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Muscle wasting has long been recognized as a major clinical problem in hemodialysis (HD) patients. In addition to its
impact on quality of life, muscle wasting has been proven to be associated with increased mortality rates. Identification of
the molecular mechanisms underlying muscle wasting in HD patients provides opportunities to resolve this clinical problem.
Several signaling pathways and humeral factors have been reported to be involved in the pathogenic mechanisms of muscle
wasting in HD patients, including ubiquitin-proteasome system, caspase-3, insulin/insulin-like growth factor-1 (IGF-1) signaling,
endogenous glucocorticoids, metabolic acidosis, inflammation, and sex hormones. Targeting the aforementioned crucial signaling
and molecules to suppress protein degradation and augment muscle strength has been extensively investigated in HD patients.
In addition to exercise training, administration of megestrol acetate has been proven to be effective in improving anorexia and
muscle wasting in HD patients. Correction of metabolic acidosis through sodium bicarbonate supplements can decrease muscle
protein degradation and hormone therapy with nandrolone decanoate has been reported to increase muscle mass. Although
thiazolidinedione has been shown to improve insulin sensitivity, its role in the treatment of muscle wasting remains unclear. This
review paper focuses on the molecular pathways and potential new therapeutic approaches to muscle wasting in HD patients.

1. Introduction

Hemodialysis (HD) is a life-saving replacement therapy for
patients with end-stage renal disease (ESRD). Although HD
can maintain and even extend an acceptable quality of life
for patients diagnosed with ESRD, long-termHD contributes
to a number of serious complications, including cardiovas-
cular disease, bleeding tendencies, renal osteodystrophy,
gonadal dysfunction, proteinmalnutrition, insulin resistance,
immunodeficiency, anemia, and muscle wasting [1]. Despite
great advances in managing HD-related complications, mus-
cle wasting is still an unresolved concern. Muscle wasting
is defined as unintentional body weight loss, which can be
divided into loss of lean body mass and fat mass, and has
been recognized as a common and major problem of chronic
kidney disease (CKD) that affects patient mortality rates,
daily activity, quality of life, immunity function, and numbers
of days of hospitalization [2]. In the general population, high

body mass has been demonstrated as a conventional risk
factor for cardiovascular events and all-cause mortality [3].
By contrast, previous studies have revealed a survival benefit
in HD patients possessing high body mass, and patients
on maintenance HD have been reported to suffer more
severe muscle wasting than predialysis CKD patients [4].
Therefore, early recognition and treatment of muscle wasting
are crucial for CKD patients to improve their quality of life
and prognosis.

Muscle wasting in HD patients has been said to occur
through either accelerated protein degradation or decreased
protein synthesis. Protein homeostasis between synthesis
and degradation depends on protein intake and utilization.
Approximately 4 g of protein/kg of bodyweight is synthesized
and degraded per day in a normal adult [5]. Skeletal muscle is
a dynamic organ and is the largest reservoir of protein, which
consists of amino acids and carbon chains. Muscle mass
represents the most reliable indicator of protein homeostasis
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and is affected by a variety of clinical catabolic illnesses such
as stress, liver failure, cancer, sepsis, diabetes, and CKD [6].
Accelerated protein degradation without a sufficient protein
supplymay lead to skeletalmuscle atrophy resulting inmuscle
wasting. It has been shown that by measuring the turnover of
labeled amino acids, the rate of protein degradation exceeds
synthesis during and after HD in ESRD patients [7]. Recent
advances in research on molecular mechanisms involved in
the development of muscle wasting in HD patients have
provided opportunities to resolve this old problem. In this
review paper, we focus on recent advances in research on
molecular mechanisms and the development of new thera-
peutic strategies for muscle wasting in HD patients.

2. Mechanisms of Muscle Wasting in
Hemodialysis Patients

Muscle wasting is determined by complex mechanisms and
several of these have been documented to explain muscle
wasting in CKD patients with and without HD (Figure 1).

