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hronic Systemic Inflammation in
remia: Potential Therapeutic Approaches

ianfranco Guarnieri, Gianni Biolo, Michela Zanetti, and Rocco Barazzoni

Systemic inflammation characterizes several chronic diseases including uremia. Inflamma-
tion may contribute to morbidity and mortality by enhancing protein-calorie malnutrition,
infectious complications, and atherosclerosis and cardiovascular disease. Although inflam-
mation in renal disease can be caused, at least in part, by reduced renal clearance of
proinflammatory mediators (tumor necrosis factor [TNF]-�, interleukin [IL]-6), several
pathogenetic mechanisms are likely to contribute to direct activation of the inflammatory
process under these conditions. These mechanisms include accumulation of advance
glycoxidation end products, production of reactive oxygen species and oxidative damage,
and chronic infection. Support for direct activation of systemic inflammation provides a
strong rationale for use of anti-inflammatory treatments in uremia. The current article
describes the association between uremia and inflammation, provides evidence for activa-
tion of inflammatory process, and provides potential therapeutic approaches.
Semin Nephrol 24:441-445 © 2004 Elsevier Inc. All rights reserved.
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nflammation results from an imbalance between effects of
proinflammatory and anti-inflammatory cytokines synthe-

ized and secreted by circulating monocytes, tissue macro-
hages, Kupffer cells, and endothelial cells.1,2 Tumor necro-
is factor (TNF)-� and interleukin (IL)-1 represent major
roinflammatory cytokines, whereas IL-6 appears to be the
ajor mediator of acute phase reactants synthesis (Fig. 1).1,2

lasma concentrations of acute phase proteins (C reactive
rotein [CRP], fibrinogen, serum amyloid A, and others) are
linical indicators of systemic inflammation.1-4 Newer data
ndicate that systemic chronic inflammatory response occurs
nd may contribute to both protein-calorie malnutrition and
apid progression of atherosclerotic lesions often observed in
atients with end-stage chronic renal failure.3,4 Chronic in-
ammation, therefore, may explain the positive correlation
etween markers of malnutrition (such as hypoalbuminemia
nd reduced body mass index)5-7 and excess mortality for
ardiovascular disease8,9 often observed in these patients. In
greement with this view, protective genotypes linked with
ncreased anti-inflammatory cytokine IL-10 are associated
ith reduced cardiovascular risk in uremic patients.10 The
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otential impact of TNF-� polymorphism remains in turn to
e determined. TNF-� and other proinflammatory cytokines
lso may play an important direct role in the onset of the
etabolic alterations of chronic renal failure patients, includ-

ng increased skeletal muscle protein degradation rate, re-
uced synthesis rates of skeletal muscle protein11 and liver-
ynthesized albumin,5-7 and insulin resistance.12

Plasma concentrations of proinflammatory cytokines and
f their soluble receptors are increased proportionally with
educed renal function in chronic renal failure on conserva-
ive therapy, suggesting that accumulation of these circulat-
ng mediators is at least partially caused by their reduced
enal clearance.3-5 It is, however, possible that systemic in-
ammatory response may be activated directly by uremia-
ssociated factors or by dialysis techniques. Direct contact
etween blood cells and dialysis membrane, lipopolysaccha-
ides on the dialysate side of the membrane, or chronic sub-
linical inflammation at the vascular access site represent
otential mechanisms leading to inflammatory states in dial-
sis patients.13,14 Advanced glycoxidation end products may
lay a causal role in oxidative stress and inflammation in
emodialysis patients, and increased intracellular advanced
lycoxidation end products cause increased mitochondrial
roduction of reactive oxygen species.15 Oxidative stress
haracterizes uremia and may contribute to activate chronic
nflammation.16,17 Accumulation of reactive oxygen species
ay promote activation of nuclear factor � B, a transcrip-
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ional factor regulating inflammatory and immune responses,
roinflammatory cytokine production, and cell growth.1,2

hronic infection by Chlamydia pneumoniae also has been
roposed recently as a potential cause of chronic systemic

nflammation and cardiovascular morbidity in chronic renal
ailure patients.18 Systemic inflammatory response also may
e activated by as yet unidentified additional factors such as
remic toxins. In agreement with the concept that systemic

nflammatory response also is at least in part an active process
n uremia, we have observed an increase in transcription
evels of TNF-�, a key proinflammatory mediator, in blood
ells from uremic patients compared with age- and weight-
atched healthy control subjects (Biolo et al, unpublished

bservation). The activation of inflammatory response in
urn provides a strong rationale for anti-inflammatory ther-
py aimed at reducing systemic inflammation in patients
ith renal failure.

