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nflammation and Nutrition in Renal
nsufficiency
amyar Kalantar-Zadeh, Peter Stenvinkel, Luana Pillon, and

oel D. Kopple
Protein-energy malnutrition (PEM) and inflammation are common in patients with chronic kidney

disease (CKD) and worsen as the CKD progresses toward the end-stage renal disease (ESRD). These

conditions are major predictors of poor clinical outcome in kidney failure, as reflected by a strong

association between hypoalbuminemia and cardiovascular disease (CVD). It has been suggested that

inflammation is the cause of both PEM and CVD and, hence, the main link among these conditions,

but these hypotheses are not well established. Increased release or activation of inflammatory

cytokines, such as interleukin-6 or tumor necrosis factor alpha, may suppress appetite, cause muscle

proteolysis and hypoalbuminemia, and may be involved in atherogenesis. Increasing serum levels of

proinflammatory cytokines caused by reduced renal function, volume overload, oxidative or carbonyl

stress, decreased levels of antioxidants, increased susceptibility to infection in uremia, and the

presence of comorbid conditions may lead to inflammation in CKD patients. In hemodialysis patients,

the exposure to dialysis tubing and dialysis membranes, poor quality of dialysis water, back-filtration

or back-diffusion of contaminants, and foreign bodies in dialysis access maybe additional causes of

inflammation. Similarly, episodes of overt or latent peritonitis, peritoneal dialysis (PD) catheter and its

related infections, and constant exposure to PD solution may contribute to inflammation in these

patients. The degree to which PEM in dialysis patients is caused by inflammation is not clear. Because

both PEM and inflammation are strongly associated with each other and can change many nutritional

measures and outcome concurrently in the same direction, the terms malnutrition-inflammation

complex syndrome (MICS) and/or malnutrition-inflammation-atherosclerosis (MIA) have been sug-

gested to denote the important contribution of both of these conditions to poor clinical outcome.

Maintenance dialysis patients who are underweight or who have low serum levels of cholesterol,

creatinine, or homocysteine may be suffering from the MICS/MIA and its subsequent poor outcome.

Consequently, obesity and hypercholesterolemia may appear protective, which is known as reverse

epidemiology. Although MICS/MIA may have a significant contribution in reversing the traditional

CVD risk factors in dialysis patients, it is not clear whether PEM or inflammation and their compli-

cations can be effectively managed in CKD and ESRD or whether their management improves clinical

outcome.

© 2003 by the National Kidney Foundation, Inc.
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enal failure has been established as an
independent risk factor for cardiovas-

ular disease (CVD).1-4 Although the
athophysiologic link between renal fail-
re and CVD is not well understood, the
lements of chronic inflammation and/or
rotein-energy malnutrition (PEM) may
e major contributors to this association.
ith the progression of chronic kidney

isease (CKD), PEM and inflammation
evelop and worsen as the CKD advances

oward the end-stage renal disease
ESRD).5-8 There appears to be a strong
ssociation between PEM and inflamma-
ion in dialysis patients. In these individ-
als both PEM and inflammation are as-

ociated with increased morbidity and

Advances in Renal Replacement Therapy, V
ortality, including enhanced risk of
VD and cardiovascular death.6,9-12 The
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156 Kalantar-Zadeh et al
ature of the relationships between PEM
nd inflammation and the relative contri-
utions of these 2 entities to clinical out-
ome have not been clearly elucidated.6,13

hese considerations are of major impor-
ance because the annual mortality rate
mong dialysis patients in the United
tates continues to remain unacceptably
igh (ie, approximately 20%), despite
any recent improvements in dialysis

echnology and treatment.14 The con-
ounding effects of PEM and inflamma-
ion on outcome appear to be so stark that
hey may even reverse the conventional
ssociations between such traditional risk
actors as obesity or hypercholesterolemia
nd clinical outcome in individuals with
idney failure.15-17 Hence, in contrast to
he general population in which elements
f overnutrition are strong predictors of
VD and death, decreased nutritional
easures such as a low weight or body
ass or a reduced serum cholesterol, cre-

tinine, or possibly homocysteine concen-
rations are correlated with increased

orbidity and mortality including higher
isk of CVD in dialysis patients.15-18 This
aradoxical phenomenon has also been
bserved with regard to the association
f low blood pressure, which is more
ften observed in inflamed or malnour-

shed dialysis patients, and increased mor-
ality.19-21 These inverse associations are
trongly suggestive of the central role of
EM and/or inflammation in poor out-
ome of patients with chronic renal failure
nd known as reverse epidemiology (Ta-
le 1).