2.1. Ubiquitin-Proteasome System. Ubiquitin-proteasome
system (UPS), the major mechanism of proteolysis, is acti-
vated in skeletal muscle in CKDpatients, as well as in patients
with other chronic diseases. Protein degradation is increased
mainly through activation and upregulation of the UPS
[8]. Ubiquitin is a small protein, which becomes covalent
by attaching to the 𝜀-amino group of lysine residues in the
substrate proteins. The first step of ubiquitin conjugation is
activation of ubiquitin by the E1 enzyme. Activated ubiquitin
is subsequently transferred to the E2 enzyme, which is the
ubiquitin carrier protein. When activated ubiquitin is con-
jugated with the E2 enzyme, it can be recognized by the E3
enzyme, which is ubiquitin protein ligase.The E3 enzyme cat-
alyzes ubiquitin ligation to the substrate protein. The process
is repeated to form a polyubiquitin chain, which is recognized
and degraded by proteasome. In the system, proteasome is
the major proteolytic enzyme that converts proteins to small
peptides and amino acids. However, only polyubiquitinated
proteins can be recognized and degraded by the proteasome.
Proteins containing mono- or diubiquitin chains on sequen-
tial lysine residues are not recognized by the proteasome [9,
10].Whenmuscle protein degradation is initiated, the expres-
sion and activity of two muscle-specific E3 ligases, atrogin-1
(known as muscle atrophy F-box, MAFbx), and muscle-
specific ring finger-1 (MuRF-1) are upregulated. The increase
of activation of these ligases correlates with the acceleration
of protein degradation. The forkhead transcription factors
(FoxO) and the transcription factor nuclear factor kappa B
(NF-𝜅B) have been identified as the regulatory factors of acti-
vation of E3 conjugating enzymes.The promoters forMAFbx
and MuRF-1 are activated by FoxO and NF-𝜅B, respectively,
leading to muscle protein degradation in the UPS [11, 12].

2.2. Caspase-3 Proteolytic Pathway. Caspase-3 is a protease
that participates in cell apoptosis. It cleaves actomyosin in
myofibrillar complexes and generates the 14 kDa actin frag-
ment. Caspase-3 activation accelerates protein degradation
in muscles. Elevated levels of 14 kDa actin fragment were

revealed inmuscle biopsies obtained frompatients diagnosed
with ESRD on maintenance HD or from those who had
suffered a burn injury. The higher levels of 14 kDa actin
fragment revealed active muscle wasting in patients with
catabolic conditions and suggested that levels of the 14 kDa
actin fragment can be used as a biomarker of muscle protein
degradation [13, 14].

2.3. Insulin, Insulin-Like Growth Factor-1, and Insulin Resis-
tance. Insulin is a major regulator in the modulation of pro-
tein synthesis and degradation in skeletal muscle. The meta-
bolic effect of insulin on muscle protein turnover is char-
acterized by suppression of protein degradation in a phos-
phatidylinositol 3-kinase (PI3K)/Akt-dependent pathway.
Insulin binds to the insulin receptor (IR) on the cell mem-
brane and activates the internal tyrosine kinase activity in
cytosol.The insulin receptor substrate (IRS) proteins in cyto-
sol are phosphorylated by activated IR. PI3K consists of p85
regulatory and p110 catalytic subunits and becomes an acti-
vated enzyme after binding to the phosphorylated IRS pro-
teins. The activated PI3K catalyzes the production of phos-
phatidylinositol (3,4,5) triphosphate, which activates the
serine kinase Akt by phosphorylation. Phosphorylated-Akt
(p-Akt) affects a variety of regulators involved in metabolic
processes in skeletal muscle. Decreased p-Akt activity stim-
ulates the expression of E3 conjugating enzymes, atrogin-
1/MAFbx, and MuRF1 in muscles. Activated IRS also acti-
vates theMEK/ERKmitogen-activated protein (MAP) kinase
pathway, which is involved in the regulation of many critical
biological processes, including cell proliferation, differentia-
tion, and death [12, 15].

