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Assessing the Athlete


Determining MRV




Determining Frequency


Organizing The Week/Cycle


Week Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

1

2

3

4



Other Notes


Why do these factors cause Volume and Frequency to change? 

Gender


	 Female lifters are generally smaller and less muscular than their male counterparts of 

similar qualification, this coupled with lower testosterone, causes each session to be less 

fatiguing and necessitates them to train at higher volumes. 


Weight


	 A lifter’s bodyweight is highly correlated (hopefully) to their muscle mass. More muscle 

mass means more muscle to be damaged and this greater amount of damaged muscle will 

take longer to recover, lessening the amount of training the athlete can do. 


Height


	 A taller lifter will move the bar a greater distance on each rep causing more work to be 

done on each rep, this will make each set more fatiguing than it would be for a shorter lifter. 


Strength


	 The stronger a lifter becomes the more stimulating each set of work they do is and the 

more fatigue a given set will generate.


Experience


	 A more experienced lifter will have a greater special work capacity than a beginner lifter, 

and more than they had when they were beginners or intermediates. This greater special work 

capacity should allow them to train with more volume throughout the week. 


Diet


	 The quality of a lifter’s diet will provide them with the calories, macronutrient breakdown 

and micronutrient content to effectively recovery from training. Proper nutrient timing will 

further enhance their recovery a small amount. 


Sleep




	 Sleep is a cornerstone of effective recovery, not sleeping enough will make it difficult for 

even the most gifted of lifters to tolerate high training volumes. 


Stress 


	 The body doesn’t know the difference between stress imposed from lifting, or long work 

hours, exams or a hectic home life. You must account for all stressors when determining how 

much volume you can handle. 


Performance Enhancing Drugs


	 Performance Enhancing Drugs help you recover faster from training but they also make 

the neural effect of training more profound and lead you to lift more weight which is more 

fatiguing, so their effect on MRV isn’t as profound as some would lead you to believe. 


Historical Recovery Ability


	 How much training have you been able to recover from in the past? Some people are 

able to recover better than others and while this is largely a genetic quality, we can’t measure 

your genetics so understanding your training history is the next best thing. 


Variation and Fatigue


Squat Variations 

Reverse Band Squat, Walkout and Hold, High Pin/Box Squats	 	 Most Fatiguing


Low Bar Squat w/ Wraps


Low Bar Squat


High Bar Squat


Front Squat


Leg Press, Hack Squat, Belt Squats


Unilateral Variations (Split Squats, Lunges, Step Ups)	 	 	 Least Fatiguing




Bench Variations 
Reverse Band Bench, Slingshot, High Pin Press, Negatives	 	 Most Fatiguing

Bench, Closegrip Bench, Widegrip Bench, Standing Overhead 

Incline Bench, Spoto Press, Floor Press, Seated Overhead 

Dumbbell Press Variations

Machine Pressing Variations

Single Joint Exercises (Skullcrushers, Shoulder Raises, etc)	 	 Least Fatiguing


Deadlift Variations 

Reverse Band Deadlift	 	 	 	 	 	        	 Most Fatiguing


Deficit Pulls, Sumo Block Pulls (If done for Mechanical Overload)


Conventional Deadlift


Conventional Block Pulls (Assuming You Can Do More from Floor)


Sumo Deadlift, RDLs, Good Mornings


Back Raises, Reverse Hypers, GHRs	 	 	 	        	 Least Fatiguing


Learn More…


Read…

	 -Scientific Principles of Strength Training

	 -A Thoughtful Pursuit of Strength

	 -How Much Should I Train?

	 -Recovering from Training


Watch…

	 -Scientific Principles of Strength Training

	 -Undulating Periodization Strategies

	 -Selecting and Progressing Weights

	 -



Recovery-Adaptive (RA) 
Principles Pt 1  
Theoretical Basis  

Dr. James Hoffmann 

Introduction to RA

Introduction to RA 

“It is important to note that recovery-
adaptive (RA) strategies and techniques are 
not sufficiently powerful to overcome stupid 
coaching, bad planning, and a lack of talent”  

Dr. Bill Sands, Developer and researcher of 
the recovery center for the USOC  

Introduction to RA  

Recovery defined by Kellmann: 

“The compensation of deficit states of an organism 
according to the homeostatic principle, a reestablishment 

of the initial state”  

Simply put, a return to baseline  

Traditional models of recovery fit well when addressing 
biological systems, but have major short comings in the 

context of performance enhancement  

What’s missing ?!  



Introduction to RA   

○ Recovery which does not also promote or at least address 
adaptation is largely incomplete recovery  

○ Confusion remains on differentiating recovery from injury vs 
recovery from training  

○ Our working definition of recovery: 
 

“The return of physiological systems to baseline, which results in a 
restoration of athletic performance to pre-disruption levels, or at least 

to levels sufficient for further overload training”  

Fatigue 
• Fatigue :  

• The inhibition of maximal performance that comes about as a result 
of stressors imposed on the individual  

• An acute impairment in the exercise performance, which ultimately 
can impair the ability to produce maximal force or control motor 
function (Bompa) 

• Stone, Stone, Sands 
• Acute Fatigue: Occurs during exercise and the post exercise phase, resulting 

in the inability to maintain or repeat an absolute force or power level.  
• Chronic (accumulated) Fatigue: Chronic poor or diminished performance as a 

result of the inability to recover from the training load and the summation of 
physical and emotional stressors  

Fatigue   

Training Factors

• Volume 
• Intensity 
• Density 
• Frequency 
• Impact, contacts, and 

direct distruptions 

Lifestyle Factors 

• Daily physical tasks 
• Sleep deprivation 
• Poor nutrition 
• Psychological stress 
• Illness 
• Toxin exposure

Fatigue is manifested both centrally (heart, lungs, brain, 
spinal cord) and peripherally (muscles and innervating 
tissues). Confusion

Fatigue 

• Important concept – The Fitness Fatigue Paradigm: 
• Training stresses lead to gains in fitness while 

simultaneously raising fatigue  
• Residual and accumulated fatigue mask gains in fitness or 

its expression 
• New fitness (adaptations) are only expressed after fatigue 

has been alleviated  

• Adaptations can generally only occur during 
recovery 



Fatigue  Fatigue 

Fatigue
• For training related factors 

VOLUME appears to be the 
largest contributing 
variable  

• Within volume, the greater 
the intensity of effort, the 
more fatiguing the activity 
becomes  

• The more fatigue, the less 
fitness that can be 
expressed or trained

Fatigue 
○ So fatigue is bad right ?! 

WE MUST ELIMINATE 
FATIGUE AT ALL COSTS! 

○ Not quite … Fatigue needs 
to be managed, not 
eliminated  

○ We should not seek out 
strategies that violate 
overload , OR interfere with 
the adaptive processes 

Gainz 
Bomb 

 
Fuck  
DOMS



Recovery Modalities
• Fitness-Fatigue Conundrum 

There is so much stuff out there, where do we start!?

• There is clearly a need to mechanistically differentiate effective strategies from non-sense 

Recovery Modalities 

Recovery Modalities  

• Prerequisite Concept – The Volume Landmarks:  

• Maximum Recoverable Volume (MRV) : The highest volume of training 
an athlete can do in a particular situation and still recover to present a full 
overload in the next training timescale  

• Minimum Effective Volume (MEV): The lowest volume of training an 
athlete can do in a particular situation and still measurably improve  

• Maximum Adaptive Volume (MAV): the amount of training that, in any 
one unit of time, yields the greatest adaptive response 

• Maintenance Volume (MV): The lowest volume of training an athlete can 
do in a particular situation and still retain his or her abilities  

Recovery Modalities   

Passive Recovery Hierarchy 



Recovery Modalities   

Nutrition Recovery Hierarchy 

Recovery Modalities   

Active Recovery Hierarchy 

Recovery Modalities    Recovery Modalities    
• The byproducts of training based fatigue : 

– Soreness / Stiffness  
– Edema 
– Swelling 
– Inflammation  
– Tissue damage 
– Metabolite accumulation 

• These actually are part of the ‘snowball’ effects of 
adaptation , and should be managed rather than 
avoided  

• Strategies that reduce these effects also have a 
tendency to blunt the RA processes 



Recovery Modalities    
RA Differences 
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Recovery Modalities    

• Cold therapy  
• Causes vasoconstriction, blunts inflammatory cascade and 

edema 
• Decreases perception of pain and fatigue 
• Increases recovery of exercise performance 

• Heat therapy 
• Causes vasodilation, increases blood flow 
• Reduces spasming, local pain, and DOMS 
• Enhances nutrient uptake, waste removal, lymphatic drainage, 

and relaxation 

Recovery Modalities    

• Contrast 
• Uses both cold and heat therapies 
• Reduce local pain, edema, and DOMS 
• Improves recovery of exercise performance, lymphatic drained, 

and perception of fatigue  
• Compression  

• Increases local blood flow 
• Enhances nutrient uptake, waste removal, lymphatic drainage, 

and recovery of exercise performance 
• Decreases perception of pain, edema, and DOMS 

Recovery Modalities    
• Social Support  

• Helps maintain positive 
psychological state  

• Aids in stress 
management 

• Compassionate Touch 
• Mostly perceptive, 

virtually no physical 
effects of recovery 

• Increases feelings of well 
being and perceived 
recovery  

• Reduces low to mod 
intensity pain and DOMS



Applying RA Strategies

○ Typically the first question people ask about 
improving recovery is :  
 
What do I need to add to my program to make me 
recover better?  