EM

here are significant associations between
easures of PEM and such clinical out-

omes as increased rate of hospitalization,
ortality, and worsened quality of life in

ialysis patients.11,12 Indicators of PEM in
aintenance dialysis patients include de-
reased dietary protein and energy intake; 0
educed serum albumin, prealbumin,
ransferrin, cholesterol, creatinine, and in-
ulin-like growth factor-1 (IGF-1) concen-
rations; decreased total body nitrogen
nd total body potassium; decreased
eight-for-height and body mass index;

nd reduced midarm muscle mass and
kinfold thicknesses.6,11,12,16 Many other
ools for assessment of the nutritional sta-
us of the dialysis population are avail-
ble. However, these methods are not ex-
lusive detectors of PEM and may also
etect conditions that are associated with
hronic inflammation. For example, se-
um albumin, transferrin, and prealbumin
re negative acute phase reactants,13 and
he Subjective Global Assessment and its
efinements may also be a marker of the
egree of sickness in maintenance dialysis
atients.23,24 During acute catabolic states,

he urea nitrogen appearance may tran-
iently increase independently of food in-
ake.25

A low normalized protein equivalent of
otal nitrogen appearance (nPNA), also
nown as normalized protein catabolic
ate (nPCR), reflects the daily protein in-
ake.26 The nPNA, which may be con-
ounded because to its mathematical cou-
ling with Kt/V, has been shown in some
ut not all studies to be a predictor of
ospitalization and mortality in dialysis
atients.6,22,27 A recent study showed that
ven among maintenance hemodialysis
MHD) patients who have a reportedly
dequate Kt/V (�1.20), the nPNA still
aintains a strong association with dial-

sis outcome.28 In this study, 122 MHD
atients with a delivered Kt/V �1.20 at

he start of the study were followed for 12
onths. Serum albumin and nPNA were

he only variables with significant corre-
ations with both mortality and three

easures of hospitalization (total days of
nd total number of hospitalizations and
ime to first hospital admission). The rel-
tive risk of first hospitalization for each

.3 g/kg/d (standard deviation) decrease
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157Nutrition/Inflammation in Renal Failure
n nPNA was 1.43 (95% confidence inter-
al: 1.06-1.93, P � .02), and the relative
isk of death was 3.29 (95% confidence
nterval: 1.57-6.91, P � .002).28

In another study using food frequency
uestionnaires, it was shown that hemo-
ialysis patients consumed significantly

ower amounts of potassium, vitamin C,

able 1. Reverse Epidemiology of Cardiovascu

Risk Factors of CVD

Direction of the

General Po

Weight and body mass High BMI and o
associated wi
CVD and mo

Serum cholesterol Hyperchlesterol
LDL, and low
deleterious

BP Hypertension le
increased CVD
mortality

Serum creatinine A mild to mode
in serum crea
independent r
CVD

Plasma homocysteine A high total pla
homocysteine
risk factor of
CVD and mo

Serum iron A high serum ir
risk factor of
(hemochroma
poor outcome

Energy and/or protein
intake

A high energy a
intake may be
with risk of o
increased mor

OTE. Effect and direction of traditional CVD risk
eneral population.
bbreviations: BMI, body mass index; CVD, card
igh density lipoprotein; BP, blood pressure; nPN
rotein catabolic rate.
nd dietary fibers as well as some carote- a
oids.29 Thus, it is possible that prescribed
estrictions in potassium in maintenance
emodialysis (MHD) patients lead to re-
uced fruit and vegetable intake. This
odification of dietary habits leaves meat

nd fats as the main source of calories,
hich may contribute to atherosclerosis

nd increased cardiovascular morbidity

isk Factors in Maintenance Dialysis Patients

ciations Between Risk Factors and Outcomes

ion Maintenance Dialysis Patients

y are
reased

High BMI and weight-for-
height appear to be
protective; low BMI is
associated with increased
mortality

high
are

Moderate
hypercholesterolemia is
protective;
hypocholesterolemia
increases mortality

o A low (and not a high)
predialysis BP correlates
with increased mortality

ncrease
is an
ctor of

An increased creatinine level
is associated with better
survival

is a
sed

Some recent studies have
found that a low
homocysteine level is
associated with increased
risk of CVD and mortality
in dialysis patients

vel is a
verload
and

A recent study has found
that a low serum iron and
transferrin saturation is
associated with increased
risk of hospitalization and
mortality in hemodialysis
patients

od
ciated
and

Increased protein intake and
higher nPNA (nPCR)
improves survival

rs are compared between dialysis patients and the

ular disease; LDL, low density lipoprotein; HDL,
malized protein catabolic rate; nPCR, normalized
lar R

