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O e ieOverview

 Overview of Exercise 
and Sport Nutrition Lab

 2010 ISSN Exercise and  2010 ISSN Exercise and 
Sports Nutrition 
Guidelines 

 Gender Implications 
 Application to Weight 

Loss & ManagementLoss & Management
 Future Directions



Dedicated to evaluatingDedicated to evaluating 
the interaction between 

exercise and nutrition on 
h l h d dhealth, disease, and 
human performance

http://esnl@tamu.edu



ESNL Research

 Endurance / Ultraendurance
 Overtraining

o ZMA
o Methoxyisoflavones

 Ergogenic Aids
o Carbohydrate
o Inosine
o Phosphate

o Ecdysterones
o Sulfo-Polysaccharides
o Calcium
o Glucosamine and Chondoitin
o Aromatase Inhibitors

o BCAA/glutamine
o Creatine
o HMB
o Calcium Pyruvate
o CLA

o Aromatase Inhibitors
o BCAA, CHO, Leucine
o Melatonin
o Arachidonic Acid
o Milk protein subfractions

o CLA
o Protein/EAA
o CHO Gels (Honey)
o Ribose
o Green Tea

o CoQ10
o Soy Protein
o Beta Alanine
o Russian Tarragon

Exercise & Diet Interventions to o Meal Timing
o Colostrums
o D-Pinitol
o Coleus Forskohlii

• Exercise & Diet Interventions to 
Optimize Health & Training Adaptations

• Weight Loss & Maintenance
http://esnl@tamu.edu



Women’s Health & Fitness Initiative

Identify ways to fy y
optimize the health and 
well-being of womenwell being of women 
through various diet, 
exercise and/orexercise, and/or 
nutritional 
interventions

http://curves.tamu.edu



Exercise & Sport NutritionExercise & Sport Nutrition

www.jissn.com/content/7/1/7www.ExerciseAndSportNutrition.com



Exercise & Sports Nutrition ReviewExercise & Sports Nutrition Review

 Update from 2004 article that launched JISSN
 Defines ergogenic aids and describes how dietary  Defines ergogenic aids and describes how dietary 

supplements are regulated 
 Overviews how to evaluate the scientific merit of 

nutritional supplements nutritional supplements 
 Provides general nutritional strategies to optimize 

performance and enhance recovery
 Overviews a number of dietary supplements and  Overviews a number of dietary supplements and 

nutritional strategies purported to affect weight gain, 
weight loss, and performance enhancement.’

 Categorizes supplements as apparently effective   Categorizes supplements as apparently effective, 
possibly effective, too early to tell, or apparently 
ineffective



Exercise & Sports Nutrition ReviewExercise & Sports Nutrition Review
• Richard B. Kreider, PhD
• Colin D. Wilborn, PhD
• Lem Taylor, PhD  Kreider contributed most content and 

served as senior editor• Bill Campbell, PhD
• Anthony L. Almada, MSc
• Rick Collins, Esq
• Mathew Cooke, PhD
• Conrad P. Earnest, PhD

served as senior editor
 Wilborn, Taylor, & Campbell updated 

references, wrote several sections of 
paper, and edited manuscript

• Mike Greenwood, PhD
• Douglas S. Kalman, RD, PhD
• Chad M. Kerksick, PhD
• Susan M. Kleiner, RD, PhD
• Brian Leutholtz, PhD

p p , p
 Co-authors (university and industry 

scientists, dietitians, physician, 
attorneys) reviewed, edited & 

d i t• Hector Lopez, MD
• Lonnie M. Lowery, RD, PhD
• Ron Mendel, PhD
• Abbie Smith, PhDc
• Marie Spano, RD

approved manuscript
 Potential competing interests disclosed
 Approved ISSN Research Committee
 Author’s did not receive any financial p ,

• Robert Wildman, RD, PhD
• Darryn S. Willoughby, PhD
• Tim N. Ziegenfuss, PhD
• Jose Antonio, PhD

 Author s did not receive any financial 
remuneration for preparing review 

www.jissn.com/content/7/1/7



Ergogenic AidErgogenic AidErgogenic AidErgogenic Aid

Any training technique, 
mechanical device, nutritional 

practice, pharmacological 
method, or psychological 

technique that can improvetechnique that can improve 
exercise performance capacity 

and/or enhance trainingand/or enhance training 
adaptations. 

www.jissn.com/content/7/1/7



Ergogenic AidErgogenic AidErgogenic AidErgogenic Aid
AnalysisAnalysis

• Does the theory 
make sense?make sense?

• Is there any scientific 
evidence supporting evidence supporting 
the ergogenic value?

• Is it legal and/or g /
safe? 

www.jissn.com/content/7/1/7



Ergogenic AidsErgogenic AidsErgogenic AidsErgogenic Aids
Scientific Evidence?Scientific Evidence?

 Studies on athletes or trained subjects?
 Employed a double blind, repeated 

measures, placebo controlled, randomized 
li i l d i ?clinical design?

 Appropriate statistical interpretation?
 Do claims match results?

