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Aging: Is it 
Optional?

• Can we actually slow the aging process
• “My father didn’t live long, so I probably won’t 

either.”
• Genetic factors
• Non-genetic factors (epigenetics)
• Increased risk of many chronic diseases with 

aging
• Neurodegenerative
• Cerebrovascular
• Cancer



Chronological vs. 
Biological Aging

• Lifespan vs. Healthspan
• Is lifespan a good metric?

• Research interpretation
• Practical observation

• It’s not the days you live, 
but how you live those 
days.

• Hallmarks of aging only 
came about in 2013



Taking Back Control of the Aging Process

• Goal – Have a sharp and dramatic decline in function at the end of life
• Avoid slow, steady decline in function
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Hallmarks of Aging Outline

The 12 Hallmarks of Aging

Identifying Inflammatory Sources and Their Link to Aging

Gut-Aging Foundation

Protein: Underuse and Impact

Wake up Your Cells for Resiliency



12 Hallmarks of Aging
12 Interdependent Relationships



What is Aging

• The gradual decline in the physiological functions of an organism over 
time that is necessary for survival and reproduction.

• Physical changes of aging are not synonymous with diseases of aging.



Aging Linked to 
Function

• Genomic instability
• Telomere attrition
• Epigenetic alterations
• Loss of proteostasis
• Disabled 

macroautophagy
• Deregulated nutrient-

sensing

• Mitochondrial 
dysfunction

• Cellular senescence
• Stem cell exhaustion
• Altered intercellular 

communication
• Chronic inflammation
• Dysbiosis





Genomic 
Instability

• External threats - physical, 
chemical or biological agents

• Internal threats – DNA replication 
errors, oxidative and hydrolysis 
reactions

• Gene disruptions
• Can be corrected by DNA repair 

and maintenance mechanisms
• These mechanisms lose efficacy 

over time



Genomic 
Instability
• Nuclear DNA damage
• Mitochondrial DNA damage

• DNA damage is persistent
• Balance between damage 

and repair
• Adequate repair – slower 

aging

• Inefficient repair – faster 
aging

• Think patient healing time



Telomere Attrition

Telomere – end of the chromosomes

Wearing down

DNA damage to the end of the chromosomes

Shorter – aging faster

Longer – aging slower



Telomere 
Attrition
Conclusion: Telomere 
shortening is seen even at 
the stage of IGT (impaired 
glucose tolerance). 
Among subjects with 
Type 2 diabetes, those 
with atherosclerotic 
plaques had greater 
shortening of telomere 
length compared to those 
without plaques.



Telomere Attrition

Telomere lengths in 
the white blood cells 

reflect skeletal muscle 
telomere length

How does this affect 
your musculoskeletal 

patients?



Telomere Attrition

Telomerase – enzyme that maintains telomere length

Shortening is observed throughout life

Activity preserved by nutrients such as magnesium

Deficiency leads to disease



Epigenetic Alterations
• Environmental influences over gene expression
• DNA methylation
• Modification of histones
• Abberant chromatin remodeling
• Deregulated RNA function
• Influence over cancer, neurodegeneration, metabolic 

syndrome, and bone diseases



Loss of Proteostasis

Impaired protein homeostasis

Leads to misfolded, oxidized, glycated or ubiquitinylated proteins

Forms aggregates that lead to plaques

Linked to multiple conditions
• Amyotrophic lateral sclerosis (ALS)
• Alzheimer’s Disease
• Parkinson’s Disease
• Cataracts

Balanced with autophagy





Disabled Macroautophagy (aka Autophagy)

• The opposite side of loss of proteostasis
• “Clean up process”
• Removing dysfunctional cellular material
• Sequestration of cellular material into vesicles that fuse with 

lysosomes for digestion / degradation
• Affects non-protein structures as well
• Ex. Removing dysfunction mitochondria (mitophagy)
• Ex. Invading pathogens (xenophagy)



Deregulated 
Nutrient-Sensing

• Insulin, IGF
• MTOR (mechanistic target of rapamycin)

• Prolonged vs. short term stimulation
• Responds to:

• Nutrients (glucose and amino acids)
• Stressors (hypoxia, low energy)

• Regulates cellular activity
• Autophagy
• Biogenesis of mRNA, ribosomes and 

mitochondria
• Protein synthesis
• Glucose
• Nucleotide and lipid metabolism



Deregulated 
Nutrient-

Sensing

Activates anabolism

• Nutrients present
• Stress is low

Catabolism

• Cellular defense mode
• Nutrient shortage
• Stress is present

Youth – network promotes beneficial anabolic 
responses

Adulthood – pro-aging properties



Deregulated 
Nutrient-

Sensing

Diet – practical intervention

Overnutrition

Caloric restriction

Intermittent fasting

Ketogenic diet

Is this the best approach?





Mitochondrial 
Dysfunction

• Cellular powerhouse
• Also latent trigger of inflammation and cell death
• Reactive oxygen species or mitochondrial DNA leak 

out
• Activates the inflammasome

Two Functions

Mitochondrial function declines with age

Membranes become more permeable

Considered life threatening



Mitochondrial Dysfunction

The L-carnitine observation

Positive effects of L-carnitine supplementation on both pre-frail subjects and 
elderly men

Counteracting age-related declining L-carnitine levels

Optimizes fatty acid oxidation by the mitochondria

L-carnitine in optimal amounts is derived from adequate dietary protein intake



Cellular 
Senescence

Secondary to acute or chronic damage

Accumulates in multiple tissues at different rates

Mainly affects fibroblasts, endothelial cells and 
immune cells
• All cells can undergo

Linked to telomere shortening

Even found in the brain and heart



Cellular Senescence

Triggers
Oncogenic signaling

Genotoxic damage

Critically short telomeres

Mitochondrial damage

Viral or bacterial infection

Oxidative damage

Nutrient imbalance

Mechanical stress

Non-Proliferative Disease Associations
• Lung fibrosis
• Kidney diseases
• Liver steatosis
• Obesity-associated metabolic 

syndrome
• Type I and II diabetes
• Atherosclerosis
• Alzheimer’s & Parkinson’s diseases



Cellular 
Senescence - 
Senolytics

• Senolytics
• Chemical compounds that 

selectively kill senescent cells
• Attempts to mimic the 

natural immune response
• Natural flavonoid options

• Quercetin
• Fisetin

• Drug options



Cellular 
Senescence

• Response to stress and 
damage

• Normally followed by immune 
clearance

• Upon aging or chronic 
damage, fails to be eliminated

• Becomes pathogenic due to 
inflammation and fibrosis



Immunosenescence

Thymus – Pillar of 
adaptive immunity

Starting in puberty, 
involution begins

Involution – loss of 
stromal cells and fat 

infiltration

Decreases T cell 
response to new 

antigens

Cell-senescence 
associated T cells 

secrete pro-
inflammatory cytokines

Increases pattern 
towards SASP 

(senescence associated 
secretory phenotype)

Could be part of the 
reason for dysfunction 

of immune clearance of 
senescent cells

Mechanism of 
inflammaging

Aging and Disease Volume 11, Number 6, December 2020



Front. Immunol. 14:1108630.
doi: 10.3389/fimmu.2023.1108630





Stem Cell 
Exhaustion

• Aging – reduced tissue renewal at 
steady state

• Impaired tissue repair upon 
injury

• Stem cells – undifferentiated cells
• Ability to differentiate into cell 

types required for healing
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Aging – progressive alterations in intercellular 
communication

More noise in the network

Compromises homeostasis

Deficiencies in neural, neuroendocrine and hormonal 
pathways
• Adrenergic
• Noradrenergic
• Insulin / IGF-1
• Renin-angiotensin
• Sex hormones
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Associated with altered gut-brain interactions

Promoter of dysbiosis

Vitality in the blood
• Proaging bloodborne factors
• Antiaging bloodborne factors
• Molecules in the blood linked to age
• Crossover studies in mice to date

• Young mice given old mice blood – induces features of 
aging

• Old mice given young mice blood – restores repair 
capacity



Chronic 
Inflammation

Inflammaging – inflammation increases during aging

Systemic manifestations

• IL-6 – predictor of all cause mortality
• Correlates with CRP

Increased inflammatory cytokines

• Increases in TH1 and TH17 cells
• Defective immunosurveillance
• Loss of self-tolerance
• Reduced maintenance of biological barriers (gut, brain)

Increased inflammation decreases immune function



Chronic Inflammation
• Byproduct of all other hallmarks of 

aging
• Exacerbated by disturbances of 

circadian rhythms
• Target directly and indirectly

• Directly – target TNF-α,NF-Κβ, 
inflammasome

• Indirectly – address 
aforementioned areas of 
dysfunction





Dysbiosis

Disruption of the 
bacteria-host 
bidirectional 

communication

Associated 
conditions:
• Obesity
• Type II diabetes
• Ulcerative colitis
• Neurological disorders
• Cardiovascular 

disease
• Cancer



Dysbiosis

• Ethnicity
• Dietary factors
• Lifestyle habits
• Environmental conditions

Intestinal community within the intestinal tract is highly variable

• Initial establishment in childhood
• Relatively stable throughout adulthood
• Gradual changes with aging
• Higher levels of Akkermansia and Lactobacillus plantarum are more advantageous

Microbial profiles changes with aging





12 Hallmarks of Aging

• This is your future
• Appears ominous
• Do you have to accept it?



8 Hallmarks of Health

• Integrity of barriers
• Containment of perturbations

Spatial Compartmentalization

• Recycling and turnover
• Integration of circuitries
• Rhythmic oscillations

Maintenance of homeostasis

• Homeostatic resilience
• Hormetic regulation
• Repair and regeneration

Response to Stress



Hallmarks of Health Cell 186, January 19, 2023



Intervention Against Aging Signal Transduction and 
Targeted Therapy (2022) 7:391



Caloric Restriction
Premise – Reduced expression of 
DNA repair enzymes

Caloric restriction – maintains 
integrity of the genome

Primarily AMPK and Sirt1 stimulation

• Increased intracellular AMP and ADP

Also possible with nutrients and 
exercise

Stimulation of autophagy

Energetic Stress = autophagy

Elevated calcium, NAD+ and ROS 
instigate autophagy

Nucleic Acids Research, 2007, Vol. 35, No. 22 7485–7496



Exercise and Caloric 
Restriction

Caloric restriction
• Not to be applied universally
• Ideal with metabolic derangement
• Not ideal with low cortisol levels
• Cortisol – DHEA-S ratio
• Random vs. intermittent vs. time-

restricted eating



Micronutrient Stability

Diet as a 
determinant of 

genomic stability
Influences

• Dietary carcinogens
• Activation / 

Detoxification of 
carcinogens

• DNA Repair
• DNA Synthesis
• Apoptosis

Current dietary 
RDAs are 

insufficient

• Based on overt 
disease prevention – 
vitamin C and scurvy

• Not based on 
preventing nuclear 
and mitochondrial 
DNA



Nutrients for Genomic Stability

• Two types of deficiencies, marginal (borderline) and overt (functional)
• Marginal deficiencies impact damage and repair rate
• Folate
• B12
• Niacin
• Zinc
• Macrocytic anemia is an indicator of deficiencies significant enough to 

suggest genomic instability (DNA methylation)

Food Chem Toxicol. 2002 Aug;40(8):1113-7. 