Asso

pulat

besit
th inc
rtality

emia,
HDL

ads t
and

rate i
tinine
isk fa

sma
level

increa
rtality

on le
iron o
tosis)

nd fo
asso

besity
tality

s facto

iovasc
A, nor
nd mortality in these patients. Further-
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158 Kalantar-Zadeh et al
ore, increased blood levels of the
theroprotective isoflavones such as
enistein and daidzein may be beneficial
or dialysis patients.30 Nonobese Asian-
merican dialysis patients are found in

ome but not all studies to have a better
utcome compared with their obese coun-
erparts (ie, reversal of the reverse epide-

iology, see later), which may be related
o the fact that Asian Americans more
ften ingest isoflavone-rich foods such as
oy products.17 The effect of health-en-
ancing diets on clinical outcome in main-

enance dialysis patients is an important
uestion that will require well designed
linical trials.

nflammation in Renal Failure

nflammation is a physiologic response
nd contributes to defense mechanisms in
iving organisms. An inflammatory re-
ponse to an acute event, such as infec-
ion, trauma, or toxic injury, helps the
ody to defend against pathological in-
ults.31,32 However, if inflammation be-
omes prolonged, it may lead to adverse
onsequences such as a decline in appe-
ite, increased rate of protein depletion in
keletal muscle and other tissues, muscle
nd fat wasting, hypercatabolism, vascu-
ar endothelial damage, and atherosclero-
is.32 Thus, the acute-phase inflammatory
rocess that is a normal host defense
echanism may play a detrimental role in

enal patients and contribute to the in-
reased risk for cardiovascular events.

Inflammatory processes are common in
ndividuals with both CKD and ESRD
nd are closely related to PEM and accel-
rated atherosclerosis.7,9,10,13,33 ESRD-asso-
iated inflammation has been observed in
oth North American,7,34,35 European,10,36

nd Asian37-39 dialysis patients, and 30%
o 60% of ESRD patients in European
nd North American countries are found
o have increased serum levels of inflam-
atory markers. Interestingly, dialysis c
atients in Asian countries may have a
ower prevalence of inflammation,38,39

uggesting that genetic factors and/or
ifferences in cultural practices (such as
iet) may influence the inflammatory re-
ponse. Moreover, recent data suggest
hat female patients with chronic inflam-

atory response have a better outcome
han their male counterparts; female sex
ormones may have important protective
ffects that limit the impact of inflamma-
ion on vascular injury in ESRD patients.40

n recent years, more attention has been
ocused on the inflammatory processes as
possible cause of accelerated atheroscle-

osis as well as a wasting syndrome7,9,33

nd refractory anemia.41,42 Thus, inflam-
ation may lead to a poor outcome in

ndividuals with underlying kidney dis-
ase and renal insufficiency.

There is no uniform approach to assess
he severity of inflammation in individu-
ls with kidney disease. Several serum
nd blood measures of inflammation have
een commonly used in both CKD and
SRD patients as well as in other groups
f patients.33,43 Serum levels of “positive
cute-phase reactants,” such as serum C-
eactive protein (CRP) or ferritin, are
arkers that are elevated during an acute

pisode of inflammation. The serum lev-
ls of “negative acute-phase reactants,”
uch as albumin or transferrin, decrease
uring an inflammatory process.31,32

any negative acute-phase reactants are
lso traditionally known as nutritional
arkers because their serum levels are

ecreased with a decline in nutritional
tatus.

Occult or overt inflammation may be
hronic or recurrent; hence, they have oc-
asionally been referred to as “chronic”
cute-phase responses.23,44 Such chronic
nflammatory states are associated with
n elevation of serum acute phase pro-
eins, including CRP, serum amyloid A,
nd some proinflammatory cytokines in-

luding a variety of interleukins. Among



p
(
t
i
e
n
a
y
i
a
l

C

D
i
a
m
c
i
b
o

T
m
r
a
t
v
n
n
m
w
r
i
a
s
t
r
t
s
s
p

T

A
a

159Nutrition/Inflammation in Renal Failure
roinflammatory cytokines, interleukin
IL)-6 is reported to play a central role in
he pathophysiology of adverse effects of
nflammation in patients with renal dis-
ase.9,45-48 Increased serum levels of tumor
ecrosis factor � (TNF-�) and IL-6 may be
ssociated with reduced appetite in dial-
sis patients.49 Renal failure may lead to

ncreased inflammatory responses through
number of mechanisms as presented

ater (Table 2).

