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As donor-funded initiatives
expand in developing countries,
it has become clear that 
improving nutrition quality
must be addressed in the 
treatment of HIV disease and
AIDS. When considering
nutritional intervention to
improve the health of those 
with HIV infection, it should 
be remembered that whey 
proteins provide a number of
unique advantages; a range 
of protein fractions and growth
factors with established
immune-enhancing properties;
and an amino acid profile that
exceeds world health standards.
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symptoms manifest and, at a critical
point, AIDS develops.

Malnourishment is thought to 
exacerbate the incidence and severity
of opportunistic infections that HIV
manifests, which in turn accelerate 
the progression of this disease.29

Therefore, HIV infection is having 
a devastating impact in developing
countries,2 where malnutrition is more
prevalent. A vicious cycle has been
envisaged in which undernourished
HIV-infected persons have nutrient
deficiencies, leading to further
immunosuppression and oxidative
stress and subsequent acceleration 
of HIV replication and CD4+ 
T-cell depletion.36

HIV (Human Immunodeficiency Virus)
is the virus that causes AIDS (Acquired
Immune Deficiency Syndrome), a 
disease that has no precedent in 
medical history. HIV attacks the
immune system, primarily, the white
blood cells (the T-lymphocytes or 
CD4 cells) and macrophages of the
body. These cells play a key role in
maintaining a person's immunity to
disease. As a result, HIV-infected 
people become susceptible to 
illnesses caused by the collapse 
of the body's immune system. 
HIV-infected individuals can remain
physically well for many years after 
initial infection. However, over time, the
virus overwhelms the immune system,
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WHAT IS 
HIV-RELATED WASTING?

Wasting is simply the unintentional loss of
life-supporting body cell mass (BCM) that
underlines mortality in HIV/AIDS.28 BCM
comprises all metabolically-active cells in
organs and tissues, the highest proportion
of BCM residing in skeletal muscle.54 HIV 
infection causes a depletion in BCM but
also a redistribution in body composition
(increased fat accumulation in the torso and
a reduction of muscle mass in the limbs,
particularly in men).10 In the initial stages, 
a reduction in BCM often occurs without
detectable weight loss.28 However, a 
reduction in BCM is associated with
immunological dysfunction, a progression
in this disease.16 Most patients (and many
clinicians) do not have access to equipment
that can assess alterations in BCM. 
Therefore, interventions that focus 
specifically on maintaining muscle mass 
are tangible objectives that may help 
control the progression of HIV.

The devastation of this cycle is thought 
to be reduced significantly by improving
nutritional quality.2 However, it is clear that
even in the asymptomatic individual, HIV
creates intense metabolic demands that
lead to the depletion of specific biochemical
components.16 A reduction in these 
components is thought to forecast immune
dysfunction and wasting.16 It is also clear
that the requirements of this highly specific
biochemical environment that maintains
immune competence and prevents wasting
are not met simply by increasing caloric 
intake alone.28

This review of the relevant literature 
suggests that, more than many other 
nutritional material, the incorporation 
of whey proteins into the diet would help
meet the intense metabolic demands 
created by HIV and improve the health of
people living with this virus. Whey proteins
are the soluble protein fractions and growth
factors found in dairy milk. Whey protein
products such as whey protein concentrate
(WPC, ≥80% protein) and whey protein 
isolate (WPI, 90-95% protein) are pure
sources of high quality proteins that contain
minimal fat, carbohydrate and lactose. 
They also contain a range of protein 
fractions that are implicated in an array 
of immune-enhancing and bioactive 
functions that promote the maintenance 
of intestinal health, destruction of
pathogens and elimination of toxins.35,52

Most importantly, WPC and WPI contain 
a high concentration of the indispensable
biochemical constituents thought to 
maintain immune competence that helps 
to prevent HIV-related wasting.

WHAT CAUSES 
HIV-RELATED WASTING?

HIV-related muscle wasting is basically the
result of an unrelenting attack by this virus
on a failing immune system. Although its
pathology is multifaceted, HIV-related 
wasting is driven essentially by inadequate
energy intake and the body’s chronic, 
systemic inflammatory response to this 
virus.30,33,43 The constant immune response
to HIV creates a dramatic increase in 
whole body protein turnover that leads to
excessive breakdown of muscle tissue in an
attempt to provide the chemical energy
required to fight this virus and its related
infections.21 Specifically, the demand is for
muscle glutamine, the indispensable fuel
that powers immune function46,59 (see:
Muscle, HIV and the Immune System). 
However, the mechanisms that underline
HIV-related wasting are thought not to
reside exclusively within muscle.