Data presented at reputable scientific  Data presented at reputable scientific 
meeting and/or published in peer-reviewed 
journal?

 Results replicated by others? p y
 Disclosures and competing interest 

declared?
www.jissn.com/content/7/1/7



Ergogenic AidsErgogenic AidsErgogenic AidsErgogenic Aids
CategoriesCategories

I. Apparently Effective. Supplements that help meet 
general caloric needs and/or the majority of research 
studies show is effective and safe.  

II. Possibly Effective. Supplements with initial studies 
supporting the theoretical rationale but requiring more 
research.

III. Too Early To Tell. Supplements with sensible theory 
but lacking sufficient research to support its current use.  

IV. Apparently Ineffective. Supplements that lack a 
sound scientific rationale and/or research has clearly 
shown to be ineffective.

www.jissn.com/content/7/1/7



What are nutritional needs of 
active individuals and athletes?active individuals and athletes? 



Energy NeedsEnergy NeedsEnergy NeedsEnergy Needs

 General Fitness Training (e.g., 30 - 40 min/d; 3 d/wk) 
◦ Exercise energy expenditure generally 200 – 400 kcals/workout
◦ Energy needs can be met on normal diet (e.g., 1,800 – 2,400 kcals/day or 

about 25 - 35 kcals/kg/day for a 50 – 80 kg individual)

 Moderate Training (e.g., 2-3 hrs/d; 5-6 d/wk) 
◦ Exercise energy expenditure generally 600 – 1,200 kcals/hour
◦ Caloric needs may approach 50 – 80 kcals/kg/day (2,500 – 8,000 kcals/day 

for a 50 – 100 kg athlete)g )

 Elite Athletes (e.g., 3-6 hrs/d; 5-6 d/wk) 
◦ Energy expenditure in Tour de France reported as high as 12,000 kcals/day 

(150 - 200 kcals/kg/d for a 60 – 80 kg athlete)
◦ Caloric needs for large athletes (i e  100 – 150 kg) may range between 6 000 Caloric needs for large athletes (i.e., 100 150 kg) may range between 6,000 

– 12,000 kcals/day depending on the volume/intensity of training
◦ Often difficult for athletes to eat enough food in order to meet caloric needs

www.jissn.com/content/7/1/7



Nutritional GuidelinesNutritional Guidelines
General Fitness / Active PopulationsGeneral Fitness / Active Populations

 Diet focused on goals (maintenance, weight 
gain, weight loss)

 Carbohydrate (45%-55% of calories)
◦ 3 5 g/kg/d◦ 3 – 5 g/kg/d

 Protein (10-15% of calories)
◦ 0.8 – 1.0 g/kg/d (younger)
◦ 1.0 – 1.2 g/kg/d (older)g/ g/ ( )

 Fat (25-35% of calories)
◦ 0.5 – 1.5 g/kg/d 

 Make Good Food Choices
 Meal timing can optimize training response 

www.jissn.com/content/7/1/7



Nutritional GuidelinesNutritional GuidelinesNutritional GuidelinesNutritional Guidelines
AthletesAthletes

 Diet focused on goals (maintenance, 
weight gain, weight loss)

 Carbohydrate (55%-65% of calories)
◦ 5 8 g/kg/d moderate training◦ 5 – 8 g/kg/d – moderate training
◦ 8 – 10 g/kg/d – heavy training 

 Protein (15-20% of calories)
◦ 1.0 – 1.5 g/kg/d moderate trainingg/ g/ g
◦ 1.5 - 2.0 g/kg/d during heavy training

 Fat (25-30% of calories)
◦ 0.5 – 1.5 g/kg/d 

 Meal Timing Important
 Use of energy supplements helpful

www.jissn.com/content/7/1/7



Nutritional GuidelinesNutritional Guidelines
Strength Strength / Power Athletes/ Power Athletes

Diet focused on goals (maintenance   Diet focused on goals (maintenance, 
weight gain, weight loss)

 Carbohydrate (40-55% of calories)
◦ 3 – 5 grams/kg/day typically sufficient3 5 grams/kg/day typically sufficient

 Protein (15-30% of calories)
◦ 1.5 – 2.0 grams/kg/day general
◦ 2.0 – 2.25 grams/kg/day during heavy 

i i d/ l i dtraining and/or at altitude
 Fat (20-30% of calories)

◦ 1 – 1.5 grams/kg/day 
 Greater emphasis on meal timing Greater emphasis on meal timing
 May need more education about 

nutritional ergogenic aids
www.jissn.com/content/7/1/7



Nutritional GuidelinesNutritional Guidelines
Meal Meal TimingTiming

 Pre-exercise meals (4-6 h)( )
 Pre-exercise snack (30-60 min)

◦ 40-50 g CHO, 10 g PRO
 Sports drinks during exercise 

(  60 i )(> 60 min)
◦ 6%-8% glucose-electrolyte solution
◦ Sports gels/bars at half-time

 Post-exercise snack (within 30 min)  Post exercise snack (within 30 min) 
◦ 1 g/kg CHO, 0.5 g/kg PRO