KD and Inflammation

eteriorating renal function may promote
nflammatory responses by several mech-
nisms that are related to a reduced glo-
erular filtration rate. Decreasing renal

learances of factors that are directly or
ndirectly involved in inflammation may
e a main factor. The serum half-lives

able 2. Causes of Inflammation in Renal Fa

Causes of inflammation in CKD or b
Decreased clearance of proinflamm
Volume overload
Oxidative stress
Carbonyl stress
Increased level of endotoxins
Decreased levels of antioxidants
Deteriorating protein-energy nutri
Increased susceptibility to infection
Genetic factors such as low produ

Coexistence of Comorbid Conditions
1. Inflammatory diseases with kidn
2. Increased prevalence of other co

Additional Inflammatory Factors Rel
Hemodialysis:

1. Exposure to dialysis tubing
2. Dialysis membranes with decr
3. Impurities in dialysis water an
4. Back-filtration or back-diffusio
5. Foreign bodies (such as PTFE
6. Intravenous catheter

Peritoneal Dialysis:
1. Episodes of overt or latent pe
2. PD catheter as a foreign body
3. Constant exposure to PD solu

bbreviations: CKD, chronic kidney disease; GFR,
tosus; HIV, human immuno-deficiency virus; PTF
f such proinflammatory cytokines as i
NF-� or IL-1 are greater in nephrecto-
ized as compared to sham-operated

ats.50,51 Moreover, Descamps-Latscha et
l52 have shown strong negative correla-
ions between serum concentrations of
arious inflammatory markers, such as
eopterin, TNF-� TNF-sR55, and creati-
ine clearance. Declining renal function
ay affect other inflammatory markers as
ell because serum CRP, IL-6 and hyalu-

onan levels have been found to have an
nverse correlation with creatinine clear-
nce.53,54 Even among ESRD patients with
ome degree of residual renal function,
hose with a lower glomerular filtration
ate have higher serum CRP concentra-
ions.55 In addition, accumulation of sub-
tances that are products of carbonyl
tress such as advanced glycosylated end
roducts in CKD patients may provoke

56-58

e of decreased GFR
cytokines

state and food intake
remia
of anti-inflammatory cytokines
KD Patients
volvement (SLE, HIV, and so on)
id conditions
to Dialysis Treatment

biocompatiblility (eg, cuprophane)
dialysate

contaminants
ialysis access grafts

tis
its related infections

rular filtration rate; SLE, systemic lupus erythem-
y-tetra-fluoro-ethylene; PD, peritoneal dialysis.
ilure

ecaus
atory

tional
in u

ction
in C
ey in
morb
ated

eased
d/or
n of

) in d

ritoni
and

tion

glome
E, pol
nflammation. Fluid overload and
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160 Kalantar-Zadeh et al
ongestive heart failure may be other con-
ributors to increased inflammatory re-
ponses in CKD patients. It has been sug-
ested that vascular congestion may alter
he permeability of the gastrointestinal
ract, leading to accumulation of endotox-
ns such as lipopolysaccharides.33 More-
ver, there is a greater susceptibility to

nfection in uremic patients as compared
o healthy controls. The foregoing pro-
esses may in turn stimulate monocytes
eading to increased release of proinflam-

atory cytokines.59,60

Oxidative stress, which occurs when
here is an excessive free-radical produc-
ion or low antioxidant levels, has
merged as an important promoter of en-
othelial dysfunction and possibly in-
ammation and atherogenesis.61,62 Lower
lasmalogen levels have been found in
alnourished and inflamed CKD pa-

ients, indicating increased oxidative
tress.63 Hence, it may be speculated that
xidative stress could result in an in-
reased production of proinflammatory
ytokines and an acute-phase response.
n acute-phase response also has been

hown to be associated with decreased
lasma levels of several antioxidants in
onrenal patients.64 A lower intake of var-

ous antioxidants in ESRD patients might
lso contribute to oxidative stress.29

The common occurrence of superim-
osed illnesses frequently encountered in
enal patients plays a role in the etiology
f the hypercatabolic state and the devel-
pment of inflammation in these individ-
als.65 Hence, comorbid conditions may
e the major contributors to the develop-
ent of chronic inflammation in CKD pa-

ients. Underlying kidney disease (such as
upus erythematosus or some of the glo-

erulonephritides associated with in-
ammatory conditions), genetic factors

for example in diabetic patients), cardiac
isease per se, unrecognized persistence

nfections, and atherosclerosis per se may

lso engender inflammation in renal fail- v
re. However, even in the absence of
vert clinical illness, these patients may
ontinue to have inflammatory processes,
lthough not as severely as observed in
ultimorbid patients.