○ We can’t just add stuff willy nilly to our plan. If we 
can simply ADD recovery methods to make things 
better, our plan is probably  already is disarray 

Applying RA Strategies 

○ So how do we set up proper RA strategies ?  

1. Determine the athletes volume landmarks: MRV, 
MAV, MEV, MV 

2. Start planning ahead  
3. Start modifying lifestyle and activities to accommodate 

intense training  
4. Selectively seek out additional modalities when 

recoverability becomes a limiting factor to performance  

Applying RA Strategies Applying RA Strategies



Applying RA Strategies Applying RA Strategies

Applying RA Strategies
• No Bueno  

– Excessive Flexibility / 
Mobility  

– Excessive Cardio  
– Prolonged Heat Exposure  
– Relying on NSAIDS  
– Making light days really 

hard 

• Not sure …? 
– Cupping  
– E-Stim 
– Dynamic Compression 

Recovery?

Applying RA Strategies
• Recovery Toolbox  

– What does the scientific literature say on this method? 
– How does it actually work in promoting recovery-adaptation? 
– Is the net effect of this method adding fatigue or removing f

atigue? 
– Can this method be explained or confounded by an already e

stablished method? 
– What are the potential benefits and risks of using this metho

d? 
– What is the potential magnitude of effect 
– Is there an appropriate timescale for use of this method? 
– Do I have any personal experience or evidence to support or 

refute this method



Technique Development 
for Weightlifting 

Mechanics StyleVS

Mechanics of lifting  

Objectively defined components of the exercises that are  
universal to all successful lifts. 

• Universal components of the lifts

• Movement of the barbell through distinct positions

• Movement of the athlete through distinct positions

Relative height of the bar

How high the barbell is being pulled/driven during the lift 

• Maximum 
Creates loss of efficiency, lifter spends to much time pulling 

• Minimum 
Leads to weak positions, lifter sacrifices height on the bar for speed under the 
weight 

• Optimal 
Best of both worlds



Trajectory

The coordination and movement of the barbell and body during the lift 

• Complete miss 
Barbell is not moved into the correct position for successful lifts to occur 

• Outside target zone 
Barbell is fixed, but with minor errors. Including technical (press-out, elbow touch) 

• Inside target 
Successful lifts with no Technical infractions, but lifter needs multiple steps to 
balance

Time to fixation

Time between actively exerting vertical force to the barbell 
And fixing the barbell overhead/in the front rack. 

• Good 
Moving under the bar in the proper sequence 

• Better 
Elimination of any wasted movements or “hesitations” 

• Best 
Maximization of technical efficiency. Able to achieve optimal bar height

Style of technique 
An individual athletes expression of the mechanics of lifting

• Positions of the body and limbs

• Tempo of execution

• Rhythm and coordination

Factors that influence style of technique

• Limb length ratios

• Height

• Muscular strengths

• Style of learning



Long term considerations for technique Beginner
• Inconsistent technical errors, 10/10 misses may be different

• Technical mistakes arise from conceptual issues

• Learning through the use of external knowledge and cueing

Beginner training recommendations

• Low to moderate intensities, no maximum attempts

• Use basic progressions and or technical drills 

• Focus on understanding concepts of technique in addition to execution

• Non technical training should support learning technique or help prevent injury  

Intermediate
• Technical errors are consistent 10/10 errors are the same

• Technical errors are related to physical weaknesses

• Technical improvements take place through the use of special exercises 



Intermediate training recommendations 
• Use mostly moderate and some high intensity training  

• Greater focus on classic lifts in addition to special exercises

• Focus on making execution of the technique consistent and automatic

• Non technical training should be to eliminate muscular weaknesses  

Advanced
• Solidification of technique has taken place

• Technique is now automatic 

• Technical changes are now very difficult to elicit

Advanced training recommendations

• Moderate and high intensities used regularly

• Primary focus on classic lifts with narrow focus on special exercises

• Focus on performance and absolute results in competitions  

• All non specific training is devoted to increasing results in the classic lifts





Reducing Risk & Managing Injury  
For The Strength Athlete

Quinn Henoch, DPT 
2018 Juggernaut Performance Summit

About Me
• BS Valparaiso University ’09 
• Doctorate of Physical Therapy Univ of Indy ’13 
• Located in Orange County, CA 
• ClinicalAthlete Provider 
• Athletic Background 

– Football 
– Weightlifting

Expectations

Applying evidence to practice 

Think in “principles” 

“Golden Nuggets” 

This is just the start

Presentation Outline

• Training workload and Injury Risk 
• Managing training variables in injury 

scenarios 
• The evidence on passive implements  

– *if there’s time 

• Case Examples  
– *if there’s time



How much stress can the system 
handle? 
How much stress is the system 
prepared for?

Strains, Tendinopathies, & 
idiopathic joint sensitivities 

are Training Injuries

Injury Risk Injury Risk

• Strains/Sprains - Acute overload 
– Inability to handle acute intensity 

• Tendinopathy - Chronic overload 
– Inability to handle volume of intensity

BUT… 
We Need Sufficient Stress to 

Progress

Injury “Prevention”

Injury Prevention = REDUCE RISK 

Your program IS the  
modifiable risk factor.

Injury Risk Reduction

Training Load monitoring as a means of reducing 
risk: 

Training Load Defined As:  
“The cumulative amount of stress placed on an individual 
from single or multiple training sessions over a period of 
time.” – Eckard 2018 

“The accumulation of high chronic workloads while avoiding training 
spikes maximize the positive physiological adaptations to training and 
thereby reduce injury risk.” (Windt 2016) 

“The appropriately graded prescription of high training loads should 
improve players’ fitness, which in turn may protect against injury”.  
(Gabbett 2016)



Training Load 
Metrics

• External load - quantifying stimulus applied to lifter 
• Exposures/frequency 
• Duration 
• Skill reps 
• Velocity 
• Absolute intensity 
• Average intensity 
• Tonnage 

• Internal load – quantifying lifter’s response to stimulus 
– sRPE  

• RPE X session time = AU 

• Absolute Load – ex) week to week increases in intensity 
• Relative Load – current workload vs your preparation

Training Load 
Metrics

Relative Load 
– Acute:Chronic workload ratio (ACWR)

Load of 1 Microcycle

Average Load of the Previous 4 weeks

Example: week’s training load was 500 AU and the mean training load 
of the previous 4 weeks was 250 AU, the ACWR for that week would 
be 2.0.

