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pidemiology of Dialysis
atients and Heart Failure Patients

amyar Kalantar-Zadeh, Kevin C. Abbott, Florian Kronenberg, Stefan D. Anker,
amara B. Horwich, and Gregg C. Fonarow

The epidemiology of maintenance dialysis patients and heart failure patients has striking
similarities. Both groups have a high prevalence of comorbid conditions, a high hospital-
ization rate, a low self-reported quality of life, and an excessively high mortality risk, mostly
because of cardiovascular causes. Observational studies in both dialysis and heart failure
patients have indicated the lack of a significant association between the traditional cardio-
vascular risk factors and mortality, or the existence of a paradoxic or reverse association,
in that obesity, hypercholesterolemia, and hypertension appear to confer survival advan-
tages. The time discrepancy between the 2 sets of risk factors, that is, overnutrition
(long-term killer) versus undernutrition (short-term killer) may explain the overwhelming
role of malnutrition, inflammation, and cachexia in causing the reverse epidemiology, which
may exist in more than 20 million Americans. We have reviewed the opposing views about
the concept of reverse epidemiology in dialysis and heart failure patients, the recent Die
Deutsche Diabetes Dialyze study findings, and the possible role of racial disparities.
Contradictory findings on hyperhomocysteinemia in dialysis patients are reviewed in
greater details as a possible example of publication bias. Additional findings related to
intravenous iron and serum ferritin, calcium, and leptin levels in dialysis patients may
enhance our understanding of the new paradigm. The association between obesity and
increased death risk in kidney transplanted patients is reviewed as an example of the
reversal of reverse epidemiology. Studying the epidemiology of dialysis patients as the
archetypical population with such paradoxic associations may lead to the development of
population-specific guidelines and treatment strategies beyond the current Framingham
cardiovascular risk factor paradigm.
Semin Nephrol 26:118-133 © 2006 Elsevier Inc. All rights reserved.

KEYWORDS malnutrition-inflammation complex syndrome, dialysis, protein-energy malnutri-
tion, cachexia, chronic heart failure, reverse epidemiology, homocysteine
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n the United States, there currently are more than 300,000
maintenance dialysis outpatients.1,2 This number is ex-

ected to increase to almost half a million by 2010.1-3 Because
he proportion of chronic peritoneal dialysis (CPD) patients
n the United States has decreased, the maintenance hemo-
ialysis (MHD) patients comprise more than 90% of the en-
ire dialysis patient population.1,3 Both CPD and MHD pa-
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ients experience a low quality of life, high hospitalization
ates, and a high mortality rate of currently more than 20%
nnually, despite many recent improvements in dialysis
reatment and techniques.1-6 Two thirds of all dialysis pa-
ients die within 5 years of initiation of dialysis treatment, a
-year survival rate worse than that of many cancer patients.7

he causes of death in dialysis patients are diverse; however,
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Dialysis and heart failure epidemiology 119
pproximately half of all dialysis patients die of cardiovascu-
ar disease.1

Extrapolation of findings from the general population
as led to decades of treating such conventional cardio-
ascular risk factors in dialysis patients as hypertension,
besity, and hypercholesterolemia. Moreover, hyperho-
ocysteinemia also is quite common in dialysis patients

nd has been implicated as a major role player in cardio-
ascular disease risk of these patients.8 Consequently,
here is no surprise that the recent National Kidney Foun-
ation Kidney Disease Outcome Quality Initiative clinical
ractice guidelines for cardiovascular disease in dialysis
atients has focused heavily on these conventional risk
actors.9 However, survival in dialysis patients has not
mproved substantially in the past 2 decades.1 Recent ran-
omized clinical trials have shown no survival benefit of
holesterol-decreasing interventions using atorvastatin
the Die Deutsche Diabetes Dialyze [4D] study)10,11 or us-
ng high-dose folic acid to treat hyperhomocysteinemia12

n dialysis patients. Additional efforts in the form of sev-
ral recent multicenter clinical trials including the
EMO13 and Adequacy of Dialysis in Mexico (ADAMEX)14

tudies have failed to show any survival advantage of in-
reasing dialysis dose in these patients. Furthermore, ob-
ervational studies have shown only a modest, if any, as-
ociation between hypertension and survival in dialysis
atients.15-17 Hence, there appears to be other prevailing
onditions that contribute to this substantial and persis-
ent cardiovascular disease and mortality rate and that
eed to be identified and studied better.
In this article we present an evidence-based conceptual
odel in an attempt to explain the unique features of the

pidemiology of dialysis patients as it pertains to clinical
utcomes (Fig 1) and compare it with the epidemiology of
atients with chronic heart failure (CHF). The contradic-
ory findings about the role of hyperhomocysteinemia in
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igure 1 Potential pathophysi-
logic mechanisms leading to
he reverse epidemiology phe-
omenon in maintenance dial-
sis patients.
s r o t c a f   d e t a l e r 
ialysis patients will be analyzed more thoroughly. We
hen expand the model to include other patients with
hronic kidney disease (CKD) and advance similar but
ostly not yet tested hypotheses pertaining to the epide-
iology of CKD patients not undergoing dialysis and

hose who have undergone kidney transplantation. Fi-
ally, we review clinical implications of these conceptual
pidemiologic models in the current and future strategies
or the management of individuals with a similar atypical
pidemiology.