SRD and Inflammation

n increased level of inflammatory mark-
rs has been reported in patients under-
oing both MHD and chronic peritoneal
ialysis (CPD). In addition to the causes
f inflammation that are described in
KD patients (see earlier), proinflamma-

ory cytokines are overtly increased in
ialysis patients when compared to the
eneral population. Kimmel et al43 mea-
ured serum levels of several pro-inflam-
atory cytokines in 230 MHD patients

nd compared the data with those in 28
ondialytic controls and found that se-
um levels of interleukins 1, 2, 4, 5, 6, 12,
nd 13 as well as tumor necrosis factor
lpha were significantly increased in
HD patients.43 Kaysen et al44 have

hown that CRP levels varies over time in
HD patients and that these fluctuations

re unrelated to the dialysis procedure.44

his may suggest that factors unrelated to
he dialysis procedure may be the most
mportant cause for inflammation in dial-
sis patients. However, it should be
ointed out that various dialysis-related

actors may also contribute to inflamma-
ion (Table 3). First, exposure to dialysis

embranes, especially those that are less
iocompatible (eg, cuprophane mem-
ranes) as well as exposure to dialysis
ubing during dialysis treatment may be a
ause of inflammation.48,66 Second, also
he quality of dialysis water67-69 and back-
ltration or back-diffusion because of ex-
osure to endotoxins that are possibly
vailable in the dialysate fluid may be a
ause of inflammation.70 Finally, it should
e emphasized that implanted foreign
odies in those who have an arterio-

enous graft, which may harbor chronic
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161Nutrition/Inflammation in Renal Failure
r recurrent latent infection or intrave-
ous catheter in those who do not have a
eripheral dialysis access may contribute

o inflammation.71,72 In CPD patients, the
ollowing additional factors may play a
ole in the development of chronic inflam-
ation: episodes of overt or subclinical

eritonitis, CPD catheter-related infec-
ions,39,73 and constant exposure to PD
olution, which may include bioincompat-
ble substances or endotoxins (Table 3).73

nflammation and Outcome

arkers of inflammation and malnutri-
ion predict poor outcome including in-
reased mortality in CKD and ESRD pa-
ients. Ironically, infection, which usually
eads to an overt inflammatory response,
r malnutrition per se are not the com-
on causes of death in these patients.
ost individuals with chronic renal fail-

re die of CVD.14 Inflammation predis-
oses dialysis patients to atherosclerotic
VD as well as to a net catabolic state and
ypoalbuminemia.9,10,13,74 ESRD patients
ith coronary heart disease often have

levated levels of acute-phase reactants.10

pidemiological studies indicate that in
SRD patients increased serum CRP is at

east as a strong predictor of morbidity
nd mortality as is serum albumin.34,35

ncreased serum levels of IL-6 also is re-
orted to be associated with increased
ortality in both MHD74 and CPD pa-

ients.47 Progression of carotid atheroscle-
osis during dialysis may be related to
L-6 levels.45

It should be noted that the cascade of
nflammatory factors leading to an acute-
hase reaction is counter-regulated by
arious anti-inflammatory cytokines,
uch as IL-10. Recently Girndt et al75

howed that the �1082A allele, which is
ssociated with a low production of IL-10,
s related to an increased risk of cardio-
ascular events in 300 MHD patients.