Acute on Chronic Training Loads
Blanch & Gabbett 2015

Acute:Chronic Training Loads

Load of 1 Microcycle

Average Load of the Previous 4 weeks

Windt & 
Gabbett 
2016



Training Loads 
Injury case in the research

High speed running loads of a rugby league player: 
Week 15 – A:C ratio of 1.6 
Week 18 – A:C ratio of 1.9 

TAKE HOME – level out the spikes 
Blanch & Gabbett 2015

Training Loads 
Injury case in the clinic

Competitive Powerlifter with left shoulder pain while benching (no prior history) 
Weeks 1-4 – bench 2x/week, mod-low volume, mod intensity 
Week 4 – decided to register for meet 6 weeks out 
Weeks 5-10 - meet prep (400lb bench goal); bench 4x/week, high vol, progressive 
intensity 
Week 9 – first complaint of shoulder discomfort 
Week 10 – Meet; hit 400lbs (15lb PR) 
Week 11 – post-meet, low-load training. Continued shoulder discomfort



Competitive Powerlifter with left shoulder pain while benching (no prior history) 
Weeks 12-14 – International travel, no training at all.  
Weeks 15-20 – beginning of meet prep, 16 weeks out. Shoulder pain gone. 
Weeks 19 – shoulder pain returns 
Week 20 – unable to train bench press due to pain 
Weeks 21-30 – inconsistent training due to pain. 
Week 30 – competition bench press 30lbs off of previous PR

TAKE HOME: 
Level out the spikes

Is this 
quantifiable?

To increase MRV & 
manage margin: 
Increase capacity or 
decrease load, 
depending on 
individual, task, and 
environment.

Training Load 
Metrics

• External load – quantifying stimulus applied to lifter 
– Exposures/frequency 
– Duration 
– Skill reps 
– Velocity 
– Absolute intensity 
– Average intensity 
– Tonnage 

• Internal load – quantifying lifter response to stimulus (external load) 
–  sRPE  

• RPE X session time = AU 

• Relative Load 
– ACWR 
– 10% rule? – weekly training load Increases to find a “sweet spot” 

• *Not enough evidence to be married to specific numbers. Just start 
somewhere.



Training Load Cautions 
what we still do not know

Mediators of injury 
• Neuromuscular fatigue, others? 

Moderators 
• No injury history, training hx, age, etc 

Metrics 
• Interplay between internal and external load 

markers 

Specific A:C workload ratios for more subgroups, 
activities, levels of performance 
• Don’t be married to the current parameters

Windt et al 2017

Training Load  
*TAKE HOME* #1

“Ultimately, attaining high chronic training 
loads without rapid spikes in the process is 
considered current best practice.”

Training Load  
*TAKE HOME* #2

• “This body of evidence suggests that to 
minimize injury risk, athletes should receive 
gradually increasing doses of loading during the 
off-season and pre-season, with the goal of 
obtaining a protective ‘vaccine’ that results 
from having a high chronic load to prevent 
injuries during the competition period, 
although this must also be balanced against 
load scheduling for performance 
optimization.”

Anecdotes of The Injured

Post Injury Delusions 
• decreases in pain perceived as 100% 

function 

Post Injury Panic 
• “have to make up for lost time” 

Post Injury Max Out Sessions 
• “I just wanted to see where I’m at”



Programming Considerations 
For The Injured Lifter

*Obligatory Disclaimer* 
Get it cleared by a licensed professional 

first

Programming Considerations For  
The Injured Weightlifter

Goal of Training When Managing Injury:  
Maintain fitness/mitigate fitness loss in the 
midst of healing 

• “Inactivity markedly decreases collagen 
turnover in both tendon and muscle”  
– Kjaer, 2004 

• “Counteracting [overuse injuries] requires 
adjusted loading rather than absence of 
loading.” – Kjaer 2004

Programming Considerations For  
The Injured Weightlifter

Self-Efficacy



 
Programming Considerations For  

The Injured Weightlifter  

Top-Down Exercise Modification 
– Sufficient stress is required for adaptation. 

• Magnitude plays a key role vs. the type of 
contraction. (Allison 2009, Arampatzis 2007, 2010, Bohm 2015) 

– Pick the next most difficult variation to 
illicit training effect 

• This is where many physical rehab programs fall 
short 

Tiered (prioritized) Approach to Injury-Induced Training 
Modification 

– Manipulate Training Variables Before Complete Rest 
– Top-Down Exercise Modification 

Tier 1: Workload 
– Relative training load trends – acute spikes either up or down? 
– Intensity trigger? – find threshold 
– Volume trigger? – find threshold 

Tier 2: Movement Modification 
– Variation (top down) 
– Position/Biomechanics (alter force distribution) 
– Range of motion – find threshold 
– Tempo (intensity limiting)

 
Programming Considerations For  

The Injured Weightlifter  

Tempo 
• Isometrics vs. light isokinetics 

– Analgesia  
– Decreased corticol inhibition 

» (Rio 2015, Van Ark, 2016) 
– 3-5x/week, 2-4x/day, 2’ rest, 80% MVC, 30-45 sec holds 
– No structural/physiological change 

• HSR vs. Ecc 
– Similar physiological change 
– HSR less total work needed, higher athlete satisfaction 
– “It may be that tendinopathic regions, as long as they are 

subjected to a certain magnitude of load at a slow speed, 
independent of whether this is eccentric or concentric in nature, 
can reestablish their normal tendon fibril alignment and cell 
morphology.” – Kjaer 

» (Beyer 2015, Kjaer 2014, Kongsgaard 2010)

 
Programming Considerations For  

The Injured Weightlifter  

HSR back squat protocol for patellar 
tendinopathy 

– Wk 1: 3x15 (15RM) 
– Wk 2-3: 3x12 (12 RM) 
– Wk 4-5: 4x10 (10RM) 
– Wk 6-8: 4x8 (8 RM) 
– Wk 9-12: 4x6 (6RM) 

Tempo: 3-0-3 
Rest: 2-3’ in between sets

 
Programming Considerations For  

The Injured Weightlifter  



Take Home:  
1. Train what you can while minimizing 

apprehension to the movement and 
compensatory avoidance patterns.  

2. Minimize deconditioning while creating 
environment that allows Mother Nature 
to do her thing (she’s pretty good at it). 

3. Increasing ‘load tolerance’ is the goal. 
Take caution in focusing on minutia.

 
Programming Considerations For  

The Injured Weightlifter   Passive “mobility” Modalities

True changes in physiology take time and 
sufficient stressors 

• Mobility implements? 
• Stretching?

Passive “mobility” Modalities:

 “The three-dimensional model’s equations revealed that 
very  large forces (8-9k N, >2000lbs), outside the normal 
physiologic  range, are required to produce even 1% 
compression and 1%  shear in fascia lata and plantar fascia.”

Chaudhry H et al.Three-dimensional mathematical model for deformation of human fasciae in manual therapy. J Am Osteopath Assoc. 2008 Aug;
108(8):379-90. 

Passive “mobility” Modalities: 
Static Stretching 

Mechanisms of Action: 

“Most of these studies suggest that increases in muscle extensibility observed 
after a single stretching session and after short-term (3- to 8-week) stretching 
programs are due to modified sensation.” (Weppler 2010) 

“The increased range of motion could not be explained by the structural 
changes in the muscletendon unit, and was likely due to increased stretch 
tolerance possibly due to adaptations of nociceptive nerve endings.” (Konrad 
2014) 

“Stretching interventions with 3-8 weeks duration do not seem to change 
either the muscle or the tendon properties, although it increases the 
extensibility and tolerance to a greater tensile force. Adaptations to chronic 
stretching protocols shorter than 8 weeks seem to mostly occur at a sensory 
level.” (Freitas review 2017)



Passive “mobility” Modalities: 

Static Stretching 

Performance Loss? 

“Most studies did not include post-
stretching dynamic activities; when 
these activities were included, no 

clear performance effect was 
observed”.  

(Behm 2016)

Passive “mobility” Modalities: 

Static Stretching 

“PNF” 

“One session of eccentrically training 
through a full range of motion improved 

hamstring flexibility better than the gains 
made by a static stretch group or a control 

group.”  
(Nelson 2006)

Passive “mobility” Modalities: 

Static Stretching 

Injury Reduction: 

“No clear effect on Injuries”  
“Does not meaningfully reduce lower 

extremity injury risk”  
(Andersen 2005)

TAKE HOME: 

– Mechanism: non-specific (neurophys), short 
term 

– Implementation: interspersed when needed 
– Duration: short bouts 
– Intensity: enough to change perception 
– Consideration: cost:benefit vs. doing more of 

the training movement.

Passive “mobility” Modalities



What DOES change structure and 
physiology?

What DOES change structure and 
physiology? 

– Move through a full range of motion with load. 
– Repeat. Repeat. Repeat. 

• Over time, your tissues will adapt 
accordingly, and the need for correctives 
should diminish.  