Insulin resistance leads to impaired insulin/IGF-1 sig-
naling in skeletal muscle. Impaired insulin/IGF-1 signaling
results in a decreased level of p-Akt in the muscle, which
causes suppression of the PI3K/Akt pathway and muscle
protein degradation. Accumulating evidence has demon-
strated accelerated activation of the caspase-3 proteolytic
pathway and a decreased level of p-Akt in the skeletal muscle
in patients exhibiting insulin resistance, excess angiotensin
II, inflammation, acidosis, and CKD [16, 17]. It has been
well established that patients diagnosed with CKD suffer
increased insulin resistance, which may contribute to muscle
wasting [18].

Inflammation is also a major consequence of both CKD
and HD, and numerous inflammatory mediators have been
proven to modulate insulin-related signaling pathways in
skeletal muscle. Inflammatory factors such as tumor necrosis
factor-𝛼 (TNF-𝛼) suppress insulin receptor signaling through
the inhibition and degradation of IRS in skeletal muscle [19].
In addition, TNF-𝛼 activates caspase-3 and NF-𝜅B, which
stimulates UPS activation, leading to muscle wasting [14, 20].

2.4. Glucocorticoids. The kidney normally excretes cortisol
and its water soluble metabolites, and elevated serum cortisol
levels have been reported in CKD patients because of the
prolonged serumhalf-life of cortisol in advanced renal failure
[21]. Glucocorticoids activate the glucocorticoid receptors,
which can directly bind to the p85 subunit of PI3K, leading
to muscle wasting by suppression of p-Akt. In addition,
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Figure 1: Molecular mechanisms and signaling pathways of muscle wasting in hemodialysis patients. UPS, ubiquitin-proteasome system;
IGF-1, insulin-like growth factor-1; PI3K, phosphoinositide 3-kinase; TNF-𝛼, tumor necrosis factor-𝛼.

increased levels of the p85 subunit have been reported in
CKD patients [22, 23]. Glucocorticoids also induce upregula-
tion of UPS, atrogin-1, andMuRF1, whichmay lead tomuscle
protein degradation [24].

2.5. Metabolic Acidosis. Metabolic acidosis is a universal fea-
ture in themajority of patients diagnosedwithCKDwhohave
a glomerular filtration rate (GFR) that has decreased to less
than 20% to 25% of the normal rate. Metabolic acidosis has
been shown to cause negative nitrogen balance and decrease
albumin synthesis, leading to muscle wasting. In addition,
metabolic acidosis causes muscle protein degradation by
activation of theUPS and caspase-3, and reduced intracellular
pH in muscle cells impairs PI3K and p-Akt signaling [14, 25–
27]. Moreover, decreased growth hormone concentration,
low IGF-1 level, and increased glucocorticoids production
have been reported in individuals with metabolic acidosis,
which may partly explain the high prevalence of muscle
wasting in CKD patients [28, 29].

2.6. Sex Hormones. It is well known that both estrogen and
testosterone affect protein synthesis and degradation and that
testosterone produces a more prominent effect on muscle
protein turnover than does estrogen. A low testosterone level
can induce muscle protein degradation by impaired IGF-1
signaling and promote muscle catabolism by upregulation
of myostatin expression [30]. Evidence shows that low-
testosterone concentrations are highly prevalent in elderly
people and CKD patients and that low-testosterone levels
closely correlate with muscle wasting and mortality in HD
patients [31, 32]. Thus, androgen deficiency may be involved
in the complex mechanisms that underlie muscle wasting in
CKD patients.