Mutat Res. 2001 Apr 18;475(1-2):1-6. 



B I O T I C S  R E S E A R C H ®

RDA Limitations

• For optimal immune 
protection and resistance to 
infection, daily intakes may 
need to be much higher than 
the RDAs

• Roughly 25–75% of people 
have a dietary intake that is 
less than the RDA, depending 
on the micronutrient

Nutrients 2020, 12, 236



Nutrient 
Deficiencies

• Major cause of DNA damage in humans

• Vitamins and minerals
• Substrates
• Cofactors in DNA replication and repair
• Aid neutralization of genotoxins (exogenous 

and endogenous)

• Vitamins C, E, K

• Various polyphenols

• Folate, B2, B3, B6, B12

• Zinc, iron, magnesium, manganese, calcium, 
selenium

Advances in Nutrition 14 (2023) 1337-1358



BFB – Breakage-fusion-bridge



Guanine
• Low redox potential
• Most susceptible to oxidation
• Results in guanine lesions

• 8-oxo-7,8-dihydro-2′-deoxyguanosine (8-
oxodG)

• 8-hydroxy-2’-deoxyguanosine (8-OHdG)
• Formed 105 times per day per cell

• Malnutrition
• ROS accumulation
• Impaired repair efficiency
• Subsequent mutations 
• Pathological conditions Nutrients 2020, 12, 3364





Homocysteine and 
Genomic Stability

• Hyperhomocysteinemia
• Decreased mitochondrial 

respiration
• Diminshed ATP production
• Can lead to auto-oxidation
• Leads to ROS generation in the 

mitochondria

Int. J. Mol. Sci. 2020, 21, 7698



One-Carbon 
Metabolism

• Control balance between the 
universal methyl donor S-
adenosylmethionine and the 
methyltransferase inhibitor S-
adenosylhomocysteine

• Coenzymes – folate, B6, B12, B2

• Methyl donors – methionine, 
choline, betaine, serine

• Mitigate age-associated diseases 
and disorders



Folate, Methionine and 
Transulfuration
• Cytoplasm, nucleus and mitochondria
• One-carbon metabolism supports methylation of;

• DNA
• Proteins including histones
• Amino acids
• Lipids
• Neurotransmitters and small molecules

• Controls
• Gene expression
• Protein function
• Healing processes
• Cell energy
• Neurological function
• Liver detoxification
• Immune function

Int. J. Mol. Sci. 2019, 20, 867





Aging and Hyperhomocysteinemia

• Advancement in age tends to induce hyperhomocysteinemia
• Associated with decreased renal excretion of homocysteine
• Plasma levels increase
• Reenters the cell, conversion to S-adenosylhomocysteine, possible 

inhibition of methyl transfer to DNA
• Inactivation of nitric oxide synthase pathway



Comprehensive Intervention



Telomeres and B12

• Telomeres
• Non-coding
• Confer chromosomal stability
• Protect the genome from nucleolytic degradation
• Avoid aberrant recombination and improper repair
• Prevent random fusion of chromosomes
• Shorten with every cell division
• Biological age indicator
• Possess guanine rich repeats (highly susceptible to oxidative stress)
• B12 deficiency = hyperhomocysteinemia = compromised telomere



Vitamin D and Telomeres

• Cellular differentiation
• Proliferation
• Apoptosis

Vitamin D

• Longer telomere length
• Functions through anti-inflammatory and anti-cell 

proliferation mechanisms
Higher vitamin D

Short telomere signals 
exit from the cell cycle 

(senescence)

J Frailty Aging. 2021;10(1):2-9. 



Telomere Nutrient Relationships

• Vitamin D
• Folate

• B12
• Magnesium

• Telomerase enzyme

• Vitamin D
• < 30 overt deficiency
• 30-60 – suboptimal
• >60 – optimal

• Homocysteine
• < 7 optimal
• 7-9 – B12
• >9 – Folate



Inflammaging

• Immune changes with aging
• Adaptive immunity
• Thymic involution

• Starts early in life
• Complete shrinkage of the T cell priming tissue
• Decreased naïve T cells
• Repeat virus reactivation

• Pro-inflammatory cytokines are produced
• Stimulate other cells to become metabolically active, 

but immunological non-functional



Inflammaging & “Garb-aging”

• Immune system reflects the lifelong accumulation of stressors
• Macrophage centered
• Multi-system
• Includes gut microbiota
• Innate immune system recognizes

• Endogenous / self, misplaced, altered molecules
• Results from damaged and / or dead cells and organelles

• Decline in autophagy / mitophagy
• Sets the stage for autoreactive / autoimmune processes

Trends Endocrinol Metab. 2017 Mar;28(3):199-212. 





T cell control of inflammaging

T cells (adaptive immune system) might be the immune population most affected by aging

Directly kill infected or transformed cells

Amplify immune response

Produce cytokines

Tightly regulated

Age-related changes can significantly change the T cell landscape and function
• Reduced immune surveillance
• Onset and disease progression

Seminars in Immunology 70 (2023) 101818



Inflammaging and 
Labs

• Lab indicators of inflammatory 
mediators

• IL-6, TNFα, IL-1, and CRP

• Complete Blood Count
• Neutrophils, lymphocytes, 

monocytes



Immune Cell Alterations with Aging

Aging Dis. 2024 Aug 1;15(4):1588-1601. 



Inflammaging Example



Proteostasis vs. Proteinopathies

Proteostasis

State of balanced processes of protein 
translation, folding, maintenance, and 
degradation.

Balanced neurological and 
bioenergetic function

Proteinopathies
• Accumulation of misfolded 

proteins
• Generation of dysfunctional 

proteins
• Aging brain
• Tauopathies, α-

synucleinopathies

Translational Neurodegeneration (2024) 13:10



J. Cell Biol. Vol. 217 No. 1 51–63



Successful Aging Defined

Extended, healthy life

Absence of serious, debilitating, painful age-related diseases

Reduced focus on longevity

Enhanced focus on healthspan and quality of life



Inflammaging and Cannabinoids

Immuno-modulatory

CBD (cannabidiol) and CBC (cannabichromene)

Inflammatory response regulation

Normalization of circadian rhythm (biomarker for aging)

Suppression of oxidative stress (antioxidants)

Anxiolytic properties

Repression of ROS / RNS



Microbiome and Inflammaging

• Alteration in microbiome composition, function, metabolic output, 
phenotype and diversity impact immune balance and homeostasis

• Senescence-induced dysfunction affects the tolerogenic and 
symbiotic relationship between microbiome and Immune system

• Cannabinoids re-establish balance and symbiosis between microbiota 
and immune system

• Specifically, CBD

• Optimizes endocannabinoid system, regulating intestinal permeability
• Reduced progression towards autoimmunity

Ageing Res Rev. 2021 December ; 72: 101487.



Aging with Rhythmicity



Cardiovascular Aging 
and Intervention

• Gender differences
• Females

• Loss of estrogen activates inflammatory 
pathways

• Higher levels of inflammatory cytokines
• Myocardium macrophage infiltration

• M1 macrophage (inflammatory) vs. 
M2 macrophage (anti-inflammatory)

• Males
• More inflammatory responses in 

myocardial tissues
• Increased risk of cardiomyopathy and 

end-stage myocarditis

Translational Aspects. Cells 2022, 11, 1010.



Cardiovascular Aging and Intervention

• Cardiomyocytes are high-energy consuming cells
• Mitochondria dense

• AMPK – key energy sensor and regulator of energy metabolism and 
mitochondrial homeostasis

• Activated by ATP depletion
• Activation decreases with age

• Sirt1 (sirtuins)
• Promotes AMPK activity

• Reduced cellular energy balance
• Decreased mitochondrial function, biogenesis and mitophagy



Vascular 
Inflammaging

• Associated with severe atherosclerosis and 
microvascular dysfunction

• Pathological vascular remodeling and vascular stiffness

• Can start as early as childhood
• Gradual changes in vascular structure
• Reduced vascular compliance

• Nitric oxide is released to counter
• NO bioavailability decreases with time

• Aging causes reduced NO bioavailability





Coagul-aging
• Inflammaging

• Change in cytokine profiles
• COVID-19

• Cytokine storm / 
hyperinflammation

• Innate immune system activation
• Excessive inflammation leads to 

abnormal coagulation
• Crosstalk
• Physiological aging – increased 

blood coagulation proteins in 
plasma, fibrinolysis impairment

• Exacerbated by Inflammaging





Gender Differences in Inflammaging

• Women
• Longer life expectancy
• Greater functional impairment 

(unhealthy longevity)
• Age at natural menopause linked to 

biological age
• Higher phagocytic activity compared 

to males
• Enhanced cellular responsiveness to 

the LPS-mediated stimulation
• Lower infection rates, but fourfold 

increase in autoimmunity
• Higher T cell count



Oxidative Stress and Inflammaging in Human 
Disease
• Over-abundance of reactive oxygen species in the cell
• Leads to oxidation and damage of cellular components, increased inflammation, and 

activation of cell death pathways
•  Cardiovascular disease, cancer, neurodegenerative diseases, chronic obstructive 

pulmonary disease, diabetes, and rheumatoid arthritis
• Three primary reactive oxygen species (ROS)

• Superoxide (O2), hydrogen peroxide (H2O2), hydroxyl radical (OH)
• Necessary at low levels

• Essential signaling molecules
• Redox balance is key

• Disrupted with inflammation, vigorous exercise and aging



Key 
Antioxidants

• Glutathione peroxidase (GPX) and catalase, 
which both catalyze to decompose H2O2 
into H2O and O2

• Superoxide dismutase (SOD), which 
catalyzes the conversion of O2•− into H2O2

• Non-enzymatic antioxidant defense
•  Vitamins A, C, E, melatonin, and 

polyphenols



Neuro-
oxidation as 
a Driver of 
Neuro-Aging

Int. J. Mol. Sci. 2019, 20, 4472





Molecules 2022, 27, 341.