ata indicate that inflammatory processes c
ay promote proliferation and infiltra-
ion of inflammatory cells into the tunica
ntima of small arteries, including the
oronary arteries. This may result in ath-
rosclerosis and stenosis of the blood ves-
els and subsequent occlusive vascular
vents.76,77 Epidemiological evidence sug-
ests that inflammation may be linked to
VD via some specific low-grade infec-

ions, such as is caused by Chlamydia pneu-
oniae.76,77 C pneumoniae infection is

hown to predict adverse vascular out-
ome in CPD patients,78 and elevated C
neumoniae IgA titres predict progression
f carotid atherosclerosis in ESRD pa-
ients.45 Myeloperoxidase, an abundant
nzyme secreted by neutrophils, may also
ink inflammation to oxidative stress and
therosclerosis in ESRD patients.79 In-
eed, recent data have shown that a func-

ional variant of the myeloperoxidase
ene is associated with cardiovascular
isease in end-stage renal disease pa-

ients.80 It should be noted that inflamma-
ion might also cause direct endothelial
ysfunction via a stimulation of intercel-

ular adhesion molecules in CKD pa-
ients.62

The association between inflammation
nd increased rate of CVD is not re-
tricted to renal disease. Women with sys-
emic lupus erythematosus are several
imes more likely to have myocardial in-
arction than age-matched women,81 the
ncidence of myocardial infarction is 50%
igher in individuals with rheumatoid ar-

hritis than in controls matched for age
nd sex,82 and accelerated coronary ath-
rosclerosis has been observed in young
atients with HIV disease.83

Inflammation might also cause other
dverse outcomes in renal disease such as
efractory anemia, laboratory signs of iron
verload, or poor quality of life.11 Main-
enance dialysis patients with evidence of
nflammation frequently display in-
reased serum ferritin, which, under these

ircumstances, is not a reliable indicator
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162 Kalantar-Zadeh et al
f increased iron burden but more a pos-
tive acute-phase reactant.41,84 Serum fer-
itin has been shown to correlate with
ospitalization rates, and a recent in-
rease in serum ferritin concentration in

HD patients may carry a greater risk
f death.84 Hence, the association be-
ween a high serum ferritin and poor out-
ome in dialysis patients may be entirely
ecause of inflammation and not iron
verload.

alnutrition-Inflammation Complex

he term malnutrition-inflammation com-
lex syndrome (MICS) indicates the close
ssociation between PEM and inflam-
ation in dialysis patients.6,17,85,86 Al-

ernatively, malnutrition-inflammation-
therosclerosis (MIA) has been used to
mphasize the importance of atheroscle-
otic diseases as a major consequence of
his disorder.87 Renal failure and uremic
oxins, as well as comorbid conditions
nd dialysis related factors, may lead to
nflammation and PEM, which per se
re major determinants of the low qual-
ty of life and increased hospitalization

nd mortality in dialysis patients (Fig 1). P
he theory of reverse epidemiology in
ialysis patients is compatible with the
xistence of MICS or MIA and its inter-
lay with the traditional risk factors;
atients who are underweight or who
ave a low serum cholesterol, creati-
ine, or homocysteine may be suffering
rom the MICS/MIA and its subsequent
oor outcome17 (Table 1). Several scor-

ng systems have been proposed to as-
ess the degree of MICS or MIA in dial-
sis patients, such as malnutrition-

nflammation score (MIS),24 which has
een found to correlate strongly with
oth measures of nutritional status and

nflammation and anemia. The MIS is
ignificantly associated with hospital-
zation rates and mortality in HD pa-
ients.24

The association of PEM with inflamma-
ion in ESRD patients may be an explana-
ion for PEM associated mortality.6,7,9,10

ndeed, several investigators suggest that
EM is a consequence of chronic inflam-
atory processes in ESRD patients.7,87,88

hus, chronic inflammation may be the
issing link or factor that causally ties

Figure 1. A hypotheti-
cal model of the com-
plex interrelationships
among the predictors
(inflammation and PEM)
and outcomes (quality of
life, morbidity, and mor-
tality) in individuals un-
dergoing maintenance
dialysis.
EM to morbidity and mortality. The fol-
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owing arguments have been advanced
n support of this thesis: inflammation
s associated with a rise in plasma and
robably tissue levels of catabolic cyto-
ines. TNF-�, also known as cachexin,
ot only promotes catabolic processes, en-
endering both protein degradation and
uppression of protein synthesis, but also
nduces anorexia.49,89,90 Elevation of in-
ammatory proteins and catabolic cyto-
ines are observed in both nondialyzed
atients with advanced chronic renal in-
ufficiency and in dialysis patients who
ave signs of PEM. Dialysis patients with
vidence of inflammation are reported to
evelop weight loss and a negative pro-

ein balance even with an intact appetite
ecause there may be a shift in protein
ynthesis from muscle to acute-phase pro-
eins as renal function declines.8 Inflamed
atients appear to lose more body weight
uring dialysis when they are compared
ith noninflamed patients.91 Evidence

uggests that albumin synthesis is sup-
ressed when serum CRP is elevated.44,92

n CKD patients, serum albumin de-
reases as renal function deteriorates,5
nd this phenomenon occur concurrently
ith the accumulation of proinflamma-

ory cytokines.53-55 Serum albumin may be
nfluenced by factors other than malnutri-
ion and high concentrations of acute-
hase proteins, such as CRP, are corre-

ated with low serum albumin in
alnourished dialysis patients.93 Inflam-
ation may also lead to hypocholesterol-

mia, a strong mortality risk factor in di-
lysis patients and a marker of poor
utritional status.74