he Concept of
everse Epidemiology
r Risk Factor Paradox

n highly industrialized, affluent nations, undernutrition is
n uncommon cause of poor outcome in the general popula-
ion, instead overnutrition is associated with a greater risk for
ardiovascular disease and has an immense epidemiologic
mpact on the burden of cardiovascular disease and on short-
ned survival. In contrast, in dialysis patients in the same
ffluent countries, undernutrition appears to be one of the
ost common risk factors for adverse cardiovascular events

nd death.18-25 The terms reverse epidemiology,7,18 risk factor
aradox,19,20 or altered risk factor pattern25 underscore this
aradoxic observation, that is, certain markers, such as de-
reased body mass index (BMI) and lower serum cholesterol
evels, which usually predict a low likelihood of cardiovascu-
ar events and an improved survival in the general popula-
ion, become strong risk factors for increased cardiovascular
orbidity and death in dialysis patients, especially among

hose undergoing MHD. Moreover, some indicators of over-
utrition such as obesity or even morbid obesity actually
redict improved outcome in MHD patients, hence a so-
alled obesity paradox.
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120 K. Kalantar-Zadeh et al.
ther Populations
ith Reverse Epidemiology

he reverse epidemiology is not unique to the dialysis pop-
lation.7 Patients with CHF,26,27 geriatric populations,28,29

ospitalized patients,30 patients with malignancy,31 those liv-
ng with acquired immune deficiency syndrome,32 and pos-
ibly other vulnerable populations such as those with chronic
bstructive pulmonary disease33 also show similar para-
oxes.18 Indeed, even chronic tobacco consumption may
hange the association between obesity and mortality.34

ence, there appears to be at least 20 million Americans
excluding healthy smokers), who are members of a popula-
ion with a reverse epidemiology of cardiovascular risk fac-
ors (see Table 1). Among these distinct populations, the
henomenon of altered risk factors has been studied best
mong dialysis and CHF patients.18,26 Hence, a better under-
tanding of the reverse epidemiology phenomenon and its
linical and public health implications on survival of MHD
nd CHF patients may help improve poor outcome in more
han 20 million Americans.

alnutrition-
nflammation-Cachexia
yndrome

ialysis patients not only have a high prevalence of malnu-
rition but also a higher occurrence rate of inflammation, as
videnced by increased biomarkers such as C-reactive pro-
ein (CRP) and proinflammatory cytokines.35-40 Both malnu-
rition and inflammation are associated strongly with each
ther and with many nutritional measures in the same direc-
ion. As yet, the relative contributions of measures of these 2
onditions to each other and to outcomes in dialysis patients
re not well defined; therefore, we have suggested the term
alnutrition-inflammation complex (or cachexia) syndrome

MICS) to denote the important contribution of both to dial-
sis outcome.35,41 The MICS may be a plausible cause of the
everse epidemiology of cardiovascular risk factors and other

able 1 Identified Populations With a Reverse Epidemiology P

Population Reve

SRD undergoing MHD* Obesity
hronic heart failure† Obesity
therosclerotic coronary artery disease‡ Obesity
dvanced age (>75 y)§ Obesity
dvanced malignancy§ Obesity
IDS§ Obesity
ursing home residency§ Obesity
dvanced COPD‡ Obesity
otal

Evidence for more than the 3 risk factors (HC, HTN, or obesity).
Evidence for all 3 CV risk factors.
Evidence exists for at least 1 of the 3 traditional cardiovascular ris
Evidence for at least 2 of the 3 main CV risk factors.
bbreviations: HC, hypercholesterolemia; HTN, hypertension; AID

pulmonary disease.
oor outcomes such as poor quality of life and increased
ospitalization and refractory anemia in dialysis patients.42-44

he cause of MICS in dialysis patients is not very clear, but
ome probable causes are depicted partially in Fig 1 and has
een discussed previously.45-53 Some of these factors such as
educed food intake owing to anorexia can be both a cause
nd a consequence of the MICS.51,53

Similarly, in CHF patients, cachexia is observed frequently
nd is associated with neurohormonal imbalance, inflamma-
ion, and poor outcome.54-56 As in MHD patients, in whom
nemia is associated with MICS and poor clinical outcome,42

n CHF patients these pathophysiologic alterations also are
ssociated with anemia,57 which itself is an adverse prognos-
ic factor.58,59 Because nutritional and inflammatory condi-
ions may be modifiable, correcting MICS in MHD patients or
achexia in CHF patients may improve outcomes and correct
he reverse epidemiology.52,53,60-62 However, before testing
hese hypotheses by launching expensive clinical trials, we
eed to know how MICS is engendered and through which
echanisms and temporal relationships it is associated with
oor outcome in these patients.