 Post-exercise meal (within 2 hrs)
 Carbohydrate loading (2-3 days prior to y g ( y p

competition)
◦ Taper training by 30%-50%
◦ Ingest 200-300 extra grams of CHO www.jissn.com/content/7/1/7



Vitamins & MineralsVitamins & MineralsVitamins & MineralsVitamins & Minerals
 No clear ergogenic value of vitamin supplementation for athletes 

who consume a normal  nutrient dense diet  who consume a normal, nutrient dense diet. 
 Some vitamins may help athletes tolerate training to a greater 

degree by reducing oxidative damage (Vitamin E, C) and/or help 
to maintain a healthy immune system during heavy training y y g y g
(Vitamin C). 

 Some athletes susceptible to mineral deficiencies in response to 
training and/or prolonged exercise.   
S l t ti  f i l  i  d fi i t thl t  h  ll   Supplementation of minerals in deficient athletes has generally 
been found to improve exercise capacity.  

 Some potential benefits reported from iron, sodium phosphate, 
sodium chloride  and zinc supplementationsodium chloride, and zinc supplementation

 Use of a low-dose daily multivitamin and/or a vitamin enriched 
post-workout carbohydrate/protein supplement is advisable

www.jissn.com/content/7/1/7



WaterWaterWaterWater

 Most important nutritional ergogenic aidp g g
 Performance can be impaired when ≥ 2% 

of body weight is lost through sweat.  
 Fluid loss of > 4% of body weight during u d oss o % o body e g du g

exercise may lead to heat illness, heat 
exhaustion, heat stroke, and death

 Athletes should ingest 0.5 to 2 L/h (e.g., g / ( g ,
6-8 oz of cold water or a GES every 5 to 
15-min) to maintain hydration  

 Addition of 1 g/L of salt can help maintain 
hydration in hot & humid environments

www.jissn.com/content/7/1/7



What are the ergogenic value of 
various nutritional supplements?various nutritional supplements?



Exercise & Sports Nutrition Reviewp
Apparently Effective

Muscle Building Weight Loss Performance 
Supplements Supplements Enhancement

• Weight gain 
powders
C i  

• Low-calorie foods, 
MRPs, and RTDs 
S  h i

• Water and sports 
drinks
C b h d• Creatine 

• Protein/ EAA 
• Some thermogenic

supplements
• Carbohydrate
• Creatine
• Sodium phosphate

S di  • Sodium 
bicarbonate

• Caffeine 
• β alanine• β-alanine

www.jissn.com/content/7/1/7



Exercise & Sports Nutrition Reviewp
Possibly Effective

Muscle Building Weight Loss Performance 
Supplements Supplements Enhancement

• HMB
• BCAA 

• High-fiber diets 
• Calcium

G   & 

• Post-exercise 
carbohydrate & 

i• Green tea & 
caffeine

• Conjugated Linoleic
A id

protein
• EAA 
• BCAA
HMB Acids • HMB 

• Glycerol

www.jissn.com/content/7/1/7



Exercise & Sports Nutrition Reviewp
Too Early to Tell

Muscle Building Weight Loss Performance 
Supplements Supplements Enhancement

• -Ketoglutarate
• -Ketoisocaproate

E d

• Gymnema sylvestre
• Chitosan
Ph h idl Ch li

• Medium chain 
triglycerides

• Ecdysterones
• Growth hormone 

releasing peptides 
d t

• Phosphatidl Choline
• Betaine
• Coleus Forskolin
DHEAand secretogues

• Ornithine -
Ketoglutarate

• Zinc/magnesium 

• DHEA
• Psychotropic 
Nutrients/Herbs

• Zinc/magnesium 
aspartate

www.jissn.com/content/7/1/7



Exercise & Sports Nutrition Reviewp
Apparently Ineffective

Muscle Building Weight Loss Performance 
Supplements Supplements Enhancement

• Glutamine
• Smilax
• Isoflavones

• Calcium Pyruvate
• Chitosan
• Chromium (non-diabetics)

• Glutamine
• Ribose
• Inosine

• Sulfo-polysaccharides 
(myostatin inhibitors)

• Boron
• Chromium

( )
• HCA
• L-Carnitine
• Phosphates
• Herbal diuretics

• Conjugated linoleic acids 
• Gamma oryzanol
• Prohormones
• Tribulus terrestris
• Vanadyl sulfate
(vanadium)

www.jissn.com/content/7/1/7



Exercise & Sports Nutrition Review

 Maintaining an energy balance and nutrient dense 

p
Summary

diet, prudent training, proper timing of nutrient 
intake, and obtaining adequate rest are the 
cornerstones to enhancing performance and/or g p /
training adaptations.  

 Use of a limited number of nutritional supplements 
that research has supported can help improve that research has supported can help improve 
energy availability (e.g., sports drinks, 
carbohydrate, creatine, caffeine, β-alanine, etc) 
and/or promote recovery (carbohydrate  protein  and/or promote recovery (carbohydrate, protein, 
essential amino acids, etc) can provide additional 
benefit in certain instances.

www.jissn.com/content/7/1/7



What are gender implications? 



