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Key terms defined

• Physical activity: Any bodily movement produced by skeletal muscles that results in energy expenditure’ above 
resting (basal) levels. Physical activity broadly encompasses exercise, sports, and physical activities done as part of 
daily living, occupation, leisure, and active transportation.

• Exercise: Physical activity that is planned, structured, and repetitive and that has as a final or intermediate objective 
the improvement or maintenance of physical fitness.

• Physical fitness: The ability to carry out daily tasks with vigor and alertness, without undue fatigue and with ample 

energy to enjoy [leisure] pursuits and to meet unforeseen emergencies. Operationalized as a set of measurable 
health and skill-related attributes:

– cardiorespiratory fitness (VO2max)

– muscular strength/endurance

– body composition

– flexibility

– balance, agility, reaction time and power.

• Physical function: The capacity of an individual to carry out the physical activities of daily living. Physical function 
reflects motor function and control, physical fitness, and habitual physical activity and is an independent predictor of 
functional independence, disability, morbidity, and mortality.

• Energy expenditure:  The total amount of energy (gross) expended during exercise, including the resting energy 
expenditure (resting energy expenditure + exercise energy expenditure). Energy expenditure may be articulated in 
METs, kilocalories or kilojoules.

• MET: An index of energy expenditure. A MET is the ratio of the rate of energy expended during an activity to the 
rate of energy expended at rest. One MET is the rate of energy expenditure while sitting, and is equal to an oxygen 
uptake of 3.5 mL/kg/min.

• Inactivity: Sedentary behavior or activity that involves little or no movement or physical activity, having an energy 
expenditure of about 1–1.5 METs. Examples are sitting, watching television, playing video games, and using a 
computer.

ACSM Position Stand 2011



Factors influencing exercise adaptation: 
key research priorities

Blue variables profoundly influence responsiveness via poorly understood

mechanisms, due largely to complex interactions with modifiable and non-

modifiable factors. These represent key knowledge gaps and thus exciting

directions for translational research to understand response heterogeneity in a

system-specific or disease-specific manner from molecular to behavioral

interrogation.
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Primary modes of exercise, and current HHS 
guidelines for the general population

Endurance (aerobic) training Resistance (strength) training

HHS Guidelines (2008 PAGC)

150 min/wk moderate intensity
(via exercise on most days)

OR
75 min/wk vigorous intensity

(across ~3 days/wk)

HHS Guidelines (2008 PAGC)

Strengthening exercise for each 
major muscle group

2 days/wk



Endurance Training (e.g. 70% HRR)

Cardiorespiratory

VO2max 

Cardiac muscle Preload hypertrophy

Resting HR 

Resting SV 

Resting SBP  in hypertensives

Resting DBP  in hypertensives

Skeletal Muscle

Type I myofiber
hypertrophy



Type II myofiber 
hypertrophy



Type IIx to IIa myofiber shift 

Capillary density 

Mitochondrial content 

Anaerobic enzymes 

Oxidative enzymes 

PC stores  or slight 

Glycogen stores 

Intramyocellular lipid stores 

Resistance Training (e.g. 75% 1RM)

Cardiorespiratory

VO2max  or slight 

Cardiac muscle Afterload hypertrophy

Resting HR 

Resting SV 

Resting SBP  or slight  in HTN

Resting DBP  or slight  in HTN

Skeletal Muscle

Type I myofiber
hypertrophy



Type II myofiber 
hypertrophy



Type IIx to IIa myofiber shift 

Capillary density 

Mitochondrial content 

Anaerobic enzymes 

Oxidative enzymes  or slight 

PC stores 

Glycogen stores 

Intramyocellular lipid stores ?



Functional ET RT
Strength performance  

Specific strength (per unit muscle)  

Endurance capacity  

Steady state exercise HR  

Steady state exercise Ve  

Steady state exercise RER  

Body Composition

Lean mass  

Subcutaneous fat mass  

Visceral fat mass  

Bone mineral density   (mechanically 
loaded regions)

Metabolic

Insulin sensitivity  

HDL cholesterol  

LDL cholesterol slight   or slight 

Triglycerides  



Cardiorespiratory fitness defined
• CRF = aerobic capacity, or maximum rate of oxygen 

consumption/utilization (i.e. VO2max)

• Hallmark measure of fitness

• Major predictor of disease risk and mortality

• Assessed via maximal graded exercise test with a ramp 
protocol (typically on a treadmill)