otential Approaches
o Reduce Chronic Systemic
nflammation in Uremia
otential approaches for treatment of systemic inflammation
ave been identified in recent years (Table 1). Evidence for
heir efficacy in renal disease remains scarce owing to a lack
f large, controlled, population studies, but evidence from
ther chronic inflammatory conditions as well as from pre-
iminary studies in uremia indicate potential for beneficial
ffects.

harmacologic Approaches
tatins
tatins have protective roles on cardiovascular risk in pa-
ients without increased plasma lipid concentrations,19 indi-
ating their pleiotropic effects, which include reduction of
lasma markers of systemic inflammation. In experimental
ettings, statins reduce monocyte production of TNF-�20 and

Figure 1 Schematic representation of major metabolic ef
indicated by arrows, TNF-� and IL-1 exert reciprocal s
inhibitory effects on TNF-� and IL-1.
uclear factor � B,21 before or after addition of oxidized low-
ensity lipoproteins. Simvastatin reduces plasma CRP in pa-
ients with hyperlipidemia and coronary artery disease.22,23

n patients on hemodialysis treatment, treatment with statins
as associated with reduction of high-sensitive CRP in a re-

ent study.24 In another report in similar patients, plasma
igh-sensitive CRP levels were not reduced significantly dur-

ng statin treatment, although small group size could have
nfluenced the result.25

ngiotensin-Converting Enzyme Inhibitors
ngiotensin II induces proinflammatory cytokines including
uclear factor � B and TNF-� both in cultured human mono-
ytes26 and in kidney tissue.27 Different angiotensin-convert-
ng enzyme inhibitors decreased plasma TNF-�, IL-6, and
RP concentrations in patients with chronic heart failure or
therosclerosis,28,29 both associated with chronic inflamma-
ion. In a cross-sectional study, angiotensin-converting en-
yme inhibitors have been shown to decrease plasma TNF-�
oncentration in patients with advanced renal failure on con-

proinflammatory cytokines TNF-�, IL-1, and IL-6. As
tion and stimulate IL-6 production, although IL-6 has

able 1 Potential Therapeutic Approaches for Systemic In-
ammation.

Drugs
Statins19-25

ACE-inhibitors26-30

Pentoxifylline31-33

Thalidomide, �-blockers34,35

Antioxidants
Infliximab (TNF-�-neutralizing antibody)
Recombinant human IL-10, and so forth

Nutrients
PUFA36-40

L-arginine41-50

L-glycine51-53

Carnitine54-57

Glutamine, and so forth
Physical Exercise58-60

bbreviations: ACE, angiotensin converting enzyme; TNF, tumor
fects of
timula
necrosis factor; PUFA, polyunsaturated fatty acids.
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Chronic systemic inflammation in uremia 443
ervative treatment compared with both patients without
reatment and those on other antihypertensive drugs,30 sug-
esting a protective anti-inflammatory role of angiotensin-
onverting enzyme inhibitors in this setting.

entoxifylline
he inhibitory effects of pentoxifylline on TNF-� production
ave been shown, making it a potential modulator of sys-
emic inflammation with anti-inflammatory potential.31 Al-
hough decreasing TNF-� levels, pentoxifylline was shown to
nhibit sepsis-associated protein wasting, resulting in re-
uced catabolism through a TNF-mediated pathway.32 This
ffect was confirmed recently in chronically uremic patients
n conservative treatment in whom pentoxifylline infusion
cutely reduced protein catabolism,33 a characteristic of sys-
emic inflammation activation.

Other pharmacologic approaches shown to reduce in vivo
arkers of chronic systemic inflammation, such as plasma
NF-� and CRP levels, include �-blockers34 and thalido-
ide.35 No controlled studies are available for these agents in

enal failure patients.

utritional Interventions
nsaturated Fatty Acids (n-3)
ietary intake of fish oil with unsaturated n-3 fatty acids has
een long recognized to reduce production of systemic in-
ammation markers and their plasma concentration in hu-
ans.36 Fish oil has been shown to reduce plasma inflamma-

ion markers in chronic inflammatory diseases,37 and it has
een used for treatment of immunoglobulin A nephropathy,

n which it reduces the rate of loss of renal function.38 Eico-
apentanoic acid administration reduces in vivo low-density
ipoprotein peroxidation in dialysis patients,39 in turn a

arker of oxidative damage that can contribute to systemic
nflammation activation. In patients with renal failure, 12

onths of n-3 supplementation resulted in reduced ex vivo
onocyte production of TNF-� and IL-1�,40 indicating anti-

nflammatory effects in the setting of uremia.