3. Therapeutic Frontiers of Muscle Wasting in
Hemodialysis Patients

To improve the quality of life and the long-term prognosis
of patients, development of effective therapeutic strategies
for muscle wasting is necessary in HD patients. Recent
advances in understanding of the molecular mechanisms
involved in CKD-related muscle wasting provide new hope
for the development of a set of new therapies. The following

Table 1:Therapeutic interventions for muscle wasting in hemodial-
ysis patients.

Therapeutic targets Therapeutic interventions
Muscle strength Endurance exercise and resistance exercise

Insulin resistance Endurance exercise, insulin sensitizers
(e.g., Thiazolidinediones)

Metabolic acidosis NaHCO3 supplement

Hypogonadism Testosterone supplement (e.g., Nandrolone
decanoate)

Malnutrition
Endurance exercise, nutritional
supplements, megestrol acetate (for adult)
cyprohetadine (for children)

therapeutic interventions have been reported to be effective
in the improvement of muscle strength in CKD patients
(Table 1).

3.1. Endurance and Resistance Exercise. Endurance (aerobic)
and resistance (anaerobic or strength training) exercise have
been reported to reduce muscle wasting in HD patients.
Resistance exercise inducesmuscular contraction, whichmay
increase the strength, anaerobic endurance, and the size of
skeletal muscles. Resistance exercise may be divided into
traditional power lifting andOlympic lifting. Both endurance
exercise and resistance exercise can lead to increased skeletal
muscle strength and power [33].

In a typical endurance exercise program, at least 30 min-
utes per day of moderate intensity exercise must be per-
formed 5 days per week. In patients who performpoorly, such
as HD patients, it is necessary to initiate exercise training
with a lower intensity, shorter duration, and fewer days per
week [34, 35]. In patients on maintenance HD, a consider-
able improvement of aerobic exercise capacity and muscle
strength has been demonstrated after endurance training
[36]. It has been shown that after 6 months of supervised
endurance exercise, an increase in ejection fraction, cardiac
output index, and systolic volume index occurs [37]. An intra-
dialytic aerobic exercise programwith exercise bicycles inHD
patients correlated with a considerable reduction in intra-
and interdialytic systolic and diastolic blood pressure. In
addition, 4 months of aerobic training in predialysis patients
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also leads to a major reduction of systolic and diastolic
blood pressure, accompanied by a considerable reduction in
the number of prescribed antihypertensive drugs [38, 39].
Moreover, improvement of insulin resistance and anorexia
have been reported in HD patients who have undergone end-
urance exercise training. It is noteworthy that the positive
effects yielded from these exercise programs were completely
reversed 2 months after training ceased [40, 41].

A resistance exercise program should be performed grad-
ually and at least twice a week and should include training for
all the major muscle groups. In HD patients with impaired
exercise capacity and marked muscular atrophy, resistance
exercise reduces muscle wasting and increases muscle fibers,
based on histological examinations [42]. The serum levels
of inflammatory factors, such as C-reactive protein and
interleukin-6, are reported to decrease after 12 weeks of
resistance exercise [43].

3.2. Treatment of Insulin Resistance. Insulin resistance
induces muscle wasting through complex mechanisms,
including insulin/IGF-1 and PI3K/Akt signaling pathways.
Improving insulin resistance is crucial to prevent muscle
wasting in patients diagnosed with HD. Aerobic exercise in
HD patients is effective in improving insulin resistance [40].
Thiazolidinediones, which are insulin sensitizers, are widely
used in the treatment of type 2 diabetes and have been shown
to improve insulin resistance through activation of the
PI3K/Akt pathway by initiating IRS signaling. Because the
catabolism of thiazolidinediones mainly occurs in the liver,
it is a potential drug for improving insulin resistance in HD
patients [44–46]. Thiazolidinedione should be administered
with caution because of increased risks of cardiovascular
events and bladder cancer [47]. However, limited human
data supports the major role of insulin sensitizers on muscle
wasting in HD patients.