This is a PROCESS not a singular event

Sufficient Load 

Mechanotransduction  
• “Physiological process where cells sense and respond to loads” – 

Khan 2009 
– Collagen synthesis and turnover 
– Tendon fibril density and area 
– Increase load resistance 
– Enhanced growth factors 

» Kjaer 2004, 2009, Bohm 2015, Kongsgaard 2010, Heinemeier 2011 

Mechanotherapy 
• “Intervention that introduces mechanical forces with the goal of 

altering molecular pathways and inducing a cellular response that 
enhances tissue growth, modeling, remodeling, or repair.” 

    - Thompson 2015

Questions?



Contact & Resources
• Instagram 

• @quinn.henochdpt 
• @clinicalathlete 

• Facebook 
• Quinn Henoch (personal) 
• Quinn Henoch, DPT (coach’s page) 
• ClinicalAthlete 

• YouTube 
– Search 

• Quinn Henoch 
• ClinicalAthlete 
• Juggernaut 

• Email 
• info@clinicalathlete.com 

• Clinician Directory: 
• www.clinicalathlete.com 

• Book: 
– ”Weightlifting Movement Assessment & Optimization”



FROM INSPIRATION TO PASSION

HANDOUT

The Six Constructs
1.) Inspiration 
2.) Motivation 
3.) Intention  
4.) Discipline 
5.) Habit 
6.) Passion 

When the diet begins, the early factors dominate.  

As the diet goes on, later factors take precedence. 

Adherence

Time

Inspiration Helping to Inspire
Lead by example! 

Don’t humiliate. Be positive and supportive. 

Educate about risks of non-diet, benefits of diet. 

Success stories: impressive BUT REALISTIC. 



Adherence

Time

Motivation Helping to Motivate
Help them set a GOAL. Inspiration pushes, motivation PULLS. 

Goals must be specific. “In shape” is not a goal. “Lose 15lbs by 
November 1” IS. 

Goals must be challenging but realistic. 

Adherence

Time

Intention Developing Intention
Goals aren’t good enough. Must have a PLAN to EXECUTE. 

What do you HAVE TO DO meal, day, week in and out to reach the goal. 
THAT is the watermark of adherence. 

Help develop or choose a specific plan of calories, macros, meals, 
whatever. RP COUGH COUGH. 

Plan details don’t matter nearly as much as HAVING A PLAN. 

Plan must be strict enough to get results but not so tough it causes burnout.



Adherence

Time

Discipline Cultivating Discipline
You know what your intentions are (executing the plan), now you’ve got to 
use willpower to meet them when the plan gets tough or motivation 
wanes. 

REMIND those you’re helping that it’s not all sunshine and rainbows. The 
plan WILL get tough, motivation WILL sag, and you have to use willpower 
and grit your teeth on occasion!! 

“I’m not feeling motivated today.” NOTED… STICK TO PLAN. Motivation 
will return later. Honor the plan you made. 

Remind: things WILL get easier, but you’ve gotta make it that far first. 

Adherence

Time

Habit Fostering Habit
Plan they are using to generate intention should be SUSTAINABLE and 
CONVENIENT. RP COUGH COUGH 

A meal plan that’s easy to automate. 
A workout that fits your body/preference. 
A gym location that’s close to home/work. 
An approach to fitness that’s SIMPLER. 

Remind that habits take a while (weeks/months) to develop… it’s not 
going to happen overnight and that’s OK. 

Hang in there, it will get MUCH easier and SIMPLER. 



Adherence

Time

Passion Unlocking Passion
Not everyone will become passionate about dieting, so don’t promise it or 
force it. 

Make sure fitness habits are FUN! IIFYM vs. clean eating 100% of time. 
Diverse food choices. 
Cook books and delicious healthy foods.  
Workouts that are FUN! Vary them if you want. 

Find a COMMUNITY of folks that love fitness just like you do. 

Experience success from your goals and LET IT GET TO YOU. This will 
increase your love of the process!

When Coaching
Talk to your clients. 

Determine where they are on the adherence sequence.  

Supply them the support/education they need FOR WHERE THEY ARE. 

If they need to be inspired, do that. If they need a talk about discipline, 
do that. If they need help settling into sustainable habits…



Of Microbes and Muscles 
Understanding the Role of The Gut in Health and Performance 
 
Dr. Gabrielle Fundaro, CISSN, CHC

Human Microbiome Project 
& Integrative Human 
Microbiome Project  

(2007-2016)

• $170 million in NIH funding 
• Over 190 peer-reviewed 

publications 
• New databases and reference sets 

• “Healthy” core biome 
• HMP1 

• 242 healthy US male and female 
volunteers contributing 5,000 
samples from multiple sites 

• iHMP 
• Pregnancy and pre-term birth 
• Inflammatory bowel diseases 
• Type 2 diabetes

The Gut Microbiome
•Microscopic organisms inhabiting the digestive tract 

• ~99% bacteria 
• ~3-4 lbs worth of biomass 
• ~100 trillion bacteria with 1000’s species and 

millions of genes 
• Energy harvesting, nutrient synthesis, pathogenic 

resistance, immune function, behavior 

• Bacteria 
• Beneficial and pathogenic single-celled organisms 
• Characterized by structure and metabolism 

• Grouped into ‘taxa’ by genetic similarity 
• Human – Human = 99.9% 
• Human – Chimpanzee = 98.8% 
• Operational Taxonomic Unit (OTU) = 97%

Bacterial Taxa
Bacteria Kingdom Animalia

Firmicutes Phylum Chordata (possessing a spinal 
chord)

Bacilli Class Mammalia (mammals)

Lactobacillales Order Carnivora (meat-eaters)

Lactobacillaceae Family Canidae (foxes, jackals, wolves, 
dogs)

Lactobacillus Genus Canis (jackals, wolves, dogs)

acidophilus Species Canis lupus (wolves and dogs)

*no technical definition for 
bacterial species but subspecies 
exist

Sub-Species Canis lupus familiaris (dog)



The Gut
Factors Influencing Microbial Profile 

• Acidity 
• Oxygen availability 
• Nutrient availability 
• Rate of growth 
• Structure  
• Numbers and diversity increase 

from stomach to large 
intestine 

• Profiles of lumen and mucosa 
differ

Studying the 
Biome: Form 
and Function

• Metagenomics 
• Genetic blueprints (DNA and 16sRNA)

Who’s there and what can they do?

• Metatranscriptonomics and metaproteomics 
• Translation of blueprints into proteins 

• Metabolomics 
• Metabolites

What are they actually doing?

12 main phyla; 90% 
representation in main four 

• Firmicutes 
• Bacteroidetes 
• Actinobacteria 
• Proteobacteria 

• Diversity 
• Richness: # of species 
• Evenness: representation 
• Phylogeny: relatedness 
• Alpha- and beta-diversity

• Metagenomics 
• Genetic potential 

profile 
• Proteomics 

• Genetic expression 
profile 

• Metabolomics 
• Metabolism

El-Ashram, Saeed. (2017). NEXT GENERATION SEQUENCING AND MICROBIAL COMMUNITY ASSOCIATED WITH 

EUKARYOTES INCLUDING PARASITIC HELIMINTHS: A REVIEW ARTICLE.. International Journal of Advanced Research. 
5. 10.21474/IJAR01/3599. 

Studying the 
Biome: Form 
and Function

Colonization

C-Section  
__ 

Vaginal Birth

Breastfeeding 
 __ 

Formula

Antibiotic 
Use

Obesity

Physical 
ActivityDiet

Hospital-
Acquired 
Infection

Polypharmacy



Defining Dysbiosis

•No definition or specific profile 
of healthy or unhealthy microbial 
profile 

•Common characteristics of GI 
and metabolic diseases 

• Lack of diversity 

• Low richness 

• Uneven representation of 
good/bad bacteria 

• Intestinal permeability & 
inflammation

Suzuki, T. (2012). Regulation of intestinal epithelial permeability by tight junctions. Cellular and Molecular Life Sciences, 70, 
631-659.

