Digoxin, diuretics (Lasix), likely others 



● Serum does not reflect total body magnesium levels  
○ Most common lab test 
○ < 1% of total body magnesium in serum… most in bone & cells 
○ Serum magnesium strictly regulated, extracted from cells when low… 

serum magnesium limited clinical meaning  
○ Magnesium deficiency underestimated by serum alone 

● How to best test your magnesium levels?  
○ Red blood cell (RBC) magnesium  

○ Magnesium tolerance test 
■ High dose of magnesium… measure excretion in urine  

Magnesium



● Mineral involved in many physiological processes 
○ Oxygen transport, formation of blood cells, energy metabolism 
○ Anemia - common manifestation of iron deficiency 

● Iron most common nutrient deficiency in world 
○ Adversely affects 2 billion people worldwide 
○ Symptoms: anemia, low energy, fatigue, difficulty concentrating 
○ Iron supplements resolve deficiency... common side effects 

■ Constipation, nausea, etc.

Iron



● Dietary sources 
○ Heme iron – red meat (grass-fed) 
○ Non-heme iron – beets, beans  

● Test iron levels before supplementing 
○ Deficiency common… but excess iron also problematic 
○ Regularly donate blood! Morley Robbins work  
○ Especially men & post-menopausal women 

■ Iron lost through menstruation  
○ Consider TF, TFR2 SNPs

Iron



● Choline – key cell membrane component  
○ Not technically vitamin, but considered essential nutrient 
○ Role in methylation, neurotransmitter production, folate metabolism 

■ Found in egg yolks, liver, animal protein, beets, leafy greens 
○ Improves memory & prevents cognitive decline in older adults 98% post-

menopausal women inadequate choline intake 
■ Fioravanti (2005) Cochrane Database Syst Rev. 2:CD000269. 
■ Gestuvo (2012) Aging Health 8(1):89-97. 

Choline



● Are eggs healthy? DEPENDS ON THE EGG

Choline and Eggs

Risk of salmonella, very high omega-6, less nutrients in yolk Less risk of salmonella, higher omega-3, more nutrients in yolk



Choline and Eggs



Other Nutrients of Interest



● Peptide - arginine, glycine, methionine 
○ Creatine phosphate molecule in cells 

○ Primarily in muscle (including heart) 
○ Endogenous synthesis… resource intensive 

● Donates phosphate to ADP… regenerates ATP 
○ Increases body energy stores

Creatine



● Dietary sources of creatine 
○ Beef (5 grams per kg) 
○ Chicken 
○ Cold-water fish (e.g. herring, salmon) 
○ Small amount in dairy 

● Creatine monohydrate supplementation 
○ One of best studied supplements 

■ Increase muscle strength 
■ Increase lean body mass 
■ Increase testosterone 
■ Improve cognitive function… particularly in vegetarians 
■ Reduce fatigue 
■ Reduce depressive symptoms

Creatine



Creatine and Aging



Creatine and Aging



● Practical tips 
○ “Loading” helpful for strength and lean body mass 

■ 10-20 grams/day for week… 5 grams per day afterwards 
■ Not necessary for most other conditions 

○ Best effects on lean body mass with resistance training 

○ Supplementation important if limited red meat in diet 
○ Versatile supplement for most people 

Creatine and Aging



● Nicotinamide Adenine Dinucleotide (NAD) 
○ Coenzyme: electron transfer... mitochondrial function, DNA repair, 

immune function, cell signaling, gene expression, senescence 
■ Hallmarks of aging 

○ Synthesized in three pathways 
■ 1. de novo, 2. Preiss-Handler, 3. salvage  

○ NAD+ oxidized form, NADH reduced form 
○ Altered NAD+ homeostasis in many diseases 

■ Neurodegenerative disease, CVD, diabetes, cancer 
■ Decreased synthesis with age

NAD+ Precursors



● Oral NAD+ delivery does not increase NAD+ 
○ Intestinal effect of NAD+ lowers bioavailability & large 

polarity of inhibits transport through plasma membrane 

● NAD+ precursors 
○ Dietary tryptophan… farthest upstream factor 

■ Sources: poultry, fish, eggs, dairy, soy 
○ Nicotinamide (NAM) – form of niacin (B3) 

■ Aka niacinamide 
○ Nicotinic acid (NA) – form of niacin (B3) 
○ Nicotinamide riboside (NR) 
○ Nicotinamide mononucleotide (NMN)

NAD+ Precursors



NAD+ Precursors



NAD+ Precursors



NAD+ Precursors



● NAD+ levels regulated by CD38 enzyme 
○ CD38 increase with senescent cells… due to senescent cells 

increasing inflammation (SASP) 
○ Upstream CD38 inhibitors… potential of apigenin?

NAD+ Precursors



● Majority preclinical studies 

● NR clinical trials 
○ 82 results in ClinicalTrials.gov 
○ Positive findings: NAD+ in blood, Parkinson’s disease, brown adipose 

tissue (mitochondrially-dense), body composition 

● NMN clinical trials 
○ 19 results in ClinicalTrials.gov 
○ Positive findings: NAD+ in blood,. improved physical performance, reduced 

fatigue, weight loss, improved insulin sensitivity

NAD+ Precursors: Evidence



● Practical tips 
○ No flushing with NR and NMN 

■ Common effect with niacin supplementation 

○ NR vs. NMN… unclear 
■ More human clinical studies on NR 
■ NMN access potentially limited by FDA 

○ Consume with methyl donor 
■ Trimethylglycine (TMG)… in some dietary supplements 

○ Potential synergy with sirtuin activators 
■ Resveratrol, pterostilbene, etc. 

○ Caution if active cancers/potentially family history 

○ Likely not necessary for younger adults

NAD+ Precursors



● Nutrition critical role in optimal aging & healthspan 

● Nutrient demands increase with aging 
○ Physiological changes, social/lifestyle factors, age-related 

disease, polypharmacy 

● Foundation: nutrient dense diet 
○ High in bioavailable protein, omega-3 fats & micronutrients 

● Many supplements can fill gaps in nutrient demands 
○ High-quality multivitamin, omega-3 fats, micronutrients (based on 

tests/symptoms), creatine monohydrate, NAD+ precursors

Summary



Thank you!

Contact Information: cdadamo@som.umaryland.edu 