3.3. Correction ofMetabolic Acidosis. Metabolic acidosis is an
inevitable condition in patients with CKD, particularly those
with HD [48–50]. A sodium bicarbonate (NaHCO

3
) supple-

ment has been demonstrated to improve growth in infants
and children with acidosis [51]. In addition, protein loss in
the muscle is approximately 2-fold higher in patients with
serum NaHCO

3
levels <16mM as compared to those with

levels >22.6mM [52].These data suggest that maintenance of
the serumNaHCO

3
level>22.6mMmaybe a therapeutic goal

for reducing muscle wasting in HD patients with metabolic
acidosis.

3.4. Hormone Therapy. A decreased serum testosterone level
has been frequently encountered in patients diagnosed with
advanced CKD and on maintenance HD, and impaired IGF-
1 signaling may participate in the mechanism of androgen-
deficiency-mediated muscle wasting. In men with hypogo-
nadism, testosterone supplements for 12 weeks improve mus-
cle mass and strength [53, 54]. In HD patients, body com-
position and physical function improve considerably after
treatment with an anabolic steroid, 19-nortestosterone (nan-
drolone decanoate) [55]. Administration of 100mg nan-
drolone per week for 24 weeks increases lean body mass

approximately 2-fold. Although nandrolone decanoate is
effective in improving muscle wasting, its side effects, includ-
ing gynecomastia, erectile dysfunction, and increased cardio-
vascular risks, should be cause for caution [56].

3.5. Nutrition. In HD patients, malnutrition is a major prob-
lem caused by anorexia and hypercatabolism through com-
plex mechanisms including inflammation, metabolic acido-
sis, insulin resistance, and uremic toxins [57]. Anorexia is a
commonmanifestation of uremic syndrome and is associated
with increased risks of mortality and hospitalization in HD
patients [58]. Appetite stimulants, such as megestrol acetate,
melatonin, thalidomide, ghrelin, and cyproheptadine, are
potential therapeutic agents for resolving anorexia in HD
patients. Cyproheptadine is a first-generation antihistamine
that generates additional anticholinergic and antiserotoner-
gic effects. Although cyprohetadine is used as an appetite
stimulant in children diagnosed with HD [59], its role in
adult HD patients is not well established. Megestrol acetate
is a steroidal progestin and progesterone derivative exhibit-
ing antiandrogenic and antiestrogenic effects and has been
proven to be an effective appetite stimulant in patients with
advanced cancers. In patients on maintenance HD, meg-
estrol acetate has also been reported to be useful to improve
anorexia and muscle wasting. Oral administration of 160 mg
megestrol acetate daily for 2 months considerably increases
body mass index and serum albumin levels [60, 61]. The side
effects of megestrol acetate, including impotence, hypogo-
nadism, and increased risk of thromboembolism, should be
monitored closely. No large scale clinical trials have been
conducted to define the therapeutic effects of these agents in
HD patients.

In addition to appetite stimulants, direct nutritional sup-
plements are essential to reducemusclewasting.Oral, enteral,
or parenteral nutritional supplements should be considered
if unresolved anorexia occurs. A systematic review andmeta-
analysis of 18 studies indicated that enteral nutritional supple-
ments in HD patients resulted in increased total energy and
protein intake and elevated serum albumin levels by 0.23 g/dL
[62]. Oral nutrition alone and combined with intradialytic
parenteral nutrition in patients diagnosed with HD revealed
similar results, including improvement in body mass index,
elevated serum albumin and prealbumin levels, decreased 2-
year mortality, and reduced hospitalizations [63–65].