Gender Implications
Physiological & Metabolic Considerations

 Higher percent body fat and lower FFM
 Similar central and peripheral CV p p

adaptations to training
 Lower maximal aerobic capacity 

(differences less evident when 
expressed relative to FFM)expressed relative to FFM)

 Similar increases in strength, anaerobic 
power, and aerobic capacity as a result 
from trainingfrom training

 Generally less hypertrophic response to 
training

 Greater thermal stress when exercising 
in hot & humid environments during 
luteal phase of menstrual cycle
Sports Med, 1986. 3(5):357-69; Curr Opin Clin Nutri Met Care, 2001. 4:489-92; Sports Med, 2002. 32(10): p. 601-14; 
Proc Nutr Soc, 2004. 63(1): p. 153-60; Obstet Gynecol Clin North Am. 2009 Jun;36(2):245-65, ( ) p ; y ; ( )



Gender Implications
Physiological & Metabolic Considerations

 Greater fat oxidation and less 
carbohydrate and amino acid oxidation 
during exercise (when menstrual 
cycle, diet, and training considered) 
due to higher estrogen concentrations

 Total CHL  LDL  and TG’s tend to be  Total CHL, LDL, and TG s tend to be 
lower while HDL’s tend to be higher in 
pre-menopausal women

 Some differences noted in FA, VLDL, , ,
TG, and apolipoprotein B-100 
metabolism between lean and obese 
men and women in postabsorptive 
state and/or in response to exercise  state and/or in response to exercise, 
meals, insulin, and weight loss

Sports Med, 1986. 3(5):357-69; Curr Opin Clin Nutri Met Care, 2001. 4:489-92; Sports Med, 2002. 32(10): p. 601-14; 
Proc Nutr Soc, 2004. 63(1): p. 153-60; Obstet Gynecol Clin North Am. 2009 Jun;36(2):245-65, ( ) p ; y ; ( )



Gender Implications

 Inadequate energy intake and eating 
disorders associated with female athlete 

p
Nutritional Considerations

disorders associated with female athlete 
triad (i.e., eating disorders, amenorrhea, 
osteoporosis) 

 May need less carbohydrate to maintain y y
muscle glycogen levels than similarly trained 
men of similar size

 Females reported to be less responsive to 
CHO loadingCHO loading

 Increased dietary protein need with training 
but less (50-60%) than men (100%)

 Need to ensure that enough quality protein  Need to ensure that enough quality protein 
ingested in diet (particularly for vegetarians) 

J Sci Med Sport, 2000. 3(3): p. 287-98; J Gend Specif Med, 2001. 4(1): p. 11-5; J Int Soc Sports Nutr, 2006. 3: p. 28-34    



Gender Implications

 Less increase in FFM and 
reduction in protein breakdown 

p
Nutritional Considerations

reduction in protein breakdown 
from acute creatine loading

 Greater need for calcium during 
heavy training (adolescents)heavy training (adolescents)

 Greater need for vitamin D and 
calcium in older women
More susceptible to iron  More susceptible to iron 
deficiencies during heavy 
training

 Greater need for most vitamins  Greater need for most vitamins 
and folate during pregnancy

J Sci Med Sport, 2000. 3(3): p. 287-98; J Gend Specif Med, 2001. 4(1): p. 11-5; J Int Soc Sports Nutr, 2006. 3: p. 28-34    



Can these strategies apply to 
weight loss and/or maintenance?weight loss and/or maintenance? 



Weight Loss
Considerations  Rapid weight loss associated with Considerations  Rapid weight loss associated with 

reductions in FFM and REE while 
altering hormonal regulation of 
appetite and metabolism which makes 

ffit difficult to maintain weight loss.
 Goal should be to promote weight loss 

through diet and exercise while 
preventing loss of FFM and REEpreventing loss of FFM and REE

 Weight loss programs typically involve 
caloric restriction and endurance 
exercise

 Resistance training can help maintain 
FFM during weight loss

 Diet and/or nutritional strategies may 
h  diff ti l ff t   i ht l  have differential affects on weight loss 

 Need to identify effective weight 
maintenance strategies

http://curves.tamu.edu



Women’s Health & Fitness Initiative
 Completed and Current Studies

◦ Curves I
◦ Curves II
◦ Curves Extension
◦ Curves Biomechanics
◦ Curves Exercise Intensity
◦ Curves Calcium

C  S i l P l ti  (h t i  di b t  ◦ Curves Special Populations (hypertension, diabetes, 
thyroid conditions, etc)

◦ Curves Elderly
◦ Curves Osteoarthritis
◦ Curves Resistance Training (new equipment 

comparison)
◦ Curves in Middle Schools (2 studies)
◦ Curves Metabolism
◦ Curves Fit "Highly Trained Subjects“ 