HIV-related wasting is thought to 
originate from a breakdown in the precise
regulatory network between muscle, blood
(plasma) and the liver.18 In particular, the
concentration of the amino acid cysteine in
the blood appears pivotal in the prevention
of HIV-related immunological dysfunction
and wasting.21 An abundant supply of 
cysteine in the blood appears essential 
for the necessary metabolism of this 
amino acid within the liver; a textbook 
biochemistry process that down-regulates
urea formation (protein loss within 
the body).18 Low plasma cysteine 
concentrations and a high rate of urea 
production are the metabolic “symptoms”
that forecast wasting before the condition
becomes evident.18 However, an adequate
supply of cysteine to the liver not only
inhibits the loss of body proteins but it 
also boosts glutathione production (an
important antioxidant in fighting HIV 
infection) and shifts whole body nitrogen
disposal towards preservation of the muscle
glutamine reservoir.16 Therefore, nutritional
interventions that focus specifically on 
providing an abundance of cysteine 
to the liver and substrates that boost 
muscle glutamine production would help
maintain immune competence and 
BCM, and control the progression of 
the disease.5,16,49



Protein Type PDCAAS AAS PER BV NPU

Whey Protein Concentrate 1.14 1.14 3.2 100–104 99

Whole Egg 1.00 1.21 3.9 88–100 98

Casein 1.00 1.00 2.5 77–80 99

Soy Protein Concentrate 1.00 0.99 2.1 61–74 95

Beef Protein 1.00 0.94 2.9 80 98

Wheat Gluten 0.25 0.47 0.8 54 91

Source: Protein Quality Evaluation, Report of the Joint FAO/WHO Consultation; Reference Manual for 
U.S. Whey Products, 2nd Edition, U.S. Dairy Export Council

PDCAAS—Protein Digestibility Corrected Amino Acid Score*: The PDCAAS is the current accepted
measure of protein quality as it closely compares to determinations done with animals. Values greater than 1.0
for both the AAS and the PCDAAS are considered to indicate that the protein contains essential amino acids in
excess of the human requirements.

AAS—Amino Acid Score: A chemical technique considered fast, consistent and inexpensive. It measures the
indispensable amino acids present in a protein and compares the values with a reference protein. The protein is
rated based upon the most limiting indispensable amino acid.

PER—Protein Efficiency Ratio: Measures the ability of a protein to support the growth of a weanling rat. 
It represents the ratio of weight gain to the amount of protein consumed.

BV—Biological Value: Measures the amount of nitrogen retained in comparison to the amount of nitrogen
absorbed. The BV and the NPU methods reflect both availability and digestibility and they give an accurate
appraisal of maintenance needs.

NPU—Nitrogen Protein Utilization: The ratio of the nitrogen used for tissue formation versus the amount 
of nitrogen digested.

PROTEIN BASICS AND HIV

All proteins are constructed of linear chains
of amino acids (the building blocks of 
protein). The quality of a protein is generally
reflective of its concentration in essential
amino acids; those that must be derived
from the diet to maintain health. WPC and
WPI contain a higher concentration of
essential amino acids than other high 
quality protein sources such as soy and 
casein.8 Therefore, whey proteins score 
the highest ratings in most methods 
that determine protein quality (Table1).
Assessments of protein quality also provide
a relative measure of a protein’s ability to
satisfy specific requirements related to
health. Whey protein’s amino acid profile
meets or exceeds all of the essential amino
acid requirements set by the Food and 
Agriculture Organization/World Health
Organization (FAO/WHO).

