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EVIEW

utcome Research, Nutrition, and Reverse
pidemiology in Maintenance Dialysis
atients

amyar Kalantar-Zadeh, MD, MPH,*† Denis Fouque, MD, PhD,‡ and
oel D. Kopple, MD§

igh morbidity and mortality of maintenance dialysis patients have led to an increase in interest in outcome
esearch in an attempt to identify causes for this adverse outcome. It has been proposed that a substantial amount
f this risk can be explained by protein energy malnutrition, chronic inflammation, or concurrent combination of
oth, known as malnutrition-inflammation complex syndrome (MICS). Elements of overnutrition, such as increased
eight or high serum cholesterol levels, which are deleterious in the general population, paradoxically are protective

n dialysis patients. Conversely, a low body mass index and low serum levels of cholesterol, creatinine, and possibly
omocysteine are risk factors for poor outcome in dialysis-dependent populations. These reverse or paradoxical
elationships between nutritional markers and outcome are referred to as reverse epidemiology. The MICS appears
o be a main contributor to the reverse epidemiology and poor outcome. Mortality is the most definitive and
bjective clinical outcome, whereas hospitalization and quality of life (QoL) are additional relevant but somewhat

ess objective outcome measures in dialysis populations. A systematic classification of outcome measures and their
elated epidemiologic and statistical assessment tools in dialysis patients are reviewed. The effect of MICS on
utcome can be examined by epidemiologic studies that are based on large samples of dialysis patients, use
ultivariate techniques, and, as long as they follow strict methodologic requirements, provide an invaluable

conomical alternative to expensive clinical trials.
2004 by the National Kidney Foundation, Inc.
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N THE UNITED STATES, there currently
are more than 250,000 individuals with end-

tage renal disease (ESRD) undergoing mainte-
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J4
ance hemodialysis (MHD) or chronic peritoneal
ialysis (CPD).1 The number of maintenance
ialysis patients will surpass one half million by
he year 2010.1 These patients experience lower
uality of life (QoL), greater morbidity, higher
ospitalization rates, and increased mortality as
ompared with the general population.1,2 The
nnual mortality rate among dialysis patients in
he United States continues to remain unaccept-
bly high (ie, approximately 20%) despite many
ecent improvements in dialysis treatment.1

SRD patients continue to consume a consider-
ble portion of the Medicare budget, and yet they
ave unacceptably poor outcomes.3 In recent
ears, there has been increasing attention on out-
ome research in maintenance dialysis patients.
he goal of much of this research has been to

dentify and define the scope and impact of risk
actors of poor outcome in dialysis patients.

In highly industrialized, affluent countries,

rotein-energy malnutrition is an uncommon

ournal of Renal Nutrition, Vol 14, No 2 (April), 2004: pp 64-71
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NUTRITION AND DIALYSIS OUTCOME 65
ause of poor outcome in the general population,
hereas overnutrition is associated with a greater

isk of cardiovascular disease. In contrast, in dial-
sis patients, undernutrition is one of the most
ommon risk factors for adverse cardiovascular
vents.4,5 These reverse or paradoxical relation-
hips between conventional cardiovascular risk
actors and outcome are referred to as reverse
pidemiology6–8 or risk factor paradox.9 Indeed some
ndicators of overnutrition, such as an increased
ody mass index (BMI) and hypercholesterol-
mia, actually predict improved outcome in
aintenance dialysis patients.4,10 The elements of

rotein-energy malnutrition and inflammation,
ndependent of each other or combined together
n the form of malnutrition-inflammation com-
lex syndrome (MICS)11,12 (also known as mal-
utrition-inflammation atherosclerosis (MIA)13),
eem to be the main contributors to the reverse
pidemiology phenomenon in dialysis patients.7

dvances in statistical and epidemiologic meth-
ds, the availability of robust multivariate tech-
iques that adjust for confounding and case-mix
actors, and databases from large dialysis patient
opulations, including the United States Renal
ata System (USRDS),1 Fresenius Medical
are,14 and DaVita, Inc,12 have contributed to

dvances in the field of outcome research. Epi-
emiologic studies are much more economical
han expensive clinical trials. However, they are
ubject to significant sources of bias at both the
tudy population selection and the analytical
hase and require strict methodologic surveil-
ance and sound expertise.

