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EFFECTS OF AMINO ACID INFUSION ON SKELETAL MUSCLE 

PROTEIN BALANCE IN SEVERELY BURNED PATIENTS
Biolo & Wolfe, Clinical Nutrition (abstract) 2001
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THE ROLE OF TRANSMEMBRANE AMINO ACID 
TRANSPORT KINETICS IN ANABOLIC RESISTANCE
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impaired ability of transport systems

and

increased shunting of leg blood flow from artery to vein

through non-nutritive routes
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“Strategies to decrease anabolic resistance should include

attempts to increase microvascular, nutritive muscle blood

flow.”



J. Clin. Invest. 95:811-819, 1995 
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R2 = 0.9318
400

500

RELATIONSHIPS BETWEEN INSULIN-MEDIATED STIMULATION OF 
MUSCLE BLOOD FLOW AND PROTEIN SYNTHESIS

(leg or forearm A-V balance technique combined with stable isotopes) 

Moeller-Loswick et al., AJP 1994
Moeller-Loswick et al., AJP 1995
Zanetti et al., Cl Science 1999
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Am J Physiol. 1995 Mar;268(3 Pt 1):E514-20.

Increased rates of muscle protein turnover and amino acid transport after resistance exercise in humans.
Biolo G, Maggi SP, Williams BD, Tipton KD, Wolfe RR.

Department of Internal Medicine, University of Texas Medical Branch, Galveston.
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Exercise increases microvascular, nutritive muscle blood flow
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Resistance training to counteract the catabolism of a 
low-protein diet and reduce the malnutrition-inflammation complex 

syndrome of chronic kidney disease
Castaneda et al. Ann Int Med 2001; Am J Kidney Dis 2004

low-protein diet (0.6 g/kg/d)
+

resistance exercise training

low-protein diet (0.6 g/kg/d)Patients with chronic kidney 
disease, not on dialysis therapy

n = 26
Randomized, Controlled Trial

12 weeks
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anabolic resistance

CHANGES VERSUS BASELINE
AFTER INSULIN, GLUCOSE AND AMINO ACID INFUSION

CONTROLS
CIRRHOTIC PATIENTS



501 ± 39 kcal
0.8 g protein/kg ideal BW

559 ± 79 kcal
1.5 g protein/kg ideal BW

Metabolic Effects of Very Low Calorie
Weight Reduction Diets
L.J. Hoffer, B.R. Bistrian, V.R. Young, G.L. Blackburn, and D.E. Matthews

J Clin Invest 1984

1.5 g protein/kg ideal BW

WEIGHT
LOSS p = NS p < 0.01

NITROGEN 
BALANCE
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PREOPERATIVE INSULIN RESISTANCE AND THE IMPACT OF FEEDING ON POSTOPERATIVE 

PROTEIN BALANCE.  A STABLE ISOTOPE STUDY
Francesco Donatelli, Davide Corbella, Marta Di Nicola, Franco Carli, Luca Lorini, Roberto Fumagalli, Gianni Biolo.

Ospedali Riuniti di Bergamo, Italy; McGill University Health Centre, Montreal, Quebec, Canada; University of Trieste, Italy

J Clin Endocrinol Metab 2011
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Inactivity Amplifies the Catabolic Response of 
Skeletal Muscle to Cortisol

Ferrando et al., J Clin Endocrinol & Metab, 1999
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CACHEXIA

SARCOPENIC OBESITY

MALNUTRITION IN PATIENTS WITH 
CANCER OR CHRONIC DISEASES

Anabolic resistance →→→→ muscle atrophy

ANOREXIA ADEQUATE OR INCREASED

NUTRIENT INTAKE
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Metabolic Responses to 
Reduced Daily Steps in Healthy 

Nonexercising Men
JAMA 2008
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Strength improvements from 6 to 24 wk, a

significant difference was apparent between

groups: nutrient group, 9±3% vs. control, 1±2% (P

Adjusting for covariates (age at inclusion, BMI at

inclusion, and BMD of the femoral neck at

inclusion) a significant (P < 0.05) difference was

seen in the response to training of bone mineral

density between the two groups.

groups: nutrient group, 9±3% vs. control, 1±2% (P

< 0.05).



The majority of sick elderly patients require at

least 1 g protein/kg/day and around 30

kcal/kg/day of energy, depending on their

activity.





A 5-Year Cohort Study of the Effects of High Protein Intake on Lean Mass 
and Bone Mineral Content in Elderly Postmenopausal Women

J Bone Miner Res. 2009

• relationship between baseline protein intake and lean mass and bone mineral 
content (DEXA) 
• 862 elderly postmenopausal women (mean age: 75 yrs)
• 5 years follow-up

2

4

6

Percent differences between the lowest (< 66 g/d), and the highest 
(> 87 g/d) tertile of protein intake

0

2

whole body
lean mass

whole body 
bone mineral density

A higher protein intake is associated with long term beneficial 
effects on muscle mass and size and bone mass in elderly women 



PROTEIN REQUIREMENT IN CRITICAL ILLNESS

AT ADEQUATE ENERGY INTAKE

Wolfe et al., Ann Surg 1983; Ishibashi et al., Crit Care Med 1998

Hoffer Am J Clin Nutr 2003

g protein / kg IBW per day

≈≈≈≈ 0.7 ≈≈≈≈ 1.0 ≈≈≈≈ 1.5 ≈≈≈≈ 2.2
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Protein/amino acid  
requirement

“1.3–1.5 g/kg ideal body weight
per day in conjunction with an
adequate energy supply”adequate energy supply”

(Grade B)

2009 ESPEN Guidelines



Medications and 
nutraceuticals to 

counteractcounteract
anabolic resistance





8 weeks supplementation

CLAMP = INSULIN+GLUCOSE+AMINO ACID INFUSION



90-day strength training increased muscle strength in elderly women. The inclusion of fish oil

supplementation caused greater improvements in muscle strength and functional capacity.

Fish
oil

Fish
oil

Fish
oil

Fish
oil



COUNTERACTING ANABOLIC RESISTANCE

ANABOLIC

RESISTANCE

Critical illness

Chronic diseases 

Aging

Inactivity

• Increase microvascular, nutritive muscle blood 
flow (exercise)

• Definition of optimal protein intake in each 
condition

• Control of energy balance and fat mass 

• Medications and nutraceuticals (?)

COUNTERACTING ANABOLIC RESISTANCE
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