Curves/General MillsCurves/General Mills
◦ Curves 30/30 Study
◦ Curves Web-Based Study

http://curves.tamu.edu



Curves Curves II  161 Obese  Sedentary & Pre-Curves Curves II  161 Obese, Sedentary & Pre
Menopausal Women:
◦ 38.5±8.5 yrs
◦ 94.2±18.8 kg
◦ 164.2±6.7 cm
◦ 34.9±6.4 kg/m2

◦ 43.8±4.2 % BF
d d Randomized into:

◦ No Diet or Exercise Control (CON)
◦ No Diet + Exercise Group (ND)
◦ High energy, high carbohydrate, low High energy, high carbohydrate, low 

protein diet (HED)
◦ Very low carbohydrate, high protein diet 

(VLCHP)
Low carbohydrate  moderate protein ◦ Low carbohydrate, moderate protein 
diet (LCMP)

◦ High carbohydrate, low protein diet 
(HCLP)Nutri Metabol. 6/1/23, 2009



Curves I Diet InterventionCurves I Diet Intervention
 High energy, high carbohydrate, low protein diet (HED, n=11)

 Women ≤ 90% of estimated REE (Wang et al AJP. 279: E539-45, 2000)
 Phase I – 2,600 kcal/d for 2 W (55% CHO, 15% PRO, 30% F)
 Phase II – 2,600 kcal/d for 8 W (40% CHO 30% PRO, 30% F)
 Phase III – 2,600 kcal/d for 4 W (55% CHO, 15% PRO, 30% F) 

 Very low carbohydrate, high protein diet (VLCHP, n=48)
 Phase I – 1,200 kcal/d for 2 W (7% CHO, 63% PRO, 30% F)

Ph II 1 600 k l/d f 8 W (15% CHO 55% PRO 30% F) Phase II – 1,600 kcal/d for 8 W (15% CHO, 55% PRO, 30% F)
 Phase III – 2,600 kcal/d (55% CHO, 15% PRO, 30% F) and 1,200 kcal/d (7% CHO, 63% PRO, 30% F) 

for 3/2, 3/2, 5/2, & 10/2 days

 Low carbohydrate, moderate protein diet (LCMP, n=37)
 Phase I – 1 200 kcal/d for 2 W (20% CHO 50% PRO 30% F) Phase I 1,200 kcal/d for 2 W (20% CHO, 50% PRO, 30% F)
 Phase II – 1,600 kcal/d for 8 W (15% CHO, 55% PRO, 30% F)
 Phase III – 2,600 kcal/d (15% CHO, 55% PRO, 30% F) and 1,200 kcal/d (20% CHO, 50% PRO, 30% 

F) for 3/2, 3/2, 5/2, & 10/2 days

 High carbohydrate, low protein diet (HCLP, n=41)
 Phase I – 1,200 kcal/d for 2 W (55% CHO, 15% PRO, 30% F)
 Phase II – 1,600 kcal/d for 8 W (55% CHO, 15% PRO, 30% F)
 Phase III – 2,600 kcal/d (55% CHO, 15% PRO, 30% F) and 1,200 kcal/d (55% CHO, 15% PRO, 30% 

F) for 3/2, 3/2, 5/2, & 10/2 days
Nutri Metabol.  6/1/23, 2009



Curves I Study Curves I Study DesignDesignyy gg
14 Weeks Training 

T ti I t lTesting Intervals

2 Wk 
1,200 kcal/d

8 Wk 
1,600 kcal/d

4 Wk 
2,600 kcal/d

Intermittent
2d @ 1 200 kcal/dCON, ND, HED, VLCHP, LCMP, HCLPD Groups 2d @ 1,200 kcal/d

• At 0, 2, 10, 10.4, & 14 W:
• Dietary Records (4-d)
• Psychometric Tests
• Body Composition/Bone Density (DEXA)

T t l B d W t (BIA)

• At 0, 10, & 14 wks:
• Maximal Stress Test
• 1RM Bench Pressn = 161 • Total Body Water (BIA)

• Hip & waist measurement
• Resting HR & BP
• Fasting Blood Samples (12h) 
• Resting Energy Expenditure (REE)

• 80% of 1RM on Bench Press
• 1RM Leg Press
• 80% of 1RM on Leg Press

• Side effects were monitored by an 
RN on a weekly basis

n  161

Nutri Metabol.  6/1/23, 2009



Curves Curves I I 
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Fat MassCurves Curves I I 
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Fat Free MassCurves Curves I I 

2000

3000

Fat Free MassCurves Curves I I 
n = 161 p = 0.001

0

1000

ge
 (g

)
-2000

-1000
C

ha
ng

Most of weight 

-4000

-3000

0 10 14

Nutri Metabol. 6/1/23, 2009

loss was fat 

Weeks

HED ND VLCHP LCMP HCLP CON



Curves Curves I I Curves Curves I I 

REE increased 
in HED groupin HED group

REE maintained 
f 2 k di Nutri Metabol. 6/1/23, 2009after 2 wk diet 

phase



Curves Curves IICurves Curves II
 All exercise groups significantly 

(P<0.05) improved in muscular 
fitness, but these improvements 
were not different among groups.