4. Conclusion

Muscle wasting in HD patients is caused by complex mech-
anisms and agents, including UPS, caspase-3, insulin/IGF-1,
glucocorticoid, metabolic acidosis, and sex hormone-related
signaling pathways. Development of new drugs targeting
UPS, caspase-3, and insulin/IGF-1 offers new hope for the
treatment of muscle wasting. Correction of metabolic acido-
sis with sodium bicarbonate reduces muscle protein degra-
dation.Megestrol acetate and nandrolone decanoate are clini-
cally available and could be applied to reducemuscle wasting.
Adequate nutritional supplements are vital because they
may improve muscle mass and reduce mortality. Endurance
exercise not only reduces muscle wasting, but also improves
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cardiac ejection fraction, blood pressure, and insulin resis-
tance. Recent advances in understanding the molecular
mechanisms of muscle wasting provide opportunities to
resolve this clinical problem.
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[28] M. Brüngger, H. N. Hulter, and R. Krapf, “Effect of chronic
metabolic acidosis on the growth hormone/IGF-1 endocrine
axis: new cause of growth hormone insensitivity in humans,”
Kidney International, vol. 51, no. 1, pp. 216–221, 1997.

[29] N. Kuemmerle, J. Krieg R.J., K. Latta, A. Challa, J. D. Hanna,
and J. C. M. Chan, “Growth hormone and insulin-like growth
factor in non-uremic acidosis and uremic acidosis,” Kidney
International, Supplement, vol. 58, no. 58, pp. S-102–S-105, 1997.

[30] D. F. Sun, Y. Chen, and R. Rabkin, “Work-induced changes in
skeletalmuscle IGF-1 andmyostatin gene expression in uremia,”
Kidney International, vol. 70, no. 3, pp. 453–459, 2006.

[31] J. J. Carrero, A. R. Qureshi, P. Parini et al., “Low serum testos-
terone increases mortality risk among male dialysis patients,”
Journal of the American Society of Nephrology, vol. 20, no. 3, pp.
613–620, 2009.

[32] O. Gungor, F. Kircelli, J. J. Carrero et al., “Endogenous testos-
terone and mortality in male hemodialysis patients: is it the
result of aging?” Clinical Journal of the American Society of
Nephrology, vol. 5, no. 11, pp. 2018–2023, 2010.

[33] S. Gianola, V. Pecoraro, S. Lambiase et al., “Efficacy of muscle
exercise in patients with muscular dystrophy: a systematic
review showing a missed opportunity to improve outcomes,”
PLoS ONE, vol. 8, no. 6, Article ID 65414, 2013.

[34] K. L. Johansen, “Exercise and dialysis,” Hemodialysis Interna-
tional, vol. 12, no. 3, pp. 290–300, 2008.

[35] M. E. Nelson, W. J. Rejeski, S. N. Blair et al., “Physical activity
and public health in older adults: recommendation from the
American College of Sports Medicine and the American Heart
Association,” Circulation, vol. 116, no. 9, pp. 1094–1105, 2007.

[36] E. Konstantinidou, G. Koukouvou, E. Kouidi, A. Deligiannis,
and A. Tourkantonis, “Exercise training in patients with end-
stage renal disease on hemodialysis: comparison of three
rehabilitation programs,” Journal of RehabilitationMedicine, vol.
34, no. 1, pp. 40–45, 2002.

[37] A. Deligiannis, E. Kouidi, E. Tassoulas, P. Gigis, A. Tourkanto-
nis, and A. Coats, “Cardiac effects of exercise rehabilitation in
hemodialysis patients,” International Journal of Cardiology, vol.
70, no. 3, pp. 253–266, 1999.

[38] J. E. Anderson, M. R. Boivin Jr., and L. Hatchett, “Effect of exer-
cise training on interdialytic ambulatory and treatment-related
blood pressure in hemodialysis patients,” Renal Failure, vol. 26,
no. 5, pp. 539–544, 2004.

[39] B.W.Miller, C. L. Cress,M. E. Johnson,D.H.Nichols, andM.A.
Schnitzler, “Exercise during hemodialysis decreases the use of
antihypertensive medications,”American Journal of Kidney Dis-
eases, vol. 39, no. 4, pp. 828–833, 2002.