Inflammaging 
and Fatty 
Acid 
Oxidation

Fatty acid oxidation – primarily β-oxidation

Fat breakdown to produce cellular energy

Relied on by myeloid cells (macrophages, microglia, monocytes)

Inflammaging damage fatty acid oxidation in myeloid cells

Excess production of AGEs (advanced glycation end products)

Increased nuclear factor-κB (NF-κB)

Decreases 5′ AMP-activated protein kinase and peroxisome 
proliferator-activated receptor-α

Escalates inflammation, lipid accumulation and cellular stress



Macrophage Activation

M1 (inflammatory)

• Decreased FAO
• Increased glycolytic metabolism, 

nitric oxide production
• Propensity for nucleotide 

biosynthesis and reactive oxygen 
species (ROS)

M2 (anti-inflammatory)

• Increased energy demand reliant 
on FAO, oxidative phosphorylation, 
and glutamine metabolism

• Reduced utilization of glycolysis
• Uninterrupted Krebs / TCA cycle
• Aid in inflammation resolution
• Promotion of tissue homeostasis 

and repair



Lipopolysaccharides – Cell 
Signaling and
Inflammation

• Lipopolysaccharides
• Main structural component of outer membrane 

of most Gram-negative bacteria
• Diverse immunostimulatory effects
• Procoagulant activity
• Normally present in small amounts
• Large amounts induce immune activation
• Leads to immune dysregulation
• Linked to numerous progressive 

pathophysiological states including depression, 
anxiety, NAFLD, metabolic and cardiovascular 
disease

• Low level, chronic endotoxemia
Chronic Stress
Volume 6: 1–18



Lipopolysaccharides

Stimulation of 
the innate 

immune system

Varying 
potencies 

depending on 
structural 

differences

Small amounts 
are a byproduct 
of bacteria 
replication
• Cell surface release

Large amounts 
linked to cell 
death or lysis



LPS in 
Chronic 
Disease

Resulting 
pathological 

syndrome
Intravascular coagulation, multisystem failure

Overstimulation of 
the immune system Analogous to sepsis

Triggers production 
of ROS and NOS Leads to tissue stress and damage

Evokes profound 
inflammatory 

response through 
multiple mediators

Chemokines
Cytokines
Acute phase proteins – CRP, complement C3



Interventions for 
LPS

Primary sites to consider
• Gut
• Oral cavity (periodontal 

disease)
• Catheters

Non-absorbable drugs / 
non-drugs that for LPS 
complexes
• Supplemental 

immunoglobulins

Strengthening the 
intestinal barrier

Nutritional management 
(improving diet quality 

and micronutrient 
status)

Manipulating gut 
microbiome (pre, pro 

and post-biotics)

Nutritional supplements
• Ginger (Zingerone)
• Anti-inflammatory 

antioxidants



Inflammaging and RAGE

RAGE – Receptor for Advanced Glycation End Products

Multi-ligand – multiple triggers
• 28 known
• DAMPs – damage associated molecular patterns
• PAMPs – pathogen associated molecular patterns
• Can be produced by senescent cells

Transmembrane receptor

Activates key pro-inflammatory and pro-oxidative pathways

Well noted in diabetes

Driver of physiological aging

AGING 2019, Vol. 11, No. 17



Dysbiosis

H. pylori, SIBO and More



H. pylori

It Starts at the Top



A Common Pathogen

Affects about 50% 
of the world’s 

population

Severity has not 
significantly 

diminished in the 
last several years

Single organism Pathogen

Highly genetically 
diverse

Environmentally 
adaptable 
(antibiotic 
resistance)

Infection
Colonizes stomach 

and changes 
gastric secretions



Pathogen 
Activity

• Acquired during childhood
• Causes asymptomatic chronic infection

• Some H. pylori strains express specific genes conferring 
pro-inflammatory, cytotoxic and vacuolating properties

• Express Cytotoxin-associated antigen A (CagA) and 
Vacuolating cytotoxin A (VacA)

• CagA - directly injected into the cytoplasm of epithelial 
cells, affecting cell morphology, proliferation and 
apoptosis

• VacA - disrupts cell polarity, promotes epithelial cells 
apoptosis and inhibits T cell proliferation and effector 
function



GERD

• Gastroesophageal Reflux Disease



Gastric Dysfunction

• Genomic instability via reactive 
O and N species

• Induction of the immune system 
w/o infxn clearance

• Gastric and duodenal ulcers
• Mucosa associated tissue 

lymphoma
• Gastric adenocarcinoma



Gastric and Duodenal Ulcers
• Small portion of H. pylori infections
• Usually developed during late adulthood
• Approximately 1 in 5 peptic ulcers

• Remainder related to NSAIDs
• Eradicating H. pylori in NSAID users reduces the likelihood of peptic ulcers by 

one-half
• Urea breath test or stool antigen test is preferred
• First-line treatment – quadruple therapy plus PPI

Am Fam Physician. 2023 Feb;107(2):165-172.



Risks of Long Term 
PPI Use

• Fractures
• Interaction with antiplatelet 

medications
• Chronic kidney disease
• Clostridioides difficile infection
• Dementia
• Magnesium, calcium, and vitamin 

B12 micronutrient deficiencies





Extragastric Manifestations





Recalcitrant 
Nutrient 

Deficiencies

B12
• Pernicious anemia
• Antibiotic therapy shown to bring back 

serum B12 levels
• Elevations of homocysteine

• Cardiovascular disease, 
neurodegeneration

Iron
• Anemia
• Linked to growth disorders in growth



Pregnancy



Halting the Cycle of Small 
Intestinal Bacterial Overgrowth

BIOTICS  RESEARCH®



B I O T I C S  R E S E A R C H ®

Not Again!



B I O T I C S  R E S E A R C H ®

Small intestinal bacterial overgrowth (SIBO) is a common 
gastrointestinal (GI) problem, but its diagnosis is often missed in the 
clinical setting.

Symptomatic relief can be achieved through multiple antibiotics 
regimens, but correction of underlying etiology, if possible, is necessary 
for long-lasting cure.



B I O T I C S  R E S E A R C H ®

Information Explosion
Since 1897



B I O T I C S  R E S E A R C H ®

Recurrent SIBO

• Approximately 44% of patients with SIBO may experience a relapse of 
symptoms within 9 months of initial treatment

• Approximately 30%–40% of patients may not have resolution of SIBO 
symptoms with antibiotic trials
• Norfloxacin, Broad-spectrum antibiotics, minocycline, Ciprofloxacin, 

metronidazole, neomycin, amoxicillin

Am J Gastroenterol 2008; 103:2031–5.
Clinical and Translational Gastroenterology 2019;10:e00078.



SIBO Roadmap

• Clinical features
• Testing
• Health implications
• Conventional guidelines
• Complementary approaches
• Probiotics?

B I O T I C S  R E S E A R C H ®
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SIBO Defined

• Presence of an abnormal number of bacteria in 
the small intestine

• Greater than 105 CFU/mL (Less than 103 
CFU/mL is normal)

• Colonic-type bacteria
• Shift from Gram-positive to Gram-negative 

dominant anaerobes (aerobes still present)
• Constellation of GI symptoms (often 

unexplained)
• Symptoms consistent with irritable bowel 

syndrome



B I O T I C S  R E S E A R C H ®

Predisposing Factors



Diagnosis

Symptoms

B I O T I C S  R E S E A R C H ®

• Bloating
• Gas
• Distention
• Abdominal pain
• Diarrhea

Non-Invasive Invasive

• Small 
Bowel 
Aspirate

• Glucose 
Breath Test

• Lactulose 
Breath Test



`Diagnostics



Clinical Picture

J. Clin. Med. 2022, 11, 6017.

CLINICALLY SIGNIFICANT 
MANIFESTATIONS

TYPICAL SYMPTOMS



Testing the “At Risk”

B I O T I C S  R E S E A R C H ®
Clinical and Translational Gastroenterology 2023;14:e00567.



Assessment Options

• Direct culture of small intestinal contents – Gold Standard for SIBO
• Cumbersome, invasive, costly, and subject to some contention 

regarding diagnostic thresholds of bacterial counts, variable 
sampling, inconsistent processing techniques

• Breath test – Hydrogen, Methane
• Noninvasive, inexpensive, and relatively straightforward
• Lack sensitivity and specificity

• Stool testing – Depends on the methodology
• Empiric therapeutic trial of antibiotics / antimicrobials



Breath Test Substrates 

• Glucose – absorbed in the proximal small intestine

• Lactulose – unabsorbed in the small intestine, passes into the colon

• Differing spatial and temporal reactions with the gut microbiota

• Lactose and Fructose - Substrates for detection of malabsorption, 
not SIBO

B I O T I C S  R E S E A R C H ®



Hydrogen-Methane Test 
Execution
• Appropriate test preparation required

• Diet – low-residue, bland, limited fat, 12 hour fast

• Medications – duration of effects of PPIs, opioids, antibiotics

• Variable washout period

• Lifestyle – smoking, alterations of gases

• Substrates – inconsistent load administration, lack of agreement on substrate choice

• Glucose generally preferred

• Inability to obtain a baseline standard due to patient physiological factors

• Oral flora, oral antiseptic use B I O T I C S  R E S E A R C H ®



Test Preparation

J. Clin. Med. 2022, 11, 6017.



Breath Test Results

Hydrogen - >20ppm after 90 mins
Methane - >10ppm anytime



Sensitivity and Specificity

B I O T I C S  R E S E A R C H ®

(True Positive with Condition)
(True Negative without Condition)
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Test with Understanding

We found no significant correlation of glucose breath test 
results with either the number of bacterial colonies or 
with the DNA-based bacterial cell counts.

Neurogastroenterol Motil. 2018 Nov;30(11):e13350.
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Assessment Anatomy

• The small bowel is 19 ft long, and can be colonized anywhere
• Glucose when administered orally is absorbed within the first 3–6 ft of 

small bowel
• Duodenal aspirates are typically from the proximal 2 ft of small bowel
• Relying on glucose breath testing alone to make a diagnosis of SIBO will 

provide a low yield of about 33%
• Negative GBT is not confirmation of absence of SIBO

Clinical and Translational Gastroenterology (2018) 9:194
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Summary: As a first step to precisely characterize the potential 
link between SIBO and various disorders, we need to address 
the methodological limitations of the available traditional tests 
for diagnosing SIBO. 
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Additional Lab Findings

• Elevated CRP
• Elevated AST
• Hyperlipidemia
• Nutrient deficiencies

• Megaloblastic anemia
• Iron-deficiency anemia
• Fat-soluble vitamin (A, D, 

and E) deficiencies
• Vitamin B12 deficiency
• Hypoalbuminemia



SIBO Bacterial Species

• Streptococcus

• Staphylococcus

• Bacteroides

• Lactobacillus

• Enterobacteriaceae family

• Escherichia

• Klebsiella

• Proteus genera
Microorganisms 2023, 11, 573.



Two Subtypes
Well-Established

• Upper aerodigestive tract SIBO

• Caused predominantly by oral cavity bacteria, including Prevotella sp. and 
Streptococcus viridans

• Coliform SIBO 

• Characterized predominantly by bacteria from the distal segments of the 
gastrointestinal tract, such as Escherichia coli, Klebsiella pneumoniae, Proteus 
mirabilis, Enterococcus sp., or Clostridioides sp.