• Total test time correlates well

• Highly responsive to exercise training and 
deconditioning/disease



IMPACT OF PHYSICAL INACTIVITY 
ON MORBIDITY AND MORTALITY



794,577 participants 

Diabetes RR 2.12 

CV Events RR 2.47 All-Cause Mortality HR 1.49 

CV Mortality HR 1.90 

Relative Risks Hazard Ratios





Risks of low 

physical 

activity

Booth FW and MJ Laye.
J Physiol 587.23 (2009) pp 
5527–5540



Physical inactivity by county



Heart disease mortality by county



Diabetes by county



Obesity by county





Lung cancer by county



Colo-rectal cancer by county



IMPACT OF FITNESS ON MORTALITY



New Findings:
Longitudinal study with 11 yr follow-up



Profound impact of change in cardiorespiratory 
fitness on all-cause mortality





High vs Low CRF
45% lower risk

Intermediate vs Low CRF
20% lower risk

Over 71,000 participants









MULTI-CENTER TRIALS OF MODERATE 
EXERCISE/PHYSICAL ACTIVITY (+/- DIETARY 
MODIFICATION) IN CHRONIC DISEASE















FACTORS INFLUENCING EXERCISE 
ADAPTATION



Factors influencing exercise adaptation: 
key research priorities

Blue variables profoundly influence responsiveness via poorly understood

mechanisms, due largely to complex interactions with modifiable and non-

modifiable factors. These represent key knowledge gaps and thus exciting

directions for translational research to understand response heterogeneity in a

system-specific or disease-specific manner from molecular to behavioral

interrogation.
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UAB Magazine

Fall/Winter Issue 2011

Optimal

prescription/dose?

-Mode
-Intensity
-Frequency
-Volume



Molecular Transducers of Physical Activity 
Consortium (MoTrPAC)



Molecular Transducers of Physical Activity 
Consortium (MoTrPAC)



EXERCISE IS REGENERATIVE 
MEDICINE
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Regenerative medicine defined

 A nascent field of (cutting edge) medicine described as 

the creation of tissues that provide, repair, replace 

or restore structures and functions absent or lost 

due to congenital defects, ageing, disease, or damage 

(Segen's Medical Dictionary 2012) 
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Exercise is Regenerative Medicine

Physiology. 28:330-58, 2013
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Exercise is Regenerative Medicine

Physiology. 28:330-58, 2013
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Exercise is Regenerative Medicine

 Endogenous stem cell activation

 Neurogenesis

 Myogenesis

 Angiogenesis

 Osteogenesis

 Mitochondrial biogenesis

 Lipolysis

 Reduced tumorigenesis? (very 

encouraging data in animal models)



EXERCISE IS REGENERATIVE 
MEDICINE

Leveraging animal models
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Stem Cells, 2014

Sedentary

Exercise

Only 12 days of free 

wheel running

Dentate gyrus region 

of hippocampus



Exercise increases delivery of 
chemotherapeutic drugs to tumors

Exercise + chemo decreases tumor 
growth more than chemo alone



Exercise reduces brain metastasis



EXERCISE IS REGENERATIVE 
MEDICINE

Essential role for resistance training in cancer rehabilitation



Aging muscle atrophy and functional consequences

Top: 27y female

Bottom: 65y female 

Ht & wt matched

Top: 25y male

Bottom: 63y male 

Ht & wt matched

Physical activity

Disability

Strength Power Muscular

Endurance

Difficulty

with weight

bearing tasks

Risk of falls

and fracture Fatigability

Muscle Aging
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Pre-training 8-wk PRT 16-wk PRT
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Advancing 
Exercise 
Medicine

Exercise 
Biology

Exercise-
Drug/Device 
Interactions

Clinical 
Application

Exercise 
Psychology

Major Knowledge Gaps: Interdisciplinary research 

priorities

• Exercise Biology
• Dose-response mechanisms.

• Genetic and phenotypic variations.

• Mechanisms by which inactivity fosters 

development and progression of CNCDs.

• Taking advantage of potent exercise stimulus to 

discover new pathways and molecular targets.

• Exercise-Drug/Device Interactions
• Differences in drug/device efficacy between 

active and inactive individuals.

• Synergism, antagonism, drug metabolism.

• Drug re-purposing via exercise responses.

• Exercise Psychology/Behavioral Medicine
• Genetic and non-genetic determinants of 

exercise adherence and lasting lifestyle 

modification.

• Clinical Application
• Optimizing disease-specific and population-

specific exercise dosing/prescription to 

streamline clinical care.



Visit us at: ncmrr.org

Funded by the U.S. National Institutes of Health:
National Center for Medical Rehabilitation Research
National Institute of Neurological Disorders and Stroke
National Institute of Biomedical Imaging and Bioengineering



Funded by the U.S. National Institutes of Health:
National Center for Medical Rehabilitation Research
National Institute of Neurological Disorders and Stroke
National Institute of Biomedical Imaging and Bioengineering



Resources:
• Education & training for clinical trials 
• Clinical databases
• Consultative & collaborative services:

• Clinical trials design assistance
• Access to core laboratories & clinical resources

• Pilot studies program
• Visiting scientist opportunities
• Mobile Technology Laboratory

• Wearables, biosensors, mHealth apps
• Scholar awards to support research and training

react.center

Our mission is to promote, support, and enhance medical rehabilitation 
clinical research to optimize patient care and quality of life.

Funded by National Institutes of Health grant P2CHD086851 (NICHD/NCMRR, NINDS, and NIBIB) 

www.react.center
REACTCenter@uab.edu @REACTCenter



Quick Facts:

• Est. 2012; grown to 70 Member Institutions

• Partners: UAB CTSA (CCTS), CTSA Consortium, ACSM

uab.edu/nextnet

nextnet@uab.edu

@NExTNetExercise