 Favorable but non-significant 
mean changes occurred in lipid 

l l d Opanels, glucose and HOMA-IR. 
 Leptin levels decreased (P<0.05) 

in all groups, except for CON, 
ft  t  k  f di ti  d after two weeks of dieting and 

remained lower throughout the 14 
week program. 
Exercise participation resulted in  Exercise participation resulted in 
significant improvements in 
quality of life and body image.

Nutri Metabol. 6/1/23, 2009



LongLong--Term Weight Term Weight LossLossLongLong Term Weight Term Weight LossLoss

n = 68

FASEB J. 2007; 21:lb 234



Weight Loss in SeniorsWeight Loss in Seniors
ConsiderationsConsiderations

 Lose muscle and gain fat as one 
ages (sarcopenia)ages (sarcopenia)

 Loss of muscle mass and strength 
increases risk to falls and fractures
R i t i  i   Resistance-exercise increases 
strength and muscle mass in 
elderly
High protein diets spare loss of  High protein diets spare loss of 
muscle mass during weight loss

 Hypothesized that elderly may 
benefit from following a high benefit from following a high 
protein diet combined with 
resistance-training



Curves for SeniorsCurves for SeniorsCurves for SeniorsCurves for Seniors
 55 Women:
◦ 66±5 yrs (60 – 75)66±5 yrs (60 75)
◦ 78±10 kg
◦ 161±5 in
◦ 44±4 % BF

 Randomized into: 
◦ Exercise Only (E)
◦ Exercise + High CHO Diet (HC)g ( )

(55% C, 30% F, 15% P) 
◦ Exercise + High Protein Diet (HP)

(PI  – 7% C, 30% F, 63% P) 
(PII 15% C  30% F  55% P)(PII – 15% C, 30% F, 55% P)

FASEB J. 2008;lb 779. 



Curves for SeniorsCurves for SeniorsCurves for SeniorsCurves for Seniors

14 Weeks of Training 

Testing Intervals

1  Wk 
1,200 kcal/d

9 Wk 
1,600 kcal/d

4 Wk 
2,100 kcal/d

Intermittent
2d @ 1 200 kcal/d

Exercise Only, HC, or HP Diets
2d @ 1,200 kcal/d

• At 0, 10, & 14 W:
• Dietary Records (4-d)
• Psychometric Tests
• Body Composition/Bone Density (DEXA)
• Total Body Water (BIA)

Hip & waist measurement

• At 0 & 14 wks:
• Maximal Stress Test
• 1RM Bench Press

80% f 1RM B h Pn=55 • Hip & waist measurement
• Resting HR & BP
• Fasting Blood Samples (12h) 
• Resting Energy Expenditure (REE)
• 6 Minute Walk Test
• Equitest Balance / Functional Testing

• 80% of 1RM on Bench Press
• 1RM Leg Press
• 80% of 1RM on Leg Press

• Side effects were monitored by 
an RN on a weekly basis

n 55



Curves for SeniorsCurves for Seniors

2
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Curves for SeniorsCurves for Seniors

55 < 0 003

2

-1

0

1
n = 55 p < 0.003

-5

-4

-3

-2

C
ha

ng
e 

(k
g)

-8

-7

-6

5C

HP group lost 
more weight

-9
0 10 14

Weeks
E HC HP

g

FASEB J. 2008;lb 779. 



Curves for SeniorsCurves for Seniors

1

Fat Mass Loss
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Resting Energy Expenditure
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Curves for Curves for SeniorsSeniors
Variable Change

Waist & Hip ↓ (2 cm)

Resting HR ↓ (2.3cm)

Resting SBP ↓ (4 mmHg @ 10 wk)

Resting DBP ↓ (5 mmHg @ 10 wk)Resting DBP ↓ (5 mmHg @ 10 wk)

1 RM Bench Press ↑ (21%)

1 RM Leg Press ↑ (32%)

BP Endurance ↑ (29%)

LP Endurance ↑ (23%)

Maximal Oxygen Uptake ↑ (12%)

6 Minute Walk-Test ↑ (6%)
Statistically significant time effects (p<0.05). FASEB J. 2008;lb 783, 785 



Weight Loss & MaintenanceWeight Loss & Maintenance
R d tiR d tiRecommendationsRecommendations

 Weight Loss
◦ Reduce caloric intake by 300-500 calories per day 
◦ Consume a diet of primarily low to moderate GI carbohydrates
◦ People can lose weight on a slightly hypo-energetic high 

CHO/low fat or high PRO/low fat diet
◦ High PRO/low fat diets slightly more effective
◦ Participate in a strength or interval training program (30 – 60 

minutes, 3 – 4 times per week) 
◦ Post-exercise protein/EAA and/or creatine supplementation may 

help maintain FFM during weight loss 
◦ Walk and/or maintain active lifestyle on non-workout days
◦ Incorporate behavioral modification techniques