s Inflammation the Answer?
n the general population, indicators of inflammation, in-
luding increased serum CRP level, are stronger predictors of
ardiovascular events than low-density lipoprotein (LDL) hy-
ercholesterolemia.63,64 Several studies have indicated a
trong association between inflammatory markers including
erum CRP level and proinflammatory cytokines such as tu-
or necrosis factor, interleukin-6, and interleukin-8 and
rospective mortality in dialysis patients61,65-67 and CHF pa-
ients.68 Hence, at least by virtue of its inflammatory compo-
ent, MICS may predispose dialysis patients to atheroscle-
otic cardiovascular disease.69-71 However, in the general
opulation, inflammation, similar to traditional cardiovascu-

ar risk factors, exerts its deleterious effects in a long-term
asis, whereas MICS appears to result in poor outcome
ithin a much shorter period of time. This temporal discor-

idemiology Evidence Estimated Census

HTN, and more (see text) 0.3-0.4 million
HTN 4-5 million

5-10 million
15-20 million

0.4-0.8 million
0.1-0.3 million
0.3-0.5 million
0.1-0.3 million
20-30 million

rs.

uired immune deficiency syndrome; COPD, chronic obstructive
attern

rse Ep

, HC,
, HC,

, HC
, HC
, HC
, HC

k facto

S, acq



d
l

S
L
I
a
e
n
m
i
s
t
p
(
c
e
d
M
w
b
p
h
a
s
s
w
t
e
t

m
l

E
A
I
o
p
v
t

H
S
s
s
I
t
d
u
M
a
L
p
i
s
q
M
o
c
t

F
h
(
t

Dialysis and heart failure epidemiology 121
ance is probably the key to understanding the problem (see
ater).

hort-Term Versus
ong-Term Survival

n contrast to the conventional cardiovascular risk factors
nd overnutrition that require several years to decades to
xert their deleterious effect, the impact of MICS and under-
utrition is fast to ensue with decreased survival within a
uch shorter period of time. This time discrepancy hypothesis

s a plausible explanation for the reverse epidemiology ob-
erved in vulnerable populations, in whom the undernutri-
ion overwhelms the presence of overnutrition, leading to
oor short-term survival in a number of distinct populations
see Table 1).18,53 Hence, no matter how strongly cardiovas-
ular risk factors such as hypertension, hypercholesterol-
mia, or obesity are present, MHD patients will continue to
ie excessively and fast as long as the short-term impact of
ICS prevails. Malnourished or inflamed dialysis patients
ill not live long enough to die of obesity or hypertension
ecause they die much faster of MICS (Fig 2). Similarly, CHF
atients die much faster of cachexia. This hypothesis, if true,
as major clinical implications in the management of MHD
nd CHF patients. If the main issue is indeed the high rate of
hort-term mortality (20% per year), it also is expected that
hort-term interventions that can correct MICS or cachexia
ill improve survival more substantially than treating tradi-

ional risk factors such as hypertension or hypercholesterol-
mia. Based on this core hypothesis, new dialysis popula-
ion–specific ideal norms for improving short-term survival
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ay need to be advanced to replace the Framingham guide-
ines.

vidence For and
gainst Reverse Epidemiology

n the following sections, we review the most recent literature
n the atypical epidemiology of the dialysis and CHF patient
opulation as they pertain to the association between con-
entional risk factors and clinical outcomes including mor-
ality (see Table 2).

ypercholesterolemia
everal studies have indicated an association between low
erum total cholesterol and LDL concentrations and poor
urvival of both dialysis72-76 and heart failure patients.27,77-80

n a matched study, it was shown recently that hypercholes-
erolemia and high LDL level are relatively uncommon con-
itions in MHD patients compared with other morbid pop-
lations.81 An innovative study by Liu et al82 showed that
ICS leads to the inverse association between cholesterol

nd mortality in these patients. However, the conclusion by
iu et al82 that statins would improve survival in dialysis
atients was not confirmed by the 4D study10,11 (see later). It

s important to note that in the small and relatively healthy
ample (n � 823) studied by Liu et al,82 only less than a
uarter of patients (n � 189) were classified as not having
ICS and, hence, as having a conventional hypercholester-

lemia-death association.83 It is not clear how the risk-out-
ome constellation of 23% of this cohort could be generalized
o the rest of the MHD patients who had MICS.7,83
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122 K. Kalantar-Zadeh et al.
In the 4D study10 1,255 diabetic dialysis patients were
andomized to receive either atorvastatin 20 mg or placebo
or 5 years. The results of the study were recently reported as
egative11 because only a nonsignificant 8% reduction of the
rimary composite end point by the cholesterol/LDL-lower-