• Despite the distinction between the two types, their importance in clinical practice is 
limited due to the similar symptoms and treatment. J. Clin. Med. 2022, 11, 6017.

J. Clin. Gastroenterol. 2020, 54, 150–157
Clin. Transl. Gastroenterol. 2019, 10, e00073
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When it
Matters

We found differences in iron deficiency and underlying risk factors 
between ADT and colonic-type SIBO. However, distinct clinical profiles 
remained elusive. Future research is needed to develop validated 
symptom assessment tools and distinguish cause from correlation. 



An Additional Word About Methane

• Methane impacts GI function

• Methane more directly related to constipation

• More recent acknowledgement of Intestinal Methanogen Overgrowth

• Methanogens are actually Archaea, not bacteria

• Methanogens are found in the small intestine and colon

• Do not respond as well to single antibiotics

B I O T I C S  R E S E A R C H ®
Clinical and Translational Gastroenterology 2023;14:e00567.



Which One?

1. Small Intestinal Bacterial 
Overgrowth

2. Large Intestinal Bacterial 
Overgrowth

3. Small Intestinal Fungal 
Overgrowth

4. Intestinal Methanogen 
Overgrowth

B I O T I C S  R E S E A R C H ®
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SIFO - Fungus

• Typically, the result of a weakened immune system

• HIV, antibiotics, cancer, chemotherapy, diabetes, immunosuppressants, steroids

• Similar symptoms to SIBO

• Can be part of a larger systemic fungal infection

• Candida albicans is the most common organism

• Limited benefit of testing, requires minimal threshold to be antibody positive

• Treatment – lacks establishment
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Intestinal Methanogen 
Overgrowth
• Most recent addition to dysbiosis characterization

• Not bacteria, but rather Archaea

• Archaea – methane producing organisms, use hydrogen

• Overgrowth possible in the colon and throughout the entire body

• Less likely to exhibit B12 deficiency

• Diagnosis – breath test, >10ppm

• Treatment with antibiotics is recommended



There are little discriminating symptoms that can 
help the clinician to identify patients likely to have a 

SIBO/IMO.
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Extra-Intestinal Associations

• Irritable Bowel Syndrome

• Inflammatory Bowel Syndrome

• Celiac Disease

• Hepatic Dysfunction

• Heart Failure

• Diabetes

• Scleroderma

• Parkinson Disease

• Hypothyroidism

• Restless Leg Syndrome
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Irritable Bowel Syndrome

• Commonly confused with SIBO
• Overlapping Symptoms
• SIBO is significantly more prevalent in IBS (C, D & A) compared to controls

• IBS-D more common than IBS-C
• SIBO secondary to IBS interventions

• Proton pump inhibitors
• Narcotics – inhibiting gut motility
• Multiple medications – increased likelihood with age, reduced motility
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Inflammatory Bowel Disease
(Crohn’s disease and Ulcerative Colitis)

Aliment. Pharmacol. Ther. 2019, 49, 624–635.

• 9.51 times higher risk of SIBO in IBD than in controls
• Predisposing factors

• Intestinal surgery (ICV resection), slower transit time
• May be a primary cause of flares
• Increased calprotection (local inflammatory marker)

• Not as likely with IBS
• Antimicrobials may be more effective than immunosuppresants
• Consider when immune focused strategies are not as effective as anticipated

Int. J. Mol. Sci. 2020, 21, 3531
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Hepatic Dysfunction

• Increased risk of SIBO in cirrhosis

• SIBO as a consequence and potentiator 
of cirrhosis

• Altered transit time

• Increased ammonia accumulation leading 
to hepatic encephalopathy

• Resultant endotoxemia

• Decreased Bacteroidetes

• NAFLD Dig. Dis. Sci. 2010, 55, 1465–1471.
Int. J. Mol. Sci. 2020, 21, 3531
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NAFLD
Non-Alcoholic Fatty Liver Disease

Nutrients 2023, 15, 1323.



B I O T I C S  R E S E A R C H ®

Cirrhosis and SIBO

• Portal hypertension in liver cirrhosis substantially changes the intraluminal milieu 
of the gut.

• Liver cirrhosis is an independent risk factor for SIBO.

• Small intestinal motility disorder, especially slow transit in advanced liver disease 
may partake in SIBO.

• SIBO was diagnosed in 50%-60% of patients with liver cirrhosis.

World J Gastroenterol. 2010 Jun 28; 16(24): 2978–2990. 
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Diabetes

• SIBO is more frequent in diabetic patients

• Contributing factors of pathogenesis

• Visceral neuropathy

• Slower transit time

• Reduced exocrine pancreatic function

• Decreased trypsin, decreased defensin, decreased pancreatic 
antibacterial activity
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Rheumatological Diseases
(Scleroderma)

• Altered function of the enteric nervous system or visceral 
smooth muscle layer

• Onset of dysmotility and reduced small intestinal clearance
• Small intestinal functional impairment due to fibrosis and 

microvascular changes
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Dermatological Diseases

• The human microbiota ecosystem may impact on cutaneous physiology and 
pathology

• Indirectly - Regulating the immune system
• Directly -Transfer of gut microbiome and their metabolites to the skin

• Rosacea
• Onset may be triggered by SIBO by production of inflammatory cytokines

• Psoriasis
• Role of H. pylori as a precursor to SIBO
• Gut-skin axis disruption
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Parkinson’s Disease

• Common symptoms included impaired gut motility, constipation, delayed gastric 
emptying

• Inherently favors dysbiosis and SIBO

• Prevalence of up to 67%

• Positive SIBO associated with unpredictable fluctuations, rigidity and worse indexes 
of motor dysfunction

• Alters drug absorption (levodopa) and neuro-inflammation

• Eradication may lead to motor improvement 
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Subclinical 
Hypothyroidism

In addition, the TPOAb-
positive rate and TSH levels 
were higher but the FT4 level 
was lower in SIBO-positive 
patients compared to SIBO-
negative patients in study 
group. 

Front Endocrinol (Lausanne). 2021 May 24;12:604070.
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Restless Leg Syndrome

• This study suggests that SIBO associated with IBS may be a factor in some RLS 
patients and SIBO therapy provides long-term RLS improvement. 
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Stress-Gut Pathophysiology
(The Common Starting Point)

1. Alterations in gastrointestinal motility
2. Increase in visceral perception
3. Changes in gastrointestinal secretion
4. Increase in intestinal permeability
5. Negative effects on regenerative 

capacity of gastrointestinal mucosa 
and mucosal blood flow

6. Negative effects on intestinal 
microbiota
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Forgotten Characterization

SIBO is characterized by abnormal bacterial colonization in the 
small intestine and is associated with GI symptoms such as 
bloating, distension, flatulence, abdominal discomfort, diarrhea, 
and, in severe cases, even weight loss and significant 
micronutrient deficiencies.

Clinical and Translational Gastroenterology 
2023;14:e00567.



B I O T I C S  R E S E A R C H ®

Micronutrient Deficiencies and 
Malnutrition

• Vitamins
• B12, A, D, & E

• Minerals
• Iron, calcium
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Malnutrition

Furthermore, hypochlorhydria in atrophic gastritis results 
in bacterial overgrowth of the stomach and small 
intestine, and these bacteria may bind vitamin B12 for 
their own use.

       Annu Rev Nutr. 1999;19:357-77.
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Vitamin D Associated Nutrients

The patient's serum levels of calcium, phosphorous, vitamin D, and 
other fat-soluble vitamins also gradually increased after starting 
treatment for SIBO. 

      BMC Gastroenterol. 2020 Aug 24;20(1):283.



TREAT, ONCE
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Redefining the Goal

• The primary goal of SIBO 
treatment is to eradicate 
microorganisms from the 
small intestine in order to 
reduce symptoms. 

• Further treatment goals are to 
maintain remission, prevent 
possible recurrences, and 
correct any nutritional and 
vitamin deficits.



B I O T I C S  R E S E A R C H ®

Let Physiology Guide Treatment 

Unlike the colon, the human small intestine is typically an 
inhospitable environment for bacteria to grow and flourish.

• Normal fasting and fed motility
• Secretion of gastric acid
• Pancreaticobiliary secretions
• Structural barriers such as the ileocecal valve
• Intact gut immune system
• Commensal bacteria
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SIBO Safety Net

• Three types of protective mechanisms against SIBO

• SIBO present when overwhelmed, insufficient or absent

1. Gastrointestinal antimicrobial defense mechanisms

2. Gastrointestinal motility

3. Gastrointestinal tract anatomy
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Antimicrobial Defense 
Mechanisms

• Connected with the production of hydrochloric acid 

• Pancreatic enzyme secretion

• Bile

• Mucosal immunity

• Insufficient immunoglobulin A secretion

J. Clin. Med. 2022, 11, 6017.
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GI Motility and Anatomy

• Motility

• Impaired small intestinal clearance

• Absence of phase III of the migrating motor complex and retrograde 
peristalsis

•  Primary visceral neuropathy, myopathy

• Secondary neuropathy (disease or drugs)

• Anatomy

• Anatomical and surgical alterations
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Small Bowel Transit Time

• Patients with underlying SIBO have significant delays in SBTT as 
compared with those without.

• Greater than 6 hours
• Whole gut transit time slower as well
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Fasting

• Initiates the migratory motor complex (MMC), which is interrupted by feeding
• MMC is considered the “intestinal housekeeper”
• Band of small intestinal contractions that clear out the luminal content toward 

the lower intestines
• Vagal nerve stimulation enhances MMC activity in the stomach
• Serotonin stimulates duodenal MMC activity
• Absent or disordered pattern of the MMC is associated with SIBO

Nat Rev Gastroenterol Hepatol. 2012 Mar 27;9(5):271-85.
Am J Physiol Gastrointest Liver Physiol310: G228–G233, 2016.
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Hypochlorhydria

In conclusions, our results suggest a 
low-acid gastric environment as a 
contributive factor for duodenal 
dysbiosis, potentially leading to the 
development of pathological 
conditions of the gastrointestinal tract. 

Front Cell Infect Microbiol. 2022 Apr 19;12:854904.
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H. pylori Connection

• H. pylori-induced changes in acid secretion, in particular hypochlorhydria, may allow 
ingested microorganisms to survive transit through the stomach and colonize the distal 
intestine and colon. Such perturbation of gut microbiota, i.e. dysbiosis, may influence 
human health and disease. 

• Acute infection – hypochlorhydria

• Chronic infection – hypo- or hyperchlorhydria

• Most patients chronically infected with H. pylori manifest a pangastritis with reduced 
acid secretion due to bacterial virulence factors, inflammatory cytokines, and various 
degrees of gastric atrophy.