Although proinflammatory cytokines
ay be one common link between malnu-

rition, inflammation, and atherosclerosis,
t should be emphasized that other factors
uch as oxidative stress, carbonyl stress,
nd uremic toxins may play a direct role
s well.61,62 The extent to which PEM and
nflammation may be a cause of each

ther and the degree to which they can m
ach independently induce adverse out-
omes in patients with kidney diseases
as not been clearly defined. The follow-

ng arguments have questioned the role of
nflammation as a cause of PEM: serum
lbumin and other indicators of protein-
nergy nutritional status correlate with
ndicators of protein intake irrespective of
nflammatory status.87,93 During studies
f PEM induced in normal individuals by
educing their nutrient intake or in HD
atients fed with low protein diets, the
erum albumin decreases modestly, sug-
esting clearly that serum albumin is a
eflection of protein intake.94 In dialysis
atients, the association of serum albumin
nd CRP is not precise, and the reported
orrelation coefficients are usually less
han 0.50.13,93 Serum albumin concentra-
ions usually do not fluctuate on a month-
o-month basis, whereas serum CRP ap-
ears to do so.44 At least in some acute or
hronic illnesses, the provision of ade-
uate nutrition without treatment of the

nflammation improves hypoalbumine-
ia and clinical outcome.95 Malnourished

ialysis patients may be deficient of anti-
xidants such as vitamin C or carote-
oids,29 which may lead to increased ox-

dative stress leading to inflammation.6
here is evidence that certain nutrients,
uch as arginine and glutamine, may en-
ance the immune response.96 Moreover,
reliminary data suggest that levocarni-

ine may protect against endotoxins and
lso suppress elaboration of TNF-� from
onocytes.97 Thus, PEM may decrease

ost resistance and predispose to infec-
ion, which is an inflammatory disorder.
inally, the positive association of mea-
ures of PEM with inflammation may be
aused, in part, by the generation of cyto-
ines in the setting of low protein and
nergy intake.6

These considerations, although not
onclusive, indicate that factors other
han the catabolic consequences of inflam-
ation may also affect serum albumin
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164 Kalantar-Zadeh et al
nd other nutritional measures and that
utrient intake is almost certainly such a
actor. In summary, although in dialysis
atients PEM may be associated with
oor outcome because of the primary con-

ribution of inflammation, existing data
emain consistent with the possibility that
utrient intake may independently affect
utcome.

anagement of Malnutrition and
nflammation in Kidney Failure

he evidence as to whether nutritional
reatment may improve morbidity and

ortality in dialysis patients is quite lim-
ted. There are no large-scale randomized
rospective interventional studies that
ave examined these questions. Among
tudies based on food intake, Kuhlmann
t al98 reported that prescription of 45
cal/kg/d and 1.5 g protein/kg/d in-
uced weight gain and improved nutri-

ional status including serum albumin in
alnourished hemodialysis patients. In

his study, weight change correlated with
ean dietary energy intake but not with
ean dietary protein intake. Leon et al95

eported that tailored nutritional inter-
ention improved serum albumin levels

n 52 MHD patients, and this effect was
bserved even among patients with high
erum CRP levels. Caglar et al99 recently
howed that oral nutritional supplemen-
ation given during hemodialysis im-
roves nutritional markers such as Sub-

ective Global Assessment and serum
lbumin concentration in malnourished
HD patients.
A limited number of retrospective

tudies evaluated the effect of intradia-
ytic parenteral nutrition (IDPN) on clini-
al outcome.100,101 Even though the correc-
ion of hypoalbuminemia by IDPN was
ssociated with improved outcome in
hese studies, a number of other interven-
ional studies fail to show evident im-

rovement of nutritional status or clinical
utcome in dialysis patients receiving
DPN or other nutritional interven-
ions.102 However, recently Pupim et al103