ng intervention was found. This was in distinct contrast to
he recently published Collaborative Atorvastatin Diabetes
tudy84 in type 2 diabetic patients who had not yet developed
ignificant kidney disease. In that study, atorvastatin reduced
he rate of acute coronary events by 36%, coronary revascu-
arization by 31%, stroke by 48%, and death by 27%. The 4D
tudy investigators concluded that their negative results
ight have been owing to the advanced cardiovascular dis-

ases in the MHD patients and that the statin therapy was

able 2 Comparing Dialysis and Heart Failure Patients Wi
onstellations

General Population

MI or height-adjusted
weight

Obesity is associated with
increased CV events and death

C level Hypercholesterolemia is associat
with increased CV events and
death

P HTN is associated with increased
CV events and death

erum homocysteine
level

Hyperhomocysteinemia may be
associated with increased CV
events and death

alcium and vitamin D
levels

Higher calcium intake may impro
HTN and other CV risk factors

ron markers and
intravenous iron
level

Increased serum iron and ferritin
levels may be associated with
increased death risk

erum creatinine level A high serum creatinine level is a
independent risk for CV and
death

erum potassium level High dietary potassium intake ma
be associated with improved C
risk

GE High AGE level is associated with
increased CV risks

cidosis (serum
bicarbonate) level

Generally acidosis is associated
with morbid conditions

erum leptin level High serum leptin level is observ
in obesity and metabolic
syndrome

bbreviations: CV, cardiovascular; TC, total cholesterol; HTN, hype
nitiated too late.11 s
Similar to dialysis patients, the relationship between cho-
esterol and clinical outcome in heart failure patients is para-
oxic. Vredevoe et al77 reported that low total cholesterol,
DL, high-density lipoprotein (HDL), and triglyceride con-
entrations related to impaired survival in 109 heart failure
atients. Rauchhaus et al27,85 found that low total serum cho-

esterol levels were predictive for impaired 12-month event-
ree survival in patients with heart failure, independent of
ause of heart disease (ischemic or nonischemic) and pres-
nce of cachexia. The largest epidemiologic study in this
egard was conducted by Horwich et al79; cholesterol and
ipoproteins were measured in 1,134 patients with advanced
eart failure in a single heart transplant center. High levels of
otal cholesterol, LDL, HDL, and triglycerides each were as-

General Population Pertaining to Risk Factor–Outcome

Maintenance Dialysis
Patients

Heart Failure
Patients

Obesity confers survival
advantages; weight loss over
time increases death risk

Obesity confers
survival advantages

Higher TC may be associated
with greater survival

Higher TC and LDL are
associated with
greater survival

MHD patients with higher
predialysis systolic BP (up
to 180 mm/Hg) have greater
survival

Lower BP values are
associated with
higher death risk

Low serum homocysteine level
is associated with increased
death risk

No data

Hypercalcemia is associated
with increased death risk;
vitamin D intake is
associated with better
survival

No data

A low serum iron level is
associated with increased
death risk; intravenous iron
may improve survival

No data

High serum predialysis
creatinine level is associated
with better survival

No data

High serum potassium level is
associated with increased
risk for CV events and death

No data

High AGE level may be
associated with greater
survival

No data

MHD patients with lower
predialysis serum
bicarbonate level have better
survival

No data

High serum leptin level is
associated with better
nutritional status

No data

n; AGE, advanced glycation end product.
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ociated with greater survival. Similarly, the cohort study by
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Dialysis and heart failure epidemiology 123
issin et al80 indicating “obesity paradox” in 522 heart failure
atients showed that surviving patients had a higher preva-

ence of hyperlipidemia as compared with deceased patients.
auchhaus et al86 have advanced the endotoxin-lipoprotein
ypothesis, which suggests that lipoproteins can bind bacte-
ial toxins and hence have anti-inflammatory effects if bacte-
ial toxins are indeed of relevance in the pathophysiology of
HF-associated inflammation. Recently, the same group also
rovided evidence from ex vivo studies that higher choles-
erol levels related to lower cytokine production in whole
lood exposed to endotoxin.87

Comparing the studies on dialysis and CHF patients, the
everse epidemiology of hyperlipidemia in heart failure ap-
ears to be supported by a higher number of independent
tudies, whereas the observational lipid studies on dialysis
atients have larger sample sizes. Moreover, heart failure
tudies include all classes of lipid panels, whereas the bulk of
ata in dialysis patients are restricted to the reverse epidemi-
logy to total cholesterol, although studies including LDL,
DL, and triglycerides are upcoming.74-76,88

besity
n a recent critical review,89 11 studies with large sample sizes
�1,000 patients each) have been identified,90-100 indicating
reverse epidemiology of obesity in MHD patients. Indeed,