 Weight Maintenance
◦ Maintain exercise program and active lifestyle◦ Maintain exercise program and active lifestyle
◦ Short-term reduction of energy intake (e.g., 1,200 kcals/d  for 

2-3 days if you regain 3 lbs after weight loss) appears to be an 
effective strategy to maintain weight loss. 
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Future DirectionsFuture Directions
 Exercise and nutrition play an 

integral role in optimizing health Nutritionintegral role in optimizing health 
and well-being

 Only beginning to understand the 
influence of exercise and nutrition 
on health  disease  & performance 

Exercise  
Science

MetabolismCancer

Mental 
Health

on health, disease, & performance 
 Need to understand the genetic 

and molecular adaptations to 
exercise and implications of 
physical inactivity to disease 

Exercise & 
Nutrition 
Research

GeneticsAging

physical inactivity to disease 
pathology

 Potential for utilizing exercise and 
nutrition to influence gene 

i  h i l i l 

Cardio-
pulmonary
Physiology

Obesity

expression, physiological 
adaptations, and health in 
apparently healthy and diseased 
populations

Neuro-
science

Medicine

Chronic 
Diseases



Influence of Exercise Intensity on 
Myogenic RegulationMyogenic Regulation

 A single bout of high-intensity resistance 
i  i  bl  f ti ti  th  

Wilborn et al. J Strength Cond Res 23(8): 2179–2187, 2009

exercise is capable of activating the 
expression of various genes in skeletal 
muscle involved in hypertrophy such as 
myosin heavy chain (MHC) isoforms, 
myogenic regulatory factors (MRFs), and 
growth factors. 

 Role exercise intensity plays on expression of 
these genes is not well-defined. these genes is not well defined. 

 This study examined the effects of exercise 
intensity on MHC (type I, IIA, IIX), MRF 
(Myo-D, myogenin, MRF-4, myf5), and 
g o th facto  (ins lin like g o th facto  growth factor (insulin-like growth factor 
[IGF]-1, IGF-1 receptor [IGF-R1], 
mechanogrowth factor [MGF]) mRNA 
expression.



Influence of Exercise Intensity on 
Myogenic RegulationMyogenic Regulation

 13 male participants (21.5±2.9 

Wilborn et al. J Strength Cond Res 23(8): 2179–2187, 2009

years, 86.1±19.5 kg, 69.7±2.7 in) 
completed bouts of RE involving 4 
sets of 18–20 repetitions with 60–
65% 1RM d 4 t  f 8 10 65% 1RM and 4 sets of 8–10 
repetitions with 80–85% 1RM. 

 Vastus lateralis biopsies were 
obtained immediately before and at obtained immediately before and at 
30-minutes, 2-hrs, and 6-hrs after 
exercise. 

 The levels of mRNA expression were  The levels of mRNA expression were 
determined using real-time 
polymerase chain reaction.



Influence of Exercise Intensity on 
Myogenic RegulationMyogenic Regulation
Wilborn et al. J Strength Cond Res 23(8): 2179–2187, 2009



Influence of Exercise Intensity on 
Myogenic RegulationMyogenic Regulation
Wilborn et al. J Strength Cond Res 23(8): 2179–2187, 2009



CarbohydrateCarbohydrate

Exercise

Adapted from J. Ivy, ISSN 2008



LeucineLeucine--enriched enriched EAA and CHO ingestion following resistance EAA and CHO ingestion following resistance 
exercise enhances exercise enhances mTORmTOR signaling & protein synthesis in human signaling & protein synthesis in human exercise enhances exercise enhances mTORmTOR signaling & protein synthesis in human signaling & protein synthesis in human 
muscle.  muscle.  Dreyer et al., Dreyer et al., Am J Am J PhysiolPhysiol EndocrinolEndocrinol MetabMetab 294: E392294: E392––E400, 2008.E400, 2008.

• Dryer et al. examined the effects of RE 
and EAA/CHO on mammalian target of and EAA/CHO on mammalian target of 
rapamycin (mTOR) signaling and 
muscle protein synthesis in humans

• 16 male subjects were randomized to 
one of two groups (control or EAACHO)one of two groups (control or EAACHO)

• Subjects performed 10 sets x 10 reps at 
70% or 1RM of bilateral leg extensions 

• Subjects ingested EAA (0.35 g/kg/LM) 
and CHO (0 5 g/kg/LM) or nothing 1 h and CHO (0.5 g/kg/LM) or nothing 1 h 
after RE 

• mTOR signaling was assessed at 
baseline and at 0, 60, and 120 min 
after exercise from muscle biopsy after exercise from muscle biopsy 
samples 

• Mixed FSR was measured using stable 
isotope techniques.



LeucineLeucine--enriched enriched EAA and CHO ingestion following resistance EAA and CHO ingestion following resistance 
exercise enhances exercise enhances mTORmTOR signaling & protein synthesis in human signaling & protein synthesis in human exercise enhances exercise enhances mTORmTOR signaling & protein synthesis in human signaling & protein synthesis in human 
muscle.  muscle.  Dreyer et al., Dreyer et al., Am J Am J PhysiolPhysiol EndocrinolEndocrinol MetabMetab 294: E392294: E392––E400, 2008.E400, 2008.