Adapted from: Duvallet, C., Gibbons, S. M., Gurry, T., Irizarry, R. A., & Alm, E. J. (2017). Meta-analysis of gut microbiome studies identifies disease-
specific and shared responses. Nature Communications, 8, 1784. http://doi.org/10.1038/s41467-017-01973-8

Obesity 

Colorectal Cancer 

Inflammatory Bowel 
Diseases

No definitive pattern

Loss of beneficial 
microbes

Increase in harmful 
microbes

Defining Dysbiosis

•Rodent fecal transplants 
cause obesity 

• Increased energy harvesting 

• Increased appetite 

•Method of replicating 
human disease states and 
responses to diet 

• Germ-free 

• Gnotobiotic 

• Conventionalized

From: Minireview: Gut Microbiota: The Neglected Endocrine Organ 
Mol Endocrinol. 2014;28(8):1221-1238. doi:10.1210/me.2014-1108 

Mol Endocrinol | Copyright © 2014 by the Endocrine Society

Insulin Resistant Insulin Responsive

“endotoxemia
”

“leaky gut”

fiber deficiency ! 

Firmicutes? Bacteroidetes?

Adapted from: https://www.frontiersin.org/files/Articles/82367/fendo-05-00047-HTML-r1/image_m/fendo-05-00047-g001.jpg



Vertebrates cause pollution. Diet and the 
Microbiome

High-Fat 
Diet

Obesity

Sedentar
y

Dysbiosis “I have to cut carbs 
to lose weight…”

???



Fats

• Saturated or unsaturated 
• Mono- or polyunsaturated 

• Omega-3 and omega-6 

• HFD (>40% kcal) = reduced diversity 
in rodents & humans 

• Low in fiber 
• Bifidobacteria 

• High in protein 
• Bacteroides 

• Usually high in sat fat 
• Intestinal permeability & endotoxin 

• Reduced butyrate
Cell Metabolism 2015 22, 658-668DOI: (10.1016/j.cmet.2015.07.026) 

Carbohydrates and Fiber

• Plant diversity drives microbial diversity 
• Complex (starch and fiber) 

• Soluble (fermentable) 
• Insoluble (bulk-forming) 

• Fermentation of fiber to SCFA’s 
• Tight junctions 
• Appetite regulation 
• pH regulation 

• FODMAP’s associated with IBS 

• Little/no effect of AS at physiologic 
doses 

• Sucralose may affect ~1% of people
Adapted from: Desai, M. S., Seekatz, A. M., Koropatkin, N. M., Kamada, N., Hickey, C. A., Wolter, M., … Martens, E. C. (2016). A dietary fiber-deprived gut 
microbiota degrades the colonic mucus barrier and enhances pathogen susceptibility. Cell, 167(5), 1339–1353.e21. http://doi.org/10.1016/j.cell.2016.10.043

Protein

• Positively correlated with 
improved body composition, 
weight management, appetite 
suppression 

• Differing potential for lean/fat 
mass gain in mice 

• HPD diets may increase mucin-
degraders 

• Differing fatty acid & fiber 
content 

• Plants = unsaturated + fiber 
• Animal = saturated – fiber 

• Avoiding gluten? 
• No benefit to non-CD 
• Low fiber & weight gain

*
*

Singh, R. K., Chang, H.-W., Yan, D., Lee, K. M., Ucmak, D., Wong, K., … Liao, W. (2017). Influence of diet on the gut microbiome and implications for human 
health. Journal of Translational Medicine, 15, 73. http://doi.org/10.1186/s12967-017-1175-y

Liisberg, U., Myrmel, L. S., Fjære, E., Rønnevik, A. K., Bjelland, S., Fauske, K. R., … Madsen, L. (2016). The protein source determines the potential of high protein 
diets to attenuate obesity development in C57BL/6J mice. Adipocyte, 5(2), 196–211. http://doi.org/10.1080/21623945.2015.1122855

Too extreme? 
Not translational? 

People aren’t eating such one-dimensional diets…



There is no “best” diet, but…

Adapted from: Singh, R. K., Chang, H.-W., Yan, D., Lee, K. M., Ucmak, D., Wong, K., … Liao, W. (2017). Influence of diet on the 
gut microbiome and implications for human health. Journal of Translational Medicine, 15, 73. http://doi.org/10.1186/
s12967-017-1175-y

Trichopoulou A. Traditional Mediterranean diet and longevity in the elderly: a review. Public Health Nutrition. 2004 Oct;7(7):943-7. 
Review.

Supplements and Snake Oil

Expensive Inexpensive

Eff
ect
ive 

Ine
ffe
cti
ve

Fiber

IgG Antibody Testing

SIBO Breath Testing
CoffeeAntioxidants

Probiotics
Whey

Plant Proteins

Cleanses/Detoxes

Collagen & Glutamine

Supplements and Snake Oil

Somewhat Beneficial to the Gut

• Coffee 
• Bifidogenic? 

• Whey and Casein 
• Anti-obesogenic? 
• Bifidogenic? 

• Probiotics 
• Symptoms of IBS and IBD 

• GI distress associated with endurance 
exercise? 

• Intestinal permeability 
• Insulin sensitivity during HFD 
• Receptivity & enrichment location 

• Antioxidants 
• Additive effect with probiotics in triathletes 
• Beneficial plant compounds (polyphenols & 

anthocyanins)

Very Beneficial to Someone’s Wallet

• SIBO breath tests 
• No gold standard 
• False positives and negatives 

• 20-90% accuracy 

• Collagen and glutamine 
• Low bioavailability 
• Non-essential amino acids 
• No trials in humans 

• Cell culture & weaning piglets 

• IgG testing 
• “It is important to understand that this test has 

never been scientifically proven to be able to 
accomplish what it reports to do.” --American 
Academy of Allergy, Asthma and Immunology 

• Cleanses 
• Diarrhea, hepatotoxicity

Supplements and Snake Oil

Exercise and the 
Microbiome



Forced Exercise Voluntary Wheel Running

Increased forced swimming performance in colonized v. 
germ-free mice 
No effect on diversity or minimal effects on specific 
strains 

Increased butyrate & lactic-acid bacteria 
More effective in juvenile mice 
Distance      Firmicutes 

Exercise       Firmicutes

Outrunning a Bad Diet?
DIET TRAINING RESULTS

“High-Fat” (24%) or Chow (5%) HIIT (90% VO2max ~10min/day) or 
LIT (40-50% VO2max ~2hr/day) and 
SED control

HFD blocked exercise-related 
change in diversity

High-fat (45%) or Chow (10%) Voluntary wheel running (VWR) or 
SED

Reduced weight gain, markers of 
inflammation, and insulin levels 
during HFD

High-fat (45%) + Obese or 
Chow

1 hour of interval running at 1:1 
ratio at max speed 3x/wk for 6 
weeks

Improved insulin sensitivity and 
diversity independent of body 
composition

High-fat (60%) or Chow VWR or SED Reduced weight gain and insulin 
resistance 
Increased butyrate-producers

High-fat (45%) +/- exercise and 
calorie restriction

VWR or SED (CR or ad lib) CR and exercise similarly controlled 
weight gain 
Minimal effects on diversity
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Gastric Distress in Athletes
Physical activity is linked to increased microbial 
diversity, but… 
20-60% of athletes report exercise-related gastric 
distress 

• Cramping, nausea, diarrhea 
• Impaired nutrient utilization 
• Performance impediment 

Most prevalent in endurance athletes and females 
• Heat and psychological stress 
• Intensities >60% VO2max 
• Hyperthermia, lack of blood flow, pH changes, 

free radicals, mechanical stress 
Changes in intestinal permeability lead to increased 
circulating endotoxin 

• Commonly associated with GI distress

Emerging Trends in Endurance Exercise
Healthy and 
Sedentary

Healthy and Meeting 
the WHO Exercise 
Recommendations

Amateur Marathoners CAT 1 or Professional 
Cyclists

Professional Rugby 
Players

CV fitness = 
alpha-diversity 
functional diversity 

Clostridiales 
Lachnospiraceae 
Roseburia 

Active females=          
Faecalibacterium 
prausnitzii 
Roseburia hominis 
Akkermansia 
mucinphilia

Change in metabolic 
pathways  

cell motility  

energy production

Clusters: Prevotella, 
Bacteroides, Diverse 

Cycling >16h =  
Prevotella 

Professional =  
M. smithii activity

Rugby players = 
diversity  
Akkermansia 
Prevotella 

low BMI controls= 
functionally similar 
to athletes

Both diet and CV 
fitness explained 
15-20% of diversity; 
increased numbers 
of butyrate-
producers