n a recent cohort study in 54,535 MHD patients from a large
ialysis organization using time-dependent Cox models, not
nly was morbid obesity found to confer survival advantages,
ut an incremental loss of weight over time also was associ-
ted with a stepwise increase in death risk (dose-response
henomenon), whereas a weight gain over time tended to
orrelate with improved survival.100 In a creative study by
eddhu et al,101 only greater muscle mass, and not body fat,
as found to improve survival in MHD patients with a high
MI. However, the investigators conclusion that the survival
dvantage of high BMI was restricted to high muscle mass
as not consistent with the finding of the study, an error that

he investigators amended in their 2 subsequent commentar-
es.102,103 Additional limitations of the study by Beddhu et
l101 have been discussed by Johansen et al99 and by Kalantar-
adeh et al,7,89,104 including issues related to the use of urine
reatinine as a surrogate of muscle mass in patients with
dvanced renal failure. Indeed, in a recent study a higher total
ody fat and an increase in body fat over time was found to
orrelate with greater survival in 535 MHD patients who
ere followed-up for 2.5 years.105 However, the difficulties of

eparating muscle versus adipose mass using measures of
ody size and the paucity of reliable anthropometric data in
ost cohort or registry studies need to be acknowledged.106

Increased weight is associated with an increased risk for
eart failure.107,108 However, patients with more severe heart
isease tend to have lower BMI values as compared with age-
nd sex-matched controls from the general population.109-111

n the Systolic Hypertension in the Elderly Program study,
verweight status was associated with a lower stroke risk and
decreased total mortality compared with lean patients.112
orwich et al113 studied 1,203 individuals with moderate to l
evere heart failure (�60% with New York Heart Association
lass IV). Higher BMI was associated with better 2-year sur-
ival. In the Rotterdam Study cohort,114 a higher BMI was an
ndependent predictor of a more favorable prognosis in a
-year follow-up period. Both cardiac death and all-cause
ortality were lower in obese heart failure patients.114 Davos

t al115 examined the impact of BMI in 525 patients with heart
ailure but without cachexia and found that survival was
ignificantly better in mildly to moderately obese patients.
issin et al80 and Lavie et al116 reported similar findings in
22 veteran patients and 209 consecutive ambulatory pa-
ients with heart failure, respectively. Finally, in 2 recent
nalyses of data from 7,767 patients117 and 4,700118 patients
ith stable heart failure, higher BMI was associated with

ower mortality risks. Weight loss—independently of BMI,
eart failure etiology, and clinical disease severity—was as-
ociated strongly with higher mortality.54,119 A cut-off for
eight loss of more than 6% was validated as the best defi-
ition for cachexia in CHF patients.54 Understanding the
echanisms and impact of the obesity paradox in patients
ith heart failure is necessary before recommendations are
ade concerning weight target and weight control in this
opulation.

ypertension
espite a hypertension prevalence of 70% to 90% among
ialysis patients,3,15,120 most studies have shown only a mod-
st, if any, association between hypertension and death in
hese patients. Indeed, several epidemiologic stud-
es15,20,121-127 have shown a paradoxic association (ie, a strong
ssociation between normal to low blood pressure [BP] and
ncreased risk for death in MHD patients). In 2 independent
ritical reviews, Foley128 and Agarwal16 each dismissed the
oncept of reverse epidemiology of hypertension as flawed
nd misleading and maintained that analytic approaches
uch as cross-sectional design, inclusion of prevalent patients
eading to survival bias, and unmeasured comorbidities are at
ault. However, in a recent study,15 even incident MHD pa-
ients showed a reverse epidemiology of hypertension.17

Increased BP may not represent the primary risk for overall
urvival in heart failure patients because several studies, in-
luding those based on large sample sizes, have failed to show
hat a high BP is an independent mortality risk factor in CHF
atients.114,129-131 Among these studies, Cowie et al131 exam-

ned 220 patients with incident heart failure and found that
igher systolic BP and lower serum creatinine concentration
ere predictive independently of improved cardiovascular

urvival. Similarly, in the Rotterdam study, a higher BP con-
erred a more favorable prognosis among 181 patients with
eart failure.114 In a large cohort of outpatients consecutively
nrolled in the Registry of Italian Network on heart failure,132

igher systolic BP was among one of very few independent
redictors of survival in 1,033 elderly patients (age, �70 y)
ith heart failure. In the study by Muntwyler et al,133 in 411
eart failure patients who were followed-up for a mean pe-
iod of 1.4 years, a statistically significant death risk with

ower systolic BP was reported. In a recent randomized, dou-
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le-blind trial on 3,164 patients with heart failure to evaluate
he effect of different doses of lisinopril on survival over a
edian of 46 months (Assessment of Treatment with Lisin-

pril And Survival),134 a higher systolic BP at baseline was
ssociated independently with a statistically significant lower
ortality rate.