Effects of ingesting carbohydrate and branchedEffects of ingesting carbohydrate and branched--chain amino acids on chain amino acids on 
markers of skeletal muscle protein synthesis of the insulinmarkers of skeletal muscle protein synthesis of the insulin--PI3KPI3K--mTOR mTOR markers of skeletal muscle protein synthesis of the insulinmarkers of skeletal muscle protein synthesis of the insulin PI3KPI3K mTOR mTOR 
signal transduction pathways in response to a bout of heavy resistance signal transduction pathways in response to a bout of heavy resistance 
exerciseexercise Ferriera. Dissertation. 2008: Available: https://beardocs.baylor.edu/handle/2104/5230; MSSE. 41(5):S112-3, 2009;   

• 27 recreationally trained males (20.9 y; 
35081.8 kg) were randomly assigned to:  

• BCAA (30 g) + CHO (350 g)
• CHO (350 g) 
• CON 200

250

300

350

• Participants performed 4 sets of leg press 
and extensions at 80% 1RM to failure.  

• Supplements were ingested at 3 time 
points: 30 min prior to RE, and 50

100

150

200
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immediately pre- and post-RE.  
• Glucose & insulin measured at baseline 

and at 30-min, 2-hr, and 6-hr post RE
• Muscle biopsies were obtained at -100
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0

B li 60 150 390
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baseline and at 30-min, 2-hr, and 6-hr 
post RE and assayed for ERK1/2, IRS, 
Akt/PKB, GSK, mTOR, 4E-BP1, and 
P70S6K. 
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Time (min) Post-Exercise
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Effects of ingesting carbohydrate and branchedEffects of ingesting carbohydrate and branched--chain amino acids on chain amino acids on 
markers of skeletal muscle protein synthesis of the insulinmarkers of skeletal muscle protein synthesis of the insulin--PI3KPI3K--mTOR mTOR markers of skeletal muscle protein synthesis of the insulinmarkers of skeletal muscle protein synthesis of the insulin PI3KPI3K mTOR mTOR 
signal transduction pathways in response to a bout of heavy resistance signal transduction pathways in response to a bout of heavy resistance 
exerciseexercise
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Effects of ingesting carbohydrate and branchedEffects of ingesting carbohydrate and branched--chain amino acids on chain amino acids on 
markers of skeletal muscle protein synthesis of the insulinmarkers of skeletal muscle protein synthesis of the insulin--PI3KPI3K--mTOR mTOR markers of skeletal muscle protein synthesis of the insulinmarkers of skeletal muscle protein synthesis of the insulin PI3KPI3K mTOR mTOR 
signal transduction pathways in response to a bout of heavy resistance signal transduction pathways in response to a bout of heavy resistance 
exerciseexercise
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Effects of ingesting carbohydrate and branchedEffects of ingesting carbohydrate and branched--chain amino acids on chain amino acids on 
markers of skeletal muscle protein synthesis of the insulinmarkers of skeletal muscle protein synthesis of the insulin--PI3KPI3K--mTOR mTOR markers of skeletal muscle protein synthesis of the insulinmarkers of skeletal muscle protein synthesis of the insulin PI3KPI3K mTOR mTOR 
signal transduction pathways in response to a bout of heavy resistance signal transduction pathways in response to a bout of heavy resistance 
exerciseexercise

• Insulin and glucose increase 3-fold in 

Ferriera. Dissertation. 2008: Available: https://beardocs.baylor.edu/handle/2104/5230; MSSE. 41(5):S112-3, 2009;   

Insulin and glucose increase 3 fold in 
response to supplementation with no 
differences between CHO and BCAA + CHO

• IRS, Akt/PKB, ERK1/2, and p70S6K 
significantly increased in response to RE significantly increased in response to RE 
while mTOR tended to increase

• RE increased the phosphorylation status of 
IRS, AKT/PKB, p70S6K and ERK above 
b li  l l  ith  ff t  f baseline levels with no effects of 
supplementation

• Akt/PKB and mTOR tended to be different 
among groups

• More research is needed to examine the 
interaction of exercise and nutrition



Future DirectionsFuture Directions
 Assessment of role of exercise 

and nutrition on disease 
pathology, prevention, &  Nutritionpathology, prevention, &  
management

 More application to clinical 
populations 
T di i li  bi di l d 

Exercise  
Science

MetabolismCancer

Mental 
Health

 Transdisciplinary biomedical and 
behavioral research focus

 Translation of basic research to 
clinical practice, community 

Exercise & 
Nutrition 
Research

GeneticsAging

p , y
health interventions, & public 
health education and policy

 Nutrigenomics; nutraceutical; 
bioactives added to foods; and   

Cardio-
pulmonary
Physiology

Obesity

bioactives added to foods; and,  
individualized exercise, 
nutritional, and/or pharmaeutical 
prescriptions 

Neuro-scien
ce

Medicine

Chronic 
Diseases
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