As whole-body protein turnover is markedly
increased from HIV infection,59 people 
living with this virus are thought to have an
increased dietary requirement for protein.47

The results of cross-sectional studies in 
HIV-infected people demonstrate that the
preservation of BCM is highly correlated
with dietary protein intake.55 Consequently,
a high protein intake appears to be an
important dietary factor in maintaining
BCM. However, obtaining an adequate 
protein intake on a daily basis is often 
difficult for HIV-infected individuals due 
to oral infections and/or compromised
digestion capabilities associated with HIV.
Thus, individuals with HIV infection must
ensure that the protein they consume is of
the highest nutritional value.
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THE BENEFITS OF WHEY 
PROTEINS IN HIV

When untreated, HIV infection depletes
BCM which leads to mortality.28 Highly
active anti-retroviral therapy (HAART) 
reduces viral load and therefore improves
protein metabolism.57 However, it is 
important to understand that these drug
therapies (including protease inhibitors) 
do not correct the underlying abnormalities
in protein metabolism that HIV creates.57

Weight is regained with HAART but 
the weight gain is primarily visceral 
adipose tissue.37

Many clinically unrelated conditions 
that create wasting (cachexia) reveal 
conspicuously similar biochemical 
symptoms.16,27 When combined, the 
results of these studies have also identified
an optimal biochemical environment that
appears essential to maintaining immune
competence and preserving/restoring
BCM.16 When designing a nutritional 
intervention that may help meet the intense
metabolic demands of conditions that cause 
wasting, it should be remembered that 
in comparison to other dietary protein
sources, whey proteins such as WPC and
WPI provide a higher concentration of all 
the indispensable constituents that create
and maintain the optimal biochemical 
environment that helps to maintain/restore
immune proficiency and BCM.

Table 1. Protein Quality Comparison Chart
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• Whey proteins encompass a 
range of protein fractions including 
a-lactalbumin, b-lactoglobulin, serum
proteins, lactoferrin and a series of
immunoglobulins. Individually, these 
fractions are established immune-
enhancing constituents that are 
implicated in a range of bioactive 
functions such as prebiotic effects, 
promotion of tissue repair, maintenance 
of intestinal integrity, destruction of
pathogens and elimination of toxins.35,52

Collectively, whey proteins are also one of
very few nutritional materials shown in
research to modulate both specific and
nonspecific aspects of immune function
using proven in vitro and in vivo models.
Often, these improvements are correlated
with measurable improvements in
immune-meditated health.7,19,22,32,48

• HIV retards the cellular mechanisms that
build and restore muscle protein.57 Whey’s
amino acid profile is almost identical to
that of skeletal muscle; it provides all of
the correct amino acids in approximate
proportion to their ratios in skeletal 
muscle.20 Compared to other protein
sources, WPC and WPI contain a higher
dose (per100g) of the essential amino
acids.8 The essential amino acids are
indispensable for activating the cellular
mechanisms that promote protein 
accretion within muscle.51
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• In comparison to other high quality 
proteins such as casein and soy, WPC 
and WPI contain at least a 4-fold higher
concentration of the amino acid cysteine.8

The concentration of cysteine within the
body is one of the key components in 
the optimal biochemical environment 
that builds/maintains muscle mass and
immune competence.18 The concentration
of this amino acid in the blood (plasma) 
is one of the factors thought by some 
scientists to regulate whole body protein
metabolism, particularly in conditions that
promote wasting.21 An adequate supply of
cysteine in plasma and tissues is essential
to maintaining a high ratio of active 
glutathione (GSH) in cells, which protects
against oxidative stress.5,26 Enhanced GSH
status is also associated with improved
immune function42,50 and the preservation
of lean body mass, mainly muscle.27 In
comparative studies with other protein
sources, whey proteins are exclusive in
their ability to boost GSH status. This is
thought to be a result of whey protein’s 
rich concentration of bioavailable
cysteine.6,26,31,34,40

• Whey proteins are the richest, naturally
occurring source of branched chain amino
acids (BCAAs): leucine, isoleucine and
valine.52 For the person living with HIV, 
the BCAAs play a pivotal role in the
preservation of BCM and the immune 
system (see: Muscle, HIV and the Immune
System). The BCAAs serve as direct 
precursors for glutamine synthesis and
energy production within muscle.24

The BCAAs have also been identified 
as key components in activating the
mechanisms that restore muscle protein.3

• Whey proteins are digested in a manner
that is most suitable to those with 
compromised absorption capabilities.
Whey proteins are soluble, do not clot in
the stomach and are absorbed rapidly.4

They deliver more essential amino acids to
tissues that result in a higher net protein
gain in both young and older adults.15

When prescribed to clinically ill patients,
whey proteins are shown to be nontoxic
and free of adverse effects.5 Therefore,
whey proteins are a rich source of easily
assimilated protein and of all of the amino
acids that appear essential to preserving/
restoring BCM and immune competence.
Whey protein supplementation can be
combined safely with antiviral therapy 
but also other therapeutics that aim to
preserve or restore critical BCM.