[40] A. P. Goldberg, E. M. Geltman, and J. R. Gavin III, “Exercise
training reduces coronary risk and effectively rehabilitates
hemodialysis patients,”Nephron, vol. 42, no. 4, pp. 311–316, 1986.

[41] S. Frey, A. R. Mir, and M. Lucas, “Visceral protein status and
caloric intake in exercising versus nonexercising individuals
with end-stage renal disease,” Journal of Renal Nutrition, vol. 9,
no. 2, pp. 71–77, 1999.

[42] E. Kouidi, M. Albani, K. Natsis et al., “The effects of exercise
training onmuscle atrophy in haemodialysis patients,”Nephrol-
ogy Dialysis Transplantation, vol. 13, no. 3, pp. 685–699, 1998.

[43] C. Castaneda, P. L. Gordon, R. C. Parker, K. L. Uhlin, R. Rou-
benoff, and A. S. Levey, “Resistance training to reduce the mal-
nutrition-inflammation complex syndrome of chronic kidney
disease,” American Journal of Kidney Diseases, vol. 43, no. 4, pp.
607–616, 2004.

[44] R. J. Mullan, V. M. Montori, N. D. Shah et al., “The diabetes
mellitus medication choice decision aid: a randomized trial,”
Archives of Internal Medicine, vol. 169, no. 17, pp. 1560–1568,
2009.

[45] X. Wang, Z. Hu, J. Hu, J. Du, and W. E. Mitch, “Insulin
resistance accelerates muscle protein degradation: activation
of the ubiquitin-proteasome pathway by defects in muscle cell
signaling,” Endocrinology, vol. 147, no. 9, pp. 4160–4168, 2006.

[46] L. B. Pupim, O. Heimbürger, A. R. Qureshi, T. A. Ikizler, and P.
Stenvinkel, “Accelerated lean bodymass loss in incident chronic
dialysis patients with diabetes mellitus,” Kidney International,
vol. 68, no. 5, pp. 2368–2374, 2005.

[47] D. Simon, “Thiazolidinediones/insulin use and cancer risk:
insights from the recent meta-analyses,” Diabetes and Metabo-
lism, vol. 39, no. 1, pp. 3–5, 2013.

[48] K. Kalantar-Zadeh, R. Mehrotra, D. Fouque, and J. D. Kopple,
“Metabolic acidosis and malnutrition-inflammation complex
syndrome in chronic renal failure,” Seminars in Dialysis, vol. 17,
no. 6, pp. 455–465, 2004.

[49] K. A. Graham, D. Reaich, S. M. Channon, S. Downie, and T. H.
J. Goodship, “Correction of acidosis in hemodialysis decreases
whole-body protein degradation,” Journal of the American
Society of Nephrology, vol. 8, no. 4, pp. 632–637, 1997.

[50] M. R. Wiederkehr, J. Kalogiros, and R. Krapf, “Correction of
metabolic acidosis improves thyroid and growth hormone axes
in haemodialysis patients,”Nephrology Dialysis Transplantation,
vol. 19, no. 5, pp. 1190–1197, 2004.

[51] H. Kalhoff, L. Diekmann, C. Kunz, G. J. Stock, and F. Manz,
“Alkali therapy versus sodium chloride supplement in low
birthweight infants with incipient late metabolic acidosis,” Acta
Paediatrica, vol. 86, no. 1, pp. 96–101, 1997.

[52] Y. Boirie, M. Broyer, M. F. Gagnadoux, P. Niaudet, and J. Bres-
son, “Alterations of proteinmetabolism bymetabolic acidosis in
children with chronic renal failure,” Kidney International, vol.
58, no. 1, pp. 236–241, 2000.

[53] J. E. Morley, H. M. Perry III, F. E. Kaiser et al., “Effects of
testosterone replacement therapy in old hypogonadal males: a
preliminary study,” Journal of the American Geriatrics Society,
vol. 41, no. 2, pp. 149–152, 1993.