Curr Top Microbiol Immunol. 2017;400:227-252.
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H. pylori

Helicobacter pylori (H. pylori) infection 
causes changes to the intestinal flora, such 
as small intestinal bacterial overgrowth, 
and increases gastric acid secretion-
stimulating gastrointestinal hormones, 
mainly gastrin, due to a decrease in gastric 
acid caused by atrophic gastritis.
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Pancreatic Exocrine Insufficiency

• Pancreatic Enzyme Replacement Therapy (PERT) may not be ideal for all cases of 
SIBO at the initiation of therapy

• Possible exacerbation in some patients, but not universal

• Ironically SIBO could be the reason for poor response

• Implement post-antimicrobial therapy

Pancreas. 2003 Mar;26(2):130-3. 
Scand J Gastroenterol. 2021 May;56(5):588-593.
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Bile Acid Bacterial Regulation

It has been demonstrated that deoxycholic acid is an order of magnitude 
greater than cholic acid in antibacterial activity

In addition, unconjugated bile acids possess more potent antibacterial 
action than conjugated counterparts via membrane disruption and 
leakage of cellular contents

Frontiers in Microbiology. 2017;8, article 1581

FEMS Microbiology Reviews. 2005;29(4):625–651.
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Ileocecal Valve

Conclusions: Patients with SIBO have significantly lower ICJP, prolonged SBTT, and 
a higher gastrointestinal pH as compared to those without SIBO. These 
abnormalities may play different roles in the pathogenesis of SIBO, facilitating 
more targeted treatment to prevent recurrences of SIBO. 
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Gut-Immune
Dysregulation

AIDS. 2018 Jun 1;32(9):1147-1156.

• SIBO associated with IL-6
• Vagal dysfunction alters 

cytokine networks
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Probiotics

Therefore, the present findings indicated that probiotics supplementation could 
effectively decontaminate SIBO, decrease H2 concentration, and relieve abdominal 
pain, but were ineffective in preventing SIBO. 
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Probiotics vs. Antibiotics

Results: Thirteen (52%) subjects receiving metronidazol and 20 (82%) receiving the 
probiotic referred clinical improvement after the treatment. A statistically significant 
difference favoured the use of the probiotic (P = 0.036). All the study patients completed 
treatment. 
(Lactobacillus casei (3.3 x 10(7) UFC), Lactobacillus plantarum (3.3 x 10(7) UFC), Streptococcus faecalis (3.3 
x 10(7) UFC) and Bifidobacterium brevis (1.0 x 10(6) UFC for 5 days)

Conclusions: Based on this pilot study results, we can suggest that the probiotic herein 
used has a higher efficacy than metronidazol in the early clinical response of patients 
with chronic abdominal distension and SIBO. 

Acta Gastroenterol Latinoam. 2010 Dec;40(4):323-7.
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Probiotics – Choose Wisely

• Probiotic administration in SIBO patients resulted in exacerbated bloating, flatulence, 

metabolic lactic acidosis, and “brain fog,” with these symptoms subsiding after the 

probiotic preparation was discontinued and antibiotic therapy was initiated.

• The effects of probiotic therapy in SIBO are strongly strain-dependent, and not all 

probiotics are equally effective.

J. Clin. Med. 2022, 11, 6017.
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Saccharomyces Boulardii

• Monotherapy with 
Saccharomyces boulardii 
was more effective than 
metronidazole to 
eradicate SIBO

• Best results noted by 
combining the two 
therapies

Dig. Dis. Sci. 2020, 65, 1134–1143.
J Fungi (Basel). 2020 Jun 4;6(2):78.



B I O T I C S  R E S E A R C H ®

One vs. Many

Conclusion: In this study, the 
treatment of small intestinal 
bacterial overgrowth using rotating 
antibiotics was more effective than 
treatment using a single course of 
antibiotic. Remission was associated 
with improvement in both quality of 
life and bloating. 

United European Gastroenterol J. 2021 Jul;9(6):645-654.
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Existing Treatment Challenges

•Antibiotic therapy (Rifaxamin, Metronidazole / Flagyl)
• Side effects (gut microbiome disruption, risk of C.diff)
• High recurrence rate
• Multiple rounds necessary

•Nutrition support
• Variations of effectiveness
• Many are not validated
• Have not been clinically studied

•Lifestyle changes – compliance
•Diet modification – overly restrictive



Breakthrough SIBO Study

Gerard Mullin’s study highlights
• 4-week clinical trial, over 100 participants
• Patients received either Rifaximin or herbal 

therapy

Normal breath test after 30 days
• 46% herbal therapy vs 34% Rifaximin
• 1.85-fold greater likelihood of 

improvement with herbal therapy



WHAT WAS IN THE STUDY:

• 2 FC-Cidal  BID

• 2 Dysbiocide® BID

46% Botanicals vs 
34% Antibiotics

46% & Beyond

WHAT IS IN THE KIT:
• 2 FC-Cidal  TID
• 2 Dysbiocide® TID
• 2 A.D.P.®  TID

Plus patient-friendly guidebook

History has validated an updated protocol 
shown to be even more effective



Three of Biotics Research’s Most Trusted Antimicrobial 
Formulas*

*This statement has not been evaluated by the Food and Drug Administration. This product is not intended to diagnose, treat, cure, or prevent any disease.



Introducing SBO Kit

COMPONENTS:

A.D.P.® - Patented formula of sustained release emulsified oil of oregano

FC-Cidal  - Proprietary blend of herbs that support healthy GI function (French Tarragon, 
Indian Tinospora, Horsetail, Thyme, Pau D’Arco, Stinging Nettle, Olive)

Dysbiocide®  - Synergistic herbal formula supporting healthy gut microbiota (Dill, Stemona, 
Wormwood, Java Brucea, Chinese Pulsatilla, Jamaica Quassia, Hedyotis, Cutch Tree, Yarrow)

Patient Guidebook - Step-by-step guide to support patients on the program

A 30-day intensive gut support program 
designed to restore microbial balance*

*This statement has not been evaluated by the Food and Drug Administration. This product is not intended to diagnose, treat, cure, or prevent any disease.



Diet:
Eat a whole foods diet of unprocessed 

foods and scale with restriction as 
necessary (foundation) and other dietary 

suggestions continue if necessary.

Lifestyle:
Stress management

Regular exercise
Avoid smoking and excessive 

alcohol consumption

Supplements:
A.D.P.®, FC-Cidal , Dysbiocide®

For all products, take 2 capsules, 
3 times per day away from food

SBO Kit: 30-Day Program
Easy-to-follow 3- Pronged Patient Program
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Dietary Modifications
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Dietary Controversies

• It is worth emphasizing that the period of complete elimination of FODMAP from 

the diet of SIBO patients should not exceed six weeks; and, if ineffective, this diet 

should not be used again in the future.

• There is no evidence supporting the use of a gluten-free diet in the treatment of 

either SIBO or IBS.

• The use of elemental diets, which contain pre-digested nutrients, is not 

recommended in SIBO despite some promising study reports.

J. Clin. Med. 2022, 11, 6017.
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Dairy

• Conclusion. Thus, among children of primary school age who follow a long-term dairy 
free diet, SIBO is significantly more often recorded relative to children who are on a 
traditional type of diet. 

• 55.0% vs 20.0%



Post Infectious 
SIBO

• Glutamine as a primary intervention – 5gm tid po 
8 weeks

• Glutamine
• Essential amino acid in humans
• Major energy source for rapidly dividing 

epithelial cells of the gastrointestinal tract
• Depleted during infection or illness
• Leads to atrophy of intestinal epithelial cells 

and intestinal hyperpermeability
• Supplementation of the diet with glutamine 

can restore normal intestinal permeability
• Decrease bacterial and toxin translocation 

after intestinal injury



Complete SIBO Treatment Plan

1. Treatment (1 month)

• Listen for SIBO symptom sequela

• Test as needed

• Recommend SBO Kit 

2. Prevent Recurrences (9 months)

• Identify and correct issues with motility and GI secretions

3. Correct nutrient deficiencies (6 months)

• Use testing to guide recommendations as needed B I O T I C S  R E S E A R C H ®



SBO Kit
HIGHLIGHTS

• 30-day program

• Targeted antimicrobial 
therapy

• Most trusted botanical 
formulas

• Easy-to-follow guidebook 

• Dietary guidelines

• Lifestyle suggestions

• Patient compliance



For the “One Percenters”

Antimicrobials
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Treatment Summary

Small Intestinal Motility

Vagal Nerve Stimulation



Treatment Summary

Pancreaticobiliary Support



Motility-Zyme
Functional Approach to Constipation
Non-laxative formula designed to improve gut 

function, providing a long-term solution versus 
temporary or habit-forming “fix” with products used 
in purging, agitating, catharsis for motility

1. Ginger – gut nervous system enhancement

2. Artichoke – bowel calming

3. 5-HTP – supports motility

4. Magnesium Citrate – bowel relaxation
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Treatment Summary

Ileocecal Valve Support

• Ileocecal Valve 
Massage

• Vagal Nerve Support

Commensal Bacteria
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Inability to Resolve Causes

• Some patients have persistent relapse due to chronic dysfunction 
(disease, surgical, anatomical)

• Remain persistent with digestive support

• Rotation of low dose antimicrobials

• Low dose probiotics as a consideration

• Pulsed
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Take Aways

• Is SIBO the cause or the result of the associated condition?

• Consider the bidirectional relationship of SIBO associated conditions.

• Understand the limitations of SIBO diagnostic testing and how to correlate to other 
findings.

• Implementing antimicrobial support is only the first phase.

• Follow up with correcting underlying causes and nutrient deficiencies.



Insufficiency 
Dysbiosis



Gut Microbiota and Healthy Aging

Age-related microbial dysbiosis

Reshaping of immune responses

Immunosenescence (insufficiency) and inflammaging (over-reaction) manifest

Linked to age associated enteric and extraenteric diseases
• Colorectal cancer, sarcopenia and physical frailty
• Nonalcoholic fatty liver disease(NAFLD), coronary heart disease
• Neurodegenerative diseases, Type 2 diabetes mellitus

Microbiota becomes a target for aging



Age-Related Dysbiosis

Reduced levels of 
Bifidobacterium and 
Faecalibacterium
• SCFA producing bacteria

Gut-muscle axis aging
• Loss of muscle
• Reduced muscle function

Decreased Faecalibacterium 
and Bifidobacterium in the 

aged gut microbiota are 
negatively correlated with 

muscle strength

Microbiota-derived SCFAs 
influence skeletal muscle cell 

function by promoting 
mitochondrial activity

Fewer SCFA in the age-
related proinflammatory gut

Dysbiosis is actively involved 
in sarcopenia and physical 

frailty



Gut Frailty

• Stomach, small intestine and 
large intestine

• Inflammation related immune 
cells

• Natural killer cells
• Macrophages
• Chronic inflammation



Gut Frailty

Indicators of Frailty (3 or more 
required)
Unintentional weight loss of 4.5 kg or more per 
year or a weight loss of 5% or more

Self-reported exhaustion occurring on 3–4 days or 
more per week.