MUSCLE HIV AND THE IMMUNE SYSTEM

Skeletal muscle and the immune system are intimately related. The glutamine synthesized
in muscle is the primary fuel for immune activation in cells such as enterocytes, 
thymocytes and neutrophils but particularly, the lymphocytes and macrophages that 
play such a quantitatively important role in the immune response.13 It is important to note
that even in healthy individuals, the rate of uptake of glutamine by immune cells proceeds
regardless of the body’s present concentration. All immune cell replication requires 
glutamine, yet it cannot be synthesized by immune cells.46 One of the key aspects thought
to underline muscle wasting seen with HIV infection is an imbalance between rates of 
muscle glutamine production and the unrelenting demand for this amino acid by the
immune system.46 HIV is a traumatic condition that generates a constant immune
response that can easily overwhelm the body’s ability to produce enough glutamine.
Numerous studies have demonstrated that the body’s capacity to synthesize glutamine 
is insufficient when coping with metabolic stress created by conditions such as HIV.13,46

Commercially available whey protein formulations such as WPC and WPI are the richest
known sources of the constituents used exclusively for glutamine synthesis in muscle.24

These constituents are the BCAAs (26%) and glutamate (6%).8 Therefore, over one-third 
of whey proteins’ entire amino acid profile is devoted to preserving the muscle glutamine
reservoir. On a gram for gram basis, whey proteins are an economical source of BCAAs,
which are indispensable to the maintenance of immune competence and the preservation
of muscle tissue.



GLUTATHIONE AND HIV

The GSH antioxidant system is the principal
cellular mechanism that protects tissues
against oxidative stress.56 An integral 
role of the immune system is to reduce
oxidative stress.17 Therefore, GSH is also
indispensable to many aspects of the
immune function such as lymphocyte 
proliferation, antibody-dependent and 
cell-mediated cytotoxicity, and protection of
lymphocytes against superoxides produced
to destroy invading pathogens.49,56 In fact,
immune competence is correlated with the
concentration of GSH in the lymphocytes 
(T-cells).42

The critical importance of GSH in HIV 
has been confirmed in a report that 
demonstrated poor survival rate of HIV-
infected individuals with low GSH levels 
in immune cells.23 Specifically, GSH 
deficiency in CD4+ T-cells is associated with
death within 2-3 years after baseline data
collection. Conversely, the chance of 
survival improves when GSH is replenished
and maintained.23

The progression of HIV infection is 
characterized by a systemic depletion of
GSH which can develop only weeks after
infection.39 Even symptom-free HIV-positive
individuals show a significant decline in
GSH concentrations over a12 month
period.41 This decline in GSH is exacerbated
by oxidative stress generated by HIV and its
related illnesses.39 The GSH deficiency
caused by HIV infection is thought to be due
to a decrease in synthesis capacity that is
secondary to a shortage of its rate-limiting
precursor, cysteine.25 Unfortunately, very
few clinical trials have examined the effects
of whey protein supplementation on GSH
status in HIV-infected people.39 However,
whey protein supplementation has been
shown to augment GSH or antioxidant 
status under a variety of unrelated 
conditions.6,11,26,31,40,53 In comparison 
to other protein sources, whey proteins are
exclusive in their capacity to boost GSH 
status and/or maintain concentrations of
active GSH during conditions of intense
metabolic stress.5,6,22,26,38,40,53
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INCORPORATING WHEY 
PROTEINS INTO THE DIET 
FOR BEST RESULTS

Whey proteins are one of very few 
nutritional supplements that have been
shown, in well-controlled studies, to
enhance GSH status and/or improve other
physiological parameters that promote
health. However, not all types of whey 
proteins are the same. The beneficial 
effects obtained in clinical trials utilized
WPC or WPI formulations that met the 
following criteria by: the maintenance of 
low temperature and a neutral pH during
processing as well as a significant degree 
of enzyme-specific hydrolysis (selectively
cleaves the protein into smaller peptide
chains) to extract the whey protein fractions
in their natural, intact state.

Nutritional guidelines for HIV disease 
support the intake of high quality proteins.29

Despite the literature documenting a variety
of benefits from supplementation with 
whey proteins, very few clinical trials have
examined the effects of whey proteins on
the health of HIV-infected patients.1,39 More
clinical trials need to be completed before
clear recommendations regarding dosages
can be made. However, the following 
suggestions are research-based guidelines
on how to incorporate whey proteins into
the diet to improve the health of people 
living with HIV.