The findings from large population-based

able 1. Pertinent Outcome Measures in Maintena

Outcome
Measure

Epidemiological Types and
Assessment Tools

Mortality All-cause mortality
Cause specific (cardiovasc
Standardized mortality ratio

Hospitalization Hospitalization frequency
Hospitalization days
Time to first hospital admis
Standardized hospitalizatio

Quality of life SF36 (and KDQOL)
Others: Karnofsky score

Others Access events
EPO hyporesponsiveness

Abbreviations: SF36, short-form quality of life question
f life; EPO, recombinant human erythropoietin.
tudies suggest that elements of MICS have an u
mportant contribution to poor clinical outcome
n dialysis patients.11 The possibility of using
utritional or anti-inflammatory intervention or
oth to improve clinical outcome in dialysis pa-
ients once again has become the focus of atten-
ion, especially after a multicenter clinical trial
nown as the HEMO Study failed to show an
mproved outcome by increasing dialysis dose or
sing high-flux hemodialysis membranes.15 A ba-
ic knowledge about pertinent outcome measures
n the dialysis population is relevant for nephrolo-
ists and dietitians engaged in the field of dialysis
nd nutritional support (Table 1).

Mortality
Mortality is the most definitive and objective

utcome for both clinical trials and epidemiologic
observational) studies.16 The occurrence of
eath regardless of its etiology and type of sur-
ounding circumstances (ie, all-cause mortality) is
sed commonly to evaluate death rates among
aintenance dialysis patients.1 Nevertheless, this
utcome measure includes occasional rare deaths
hat may not be directly related to ESRD or
ialysis treatment, such as homicide or motor-
ehicle accidents. Despite such potential limita-
ions, mortality remains the most objective and
eaningful outcome in dialysis patients.16 There

s a high burden of cardiovascular disease and
ortality in dialysis patients, accounting for more

han 50% of deaths in these individuals.13,17

ence, mortality of dialysis patients, currently
bout 20% per year in the United States, is not
nly much higher than that of the general pop-

ialysis Patients

d
Statistical Tools

c)
Survival analysis (Cox regression)
Logistic regression

Poisson regression
Correlation analyses
Cox regression (time to hospitalization)

Correlation analyses
Logistic regression
Cox regression (time to event)
Correlation, logistic regression

ith 36 questions; KDQOL, kidney disease-related quality
nce D

Relate

ular, et

sion
n ratio

naire w
lation, but the proportion of deaths from car-
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KALANTAR-ZADEH, FOUQUE, AND KOPPLE66
iovascular diseases also is much higher in this
roup.1,13,18

Because of the heterogeneity of clinical and
emographic characteristics of maintenance dial-
sis patients, standardized mortality rates (SMR)
re used to adjust for the confounding effects of
ender, age, race, and diabetes mellitus, and to-
ether are known as case-mix features.1,19 More
nclusive statistical models may use an even more
xpanded number of case-mix variables, such as
ialysis vintage and insurance status. However, it
s important to appreciate that addition of more
ovariates in the statistical model increases the
hance of missing significant associations when
hey do exist, which is known as overadjustment
r overmatching; this may lead to the elimination
f significant associations, especially when such
ovariates have significant correlations among
ach other. For example, one might wish to study
he impact of food intake on mortality in dialysis
atients with a low protein-energy intake, hy-
oalbuminemia, and increased serum C-reactive
rotein (CRP) that per se might be secondarily
aused by inadequate diet intake. In these cir-
umstances, serum CRP would be expected to
ovary with nutritional intake. Using such sec-
ndary markers as serum CRP as a covariate in
ultivariate statistical models to study the simul-

aneous impact of food intake and inflammation
n mortality will diminish the true epidemiolog-
cal effect of food intake on mortality.