yperhomocysteinemia
yperhomocysteinemia may be a risk for cardiovascular dis-

ase in the general population135; however, the association
etween total serum or plasma homocysteine concentration
nd risk for vascular disease and death is not a consistent
nding in dialysis patients (see Table 3). In 11 observational
tudies a positive association between hyperhomocysteine-
ia and increased death risk in dialysis patients was re-
orted,136-146 whereas 4 studies did not show any associa-
ion,147-149 and 6 studies12,150-154 showed survival advantages
f hyperhomocysteinemia in dialysis patients (Table 3). The
1 positive studies had patient sample sizes of 50 to 240
atients (average sample size, 129 patients) and were pub-

ished between 1993 and 2003 (ie, a median publication year
f 1998). In contrast, the 10 negative or reverse studies had a
ample size of 94 to 804 patients (average sample size, 297
atients), and, with the exception of 1 study,147 the other 3
egative studies and all 6 studies with a reverse epidemiology
ere published in the 21st century with a median publication
ear of 2002.

The difference in sample size and publication year indi-
ates a possible publication bias in the past, which may have
andicapped or delayed reporting such paradoxic findings in
ialysis patients because the investigators’ first impression on
ncountering results with inversed associations may be to
onsider them erroneous or flawed and hence be reluctant to
eport them.155 However, because more reports indicative of
everse epidemiology have been published recently, more
nvestigators may be encouraged to report their similar find-
ngs. This also may explain why more frequent reports and
ublications consistent with the reverse epidemiology have
merged only recently. Nevertheless, a significant level of
ublication bias at the peer-review level may continue to
xist against studies reporting paradoxic results on risk fac-
ors.

ther Potential
omponents of Reverse Epidemiology

ncreased levels of serum creatinine,73,156,157 serum iron,
ransferrin saturation ratio,158,159 ferritin,159 and advanced
lycation end products160 have been shown to be associated
ith better survival in MHD patients. Other possible values
ith a paradoxic association in MHD patients are serum bi-

arbonate,161-163 calcium (see later), and leptin.164 We briefly
resent the evidence and opinions pertaining to calcium, iron
arkers, and leptin as the 3 examples of factors that are

pecific to dialysis patients.

s Calcium Good or Bad?
he recent advances in our understanding about the role of

alcium in dialysis patients are an example of the changing r
aradigm and the sharp contrast between the general popu-
ation and dialysis patients. In the general population, an
ncreased dietary calcium intake has been shown to improve
ypertension and risk for ischemic heart disease.165-167 An
-year follow-up study of 43,486 women found a protective
ffect of calcium intake against ischemic cardiovascular mor-
ality.168 Moreover, osteoporosis, a poor outcome predictor,
s associated with a low calcium intake.169 Consistent with
hese findings, until recently a high intake of calcium in di-
lysis patients or a high calcium concentration in dialysate
ath was the recommended practice pattern for more than 2
ecades.170 However, recent data are mostly in favor of a
ignificant association between even mild to moderate hyper-
alcemia (�9.5 mg/dL) and higher mortality among dialysis
atients,171,172 as also recommended by the National Kidney
oundation Kidney Disease Outcome Quality Initiative
uidelines.173 Hence, in dialysis patients, these associations
ppear to be the opposite of what is seen in the general
opulation and in clear contradiction to the old paradigm.
oreover, a very high vitamin D intake may increase the risk

or atherosclerosis according to animal studies,174 whereas a
arge dialysis database analysis recently indicated that vita-

in D supplementation in dialysis patients improves sur-
ival.175,176

ron and Survival in Dialysis Patients
possible association between body iron status and the risk

or coronary heart disease has been shown in some177,178 but
ot all179 studies in the general population. In dialysis pa-
ients, the iron apprehension is aggravated by hemochromato-
is case reports from the pre-erythropoietin era180,181 and the
bundant in vitro studies indicating the association between
ron and oxidative stress.182 However, recent work had indi-
ated a significant association between a low, rather than a
igh, iron saturation ratio and risk for death in dialysis pa-
ients.158 A recent large database analysis found that MHD
atients with a serum ferritin level of up to 1,200 ng/mL did
ot have higher mortality, compared with patients with a
erum ferritin level of 100 to 200 ng/mL.159 Indeed, after
djustment for surrogates of MICS, the survival for some
roups of patients with moderately high serum ferritin levels
ere significantly greater than the reference group, and in-

ravenous iron administration up to 400 mg/mo was associ-
ted with greater survival compared with receiving no intra-
enous iron.159 In a recent study, intravenous iron
dministration to a group of dialysis patients reduced levels
f circulating tumor necrosis factor.183 Hence, the survival
dvantages of intravenous iron may be related to the mitiga-
ion of inflammatory processes.

erum Leptin in Dialysis
atients: High or Low?
lthough in the general population leptin is considered an
ppetite inhibitor, its role in dialysis patients is not clear.
erum leptin levels generally are increased in dialysis pa-
ients, but this has not been shown to be a cause of uremia-

elated anorexia.184,185 Three longitudinal/observational
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able 3 Studies Examining the Association Between Total Homocysteine Levels and Death Risk in MHD Patients