Slow walking speed

Decreased grip strength

Decreased physical activity

Indicators of Gut Frailty
1. Epigastric pain and discomfort
2. Bowel irregularities such as 

constipation or diarrhea
3. Abdominal pain and bloating
4. Stress-related symptoms
5. Decreased appetite and 

weight loss

Digestion 2023;105:49–57



Izumo Scale (Consistent / Reproducible)



Izumo Scale Interpretation

• 15 questions in 5 domains
1. Reflux – questions 1-3
2. Pain – questions 4-6
3. Fullness – questions 7-9
4. Constipation – questions 10-12
5. Diarrhea – questions 13-15

• Scale of 0-75
• Closer to 75, greater the level of dysfunction



Bristol Stool 
Form

• Abnormal bowel movements
• Type 1, 2, 6 or 7

• Additional definitions
• Bowel frequency >3/day
• Bowel frequency <3/week



Constipation

Key symptom of gut frailty

Correlated with significantly lower survival rates

Disease associations
•Chronic kidney disease, Cardiovascular diseases, and neurodegenerative disorders like Parkinson’s disease

At least 1 in 8 patients

However, patients significantly underrecognize constipation

More than discomfort

Not simply a lack of fiber

Neurogenic and microbials causes are most common



Possible 
Drivers of 
Gut Frailty

• Decrease in mucin production
• Medications – ex. Aspirin
• Reduction in dietary fiber
• Reduction of goblet cells secondary to 

permeability and inflammation

• Decreased tight junction function
• Decreased peristalsis
• Decreased cell turnover
• Stem cell dysfunction
• Increased senescent cells
• Insufficiency of the microcirculation
• Dysbiosis of gut microbiota



Gut 
Dysbiosis 
and Frailty

• Decline of Faecalibacterium prausnitzii
• α-diversity is NOT associated with mortality
• Mortality strongly associated with 

Enterobacteriaceae family
• Dominant in Proteobacteria
• Facultative anaerobes

• Escherichia
• Klebsiella
• Proteus
• Salmonella
• Shigella
• Yersinia



Prevention 
and Therapy 
of Gut Frailty

• Diets/food factors – dietary fiber, secondary 
bile acids

• Drugs/senolytics
• Fecal microbiota transplantation
• Probiotics/prebiotics – Akkermansia 

mucinophilia
• Metabolites of gut microbiota (postbiotics) - 

butyrate
• Physical activity

• Increased levels of bile acids
• Benefit mediated through the gut microbiota



Tributyrin - 
Postbiotic

• Butyric acid prodrug
• Reduces rapid uncontrolled cellular 

growth
• Enhances differentiation
• Upregulates vitamin D receptors

• J Nutr. 2001 Jun;131(6):1839-43. 



Natural Butyrate 

Production
• Short-chain fatty acid (SCFA)
• Produced by commensal bacteria
• Produced in the colon 
• Derived from the fermentation of 

dietary fiber
o Primarily indigestible plant 

polysaccharides and resistant 
starches.



In addition to its well-recognized role 
as the preferred energy source for 
colonocytes, butyrate has now been 
shown to have a much broader 
physiological role that extends 
beyond the colon, influencing 
systemic metabolic and immune 
function, as well as reducing 
intestinal permeability and 
inflammation.

Natural Butyrate 

Production





Tributyrin
• Highly bioavailable form of butyrate

• Superior half-life and increase in 
plasma levels compared to 
supplementation with sodium butyrate.

• Sustained increase in plasma levels of 
butyrate with tributyrin supplementation 
may allow for more systemic and 
epigenetic effects of butyrate.

• Multiple models suggest tributyrin 
protects the liver and intestinal barrier 
from a variety of insults, including 
ethanol and bacterial toxins. 



Trybutyrin Complex

• Innovative trademarked ingredient
• Direct butyrate generator
• Able to produce high levels of butyrate directly in the 

colon.
 
In pre-clinical studies of Butyragen  Tributyrin Complex 
has been shown to: 

o Generate butyrate and other short chain fatty 
acids 

o Significantly lower gas production when compared 
to other prebiotics 

o Help reduce oxidative stress



Prebiotic
AND Postbiotic

• Prebiotic - a substrate that is selectively 
utilized by host microorganisms 
conferring a health benefit (2016)

• Postbiotic – preparation of inanimate 
microorganisms and/or their 
components that confers a health 
benefit on the host (2019)



• Tributyrin - three butyrate moieties esterified with glycerol
• Rapidly absorbed and hydrolyzed to butyrate by pancreatic 

lipases. 
• Found in honey and dairy products such as butter
• Considered a “prodrug” of butyrate, with several advantages 

when compared to supplementation with butyrate. 

Tributyrin Complex



Tributyrin Complex
• More bioavailable

o It is not clear that oral butyrate 
reaches colonocytes, as most of it is 
taken up by enterocytes in the 
proximal intestine.

• Better tolerated
• Significantly higher plasma levels
• Approximately three times the serum 

half-life (demonstrated in animal 
studies).  



Tributyrin Complex

• Overcomes the limitations imposed by the short half-life of butyrate
• Promising results for wide-ranging effects in experimental models.
• Prevents fat accumulation and liver injury following alcohol toxicity
• Tributyrin also protects the liver from damage in response to lipopolysaccharide (LPS)-induced 

liver injury
• Down-regulates NF-κB, a critical regulator of inflammation
• Prevents oxidative stress in the colon and preserve intestinal immune function in response to 

ethanol-induced injury
• Modulates of the Gut-Brain Axis through PPARγ and AMPK (also supports epithelial tight 

junctions)
• Protects from toxins, such as C. difficile toxins, also appears to be another mechanism by which 

butyrate reduces intestinal inflammation



Tributyrin – 
Beyond the Gut

Our results demonstrate that tributyrin is more 
potent than butyrate in regard to cell growth 
inhibition and apoptosis induction at 
pharmacologically relevant concentrations. 
Hence, tributyrin may be a promising candidate 
for clinical protocols in prostate cancer. 



The 
Obvious 
Choice





Endotoxemia

• Secondary to gut 
dysbiosis

• Lipopolysaccharide 
(LPS) translocation into 
the systemic circulation

• LPS = super-antigen

• Develop of low grade 
endotoxemia

• Induces systemic 
inflammatory state



Food for Endotoxemia

• Meals influences the uptake of endotoxins to the blood
• Fat promotes uptake of endotoxins
• Dietary fiber restricts uptake
• LPS presents in the chylomicrons carrying dietary fat

• Lymphatic uptake route
• LPS acts like dietary fat
• Uptake occurs over 3-4 hours – delayed reactivity

• Intestinal absorption and systemic distribution
• Transcellular uptake through the enterocytes
• Occurs within 30 minutes – immediately reactive
• Possible paracellular pathway mediate through tight junction activity

Int. J. Mol. Sci. 2021, 22, 9562 



Nutr Clin Pract. 2012 April ; 27(2): 215–225.



Nutrients That 
Protect LPS Uptake

• Dietary fiber – delays 
fat digestion and 
absorption

• Thylakoids – extracted 
from green leaves

• Delay fat digestion
• Form a layer on the 

intestinal mucosa
• Restrict uptake of LPS



Problems 
with this 
Data

• Most studies combine high carbohydrate 
intake with fat intake

• Often grains

• Accompanying intake of refined foods
• Margarine

• Not all fats are created equal
• Long chain vs. medium vs. short
• Carbon length could make a difference

• 16 carbon – palmitic acid
• 18 carbon – stearic acid

• Dietary saturated fats are not 100% saturated fat



Caveat 
Supported

• Evidence suggested that a fat-rich diet, 
depending on its quality, quantity and 
concomitant healthy food components, 
could influence metabolic endotoxemia. 

• Nutrients 2019, 11, 1887



Gut-Derived Endotoxemia and CVD
• 5 year follow up

• LPS >50 pg/ml – 3x risk of incident carotid artery atherosclerosis co
• 10 year follow up

• LPS – binding protein significantly associated with incident CVD
• Association between circulating LPS levels and myocardial infarction
• Coronary ischemia is associated with intestinal barrier dysfunction
• LPS are a trigger for atrial fibrillation
• Circulating LPS level lab marker associations

• Triglycerides, total cholesterol, fasting glucose, insulin, HbA1c and CRP

Nat Rev Cardiol. 2023 Jan;20(1):24-37. 



LPS Circulation

LPS in circulation is mostly 
bound to lipoproteins (80–

97%)

• Highest concentration in LDL 
(35.7%)

• Lowest in VLDL (13.9%)

LPS enters arterial wall bound 
to pro-atherogenic 

lipoproteins

• Favors LDL oxidation
• Propagation of arterial 

inflammation

LPS destabilizes atherosclerotic 
lesions

• Plaques become more 
vulnerable to rupture and 
erosion

• Activation in atherosclerotic 
lesions of the arachidonic 
acid pathway that leads to 
biosynthesis of leukotrienes





CVD-CKD-LPS Link

• Pathway to chronic kidney disease (CKD)
• Hypertension

• Important risk factor for CKD
• Leads to high intraglomerular pressure
• 85-90% patients with stage 3-5 CKD

• CKD
• No cure
• Poor and unrecognized prevention strategies
• Lack of symptoms in early stage
• Intervention options – dialysis and kidney transplant

Nat Rev Nephrol. 2018 July ; 14(7): 442–456.