Increased numbers 
of butyrate-
producers 
associated with CV 
fitness

Acute bouts of 
exercise change 
function rather than 
profile of gut; 
dietary practices 
correlated with 
species

M. smithii enhances 
efficiency of 
fermentation in the 
gut; illustrated 
profile v. function 
assessments

Athletes’ guts 
microbially and 
functionally primed 
for SCFA production 
and CHO 
metabolism
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Cardiovascular Fitness: Diversity & Diet
Alpha-Diversity Beta-Diversity Functional Diversity

CV Fitness 
Protein

Protein 
Age

CV Fitness 
Gender 
Fiber 
Sugar

Improved Metabolic Health 
& Performance

Improved 
Gut 

Function

Enrichmen
t of 

Butyrate-
Producers

High-CHO 
Diet 

Fiber

Clostri
diales 

Lachnospiraceae 

Prevotella 

Akke
rmansia 

Roseburia 

Faecalibacte
rium 

m. Sm
ithii 

(arch
aea) 

Resistance 
Training

Curves™ system of resistance 
training  

• 3x/wk for 12 weeks 
• Single cycle of machines 

with floor exercise intervals 
• Sedentary overweight/obese 

• Significantly reduced 
circulating endotoxin levels 

• Accompanied by weight loss 

• No measurement of microbiome 
changes

Moderate aerobic exercise and 
resistance training 
• 3x aerobic exercise, 3x RT (3x8 

@70% 1RM) for 8 weeks 
• Sedentary overweight/obese 
• Accompanied by whey protein 

supplementation and weight 
loss 

• No change to fecal microbiome

Practical Applications for 
Performance and Health

Emphasize

Whole grains, 
fruits, and veggies 

Fiber 

Fermented 
products (yogurt, 
kefir, kimchi, 
kombucha) 

Omega-3 fats (fish, 
walnuts, flax, chia) 

Plant & lean 
proteins

Limit

Dietary fats to 
<40% calories 

Saturated fat to 
<10% calories 

Artificial 
sweeteners and 
refined sugar in 
moderation 

FODMAPs if 
necessary  

Training

Incorporate low- 
and moderate-
intensity training 

Rest, sleep, 
recover 

Fuel and hydrate 
properly during 
endurance eventsProbiotics: 