Studies that have assessed the digestion-
absorption characteristics of whey proteins
show that, generally, a dose of whey protein
is absorbed rapidly and provides dramatic
but transient (2 hour) increase in blood
amino acid concentrations.4 Therefore, a
single dose may not provide a net gain in
protein within the body over the long term
(4-7 hours).14 However, a higher gain of 
protein within the body is obtained when
whey proteins are consumed as part of a
mixed-macronutrient meal, one containing
carbohydrates and a small amount of fat,
compared to other high quality proteins
such as casein.15

Based on this information, it appears that to
maintain or increase body protein stores, a
person with HIV should take small servings
of WPC or WPI (10-40g) in small, mixed-
macronutrient meals, every 3 to 4 hours.
Obviously, digestion ability and food 
allergies will dictate nutritional choices.
However, this mixed macronutrient meal
profile can be easily achieved by mixing a
serving of WPC or WPI in dairy, soy or
almond milk. Conversely, a serving of whey
protein could also be mixed in water and
consumed with or soon after a regular meal.
These simple strategies would enable the
individual to obtain the most benefits from
whey protein consumption.

Whey proteins are unique in that they are
absorbed rapidly, even when consumed
with other nutrients. Therefore, combining
whey with other high quality proteins that
are more slowly absorbed, such as casein,
may provide the best overall results in body
protein accretion. Combining whey proteins
with casein may prolong amino acid 
absorption for several hours, helping to 
reduce protein break-down and replenish
body protein stores.
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Regular, moderate exercise is important 
for longevity in people with HIV infection.
However, the ability to recover efficiently
from exercise is equally as important. Whey
proteins’ immune-enhancing properties,
excellent amino acid profile and rapid 
digestion kinetics make it the ideal protein
to consume after exercise. To promote 
efficient recovery from any type of exercise,
the HIV–positive individual should aim 
to consume a10 to 40g dose of WPC or 
WPI combined with an easily absorbed 
carbohydrate source (such as glucose),
mixed in plenty of water immediately 
after exercise. The all-important post-work-
out meal should be consumed soon after
supplementation to maintain steady insulin,
glucose and amino acid levels in the blood
to improve net protein gains.

Although information points to a 
potential beneficial effect of whey protein
consumption by HIV-infected individuals on
BCM preservation and immune function,
much still remains to be determined on the
appropriate doses and timing of intake. 
Clinical studies with a control group 
consuming an alternate protein source
should be done to determine the exact
effects of whey proteins, compared to other
protein sources, on body composition 
and immune function in the HIV-infected
individual. A combination of exercise and
adequate or supra-optimal protein intake
may be most appropriate intervention for
this population group. Again, the correct
amount and type of both exercise and 
protein intake remain to be determined.

THE IMPORTANCE OF EXERCISE IN HIV

HIV promotes muscle wasting which dramatically increases the risk of mortality. 
HIV impairs the cellular mechanisms that restore muscle protein so that even 
when body weight is regained, muscle mass is not restored.57 Therefore, 
progressive resistance exercise (PRE) (the use of weighted machines, or any 
type of free weights) is indispensable to people with HIV. It is the most effective 
activity to stimulate the cellular mechanisms that restore muscle protein.44

A small number of trials have concluded that PRE is a safe and effective strategy 
to increase lean muscle mass in HIV-infected patients.1,45,58 However, exercise 
without the correct nutritional intervention can cause immune dysfunction 
and a reduction in BCM, even in individuals who do not have HIV. Therefore, 
the exercise program must be tailored to the health status of the individual. 
Particularly, when it comes to PRE prescription, more is not necessarily better. 
The optimum frequency of exercise for individuals who are not infected with 
HIV is only 3-4 PRE workouts per week. For individuals who exhibit wasting,
1 or 2 brief (10-15 minute) bouts of PRE per week will result in beneficial effects.