-Arginine
-arginine is the N donor for nitric oxide (NO) synthesis by
O synthase (NOS), and therefore is an important regulator
f hemodynamics and blood flow favoring vasodilatation.
-arginine effects have been associated with reduced tissue

nflammation markers in experimental models including
tent injury41 and renal transplantation42 in the rat. L-argi-
ine supplementation also has been linked with improved
enal function or reduced loss of function in streptozotocin-
nduced diabetes43 and aging in rats,44 as well as in human
idney transplant recipients.45 These effects could be caused

n part by restoration of NO availability that is reported to be
ecreased by the majority of studies in animal and human
odels of end-stage renal disease.46 It is possible that renal

ffects of L-arginine are at least in part dependent on reduc-
ion of organ and/or systemic inflammation that also can be
ediated by arginine-induced increased NO availability.47

symmetric dimethyl arginine (ADMA) is an endogenous

nhibitor of NOS, reducing NO availability, whose plasma e
oncentration is associated directly with cardiovascular risk
n the general population.48 The plasma ADMA level is in-
reased in patients with end-stage renal disease as well as
ith incipient renal failure.49 Plasma ADMA levels are asso-

iated positively with inflammatory markers, plasma fibrin-
gen, and CRP in patients with end-stage renal disease, and
DMA is an independent predictor of mortality and cardio-
ascular outcome in patients on hemodialysis.50 Intervention
o increase NO availability and reduce inflammation by in-
reasing the L-arginine/ADMA ratio potentially could be ben-
ficial in uremic patients. No controlled studies of effects of
-arginine supplementation on chronic inflammation mark-
rs have been completed in patients with uremia.

-Glycine
-glycine exerts direct and indirect anti-inflammatory effects

n vitro and in vivo in several models including sepsis, shock,
nd ischemia reperfusion, decreasing oxidative stress and
evels of proinflammatory mediators nuclear factor � B,
NF-�, and IL-1�.51 In experimental models, L-glycine ad-
inistration increased renal blood flow and glomerular fil-

ration rates in normal rats with a potential NO-mediated
echanism blocked by NOS inhibitors.52 Reduced free rad-

cal formation mediated protective effects of L-glycine from
schemia-reperfusion renal damage.53 Both effects could con-
ribute directly to reduce organ and systemic inflammation.
o controlled trials are available on potential anti-inflamma-

ory effects of L-glycine in uremic patients.

-Carnitine
-carnitine reduces tissue and plasma expression levels of
roinflammatory cytokines including TNF-� and IL-1� in
everal rodent models including sepsis54 and heart failure.55

arnitine is depleted during dialysis and carnitine supple-
entation to dialysis patients has been reported to improve

ipid metabolism as well as the incidence of intradialytic mus-
le cramps, hypotension, asthenia, and muscle weakness.56

ix months of L-carnitine supplementation increased the to-
al plasma antioxidant capacity in dialysis patients, poten-
ially reducing a potent proinflammatory stimulus.57

hysical Exercise
ecent data suggest that mid- and long-term muscle training
rograms may reduce systemic inflammatory response in
everal physiologic and pathologic conditions including ag-
ng58 and obesity.59 Training reduced TNF-� gene expression
n skeletal muscle in the elderly.60 It is possible that modula-
ion of the systemic inflammatory response may partially me-
iate the effects of exercise on muscle anabolism and
trength, as well as bone density and insulin resistance.

onclusions
everal interventions have been successful in reducing mark-
rs of inflammation and the inflammatory process in chronic
iseases and experimental models. Despite the importance of
hronic systemic inflammation in contributing to morbidity
nd mortality in uremia, little information is available on the

fficacy of pharmacologic and nutritional anti-inflammatory
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reatments in renal failure patients. Future studies should be
esigned to test these treatments under controlled condi-
ions.

eferences
1. Choy EHS, Panayi GS: Cytokine pathways and joint inflammation in

rheumatoid arthritis. N Engl J Med 344:907-916, 2001
2. Hotchkiss RS, Karl IE: The pathophysiology and treatment of sepsis.