USP label and 
at least 1 

billion CFU 

References

Allen, J. M., Berg Miller, M. E., Pence, B. D., Whitlock, K., Nehra, V., Gaskins, H. R., … Woods, J. A. (2015). Voluntary and forced exercise differentially alters the gut microbiome in C57BL/6J mice. Journal of Applied Physiology, 118(8), 1059–1066. https://doi.org/10.1152/japplphysiol.01077.2014 
Bibbo, S., Ianiro, G., Giorgio, V., Scaldaferri, F., Masucci, L., Gasbarrini, A., & Cammarota, G. (2016). The role of diet on gut microbiota composition. European Review for Medical and Pharmacological Sciences, 20(22), 4742–4749. 
Bonder, M. J., Tigchelaar, E. F., Cai, X., Trynka, G., Cenit, M. C., Hrdlickova, B., … Zhernakova, A. (2016). The influence of a short-term gluten-free diet on the human gut microbiome. Genome Medicine, 8(1), 1–11. https://doi.org/10.1186/s13073-016-0295-y 
Brahe, L. K., Astrup, A., & Larsen, L. H. (2016). Can We Prevent Obesity-Related Metabolic Diseases by Dietary Modulation of the Gut Microbiota? Advances in Nutrition (Bethesda, Md.), 7(1), 90–101. https://doi.org/10.3945/an.115.010587 
Bressa, C., Bailén-Andrino, M., Pérez-Santiago, J., González-Soltero, R., Pérez, M., Montalvo-Lominchar, M. G., … Larrosa, M. (2017). Differences in gut microbiota profile between women with active lifestyle and sedentary women. PLoS ONE, 12(2), 1–20. https://doi.org/10.1371/journal.pone.0171352 
Byrne, C. S., Chambers, E. S., Morrison, D. J., & Frost, G. (2015). The role of short chain fatty acids in appetite regulation and energy homeostasis. International Journal of Obesity, 39(9), 1331–1338. https://doi.org/10.1038/ijo.2015.84 
Campbell, S. C., & Wisniewski, P. J. (2017). Exercise is a Novel Promoter of Intestinal Health and Microbial Diversity. Exercise and Sport Sciences Reviews, 45(1), 41–47. https://doi.org/10.1249/JES.0000000000000096 
Campbell, S. C., Wisniewski, P. J., Noji, M., McGuinness, L. R., Häggblom, M. M., Lightfoot, S. A., … Kerkhof, L. J. (2016). The effect of diet and exercise on intestinal integrity and microbial diversity in mice. PLoS ONE, 11(3), 1–17. https://doi.org/10.1371/journal.pone.0150502 
Cani, P. D., Amar, J., Iglesias, M. A., Poggi, M., Knauf, C., Bastelica, D., … Burcelin, R. (2007). Metabolic Endotoxemia Initiates Obesity and Insulin Resistance. Diabetes, 56(7). Retrieved from http://diabetes.diabetesjournals.org/content/56/7/1761 
Cani, P. D., Osto, M., Geurts, L., & Everard, A. (2012). Involvement of gut microbiota in the development of low-grade inflammation and type 2 diabetes associated with obesity. Gut Microbes, 3(4), 279–88. https://doi.org/10.4161/gmic.19625 
Cerdá, B., Pérez, M., Pérez-Santiago, J. D., Tornero-Aguilera, J. F., González-Soltero, R., & Larrosa, M. (2016). Gut microbiota modification: Another piece in the puzzle of the benefits of physical exercise in health? Frontiers in Physiology, 7(FEB), 1–11. https://doi.org/10.3389/fphys.2016.00051 
Chambers, E. S., Viardot, A., Psichas, A., Morrison, D. J., Murphy, K. G., Zac-Varghese, S. E. K., … Frost, G. (2015). Effects of targeted delivery of propionate to the human colon on appetite regulation, body weight maintenance and adiposity in overweight adults. Gut, 64(11), 1744–1754. https://doi.org/10.1136/gutjnl-2014-307913 
Chung, W. S. F., Walker, A. W., Louis, P., Parkhill, J., Vermeiren, J., Bosscher, D., … Flint, H. J. (2016). Modulation of the human gut microbiota by dietary fibres occurs at the species level. BMC Biology, 14(1), 1–14. https://doi.org/10.1186/s12915-015-0224-3 
Clark, A., & Mach, N. (2016). Exercise-induced stress behavior, gut-microbiota-brain axis and diet: A systematic review for athletes. Journal of the International Society of Sports Nutrition, 13(1), 1–21. https://doi.org/10.1186/s12970-016-0155-6 
Clarke, S. F., Murphy, E. F., O’Sullivan, O., Lucey, A. J., Humphreys, M., Hogan, A., … Cotter, P. D. (2014). Exercise and associated dietary extremes impact on gut microbial diversity. Gut. https://doi.org/10.1136/gutjnl-2013-306541 
Codella, R., Luzi, L., & Terruzzi, I. (2018). Exercise has the guts: How physical activity may positively modulate gut microbiota in chronic and immune-based diseases. Digestive and Liver Disease, 50(4), 331–341. https://doi.org/10.1016/j.dld.2017.11.016 
Cook, M. D., Allen, J. M., Pence, B. D., Wallig, M. A., Gaskins, H. R., White, B. A., & Woods, J. A. (2016). Exercise and gut immune function: Evidence of alterations in colon immune cell homeostasis and microbiome characteristics with exercise training. Immunology and Cell Biology, 94(2), 158–163. https://doi.org/10.1038/icb.2015.108 
Cronin, O., Barton, W., Skuse, P., Penney, N. C., Garcia-Perez, I., Murphy, E. F., … Shanahan, F. (2018). A Prospective Metagenomic and Metabolomic Analysis of the Impact of Exercise and/or Whey Protein Supplementation on the Gut Microbiome of Sedentary Adults. MSystems, 3(3), e00044-18. https://doi.org/10.1128/mSystems.00044-18 
Cronin, O., Molloy, M. G., & Shanahan, F. (2016). Exercise, fitness, and the gut. Current Opinion in Gastroenterology, 32(2), 67–73. https://doi.org/10.1097/MOG.0000000000000240 
Cronin, O., O’Sullivan, O., Barton, W., Cotter, P. D., Molloy, M. G., & Shanahan, F. (2017). Gut microbiota: Implications for sports and exercise medicine. British Journal of Sports Medicine, 51(9), 700–701. https://doi.org/10.1136/bjsports-2016-097225 
de Almada, C. N., Nunes de Almada, C., Martinez, R. C. R., & Sant’Ana, A. de S. (2015). Characterization of the intestinal microbiota and its interaction with probiotics and health impacts. Applied Microbiology and Biotechnology, 99(10), 4175–4199. https://doi.org/10.1007/s00253-015-6582-5 
Denou, E., Marcinko, K., Surette, M. G., Steinberg, G. R., & Schertzer, J. D. (2016). High-intensity exercise training increases the diversity and metabolic capacity of the mouse distal gut microbiota during diet-induced obesity. American Journal of Physiology - Endocrinology And Metabolism, 310(11), E982–E993. https://doi.org/10.1152/ajpendo.00537.2015 
Diamanti, A., Capriati, T., Basso, M. S., Panetta, F., Laurora, V. M. D. C., Bellucci, F., … Francavilla, R. (2014). Celiac disease and overweight in children: An update. Nutrients, 6(1), 207–220. https://doi.org/10.3390/nu6010207 
Duda-Chodak, A., Tarko, T., Satora, P., & Sroka, P. (2015). Interaction of dietary compounds, especially polyphenols, with the intestinal microbiota: a review. European Journal of Nutrition, 54(3), 325–341. https://doi.org/10.1007/s00394-015-0852-y 
Effects, M., & Sweeteners, O. F. N. (2016). HHS Public Access, 152(0 0), 450–455. https://doi.org/10.1016/j.physbeh.2015.06.024.METABOLIC 
Estaki, M., Pither, J., Baumeister, P., Little, J. P., Gill, S. K., Ghosh, S., … Gibson, D. L. (2016). Cardiorespiratory fitness as a predictor of intestinal microbial diversity and distinct metagenomic functions. Microbiome, 4, 1–13. https://doi.org/10.1186/s40168-016-0189-7 
Evans, C. C., LePard, K. J., Kwak, J. W., Stancukas, M. C., Laskowski, S., Dougherty, J., … Ciancio, M. J. (2014). Exercise prevents weight gain and alters the gut microbiota in a mouse model of high fat diet-induced obesity. PLoS ONE, 9(3). https://doi.org/10.1371/journal.pone.0092193 
Frei, R., Akdis, M., & O’mahony, L. (2015). Prebiotics, probiotics, synbiotics, and the immune system: Experimental data and clinical evidence. Current Opinion in Gastroenterology, 31(2), 153–158. https://doi.org/10.1097/MOG.0000000000000151 
Galipeau, H. J., & Verdu, E. F. (2015). Gut microbes and adverse food reactions: Focus on gluten related disorders. Gut Microbes, 5(5), 594–605. https://doi.org/10.4161/19490976.2014.969635 
Gorvitovskaia, A., Holmes, S. P., & Huse, S. M. (2016). Interpreting prevotella and bacteroides as biomarkers of diet and lifestyle. Microbiome, 4, 1–12. https://doi.org/10.1186/s40168-016-0160-7 
Harvie, R. M., Chisholm, A. W., Bisanz, J. E., Burton, J. P., Herbison, P., Schultz, K., & Schultz, M. (2017). Long-term irritable bowel syndrome symptom control with reintroduction of selected FODMAPs. World Journal of Gastroenterology, 23(25), 4632–4643. https://doi.org/10.3748/wjg.v23.i25.4632 
Hulston, C. J., Churnside, A. A., & Venables, M. C. (2015). Probiotic supplementation prevents high-fat, overfeeding-induced insulin resistance in human subjects. The British Journal of Nutrition, 113(4), 596–602. https://doi.org/10.1017/S0007114514004097 
Hsu, Y. J., Chiu, C. C., Li, Y. P., Huang, W. C., Huang, Y. Te, Huang, C. C., & Chuang, H. L. (2015). Effect of intestinal microbiota on exercise performance in mice. Journal of Strength and Conditioning Research, 29(2), 552–558. https://doi.org/10.1519/JSC.0000000000000644 
loisio, I., Mazzola, G., Corvaglia, L. T., Tonti, G., Faldella, G., Biavati, B., … Mitchell, E. A. (2016). Building a Bene fi cial Microbiome from Birth 1 , 2. Applied Microbiology and Biotechnology, 7(1), 323–330. https://doi.org/10.3945/an.115.010694.FIGURE 
Jin, S. A., Kim, S. K., Seo, H. J., Kim, M., Ahn, K. T., Kim, J. H., … Jeong, J. O. (2017). The curves exercise suppresses endotoxemia in Korean women with obesity. Journal of Korean Medical Science, 32(2), 272–277. https://doi.org/10.3346/jkms.2017.32.2.272 
Kabbani, T. A., Goldberg, A., Kelly, C. P., Pallav, K., Tariq, S., Peer, A., … Leffler, D. A. (2012). Body mass index and the risk of obesity in coeliac disease treated with the gluten-free diet. Alimentary Pharmacology and Therapeutics, 35(6), 723–729. https://doi.org/10.1111/j.1365-2036.2012.05001.x 