Whey proteins may be particularly useful to enhance the effects of PRE. 
They are rapidly absorbed and present a high concentration of all the essential 
amino acids to muscle tissue.15 The combination of PRE and these amino acids 
is shown to dramatically enhance the anabolic (building) stimulus of PRE in 
healthy individuals.44 Therefore, a dose of whey protein (10-40g) should be taken 
just before and after each workout to boost the acute muscle building effect 
of PRE. As a single bout of PRE stimulates cellular anabolic mechanisms 
for up to 48 hours, the frequent consumption of whey protein in mixed-
macronutrient meals is thought to optimize muscle tissue accretion during 
a PRE training program.9,12

This enhancement of anabolism via a combination of whey protein 
consumption and PRE has, however, not yet been shown in HIV patients. 
Only one study has specifically studied PRE and whey protein consumption 
to date, and found that BCM was not increased to a greater extent than 
with PRE alone.1



7
e3.5.7

A P P L I C A T I O N S  M O N O G R A P H  ■ H I V / A I D S

REFERENCES
1. Agin D, Gallagher D, Wang J, et al. Effects of whey

protein and resistance exercise on body cell
mass, muscle strength, and quality of life in
women with HIV. AIDS 7: 2431-2440, 2001.

2. Ambrus JL Sr and Ambrus JL Jr. Nutrition and
acquired immunodeficiency syndrome. Exp Biol
Med 229: 865-870, 2004.

3. Anthony JC, Anthony TG, Kimball SR. Signaling
pathways involved in the translocational control
of protein synthesis in skeletal muscle by leucine.
J Nutr131: 856s-860s, 2001.

4. Boirie Y, Dangin M, Gachon P, et al. Slow and 
fast dietary proteins differently modulate 
postprandial protein accretion. Proc Natl Acad Sci
94:14930-14935,1997.

5. Bounous G and Molson JH. The antioxidant sys-
tem. Anticancer Res 23:1411-1415, 2003.

6. Bounous G. Whey protein concentrate (WPC)
and glutathione modulation in cancer treatment.
Anticancer Res 20: 4785-4792, 2000.

7. Bounous G and Kongshavn PK. Influence of 
Protein Type in Nutritionally Adequate Diets 
on the Development of Immunity. In Absorption
and Utilization of Amino Acids., ed. M. Friedman. 
CRC Press. Boca Raton FL,1989.

8. Bucci LR and Unlu L. Proteins and amino 
acids in exercise and sport. In Energy-Yielding
Macronutrients and Energy Metabolism in Sports 
Nutrition. Driskell J, and Wolinsky I. Eds. 
CRC Press. Boca Raton FL, p191-200, 2000.

9. Burke DG, Chilibeck PD, Davidson KS, et al. The
effect of whey protein supplementation with and
without creatine monohydrate combined with
resistance training on lean tissue mass and 
muscle strength. Int J Sport Nutr Exerc Metab11:
349-364, 2001.

10. Chen D, Misra A and Garg A. Lipodystrophy 
in Human Immunodeficiency Virus-Infected
Patients. J Clin Endocrinol Metab 87: 4845-4856,
2002.

11. Child RB, Bullock M and Palmer K. Physiological
and biochemical effects of whey protein and
ovalbumin supplementation in healthy males.
Med Sci Sports Exerc 35: S270, 2003.

12. Cribb PJ, Williams AD, Hayes A and Carey MF.
The effect of whey isolate on strength, body 
composition and plasma glutamine. Med Sci
Sports Exerc 34: A1688, 2002.

13. Curi R, Lagranha CJ, Doi SQ, et al. Molecular
mechanisms of glutamine action. J Cell Physiol
204: 392-401, 2005.

14. Dangin M, Boirie Y, Garcia-Rodenas C, et al. 
The digestion rate of protein is an independent
regulating factor of postprandial protein 
retention. Am J Physiol Endocrinol Metab 280: E340-
E348, 2001.

15. Dangin M, Guillet C, Garcia-Rodenas C, et al. 
The rate of protein digestion affects protein gain
differently during aging in humans. J Physiol 549.2:
635-644, 2003.

16. Dröge W and Holm E. Role of cyst(e)ine 
and glutathione in HIV infection and other 
diseases associated with muscle wasting and
immunological dysfunction. Faseb J11:1077-1089,
1997.

17. Droge W, Schulze-Osthoff K, Mihm S, et al. 
Functions of glutathione and glutathione 
disulfide in immunology and immunopathology.
Faseb J 8:1131-1138,1994.

18. Dröge W, Hack V, Breitkreutz R, Holm E, et al.
Role of cysteine and glutathione in signal 
transduction, immunopathology and cachexia.
BioFactors 8: 97-102,1998.