N Engl J Med 348:138-150, 2003
3. Brockhaus M, Bar-Khayim Y, Gurwicz S, et al: Plasma tumor necrosis

factor soluble receptors in chronic renal failure. Kidney Int 42:663-
667, 1992

4. Kaysen G, Kumar V: Inflammation in ESRD: Causes and potential con-
sequences. J Ren Nutr 13:158-160, 2003

5. Guarnieri G, Toigo G, Fiotti N, et al: Mechanisms of malnutrition in
uremia. Kidney Int 62:S41-S44, 1997 (suppl)

6. Ikizler TA, Wingard RL, Harvell J, et al: Association of morbidity with
markers of nutrition and inflammation in chronic hemodialysis pa-
tients: A prospective study. Kidney Int 55:1945-1951, 1999

7. Guarnieri G, Antonione R, Biolo G: Mechanisms of malnutrition in
uremia. J Ren Nutr 13:153-157, 2003

8. Stenvinkel P: Inflammatory and atherosclerotic interactions in the de-
pleted uremic patient. Blood Purif 19:53-61, 2001

9. Arici M, Walls M: End-stage renal disease, atherosclerosis, and cardio-
vascular mortality: Is C-reactive protein the missing link? Kidney Int
59:407-414, 2001

0. Girndt M, Kaul H, Sester U, et al: Anti-inflammatory interleukin-10
genotype protects dialysis patients from cardiovascular events. Kidney
Int 62:949-955, 2002

1. Garibotto G, Russo R, Sofia A, et al: Skeletal muscle protein synthesis
and degradation in patients with chronic renal failure. Kidney Int 45:
1432-1439, 1994

2. Marette A: Mediators of cytokine-induced insulin resistance in obesity
and other inflammatory settings. Clin Nutr Metab Care 5:377-383,
2002

3. Memoli B, Postiglione L, Cianciaruso B, et al: Role of different dialysis
membranes in the release of interleukin-6-soluble receptor in uremic
patients. Kidney Int 58:417-424, 2000

4. Freemont AJ: The pathology of dialysis. Semin Dial 15:227-231, 2002
5. Kalousova M, Zima T, Tesar V, et al: Relationship between advanced

glycoxidation end products, inflammatory markers/acute-phase reac-
tants, and some autoantibodies in chronic hemodialysis patients. Kid-
ney Int 84:S62-S64, 2003 (suppl)

6. Descamps-Latscha B, Jungers P, Witko-Sarsat V: Immune system dys-
regulation in uremia: Role of oxidative stress. Blood Purif 20:481-484,
2002

7. Mezzano D, Pais EO, Aranda E, et al: Inflammation, not hyperhomo-
cysteinemia, is related to oxidative stress and hemostatic and endothe-
lial dysfunction in uremia. Kidney Int 60:1844-1850, 2001

8. Paniagua R, Frias Y, de Ventura MJ, et al: C-reactive protein and anti-
Chlamydia pneumoniae antibodies as risk factors of cardiovascular
death in incident patients on peritoneal dialysis. Perit Dial Int 23:132-
137, 2003

9. Heart Protection Study Collaborative Group: MRC/BHF heart protec-
tion study of cholesterol lowering with simvastatin in 20,536 high-risk
individuals: A randomised placebo-controlled trial. Lancet 360:7-22,
2002

0. Lindmark E, Siegbahn A: Tissue factor regulation and cytokine expres-
sion in monocyte-endothelial cell co-cultures. Effects of a statin, an
ACE-inhibitor and a low-molecular-weight heparin. Thromb Res 108:
77-84, 2002

1. Zelvyte I, Dominaitiene R, Crisby M, et al: Modulation of inflammatory
mediators and PPAR� and NF�B expression by pravastatin in response
to lipoproteins in human monocytes in vitro. Pharmacol Res 45:147-
154, 2002

2. Plenge JK, Hernandez TL, Weil KM, et al: Simvastatin lowers C-reactive
protein within 14 days: An effect independent of low-density lipopro-

tein cholesterol reduction. Circulation 106:1447-1452, 2002
3. Koh KK, Son JW, Ahn JY, et al: Comparative effects of diet and statin on
NO bioactivity and matrix metalloproteinases in hypercholesterolemic
patients with coronary artery disease. Arterioscler Thromb Vasc Biol
22:19-23, 2002