Furthermore, epidemiologic analyses of cross-
ectional data are associated inherently with sev-
ral types of errors.20,21 The selection at one
iven point in time of a study population that
ncludes both incident (newly started on dialysis),
ho may or may not survive over time, and
revalent (already on dialysis) patients, who man-
ged to survive over time, may lead to a signifi-
ant degree of heterogeneity in selection known
s survival bias.16 Finally, it is important to appre-
iate some fundamental aspects of different statis-
ical models (eg, a mortality odds ratio based on
ogistic regression analyses does not control for
he duration of time to death, whereas survival
odels such as the Cox proportional hazard anal-

ses do so).22

Hospitalization
Dialysis patients have a much higher rate of
ospitalization as compared with the general pop- m
lation, on average 10 to 15 days per year for
ach maintenance dialysis patient in the United
tates.1 Hospitalization rates are commonly used
utcome measures.1,23 However, hospitalization
s a less objective outcome measure when com-
ared with mortality, because the decision to
dmit, retain, or discharge a patient in the hospital
an be affected by subjective and nonstandardized
actors, such as regional insurance or health care
olicies.16 Moreover, many hospital admissions
or both MHD and CPD patients are related to
heir dialysis access (ateriovenous shunts or cath-
ters), which may or may not be a direct conse-
uence of protein-energy malnutrition, inflam-
ation, or MICS. However, it has been

uggested that dialysis patients with the MICS are
ore prone to develop access failure events.24

In most outcome studies, the hospitalization
requency (eg, total number of hospital admis-
ions), the total number of hospitalization days, or
oth are calculated for a given period of time.1

imple or multivariate analyses can be used to
valuate the effect of measures of protein-energy
alnutrition on hospitalization rates and to esti-
ate correlation coefficients.25 Alternatively,
oisson regression models can be used to estimate
he hospitalization rate ratios for different nutri-
ional measures.25 Finally, for dialysis populations
ith infrequent hospitalization, time to first hos-
italization within a predetermined interval can
e analyzed with survival-like models (Table 1).

Quality of Life
Monitoring a patient’s functional status and

he subjective sense of well-being, together
nown as QoL measurements, is of particular
mportance in ESRD patients because the
hysical and emotional debility experienced by
aintenance dialysis patients caused by malnu-

rition or inflammation can be severe.26 –28 The
oL measurements have become an important

utcome measure and are heavily relied on not
nly by physicians and scientists but also by the
S Food and Drug Administration and other
ealth policy authorities as a key outcome.
lthough QoL measures are subjective, studies

epeatedly have shown that these measures are
oth reproducible and reliable predictors of
rospective mortality and hospitalizations in

29
aintenance dialysis patients.
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NUTRITION AND DIALYSIS OUTCOME 67
A number of instruments have been used to
ssess sense of well-being and functional and
ealth status in rather broad categories, whereas
ome others have a more limited focus. Some
f these tools have been validated and even
odified for dialysis patients.28,29 The Karnof-

ky score is based on a simple questionnaire and
ssesses the functional status.30 The Short Form
ealth Survey with 36 questions (SF36) is one
f the most commonly used instruments for
oL evaluation in dialysis patients.28 It is used

oth as a stand-alone measure of QoL and as a
ore component of several major assessment
ools, including the Kidney Disease Quality of
ife (KDQOL) survey instrument (Rand Cor-
oration, Santa Monica, CA).31 Such self-ad-
inistered QoL scores as the SF36 or KDQOL

re strong predictors of prospective mortality
29,32

able 2. Reverse Epidemiology of Cardiovascular
isk Factors in Maintenance Dialysis Patients Is th

Risk Factors of
Cardiovascular
Disease

Direction of the A

General Populatio

Body mass index (BMI) High BMI and obesity are ge
deleterious.

Serum cholesterol Hypercholesterolemia, high L
HDL are deleterious.

Blood pressure (BP) Hypertension and even borde
BP are deleterious.

Serum creatinine A mild to moderate increase
creatinine is an independen
of CVD.

Total plasma
homocysteine

A high level is a risk factor fo
CVD in the general populat
likely in dialysis patients.