19. Ford JT, Wong CW and Colditz IG. Effects of
dietary protein types on immune responses and
levels of infection with Eimeria vermiformis in
mice. Immunol Cell Biol 79: 23-28, 2001.

20. Ha E and Zemel MB. Functional properties of
whey, whey components, and essential amino
acids: mechanisms underlying health benefits for
active people. J of Nutri Biochem14: 251-258, 2003.

21. Hack V, Schmid D, Breitkreutz R, et al. Cysteine
levels, cystine flux, and protein catabolism 
in cancer cachexia, HIV/SIV infection and 
senescence. Faseb J11: 84-92,1997.

22. Hakkak R, Korourian S, Ronis MJ, Johnston JM
and Badger TM. Dietary whey protein protects 
against azoxymethane-induced colon tumors 
in male rats. Cancer Epidemiol Biomarkers Prev10:
555-558, 2001.

23. Herzenberg LA, De Rosa SC, Dubs JG, et al. 
Glutathione deficiency is associated with
impaired survival in HIV disease. Proc Natl Acad 
Sci 9:1967-1972,1997.

24. Holecek M. Relation between glutamine,
branched-chain amino acids, and protein 
metabolism. Nutrition18:130-133, 2002.

25. Jahoor F, Jackson A, Gazzard B, Philips G, 
Sharpstone D, Frazer ME and Heird W. 
Erythrocyte glutathione deficiency in symptom-
free HIV infection is associated with decreased
synthesis rate. Am J Physiol 276: E205-E211,1999.

26. Kent KD, Harper WJ and Bomser JA. Effect of
whey protein isolate on intracellular glutathione
and oxidant-induced cell death in human
prostate epithelial cells. Toxicol In Vitro17: 
27-33, 2003.

27. Kinscherf R, Hack V, Fischbach T, et al. Low
plasma glutamine in combination with high 
glutamate levels indicate risk for loss of body 
cell mass in healthy individuals: the effect of 
N-acetyl-cysteine. J Mol Med 74: 393-400,1996.

28. Kotler DP. Body composition studies in 
HIV-infected individuals. Ann N Y Acad Sci 904:
546-552, 2000.

29. Kotler DP. Nutritional alterations associated 
with HIV infection. J Acquir Immune Defic Syndr 25:
S81-S87, 2000.

30. Kotler DP. Cachexia. Ann Intern Med133: 
622-634, 2000.

31. Lands LC, Grey VL and Smountas AA. Effect 
of supplementation with a cysteine donor on
muscular performance. J Appl Physiol 87:1381-
1385,1999.

32. Low PPL, Rutherford KJ, Gill HS and Cross ML.
Effect of Dietary Whey Protein Concentrate on
Primary and Secondary Antibody Responses in
Immunized BALB/C Mice. Immunopharmacol 3:
393-401, 2003.

33. Macallan DC. Wasting in HIV infection and AIDS.
J Nutr129: 238S-242S,1999.

34. Mariotti F, Simbelie KL, Makarios-Lahham L, 
et al. Acute ingestion of dietary proteins
improves post-exercise liver glutathione in 
rats in a dose-dependent relationship with their
cysteine content. J Nutr134;1:128-131, 2004.

35. Marshall K. Therapeutic applications of whey
protein. Altern Med Rev 9:136-156, 2004.

36. Marston B and De Cock KM. Multivitamins, 
nutrition, and antiretroviral therapy for HIV 
disease in Africa. N Engl J Med 351: 78-80, 2004.



Tel U.S.A. (703) 528-3049
Fax U.S.A. (703) 528-3705
www.usdec.org

47. Selberg O, Suttman U, Melzer A, et al. Effect of
increased protein intake and nutritional status on
whole-body protein metabolism in AIDS patients
with weight loss. Metabolism 44:1159-1165,1995.

48. Shimizu K, Matsuzawa H, Okada K, Tazume S,
Dosako S, Kawasaki Y and Hashimoto. 
Lactoferrin-mediated protection of the host 
from murine cytomegalovirus. Arch Virol141:
1875-1889,1996.

49. Townsend DM, Tew KD and Tapiero H. The
importance of glutathione in human disease. 
Biomed Pharmacother 57:145-155, 2003.

50. Venketaraman V, Dayaram YK and Amin AG. 
Role of glutathione in macrophage control of
mycobacteria. Infect Immun 71; 4:1864-1871, 2003.