Vagal Nerve Communication

Facilitates bidirectional 
communication 

between the brain and 
enteric nervous system

Expresses receptors 
that sense SCFA

Modulated by 
Lactobacillus 

rhamnosus and 
Bifidobacter longum



Gut Microbiota in 
Hypertension

• Dysregulation causes hypertension
• Renin-angiotensin system
• Autonomic nervous system
• Immune system
• Gut dysbiosis

• Induces immune and 
autonomic changes

• Gut-kidney axis
• Metabolism dependent 

and immune pathways



Brain-Gut-
Kidney Axis



Microbial Profile Breakdown in CKD



Measurable Uremic Metabolites to 
Track



Small Water-
Soluble 

Molecules

• Analogue of arginine
• Downregulates NO production

• Increased vaso-contrictive tone
• Impacts microcirculation of all major organs

• Independent risk factor for all cause mortality

Asymetric Dimethyl Arginine (ADMA)

• Questionable association

Trimethylamine-N-oxide (TMAO)

• Relevant gut-derived toxin
• Can trigger insulin resistance
• Endothelial dysfunction via free radical generation

Urea

Toxins 2022, 14, 648 15 of 22Toxins 2



Urea Leads to Further Intestinal 
Damage



Gut as a Therapeutic Target for CKD



Endotoxemia –Intestinal 
Alkaline Phosphatase

• Aging – gut barrier dysfunction 
and gut-derived chronic 
inflammation

• Alkaline phosphatase
• Multiple Isoenzymes (bone, 

liver, gut)
• Gut brush border enzyme
• Inhibits inflammatory 

mediators like LPS
• Supports gut barrier function
• Regulates microbial 

homeostasis



Intestinal 
Alkaline 
Phosphatase 
(IAP)

• Dephosphorylates LPS, flagellin, and DNA
• Reduces LPS toxicity by 100-fold
• Supports bicarbonate secretion in the duodenum 

to increase pH and reduces acidity as part of 
negative feedback loop

• Though mostly membrane bound, a small amount 
of IAP is bidirectionally released into the blood as 
well as into the lumen

• Serum alkaline phosphatase is a reasonable proxy
• Zinc dependent 



IAP and Gut Axes



Visc Med 2021;37:383–393



Therapeutic 
Considerations
• Mediterranean Diet
• SCFA

• Prebiotic fiber
• Polyphenols
• Omega-3s

• Probiotics
• Lactobacillus plantarum
• Lactobacillus rhamnosus
• Akkermansia mucinophilia

• Vitamin D



Decreasing LPS

Glutamine
• In the study by Abboud et al., obese or overweight subjects ingested 30 g of glutamine per day 

for eight weeks (Nutrients 2019, 11, 536.)
• Blood LPS levels and waist circumference decreased

Prebiotics
• Oligofructose (glucose, fructose) – fruits and vegetables
• Inulin – fruits and vegetables
• Galacto-oligosaccharides (glucose, galactose) – dairy

Sulfated Polysaccharides
• Chondroitin sulfate

Nutrients 2019, 11, 2277 



Inflammaging and Sarcopenia



Sarcopenia and 
Inflammaging
• Sarcopenia - progressive and generalized loss 

of skeletal muscle mass and function
• Muscle weakness (dynapenia)
• Inflammaging as a cause

• Direct and indirect drivers
• Cellular senescence, 

immunosenescence, alterations in 
adipose tissue, damage-associated 
molecular patterns (DAMPs), and gut 
microbes

• Sarcopenia causes inflammaging
• Vicious cycle



Sarcopenia Benchmarks
• Muscle strength

• Hand grip strength
• Male - <28kg
• Female - <18kg

• Physical performance
• 6 meter gait speed <1.0 m/sec
• 5 time chair stand test ≥ 12 sec
• Short physical performance test ≤ 9 

sec
• Appendicular skeletal muscle mass

• DXA – (M<7.0kg/m2, F<5.4kg/m2)
• BIA - (M<7.0kg/m2, F<5.7kg/m2)

J Korean Med Sci. 2022 May 9;37(18):e146. 



Diagnostic Criteria by Group

EWGSOP, European Working Group on Sarcopenia in Older People

IWGS, International Working Group on Sarcopenia

AWGS, Asian Working Group for Sarcopenia

FNIH, Foundation for the National Institutes of Health

SSCWD, Society on Sarcopenia, Cachexia and Wasting Disorders

SMI, Skeletal Muscle Mass Index

BMI, Body Mass Index

DXA, Dual Energy X.



Risk Factors

Lack of exercise – foremost risk factor
• Gradual decline in muscle fiber numbers begins around age 50
• More pronounced with inactivity

Decreases in anabolic hormones
• Testosterone, growth hormone, thyroid hormone, insulin-like 

growth factor, vitamin D

Increases in catabolic signals
• Pro-inflammatory cytokines
• Tumor necrosis factor alpha (TNFα) and interleukin-6 (IL-6)

Protein synthesis
• Decreased ability
• Inadequate intake of calories / protein
• Oxidized proteins leading to buildup of lipofuscin



Risk Factors - 
Continued

Motor unit remodeling
• Reduction in motor nerve cells
• Failure of satellite cell activation

• Satellite cells – maintain muscle function

Genetic influence
• Genes govern muscle mass and function 

maintenance

Early developmental influences
• Low birth weight



Types of 
Sarcopenia
• Primary sarcopenia - 

related to aging
• Secondary 

sarcopenia - 
independent of age 
in the context of 
chronic disease

Journal of Cachexia, Sarcopenia and Muscle 2021; 12: 1380–1392



Sarcopenia: A Rheumatic Disease?

Patients with systemic autoimmune diseases
• Systemic lupus erythematous (SLE)
• Rheumatoid arthritis (RA)
• Spondyloarthritides
• Systemic sclerosis

Pro-inflammatory state and decreased muscle use

Inactivity and pain

Loss of muscle mass and function is 2-3x more common

Rapid decline in hand grip strength

Rheum Dis Clin North Am. 2018 August ; 44(3): 393–404.



Sarcopenia and Type II 
Diabetes
• Unlike sarcopenia, T2DM-related 

sarcopenia is characterized by a 
reduction in type I fibers, and it 
differs from disuse muscle atrophy 
as well

• Defined as a secondary sarcopenia



Comparison

• Muscle Fiber Types

• Type I – Slow twitch
• Small diameter
• More mitochondria
• High oxidative capacity
• Endurance activities and 

posture

• Type II – Fast twitch
• Large diameter
• Abundant muscle 

proteins
• High glycogen content
• Explosive movements



Mechanisms of Muscle Wasting 
Associated with T2DM

Front. Endocrinol. 15:1375610.



Sarcopenia and CKD
• Chronic kidney disease (CKD) is often called a model of ‘accelerated ageing’
• Frequency of sarcopenia increases as the CKD stage advances
• Loss of muscle mass in CKD may be attributed to a negative balance of 

protein homeostasis
• Leads to increased catabolism and decreased synthesis of muscle

• CKD - facilitate impairments of muscle regeneration process
• decreased production of myogenic regulatory factors and reduced 

cellular activation
• Increased blood levels of myostatin (negative regulator of muscle mass)

• Impaired mitochondrial function leads to decreased muscular endurance



Sarcopenia 
Catabolic 
Activity and 
CKD

• Chronic inflammation
• Uremic toxins
• Malnutrition
• Hormonal imbalance

• (insulin resistance, vitamin D deficiency, and 
hypogonadism)

• Oxidative stress
• Increased ubiquitination

• Renin–angiotensin–aldosterone system is up-
regulated in CKD

• Impair muscle regeneration
• Invoke ubiquitin proteasome system 

proteolytic pathways



Factors 
Affecting 
Sarcopenia 
Development 
in CKD



Testosterone and Vitamin D Deficiencies



Growth 
Hormone 
Resistance in 
CKD



Sarcopenia 
Management

Resistance Training

Vibration Therapy

Nutritional Supplementation

Androgen / Androgen Receptor Modulators

Myostatin Inhibition

Herbal Supplements



Herbals for 
Sarcopenia

• Curcuma longa – Curcumin
• Withania somnifera – 

Ashwagandha
• Camellia sinensis – Green 

Tea
• Zingiber officinale – Ginger
• Grape seeds



FrOST Trial • Franconian Osteopenia and Sarcopenia Trial (FrOST)
• Resistance Exercise (RT)

• HIT – High Intensity Training, low volume
• DRT – Dynamic Resistance Training
• Effective in Osteosarcopenia

• 43 sedentary men, age 73-91
• Dropout, n=2
• Attendance rate – 95%
• Unintended side effects / injuries, n=0
• HIT-RT protocol to be feasible, attractive, and safe

Journal of Bone and Mineral Research, Vol. 35, No. 9, September 2020, pp 1634–1644.



Resistance Training 
Goals and 
Outcomes

• Strength vs. Hypertrophy
• Low load - <60% of 1 repetition maximum

• High load - >60% of 1 repetition maximum
• 6 week adaptation period
• Maximal strength – heavy loads

• Muscle hypertrophy – achieved across a 
spectrum of load ranges

J Strength Cond Res. 2017 Dec;31(12):3508-3523. 



Proximity 
to Failure
• Resistance training to 

failure vs. non-failure
• Momentary muscular 

failure does not equate to 
increased muscle 
hypertrophy

• Proximity to failure and 
muscle hypertrophy are 
not a linear relationship



Gauging Proximity 
to Failure

• RPE – Rate of Perceived Effort
• 1 – Ability to continually 

perform activity without 
perceived failure

• 7 – 3 reps until failure
• 8 – 2 reps until failure
• 9 – 1 additional rep could have 

been completed before failure
• 10 – Performed until 

momentary failure



Effective 
Resistance 
Exercise
• Easy-to-use
• Avoid complex movements
• Functional resistance training
• Consider activities of daily living
• Emphasize compound exercises

• Upper body press
• Upper body pull
• Overhead press
• Squat
• Deadlift



Resistance Training 
Outside of the Box

• Progression without a high load
• Necessary in the aging population
• Blood-flow-restricted-low-load resistance training

• 20–30% of one repetition maximum (1RM)



Designs Schemes

Cells 2022, 11, 1389.



Low Intensity BFR 
vs. Low Intensity

• LI-BFR, but not LI improved strength, 
muscle mass, IGF-1, endothelial 
function, and selected inflammatory 
markers in a nonagenarian sarcopenic 
patient. 

• These results are promising and 
suggest that LI-BFR should be 
considered as an alternative to 
prevent muscle loss and improve 
functional fitness in frail older 
populations.

Clinical Interventions in Aging 2019:14 1461–1469



Bodyweight?

• Only bodyweight resistance exercise with slow movement and 
plyometric exercise

• Improve physical function in the elderly
• Single sets for each exercise, but no enhanced muscle hypertrophy
• Performing multiple sets required to induce muscle hypertrophy

Geriatr Gerontol Int 2015; 15: 1270-1277.



No Excuses

• Even if the intensity is as low as 30% 1RM, low intensity, slow movement and tonic 
force generation can increase muscle size and strength in healthy older adults

• Avoiding the burn
• Training at volitionally very slow durations (>10secs per repetition) is inferior for 

hypertrophy
• Machines have the ability to reverse sarcopenia
• Progressive resistance training is effective in the oldest of the old

Clin Physiol Funct Imaging. 2014 Nov;34(6):463-70.
Sports Med. 2015 Apr;45(4):577-85.

Experimental Gerontology 163 (2022) 111767



How Old?

Conclusion: Very old inpatients with sarcopenia
can benefit from a mixed exercise program (even as short 

as two weeks) by improving their ADL and gait speed.



RT with Type II 
Sarcopenia
• Sandbag training

• (0.5 kg at the beginning to 1 kg after 1 
month)

• Training group
• Significant improvements

• Glycosylated hemoglobin
• 5 times sit-to-stand test
• Skeletal muscle mass
• Calf circumference
• Sarcopenia questionnaire



Programming 
Workouts

Consider volume first
• Volume capabilities decline with age
• Slower recovery ability

3-4 days per week

Split body movements

Limit to 2-3 working sets

Stay within a 30-45 window

Intensity is relative, use RPE scale (Optimal 60-85%)

Deadlifting is the most taxing

Group / social setting if possible (individual variability)



Exercise 
Dosage 
Based on 
Objectives

Dtsch Arztebl Int 2011; 108(21): 359–64.