Karl, J. P., Meydani, M., Barnett, J. B., Vanegas, S. M., Goldin, B., Kane, A., … Roberts, S. B. (2017). Substituting whole grains for refined grains in a 6-week randomized trial favorably affects energy balance parameters in healthy men and post-menopausal women. The American Journal of Clinical Nutrition, ajcn139683. https://doi.org/10.3945/ajcn.116.139683 
Kearney, S. M., & Gibbons, S. M. (2018). Designing synbiotics for improved human health. Microbial Biotechnology, 11(1), 141–144. https://doi.org/10.1111/1751-7915.12885 
Lai, H.-C., Young, J., Lin, C.-S., Chang, C.-J., Lu, C.-C., Martel, J., … Ko, Y.-F. (2014). Impact of the gut microbiota, prebiotics, and probiotics on human health and disease. Biomedical Journal, 37(5), 259. https://doi.org/10.4103/2319-4170.138314 
Lam, Y. Y., Maguire, S., Palacios, T., & Caterson, I. D. (2017). Are the gut bacteria telling us to eat or not to eat? Reviewing the role of gut microbiota in the etiology, disease progression and treatment of eating disorders. Nutrients, 9(6). https://doi.org/10.3390/nu9060602 
Lambert, J. E., Myslicki, J. P., Bomhof, M. R., Belke, D. D., Shearer, J., & Reimer, R. A. (2015). Exercise training modifies gut microbiota in normal and diabetic mice. Applied Physiology, Nutrition, and Metabolism, 40(7), 749–752. https://doi.org/10.1139/apnm-2014-0452 
Lamoureux, E. V., Grandy, S. A., & Langille, M. G. I. (2017). Moderate Exercise Has Limited but Distinguishable Effects on the Mouse Microbiome. MSystems, 2(4), e00006-17. https://doi.org/10.1128/mSystems.00006-17 
Lange, K., Buerger, M., Stallmach, A., & Bruns, T. (2016). Effects of Antibiotics on Gut Microbiota. Digestive Diseases, 34(3), 260–268. https://doi.org/10.1159/000443360 
Linares, D. M., Ross, P., & Stanton, C. (2016). Beneficial Microbes: The pharmacy in the gut. Bioengineered, 7(1), 11–20. https://doi.org/10.1080/21655979.2015.1126015 
Lyte, J. M., Gabler, N. K., & Hollis, J. H. (2016). Postprandial serum endotoxin in healthy humans is modulated by dietary fat in a randomized, controlled, cross-over study. Lipids in Health and Disease, 15(1), 1–10. https://doi.org/10.1186/s12944-016-0357-6 
Mach, N., & Fuster-Botella, D. (2017). Endurance exercise and gut microbiota: A review. Journal of Sport and Health Science, 6(2), 179–197. https://doi.org/10.1016/j.jshs.2016.05.001 
Managing irritable bowel syndrome: The low-FODMAP diet. (n.d.). https://doi.org/10.3949/ccjm.83a.14159 
Marone, P. A., Lau, F. C., Gupta, R. C., Bagchi, M., Bagchi, D., Shamie, A. N., & Udani, J. K. (2010). Safety and toxicological evaluation of undenatured type II collagen. Toxicology Mechanisms and Methods, 20(4), 175–189. https://doi.org/10.3109/15376511003646440 
Medsker, B., Forno, E., Simhan, H., Juan, C., & Sciences, R. (2016). HHS Public Access, 70(12), 773–779. https://doi.org/10.1097/OGX.0000000000000256.Prenatal 
Monda, V., Villano, I., Messina, A., Valenzano, A., Esposito, T., Moscatelli, F., … Messina, G. (2017). Exercise Modifies the Gut Microbiota with Positive Health Effects. Oxidative Medicine and Cellular Longevity, 2017, 3831972. https://doi.org/10.1155/2017/3831972 
Moshfegh, A. J., Friday, J. E., Goldman, J. P., & Ahuja, J. K. (1999). Presence of inulin and oligofructose in the diets of Americans. The Journal of Nutrition, 129(7 Suppl), 1407S–11S. Retrieved from http://jn.nutrition.org/content/129/7/1407S.abstract 
O’Sullivan, O., Cronin, O., Clarke, S. F., Murphy, E. F., Molloy, M. G., Shanahan, F., & Cotter, P. D. (2015). Exercise and the microbiota. Gut Microbes, 6(2), 131–136. https://doi.org/10.1080/19490976.2015.1011875 
Osterberg, K. L., Boutagy, N. E., McMillan, R. P., Stevens, J. R., Frisard, M. I., Kavanaugh, J. W., … Hulver, M. W. (2015). Probiotic supplementation attenuates increases in body mass and fat mass during high-fat diet in healthy young adults. Obesity, 23(12), 2364–2370. https://doi.org/10.1002/oby.21230 
Pannaraj, P. S., Li, F., Cerini, C., Bender, J. M., Yang, S., Rollie, A., … Aldrovandi, G. M. (2017). Association between breast milk bacterial communities and establishment and development of the infant gut microbiome. JAMA Pediatrics, 171(7), 647–654. https://doi.org/10.1001/jamapediatrics.2017.0378 
Pereira, M. A. (2014). Sugar-Sweetened and Arti fi cially-Sweetened Beverages in Relation to Obesity Risk. Advances in Nutrition, 5, 797–808. https://doi.org/10.3945/an.114.007062.evidence. 
Petersen, L. M., Bautista, E. J., Nguyen, H., Hanson, B. M., Chen, L., Lek, S. H., … Weinstock, G. M. (2017). Community characteristics of the gut microbiomes of competitive cyclists. Microbiome, 5(1), 1–13. https://doi.org/10.1186/s40168-017-0320-4 
Picca, A., Fanelli, F., Calvani, R., Mulè, G., Pesce, V., Sisto, A., … Marzetti, E. (2018). Gut Dysbiosis and Muscle Aging: Searching for Novel Targets against Sarcopenia. Mediators of Inflammation, 2018. https://doi.org/10.1155/2018/7026198 
Portune, K. J., Benítez-Páez, A., Del Pulgar, E. M. G., Cerrudo, V., & Sanz, Y. (2017). Gut microbiota, diet, and obesity-related disorders—The good, the bad, and the future challenges. Molecular Nutrition and Food Research, 61(1), 1–18. https://doi.org/10.1002/mnfr.201600252 
Roberts, J. D., Suckling, C. A., Peedle, G. Y., Murphy, J. A., Dawkins, T. G., & Roberts, M. G. (2016). An exploratory investigation of endotoxin levels in novice long distance triathletes,and the effects of a multi-strain probiotic/prebiotic,antioxidant intervention. Nutrients, 8(11), 1–18. https://doi.org/10.3390/nu8110733 
Sanz, Y. (2015). Microbiome and Gluten. Annals of Nutrition & Metabolism, 67(suppl 2), 28–41. https://doi.org/10.1159/000440991 
Schiffman, S. S., & Rother, K. I. (2013). Sucralose, a synthetic organochlorine sweetener: Overview of biological issues. Journal of Toxicology and Environmental Health - Part B: Critical Reviews, 16(7), 399–451. https://doi.org/10.1080/10937404.2013.842523 
Schirmer, M., Vatanen, T., Mujagic, Z., & Vila, A. V. (2017). HHS Public Access, 352(6285), 565–569. https://doi.org/10.1126/science.aad3369.Population-based 
Sanchez, B., Delgado, S., Blanco-Mïguez, A., Lourenzo, A., Gueimonde, M., & Margolles, A. (2017). Probiotics, gut microbiota, and their influence on host health and disease. Molecular Nutrition and Food Research, 61(1), 1–16. https://doi.org/10.1002/mnfr.201600240 
Simpson, H. L., & Campbell, B. J. (2015). Review article: Dietary fibre-microbiota interactions. Alimentary Pharmacology and Therapeutics, 42(2), 158–179. https://doi.org/10.1111/apt.13248 
Smith, T. N., Swanson, K. S., Padilla, J., & Vieira-potter, V. J. (2017). Function & Gut Microbiota in Obese Rats, 48(9), 1688–1698. https://doi.org/10.1249/MSS.0000000000000964.COMPARISON 
Successful Low-FODMAP Living — Experts Discuss Meal-Planning Strategies to Help IBS Clients Better Control GI Distress. (n.d.). Retrieved August 10, 2018, from http://www.todaysdietitian.com/newarchives/030612p36.shtml 
Suez, J., Korem, T., Zilberman-Schapira, G., Segal, E., & Elinav, E. (2015). Non-caloric artificial sweeteners and the microbiome: Findings and challenges. Gut Microbes, 6(2), 149–155. https://doi.org/10.1080/19490976.2015.1017700 
The Low FODMAP Diet (FODMAP = Fermentable Oligosaccharides, Disaccharides, Monosaccharides and Polyols). (n.d.). Retrieved from www.uwhealth.org/nutrition. 
Thursby, E., & Juge, N. (2017). Introduction to the human gut microbiota, 0, 1823–1837. https://doi.org/10.1042/BCJ20160510 
Venkataraman, A., Sieber, J. R., Schmidt, A. W., Waldron, C., Theis, K. R., & Schmidt, T. M. (2016). Variable responses of human microbiomes to dietary supplementation with resistant starch. Microbiome, 4, 1–9. https://doi.org/10.1186/s40168-016-0178-x 
Weese, J. S., Gloor, G. B., Vanner, S. J., Weese, S. J., Carter, D., Daigneault, M. C., … Tims, S. (2010). Clostridium difficile in food–-innocent bystander or serious threat? Clinical Microbiology and Infection, 16(1), 3–10. https://doi.org/10.1111/j.1469-0691.2009.03108.x 
Wu, G. D., Chen, J., Hoffmann, C., Bittinger, K., Chen, Y., Sue,  a, … Li, H. (2012). NIH Public Access. Science, 334(6052), 105–108. https://doi.org/10.1126/science.1208344.Linking 
Yang, Y., Shi, Y., Wiklund, P., Tan, X., Wu, N., Zhang, X., … Cheng, S. (2017). The association between cardiorespiratory fitness and gut microbiota composition in premenopausal women. Nutrients, 9(8), 1–11. https://doi.org/10.3390/nu9080792 
Zhao, X., Zhang, Z., Hu, B., Huang, W., Yuan, C., & Zou, L. (2018). Response of gut microbiota to metabolite changes induced by endurance exercise. Frontiers in Microbiology, 9(APR), 1–11. https://doi.org/10.3389/fmicb.2018.00765 
Zheng, H., Lorenzen, J. K., Astrup, A., Larsen, L. H., Yde, C. C., Clausen, M. R., & Bertram, H. C. (2016). Metabolic Effects of a 24-Week Energy-Restricted Intervention Combined with Low or High Dairy Intake in Overweight Women: An NMR-Based Metabolomics Investigation. Nutrients, 8(3), 108. https://doi.org/10.3390/nu8030108 
Zhou, S., Xu, R., He, F., Zhou, J., Wang, Y., Zhou, J., … Zhou, W. (2016). Diversity of gut microbiota metabolic pathways in 10 pairs of Chinese infant twins. PLoS ONE, 11(9), 1–14. https://doi.org/10.1371/journal.pone.016162