51. Volpi E, Kobayashi H, Sheffield-Moore M, et al.
Essential amino acids are primarily responsible
for the amino acid stimulation of muscle protein
anabolism in healthy elderly adults. Am J Clin Nutr
78: 250-258, 2003.

52. Walzem RM, Dillard CJ and German JB. Whey
Components: Millennia of Evolution Create
Functionalities for Mammalian Nutrition: What
We Know and What We May Be Overlooking. 
Crit Rev Food Sci Nutr 42: 353-375, 2002.

53. Watanabe A, Okada K, Shimizu Y, et al. 
Nutritional therapy of chronic hepatitis by whey
protein (non-heated). J Med 31: 283-302, 2000.

54. Wang ZM, Visser M, Ma R, et al. Skeletal muscle
mass: evaluation of neutron activation and 
dual-energy X-ray absorptiometry methods. 
J App Physiol 80: 824-831,1996.

55. Williams SB, Bartsch G, Muurahainen N, et al.
Protein Intake Is Positively Associated with Body
Cell Mass in Weight-Stable HIV-Infected Men. 
J Nutr133:1143-1146, 2003. 

56. Wu G, Fang Y, Yang S, Lupton JR and Turner ND.
Glutathione Metabolism and Its Implications for
Health. J Nutr134: 489-492, 2004.

57. Yarasheski KE, Smith SR and Powderly WG. 
Reducing plasma HIV RNA improves muscle
amino acid metabolism. Am J Physiol Endocrinol
Metab 288: E278-E284, 2005.

58. Yarasheski KE, Tebas P, Stanerson B, et al. 
Resistance exercise training reduces 
hypertriglyceridemia in HIV-infected men 
treated with antiviral therapy. J Appl Physiol 90:
133-138, 2001.

59. Yarasheski KE, Zachwieja JJ, Gischler J, et al.
Increased plasma gln and Leu Ra and 
inappropriately low muscle protein synthesis 
rate in AIDS wasting. Am J Physiol 275: 
E577-E583,1998.

42. Peterson JD, Herzenberg LA, Vasquez K and 
Waltenbaugh C. Glutathione levels in 
antigen-presenting cells modulate Th1 versus
Th2 response patterns. Proc Natl Acad Sci 95: 3071-
3076,1998.

43. Reiter G. The HIV wasting syndrome. AIDS Clinical
Care 8:11,1996.

44. Rennie MJ and Tipton KD. Protein and amino 
acid metabolism during and after exercise 
and the effects of nutrition. Annu Rev Nutr 20:
457-483, 2000.

45. Roubenoff R and Wilson IB. Effect of resistance 
training on self-reported physical functioning 
in HIV infection. Med Sci Sports Exerc 33:
1811-1817, 2001.

46. Rutten EP, Engelen MP, Schols AM and Deutz
NE. Skeletal muscle glutamate metabolism in
health and disease: state of the art. Curr Opin Clin
Nutr Metab Care 8: 41-51, 2005.

37. McDermott AY, Shevitz A, Knox T, et al. Effect of
highly active antiretroviral therapy on fat, lean,
and bone mass in HIV-seropositive men and
women. Am J Clin Nutr 74: 679-686, 2001.

38. McIntosh GH, Regester GO, Le Leu RK, Royle PJ
and Smithers GW. Dairy proteins protect against
dimethylhydrazine-induced intestinal cancers in
rats. J Nutr125; 4: 809-816,1995.

39. Micke P, Beeh KM and Buhl R. Effects of long
term whey protein supplementation on plasma 
glutathione in HIV infected patients. Eur J Clin
Nutr 41:12-18, 2002.

40. Middleton N, Jelen P and Bell G. Whole blood
and mononuclear cell glutathione response 
to dietary whey protein supplementation in
sedentary and trained male human subjects. 
Inter J Food Sci Nutr 55; 2:131-141, 2004.

41. Pacht ER, Diaz P, Clanton T, Hart J and Gadek JE.
Alveolar fluid glutathione decreases in 
asymptomatic HIV-seropositive subjects over
time. Chest112: 785-788,1997.

8
e3.5.8

A P P L I C A T I O N S  M O N O G R A P H  ■ H I V / A I D S

Published by U.S. Dairy Export Council®

2101Wilson Boulevard / Suite 400 
Arlington, VA 22201-3061U.S.A.

Copyright © 2005, USDEC. All rights reserved.

Managed by Dairy Management Inc.TM