4. Chang JW, Yang WS, Min WK, et al: Effects of simvastatin on high
sensitivity C-reactive protein and serum albumin in hemodialysis pa-
tients. Am J Kidney Dis 39:1213-1217, 2002

5. van den Akker JM, Bredie SJ, Diepenveen SH, et al: Atorvastatin and
simvastatin in patients on hemodialysis: Effects on lipoproteins, C-re-
active protein and in vivo oxidized LDL. J Nephrol 16:238-244, 2003

6. Kranzhofer R, Browatzki M, Schmidt J, et al: Angiotensin II activates the
proinflammatory transcription factor nuclear factor-kappaB in human
monocytes. Biochem Biophys Res Commun 257:826-828, 1999

7. Guo G, Morrissey J, McCracken R, et al: Contributions of angiotensin II
and tumor necrosis factor-alpha to the development of renal fibrosis.
Am J Physiol 280:F777-F785, 2001

8. Tsutamoto T, Wada A, Maeda K, et al: Angiotensin II type 1 receptor
antagonist decreases plasma levels of tumor necrosis factor alpha, in-
terleukin-6 and soluble adhesion molecules in patients with chronic
heart failure. J Am Coll Cardiol 35:714-721, 2000

9. Navalkar S, Parthasarathy S, Santanam N, et al: Irbesartan, an angio-
tensin type 1 receptor inhibitor, regulates markers of inflammation in
patients with premature atherosclerosis. J Am Coll Cardiol 37:440-444,
2001

0. Stenvinkel P, Andersson P, Wang T, et al: Do ACE-inhibitors suppress
tumour necrosis factor-alpha production in advanced chronic renal
failure? J Intern Med 246:503-507, 1999

1. Noel P, Nelson S, Bokulic R, et al: Pentoxifylline inhibits lipopolysac-
charide-induced serum tumor necrosis factor and mortality. Life Sci
47:1023-1029, 1990

2. Breuillé D, Farge MC, Rosé F, et al: Pentoxifylline decreases body
weight loss and muscle protein wasting characteristics of sepsis. Am J
Physiol 265:E660-E666, 1993

3. Biolo G, Ciocchi B, Bosutti A, et al: Pentoxifylline acutely reduces
protein catabolism in chronically uremic patients. Am J Kidney Dis
40:1162-1172, 2002

4. Beattie MS, Shlipak MG, Liu H, et al: C-reactive protein and ischemia in
users and nonusers of beta-blockers and statins: Data from the Heart
and Soul Study. Circulation 107:245-250, 2003

5. Gullestad L, Semb AG, Holt E, et al: Effect of thalidomide in patients
with chronic heart failure. Am Heart J 144:847-850, 2002

6. Endres S, Ghorbani R, Kelley VE, et al: The effect of dietary supplemen-
tation with n-3 polyunsaturated fatty acids on the synthesis of interleu-
kin-1 and tumor necrosis factor by mononuclear cells. N Engl J Med
320:265-271, 1989

7. Simopoulos AP: Omega-3 fatty acids in inflammation and autoimmune
diseases. J Am Coll Nutr 21:495-505, 2002

8. Donadio JV Jr, Bergstralh EJ, Offord KP, et al: A controlled trial of fish
oil in IgA nephropathy. Mayo Nephrology Collaborative Group. N Engl
J Med 331:1194-1199, 1994

9. Ando M, Sanaka T, Nihei H: Eicosapentanoic acid reduces plasma
levels of remnant lipoproteins and prevents in vivo peroxidation of LDL
in dialysis patients. J Am Soc Nephrol 10:2177-2184, 1999

0. Cappelli P, Di Liberato L, Stuard S, et al: N-3 polyunsaturated fatty acid
supplementation in chronic progressive renal disease. J Nephrol 10:
157-162, 1997

1. Vermeersch P, Nong Z, Stabile E, et al: L-arginine administration re-
duces neointima formation after stent injury in rats by a nitric oxide-
mediated mechanism. Arterioscler Thromb Vasc Biol 21:1604-1609,
2001

2. Vos IH, Rabelink TJ, Dorland B, et al: L-arginine supplementation
improves function and reduces inflammation in renal allografts. J Am
Soc Nephrol 12:361-367, 2001

3. Reyes AA, Karl IE, Kissane J, et al: L-arginine administration prevents
glomerular hyperfiltration and decreases proteinuria in diabetic rats.
J Am Soc Nephrol 4:1039-1045, 1993