Gut-Muscle Axis

• Gut microbiota acts as a nutritional mediator of muscle cells
• Cross-road between nutrition and muscle function

•  Gut microbiota
• As much as 1014 bacteria, viruses, fungi, protozoa, and Archaea
• Gene pool 150 times larger than that of the host
• Weight esteemed between 175 g and 1.5 kg (3.3 lb)
• 1100 and 2000 bacterial taxa
• Maturity by age 3
• Stable over the lifespan
• 10 phyla
• Two phyla—Bacteroidetes and Firmicutes—account for as much as 99% of species

• Influences physical performance and muscle function through CNS



Gut Microbiota in Aging

After age 65, resilience is 
generally reduced

Composition more 
vulnerable to lifestyle 

changes, antibiotics and 
disease

Biodiversity declines

Dysbiosis is correlated 
with physical frailty

Reduced Faecalibacterium 
prausnitzii in frail patients
• Reduced SCFA production and 

metabolic modulation

Gut microbiome is 
involved in aging 

phenotype and in the 
onset of physical frailty



Exercise 
Influence 
on the Gut 
Microbiota

Over-representation of some health-promoting bacterial species, 
including Akkermansia, Faecalibacterium, and Roseburia

Enhanced biodiversity

Correlation with cardiorespiratory fitness

“Transducer” of nutrient signals for host

Produces mediators that  influence metabolic balance, insulin 
sensitivity, and inflammation

Healthy gut microbiota – anabolism

Dysbiotic microbiota – anabolic resistance, or even catabolism



Muscle 
Effects of 
Microbial 
Metabolites



Cross-Road Between 
Nutrition and Muscle

• Diet influences microbiota
• Microbiota metabolizes 

nutrients into mediators

• Mediators influence 
myocytes

• Especially mitochondria

• Modulate inflammation
• Promotes insulin sensitivity

Nutrients 2017, 9, 1303



Physical Activity and Neurodegeneration: Role 
of Muscle-Brain Axis
Increase in synaptic plasticity

Reduces accumulation of amyloid plaques

Upregulation of SIRT-1

Increased BDNF (brain derived neurotrophic factor)

Reduction in hyperphosphorylated Tau

Decreased activation of microglia

Decreased risk of all-cause dementia, even at 20 year follow up

Decreased neuroinflammatory markers

Improved mitochondrial function

Aids in motor symptoms (Parkinson’s)

Neuropharmacology 240 (2023) 109718



Probiotic 
Supplementation

• Bifidobacterium, Lactobacillus 
and Streptococcus thermophilus

• Reduced anxiety
• Reduced accumulation of amyloid
• Restoration of neuronal 

proteolytic pathways
• Ubiquitin proteasome 

pathway
• Autophagy

• Reduced oxidative stress
• 12 week intervention period is 

common





Overlap

• Considering the reciprocal influence 
of gut microbiota and muscle 
physiology, probiotic 
supplementation may represent a 
novel strategy to optimize muscle 
functionality and metabolism in 
either anabolic (exercise) or 
catabolic (sarcopenia and cachexia) 
conditions.

• Considering the influence of both 
gut microbiota and the muscle on 
brain functions and the crosstalk 
occurring between these systems, it 
is reasonable to hypothesize a 
synergistic effect mediated by a 
combined intervention with 
probiotics and exercise training.



Sarcopenia and 
Nutrition
• Age-related loss of appetite
• “Anorexia of aging”
• Increased energy requirements due to 

acute and chronic inflammation
• “Disease-related malnutrition”
• Typical prescriptions

• Adequate intakes of proteins
• Vitamin D
• Antioxidant nutrients
• Long-chain polyunsaturated fatty 

acids



Sarcopenia 
and 
Nutrition – 
What We 
Know

• Protein
• Lower intake related to loss of lean mass by DXA and 

reduced grip strength
• Improved appendicular muscle mass
• Leucine increases muscle protein synthesis in older 

individuals

Macronutrients

• Vitamin D
• Improved muscle mass, not grip strength
• Results seen with D3, not D2

• Vitamin C
• Reduce oxidative stress of sarcopenia
• Improved physical performance (gait, chair-rise, balance 

test)

Micronutrients



Sarcopenia 
and Nutrition 
– What We 
Know

• Micronutrients
• B6 (abundant in meat and poultry)

• Deficiency symptoms – neurological, affect on motor 
neurons, weakness, loss of distal sensation

• Improved Short Physical Performance Battery
• Upregulates several protective myogenic genes

• B12
• Deficiency symptoms – neuromuscular, muscle 

weakness, paresthesia, numbness
• Greater intake in non-sarcopenic groups

• Other vitamins
• Vitamin A, carotenoids – antioxidative
• Vitamin E - antioxidative



Sarcopenia and 
Nutrition – 

What We Know

• Micronutrients (minerals)
• Calcium – structural and regulatory muscle functions, 

myogenesis
• Selenium – selenoproteins, deficiency linked to muscle 

pain and weakness
• Magnesium – 600 enzymatic reactions, energy and 

protein synthesis
• Phosphorus – preservation of muscle mass
• Iron – physical function decline with deficiency
• Zinc – protein synthesis

• Fatty Acids
• Omega-3s – positive effect on muscle mass, increased 

protein synthesis

Nutrients 2020, 12, 1755
JAMDA 24 (2023) 1163-1172



Whole Foods

Nutrients 2020, 12, 2257;



Milk

• Contains multiple nutrients and 
bioactive compounds

• Proteins for anabolism
• Myoprotective
• Bioactive peptides
• Antihypertensive, antithrombotic, 

antimicrobial and 
immunomodulatory effects

• Lactoferrin and immunoglobulins

• High-quality proteins (20% of whey and 80% of 
caseins)

• Minerals (e.g. calcium, phosphorus, 
magnesium, iodine)

• Vitamins (e.g. fat-soluble A and E and water-
soluble B vitamins)

• Carbohydrates (lactose and   oligosaccharides)

• Fats—a mixture of 70% saturated (SFA), and 
30% of mono- (MUFA) and polyunsaturated 
fatty acids (PUFA)

• Multiple micronutrients

Clinical Interventions in Aging 2020:15 695–714



Whey Protein, Leucine 
and Vitamin D

In summary, muscle-targeted 
oral nutritional 
supplementation, alone or in 
association with an appropriate 
exercise program, is an effective 
therapy for older patients with 
sarcopenia and should be 
offered as a first-line treatment.



Whey Protein, Leucine- and Vitamin-D



Protein

The Most Dynamic, but Underused Macronutrient



Protein & Sarcopenia
• Protein impacts the microbiota

• Associations between red meat proteins and altered gut microbiota
• Caution: Observational studies, not interventional

• Combination of plant and animal-based proteins are deemed favorable for gut microbiota eubiosis and 
muscle-protein synthesis

• Highlights the role of fiber to enhance microbial activity and SCFA
• Insufficient consideration for polyphenol / secondary metabolite concentrations in appropriately 

raised animal foods
• Consideration for digestive capacity and if >10% protein reaches the large intestine

• High-protein diets with elevated essential amino-acid concentrations, alongside increased dietary fiber 
intake, may promote gut microbiota eubiosis

• Metabolic effects derived from short-chain fatty-acid and branched-chain fatty-acid production



Long Term 
Experimental 
Trials

• Data on high proteins diets and the gut microbiota
• However, to date, there is no causal link in 

humans, taking into account the absence of long-
term experimental trials on high protein diets and 
the gut microbiome and their multifaceted 
relationships.

• Further controversy
• Multiple human and animal studies have linked 

increased branched-chain amino acids (BCAAs) 
with insulin resistance and type 2 diabetes in 
obese groups. However, increased SCFA 
consumption may alleviate the hyperglycemic 
responses that are occurring in obese and type 
2 diabetics, characterized by elevated amino-
acid concentrations



Animal vs. Plant Protein – Anabolic Properties

• Plant-based proteins
• Less anabolic effect
• Lower digestibility
• Lower essential amino acid content (especially leucine)
• Deficient in other essential amino acids (sulfur amino acids or lysine)
• Directed toward oxidation rather than muscle protein synthesis

• Improving amino acid composition
• Fortification with amino acids (leucine)
• Selective breeding
• Blending plant protein sources
• Blending with animal protein sources
• Greater dose of plant protein intake
• Leucine co-ingestion

Nutrients 2019, 11, 1825
Proc Nutr Soc. 2018 Feb;77(1):20-31. 
J Nutr. 2015 Sep;145(9):1981-91. 



Additional 
Considerations 
for Aging

• High intake of plant-based protein-rich 
products

• Could pose risks of malnutrition
• Fiber-related intestinal intolerances

• Lacks the known bioactive peptides found in 
animal proteins

• Lactoferrin

Curr Opin Clin Nutr Metab Care. 2024 Jul 1;27(4):372-377. 



Lactoferrin Plus
• Regarding muscle function, all 

the tests significantly 
improved in the 
supplemented group 
compared to the placebo one. 

• CRP, zonulin, and TNF-alpha 
significantly decreased in 
intervention, compared to 
placebo. 

• This dietary supplement 
improves muscle mass and 
function, and the gut muscle 
has emerged as a new 
intervention target for 
sarcopenia.



Sarcopenia and 
Whey Protein

• We consider HIT-RT supported by 
whey protein supplementation as a 
feasible, attractive, safe and highly 
effective option to fight 
osteosarcopenia in older men.

• 1.5-1.6 gm/kg body mass/day



Sarcopenia and 
Creatine

In conclusion, older 
females supplementing 
with Creatine experience 
significant gains in 
muscle strength, 
especially when RT lasts 
for at least 24 weeks in 
duration. 



An Effective 
Anti-Aging 
Protocol



A Simplistic Approach to Aging –
Stick to the Fundamentals
• Genomic instability
• Telomere attrition
• Epigenetic alterations
• Loss of proteostasis
• Disabled macroautophagy
• Deregulated nutrient-sensing

• Mitochondrial dysfunction
• Cellular senescence
• Stem cell exhaustion
• Altered intercellular communication
• Chronic inflammation
• Dysbiosis



Most Patients Will Benefit From Just the Basics

MICRONUTRIENTS WHOLE FOODS 
DIET

EXERCISE AVOIDANCE OF 
TOXINS



Immunonutrition



Successful Strategy



In Conclusion

Biological aging can be managed

The gut microbiota plays a pivotal role in overcoming trends towards frailty

Physical activity should be a life-long habit to overcome sarcopenia

Sarcopenia is a reflection of overall metabolic health

A complete strategy to target the 12 hallmarks of aging should consider diet, nutrition, and exercise 
as foundational interventions



Thank You
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