Serum iron A high serum iron level is ass
hemochromatosis and poo

Intact parathyroid
hormone (PTH)

In general, a high intact PTH
considered to be associate
adverse outcome.

Advanced glycation
endproducts (AGEs)

Patients with higher AGE leve
diabetic patients, have a p
outcome.

Energy (calorie) and/or
protein intake

A high energy and food intak
associated with risk of obe
increased mortality.

Abbreviations: CVD, cardiovascular disease; MD, maint
ipoprotein.
nd hospitalization in dialysis patients. p
Other Pertinent Outcome
Measures

Renal death recently has been introduced in
linical trials addressing chronic kidney disease.33–35

enal death measurement (ie, counting the number
f patients who died [whatever the cause] or started
aintenance dialysis therapy during the course of
bservational or interventional trials) has been ac-
epted as a robust hard-point criterion. It is easy to
scertain, even if not present in the final trial pub-
ication.36 Limitations include interference between
he treatment tested and the decision to start dialysis:
or example, modulating protein intake will impact
n serum urea nitrogen, and, hence, the need to
tart dialysis. However, from a patient’s point of
iew, if a treatment allows him to postpone the start
f dialysis whatever the reason, this is what he will

isk Factors in Dialysis Patients: The Effect of CV
osite of the General Population

tions Between Risk Factors and Outcomes

Maintenance Dialysis Patients

High BMI, or weight for height, and moderate
obesity are protective. Underweight is
deleterious.57

d low Hypercholesterolemia (and maybe high LDL)
is protective. Low serum cholesterol is
deleterious.50

igh Pre-dialysis low BP may indicate a
deleterious state.58

m
factor

An increased predialysis serum creatinine
level is associated with a better survival.14

ased
d

Several recent studies have found that a low
level is associated with increased risk of
cadiovascular disease and mortality.51

d with
me.

A low iron and transferrin saturation level has
been recently found to be associated with
higher mortality and hospitalization in
dialysis patients.59

Dialysis patients with lower intact PTH may
have a worse long-term survival.60

h as A recent report indicates a paradoxically
reverse association between lower AGE
levels and higher mortality in dialysis
patients.61

be
d

Increased protein intake is associated with
better survival.62

dialysis; LDL, low-density lipoprotein; HDL, high-density
(CV) R
e Opp

ssocia

n

nerally

DL, an

rline h

in seru
t risk

r incre
ion an

ociate
r outco

level is
d with

ls, suc
oor

e may
sity an

enance
rimarily be interested in. The nature (infection,
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KALANTAR-ZADEH, FOUQUE, AND KOPPLE68
cclusion, stenosis) and frequency of dialysis access
omplications and the survival of different dialysis
ccess modalities (fistula, graft, and tunneled cathe-
er) may have some association with the nutritional
nd inflammatory processes in dialysis patients and,
ence, can be analyzed as an outcome.37,38 The
egree of refractoriness of anemia in dialysis patients
s another suggested outcome that may be attribut-
ble to MICS.23,38,39 The ESRD-associated anemia
s a multifactorial disorder that can be managed
elatively successfully by recombinant human eryth-
opoietin (EPO) and iron therapy. The EPO and
ron requirement to maintain the recommended
emoglobin concentration (110 to 120 g/L) may
ncrease when inflammation, protein-energy mal-
utrition, or both are present.11,40

Malnutrition-Inflammation
Complex Syndrome and

Reverse Epidemiology
Recent studies suggest that protein-energy
alnutrition and inflammation, together known

s MICS, are associated with a decreased QoL
nd increased hospitalization and mortality, espe-
ially from cardiovascular disease, in maintenance
ialysis patients.41 Hypoalbuminemia and in-
reased serum CRP are strong predictors of poor
linical outcome in these individuals.42,43 Hy-
oalbuminemia, which seems to relate to MICS,
hen compared with such traditional risk factors

s obesity, hypercholesterolemia, and hyperten-
ion, has the most striking and consistent associ-
tions with poor outcome in dialysis patients.44

n the other hand, as discussed above, certain
arkers that predict a low likelihood of cardio-