4. Reckelhoff JF, Kellum JAJr, Racusen LC, et al: Long-term dietary sup-
plementation with L-arginine prevents age-related reduction in renal

function. Am J Physiol 272:R1768-R1774, 1997



4

4

4

4

4

5

5

5

5

5

5

5

5

5

5

6

Chronic systemic inflammation in uremia 445
5. Schramm L, La M, Heidbreder E, et al: L-arginine deficiency and sup-
plementation in experimental acute renal failure and in human kidney
transplantation. Kidney Int 61:1423-1432, 2002

6. Wever R, Boer P, Hijmering M, et al: Nitric oxide production is reduced
in patients with chronic renal failure. Arterioscler Thromb Vasc Biol
19:1168-1172, 1999

7. De Caterina R, Libby P, Peng HB, et al: Nitric oxide decreases cytokine-
induced endothelial activation. Nitric oxide selectively reduces endo-
thelial expression of adhesion molecules and proinflammatory cyto-
kines. J Clin Invest 96:60-68, 1995

8. Eid HM, Eritsland J, Larsen J, et al: Increased levels of asymmetric
dimethylarginine in populations at risk for atherosclerotic disease. Ef-
fects of pravastatin. Atherosclerosis 166:279-284, 2003

9. Kielstein JT, Boger RH, Bode-Boger SM, et al: Asymmetric dimethyl-
arginine plasma concentrations differ in patients with end-stage renal
disease: Relationship to treatment method and atherosclerotic disease.
J Am Soc Nephrol 10:594-600, 1999

0. Zoccali C, Benedetto FA, Maas R, et al: Asymmetric dimethylarginine,
C-reactive protein, and carotid intima-media thickness in end-stage
renal disease. J Am Soc Nephrol 13:490-496, 2002

1. Zhong Z, Wheeler MD, Li X, et al: L-glycine: A novel antiinflammatory,
immunomodulatory, and cytoprotective agent. Curr Opin Clin Nutr
Metab Care 6:229-240, 2003
2. Thomsen K, Nielsen CB, Flyvbjerg A: Effects of glycine on glomerular
filtration rate and segmental tubular handling of sodium in conscious
rats. Clin Exp Pharmacol Physiol 29:449-454, 2002

3. Yin M, Zhong Z, Connor HD, et al: Protective effect of glycine on renal
injury induced by ischemia-reperfusion in vivo. Am J Physiol 282:
F417-F423, 2002

4. Winter BK, Fiskum G, Gallo LL: Effects of L-carnitine on serum triglyc-
eride and cytokine levels in rat models of cachexia and septic shock. Br J
Cancer 72:1173-1179, 1995

5. Vescovo G, Ravara B, Gobbo V, et al: L-carnitine: A potential treatment
for blocking apoptosis and preventing skeletal muscle myopathy in
heart failure. Am J Physiol 283:C802-C810, 2002

6. Guarnieri G, Situlin R, Biolo G: Carnitine metabolism in uremia. Am J
Kidney Dis 38:S63-S67, 2001 (suppl)

7. Vesela E, Racek J, Trefil L, et al: Effect of L-carnitine supplementation in
hemodialysis patients. Nephron 88:218-223, 2001

8. Pedersen BK, Bruunsgaard H: Possible beneficial role of exercise in
modulating low-grade inflammation in the elderly. Scand J Med Sci
Sports 13:56-62, 2003

9. Esposito K, Pontillo A, Di Palo C, et al: Effect of weight loss and lifestyle
changes on vascular inflammatory markers in obese women: A ran-
domized trial. JAMA 289:1799-1804, 2003

0. Greiwe JS, Cheng B, Rubin DC, et al: Resistance exercise decreases
skeletal muscle tumor necrosis factor alpha in frail elderly humans.

FASEB J 15:475-482, 2001


	Chronic Systemic Inflammation in Uremia: Potential Therapeutic Approaches
	Potential Approaches to Reduce Chronic Systemic Inflammation in Uremia
	Pharmacologic Approaches
	Statins
	Angiotensin-Converting Enzyme Inhibitors
	Pentoxifylline

	Nutritional Interventions
	Unsaturated Fatty Acids (n-3)
	L-Arginine
	L-Glycine
	L-Carnitine
	Physical Exercise


	Conclusions
	References