howed that IDPN promoted a large in-
rease in whole-body protein synthesis
nd a significant decrease in whole-body
roteolysis in 7 MHD patients without
vidence of inflammation. Many investi-
ators of such studies used small sample
izes, failed to restrict study subjects to
hose with PEM, did not control for con-
urrent food intake, did not define or ad-
ust appropriately for comorbid condi-
ions, performed nutritional interventions
or short periods of time, and followed up
atients for only short intervals. Until

arge-scale, prospective randomized in-
erventional studies are conducted, it will
e difficult to ascertain the potential ben-
fits of increasing nutritional intake in
alnourished dialysis patients.
Although epidemiological evidence

trongly links inflammation to poor out-
ome in individuals with renal insuffi-
iency, it must be recognized that there
re not yet randomized clinical trials to
ndicate improvement of outcomes by in-
ammation-reducing measures. Hence,

here is currently no consensus concern-
ng the management strategies for the
reatment of chronic inflammation in pa-
ients with renal failure. However, possi-
le treatment modalities may target in-
ammation directly, or they may focus on
xidative stress or endothelial dysfunc-
ion. The following therapeutic ap-
roaches may be considered:

. Statins (HMG-CoA reductase inhibi-
tors) have been suggested for chroni-
cally inflamed patients. Statins are
shown to decrease CRP levels indepen-
dently of their effects on lipids and
may be associated with reduced mor-
tality in ESRD patients.37,104

. Angiotensin-converting enzyme inhib-
itors may have anti-inflammatory

properties in both the general popula-



3

4

c
C
n
e
c
f
i
b
i
b
m
p

C

I
t
t
i
m
s
s
h
t
v
p
o
t
t
m
n
e

m
q
t
c
c
d
a
H
s
y
d
i
fl
t
o
c
t
p
M
b
(
c
i
o
c
a
f
t
a
t
r

R

165Nutrition/Inflammation in Renal Failure
tion and in CKD and ESRD patients105

and are associated with delayed pro-
gression of chronic renal failure and
improved outcome in these individu-
als.1

. Vitamin E may have anti-inflammatory
effects, and vitamin E administration is
associated with a decreased risk for
cardiovascular mortality in dialysis pa-
tients.106

. Optimization of dialysis treatment
may improve inflammatory status in
dialysis patients, and the type of dial-
ysis membrane may have a bearing on
mortality.107

The use of ultra-pure dialysate and bio-
ompatible membranes may decrease
RP, even though such interventions may
ot completely normalize the serum lev-
ls of CRP.48,66 Of note, a major clini-
al trial (the HEMO Study)108 recently
ailed to show an improvement in clin-
cal outcomes by use of high-flux mem-
ranes. However, this finding does not

pso facto refute the role of dialysis mem-
rane biocompatibility in the develop-
ent of chronic inflammation in ESRD

atients.

linical Implications and Future Steps

ndividuals with renal failure, especially
hose undergoing maintenance dialysis
reatment, are a group of highly selected
ndividuals whose high rate of CVD and

ortality does not appear to be caused by
uch traditional risk factors as hyperten-
ion, obesity, hypercholesterolemia, or
yperhomocysteinemia. Indeed these fac-

ors are associated with improved survi-
al.17 Such paradoxical associations ap-
ear to have major clinical implications in
ur patients.17 To that end, the extrapola-
ion of data on traditional risk factors in
he general population to prognostic and

anagement considerations in mainte-
ance dialysis patients without adequate

vidence may be flawed. Intense manage-
ent of traditional risk factors, which is
uite important, does not appear to lead
o major improvements of CVD or poor
linical outcome in dialysis patients.14 In-
reasing dialysis dose or use of high-flux
ialysis membranes also failed to show
ny improvement in survival according to
EMO study.108 Hence, it may be time to

hift the focus of clinical studies and dial-
sis patient management to such nontra-
itional factors as nutritional status and

nflammation. Although the PEM and in-
ammation may confound the effect of

raditional risk factors on clinical outcome
f maintenance dialysis patients, these
onditions in themselves may be among
he main causes of death in this group of
atients. Hence, they deserve attention.
aintenance dialysis patients appear to

e a unique population with their own
nonconventional) risk factors as is the
ase with the phenomenon of reverse ep-
demiology.17 To that end, more epidemi-
logical studies and well-designed clini-
al trials are needed to verify the existence
nd precise nature of nontraditional risk
actors in chronic renal insufficiency and
o examine the role of nutritional support
nd anti-inflammatory interventions as a
reatment for high CVD and mortality
ate in these individuals.
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