ascular events and an improved survival in the
eneral population, such as decreased body mass
ndex (BMI)45–48 or lower serum cholesterol
evels,49,50 are risk factors for increased death rates
n dialysis patients.8 Increased body weight, hy-
ercholesterolemia, and hypertension paradoxi-
ally seem to be protective features that are asso-
iated with a greater survival among dialysis
atients, hence referred to as reverse epidemiol-
gy.8 A similar protective role has been described
or high serum creatinine and even plasma ho-
ocysteine levels51 in dialysis patients (Table 2).
The etiology of this inverse association in di-

lysis patients is not clear. Several possible causes
re hypothesized, including survival bias and time

iscrepancy between competitive risk factors (un-
ernutrition versus overnutrition). However, the
resence of the MICS in dialysis patients offers
he most plausible explanation for the existence of
everse epidemiology (Fig 1). The reverse epide-
iology may be caused or at least accentuated by

he MICS in several ways. First, patients who are
nderweight or who have a low serum choles-
erol, creatinine, or homocysteine may be suffer-
ng from MICS and its poor outcome. Thus,

ICS may both cause these alterations and also
e associated with increased mortality either
aused by the illnesses that engender MICS or the
therosclerotic cardiovascular diseases that seems
o be promoted by MICS.7,41,52 Second, the
reviously mentioned paradoxical factors may in-
icate a state of undernutrition, which may pre-
ispose to infection or other inflammatory pro-
esses. Finally, it has been argued that when
ndividuals are malnourished, they are more sus-
eptible to the ravages of inflammatory diseases
nd are predisposed to inflammation-induced
achexia53,54 (Fig 2). A recent study showed that
decreased appetite or anorexia in maintenance
ialysis patients is associated with increased levels
f proinflammatory cytokines and inflammatory
arkers.55 Hence, any condition that potentially

ttenuates the magnitude of protein-energy mal-
utrition or inflammation should be favorable to
ialysis patients.

igure 1. Schematic representation of the causes
nd consequences of malnutrition-inflammation
omplex syndrome (MICS). GFR, glomerular filtra-
ion rate; DM, diabetes mellitus; Rx, treatment;
PO, erythropoietin; CRP, C-reactive protein; BMI,
ody mass index.
There is also a puzzling inverse relationship
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NUTRITION AND DIALYSIS OUTCOME 69
etween a low, rather than a high, blood pressure
nd poor outcome in the dialysis population; this
ight also be accounted for by nutritional status,

nflammation, or both. Iseki et al56 showed a
ignificant association between a low diastolic
lood pressure, hypoalbuminemia, and risk of
eath in a cohort of 1,243 hemodialysis patients
ho were followed for up to 5 years. The death

ate was inversely correlated with diastolic blood
ressure, which per se was correlated positively
ith serum albumin and negatively with age.
ence, hypotension may in some cases be a
anifestation of MICS in dialysis patients.

Future Steps for Dialysis
Outcome Research

Using the previously mentioned outcome
easures, possible predictors of poor outcome

uch as elements of MICS and their contribution
o the phenomenon of reverse epidemiology can
e explored in observational studies. More robust
nd inclusive multivariate techniques, such as
ime-varying models for longitudinal data and
ore strict methodologic surveillance, should be

onsidered in designing, conducting, and analyz-
ng epidemiologic studies with large sample sizes
nd adjusting for the effect of such confounders as
ase-mix features. Clinical trials eventually will be
equired to verify findings of the epidemiologic
tudies pertaining to MICS and reverse epidemi-
logy, to compare the effect of various interven-
ions on modifiable risk factors that are detected
n epidemiologic studies, and to ascertain
hether an improvement of poor outcome in

igure 2. Anorexia versus. cachexia and the role of
rotein-energy malnutrition and inflammation in

heir development. CRF, chronic renal failure; CRP,
-reactive protein.
aintenance dialysis patients can be achieved by r
utritional or inflammatory interventions or
oth. Designing low-priced randomized clinical
rials with adequately large sample size and opti-
al statistical power to evaluate the effect of
utritional or anti-inflammatory interventions in
ialysis patients is the challenge but a needed
ndeavor.
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