[54] R. Sih, J. E.Morley, F. E. Kaiser, H.M. Perry III, P. Patrick, andC.
Ross, “Testosterone replacement in older hypogonadal men: a
12-month randomized controlled trial,” Journal of Clinical Endo-
crinology and Metabolism, vol. 82, no. 6, pp. 1661–1667, 1997.

[55] K. L. Johansen, P. L. Painter, G. K. Sakkas, P. Gordon, J. Doyle,
and T. Shubert, “Effects of resistance exercise training and nan-
drolone decanoate on body composition and muscle function
among patients who receive hemodialysis: a randomized, con-
trolled trial,” Journal of the American Society of Nephrology, vol.
17, no. 8, pp. 2307–2314, 2006.



The Scientific World Journal 7

[56] J. H.MacDonald, S.M.Marcora,M.M. Jibani,M. J. Kumwenda,
W. Ahmed, and A. B. Lemmey, “Nandrolone decanoate as ana-
bolic therapy in chronic kidney disease: a randomized phase II
dose-finding study,”Nephron, vol. 106, no. 3, pp. c125–c135, 2007.

[57] W. E. Mitch, “Malnutrition: a frequent misdiagnosis for hemo-
dialysis patients,” The Journal of Clinical Investigation, vol. 110,
no. 4, pp. 437–439, 2002.

[58] K. Kalantar-Zadeh, G. Block, C. J. McAllister, M. H. Hum-
phreys, and J. D. Kopple, “Appetite and inflammation, nutrition,
anemia, and clinical outcome in hemodialysis patients,” Amer-
ican Journal of Clinical Nutrition, vol. 80, no. 2, pp. 299–307,
2004.

[59] M. Berger, J. White, and L. B. Travis, “Toxic psychosis due to
cyproheptadine in a child on hemodialysis: a case report,” Clin-
ical Nephrology, vol. 7, no. 1, pp. 43–44, 1977.

[60] J. Gołebiewska, M. Lichodziejewska-Niemierko, E. Aleksan-
drowicz, M. Majkowicz, W. Łysiak-Szydłowska, and B. Rut-
kowski, “Influence ofmegestrol acetate on nutrition and inflam-
mation in dialysis patients: preliminary results,” Acta Biochim-
ica Polonica, vol. 56, no. 4, pp. 733–737, 2009.

[61] J. A. Boccanfuso, M. Hutton, and B. McAllister, “The effects of
megestrol acetate on nutritional parameters in a dialysis popu-
lation,” Journal of Renal Nutrition, vol. 10, no. 1, pp. 36–43, 2000.

[62] R. J. Stratton, G. Bircher, D. Fouque et al., “Multinutrient oral
supplements and tube feeding in maintenance dialysis: a sys-
tematic review and meta-analysis,” American Journal of Kidney
Diseases, vol. 46, no. 3, pp. 387–405, 2005.

[63] N. J.M.Cano,D. Fouque,H. Roth et al., “Intradialytic parenteral
nutrition does not improve survival inmalnourished hemodial-
ysis patients: a 2-year multicenter, prospective, randomized
study,” Journal of the American Society of Nephrology, vol. 18, no.
9, pp. 2583–2591, 2007.

[64] L. B. Pupim, P. J. Flakoll, J. R. Brouillette, D. K. Levenhagen, R.
M. Hakim, and T. A. Ikizler, “Intradialytic parenteral nutrition
improves protein and energy homeostasis in chronic hemodial-
ysis patients,” The Journal of Clinical Investigation, vol. 110, no.
4, pp. 483–492, 2002.

[65] L. B. Pupim, K. M. Majchrzak, P. J. Flakoll, and T. A. Ikizler,
“Intradialytic oral nutrition improves protein homeostasis in
chronic hemodialysis patients with deranged nutritional status,”
Journal of the American Society of Nephrology, vol. 17, no. 11, pp.
3149–3157, 2006.