Study Patients Design Results

ositive studies
Chauveau et al,136 1993 118 CKD and ESRD Cross-sectional tHcys higher in patients with history of

occlusive arterial dz
Bachmann et al, 137 1995 50 MHD Cross-sectional High tHcys with occlusive arterial disease
Robinson et al,138 1996 176 MHD/CPD Cross-sectional Patients with tHcys in the upper 2 quintiles

had an independent OR of 2.9 of vascular
complications

Junger et al,139 1997 93 CKD Cross-sectional tHcy as an independent risk factor for CVA,
with an OR of 11.4

Bostum et al,140 1997 73 MHD/CPD Prospective (17 mo) tHcy in upper quartile was associated with
HR for nonfatal and fatal CVD ranging
from 3.0 to 4.4

Moustapha et al,141 1998 176 ESRD
(130 MHD)

Prospective (17 mo) Increased RR of CV events of 1% per
mcmol/L increase in tHcys

Kunz et al,142 1999 63 MHD Cross-sectional OR of CV events was 12.6 comparing
highest versus lowest tHcys quartile

Dierkes et al,143 2000 102 MHD Prospective (24 mo) tHcys greater than median was associated
with all-cause (but not CV) mortality (HR
� 2.44)

Ducloux et al,144 2002 240 CPD Prospective (41 mo) High tHcys, high CRP, and low albumin
levels were associated with risk for CV
events

Mallamaci et al,145 2002 175 MHD Prospective (29 mo) Risk for atherothrombotic events was 8.2
times higher in patients in the highest
tHcys tertile

Kronenberg et al,146 2003 155 ESRD
(105 MHD)

Prospective (12 mo) tHcys was related to progression of arterial
calcification

egative studies
Vychytil et al,147 1998 154 CPD Cross-sectional No significant difference between CPD

patients with and without CVD
Bayes et al,148 2003 94 MHD Prospective (24 mo) CRP, but not tHcys, is associated with

higher mortality
London et al,149 2004 78 MHD Prospective (60 mo) tHcys is not associated with all-cause

mortality
Menon et al,246 2005 804 CKD Retrospective

(several years)
tHcys is not associated with all-cause or CV

mortality in CKD patients stages 3 and 4
in the MDRD study

aradoxic results
Sirrs et al,150 1999 96 MHD

88 MHD
Cross-sectional and

prospective (9
mo)

tHcys was an inverse independent predictor
of vascular access failure, and patients
with higher tHcys had a better survival
rate

Suliman et al,151 2000 117 MHD
117 MHD

Cross-sectional and
prospective (36
mo)

Lower tHcys correlated with history of CVD;
patients with higher tHycs had better
survival; tHcys was influenced by
nutritional status

Wrone et al,152 2001 459 ESRD
(430 MHD)

Cross-sectional tHcys was an inverse independent predictor
of history of CVD

Suliman et al,153 2002 151 CKD Cross-sectional Lower tHcys correlated with history of CVD;
tHcys was influenced by nutritional status

Kalantar-Zadeh et al,154 2004 361 MHD Prospective (12 mo) Lower tHcys was associated with higher
hospitalization and mortality (HR � 2.3)

Wrone et al,12 2004 510 ESRD
(468 MHD)

Prospective (24 mo) Higher tHcys was associated with fewer CV
events; folic acid did not affect CV events

OTE. In the positive studies no direct associations were reported, in the negative studies no associations were found, the paradoxic
association showed a low, rather than a high, tHcys level to be associated with a higher death risk.

Hcys, total homocysteine; CPD, peritoneal dialysis; OR, odds ratio; HR, hazard ratio; dz, disease; CVD, cardiovascular disease; MDRD,

Modification of Diet in Renal Disease Study.
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126 K. Kalantar-Zadeh et al.
tudies in MHD patients indicated that individuals with high
erum leptin levels were more likely to lose weight.186-188

owever, more recent studies in dialysis patients suggested a
aradoxically inverse association between higher serum lep-
in levels and improved markers of nutritional status.184,185

ndeed, leptin, similar to serum albumin, has been reported
o be a negative acute-phase reactant in dialysis patients.185

Administration of growth hormone to maintenance dialy-
is patients increases plasma leptin levels.189,190 Iglesias et
l189 and Aguilera et al191 found a strong direct correlation
etween serum leptin level and BMI and triceps skinfold
hickness in a group of CPD patients. Healthier patients with
lower clinical atherosclerosis score had higher plasma lep-

in values than those with higher scores, whereas CPD pa-
ients with anorexia had lower leptin values than those with a
ormal appetite. In nonobese CPD patients, there were
trong and positive correlations between serum leptin and
arkers of nutritional status, including serum albumin (r �

.63), transferrin (r � 0.40), and cholesterol (r �

.65).189,191 Hence, although there currently are no data re-
ating serum leptin to survival in dialysis patients, a reverse or
aradoxic association between serum leptin and nutritional
tatus, which is the strong marker of survival, is plausible.

linical Relevance
f the Concept of
everse Epidemiology

he forgoing studies have contributed to the growing confu-
ion and have left physicians with a dilemma as to whether to
reat obesity, hypercholesterolemia, and hypertension in di-
lysis and heart failure patients. Treatment of hyperhomocys-
einemia with folic acid in dialysis patients has been ques-
ioned. It is not clear whether dietary calcium intake should
e restricted or whether intravenous iron mitigates or wors-
ns the death risk in dialysis patients. The wisdom of recom-
ending weight loss to transplant wait-listed dialysis pa-

ients has been questioned by Johansen et al.99 It is not clear
hether muscle101 or fat105 confers survival advantages in
ialysis patients.102-104 Treatment of hyperhomocysteinemia
ith folic acid is being revisited.192 There is even confusion

bout the treatment of hypertension in MHD patients.128,193

A number of investigators legitimately have questioned the
xistence and/or direction of the causality in the reverse ep-
demiology observations.16,128,194-198 These are important and
linically relevant questions that require evidence-based an-
wers. The concept of reverse epidemiology has been going
eyond dialysis or heart failure populations and reaching out
o non–heart-failure cardiology (patients with coronary ar-
ery disease199-201 or undergoing cardiac surgery202), geriat-
ics,28-30,203-205 oncology,31,206 and acquired immune defi-
iency syndrome patients32,207 (see Table 1). Studying
ialysis and heart failure patients as the 2 archetypal popu-

ations with reverse epidemiology and examining their “Be-
ond-Framingham” risk factor constellations, as recently
ommented by McClellan and Chertow,208 may offer impor-

ant and clinically applicable insights leading to new recom- p
endations and scientific evidence for population-specific
uidelines for more than 20 million Americans with reverse
pidemiology. Examining these paradoxes collectively in-
tead of individually using very large but uniform and stan-
ardized databases can be a tool to that end.209

acial Disparity
nd Reverse Epidemiology
nderlying disparities in access to health care, income, edu-
ation, diet, lifestyle, and comorbid conditions have been
mplicated as the reason why black individuals have higher
otal mortality rates than whites.210-212 In sharp contrast,
lack dialysis patients have a much lower annual mortality
ate (18%) than whites (28%).1 Dialysis patients of different
aces also have different quality-of-life scores.213,214 Studying
acial disparities in the context of reverse epidemiology may
ield clinically applicable insights into how to reduce the
xcess risk in all dialysis patients.215-217

Kutner and Zhang218 and Glanton et al98 showed that the
urvival advantage of obesity in MHD patients did not apply
o white women. In several studies, Asian American MHD
atients are found to be the only subgroup of dialysis patients

n whom obesity is associated with a worse survival,99,100,219 a
henomenon that can be referred to as the reversal of the
everse epidemiology or paradox within paradox. In another
tudy in large numbers of MHD patients, hypercholesterol-
mia and high LDL levels were associated with a lower death
isk75; the only exception, however, were black MHD pa-
ients, in whom an LDL of more than 100 mg/dL was associ-
ted with a higher cardiovascular death risk.88

According to our hypothesis, nutritional factors may play a
ajor role in causing such disparities. Indeed, according to

n extreme version of our nutritional hypothesis, black dial-
sis patients have a greater survival rate because they tend not
o follow the strict dietary restrictions (such as a low-phos-
horus diet) that are imposed on all dialysis patients and that
ay be followed more strictly by white patients. We warn

gainst such radical interpretation of our working hypothe-
es; however, such notions need to be examined, especially
ecause excessive dietary restrictions to avoid hyperkalemia
nd hyperphosphatemia not only may engender protein-en-
rgy malnutrition220 leading to secondary inflammation,221

ut also may leave atherogenic diet as the only source of food
or MHD patients.222 Moreover, a liberal food intake without
ietary phosphorous and potassium restriction, although

eading to hyperphosphatemia and hyperkalemia (alleged
akers of the so-called noncompliant patient) may be a

ource of increased intake of beneficial phyto-nutrients and
soflavones found in legumes including soy products, nuts,
resh fruits and vegetables, juices, and so forth, which are
estricted greatly in the typical renal diet.223,224 Nevertheless,
uch work has to be performed to prove the merit of such
ypotheses.

he Reversal of Reverse Epidemiology
HD patients are the only CKD patients with consistent
aradoxic associations between higher BMI and greater sur-
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Dialysis and heart failure epidemiology 127
ival. Data from CPD patients are mixed. Some,225-230 but not
ll,231-233 studies in CPD patients have reported similar in-
erse weight-mortality relationships. However, in patients
ho undergo successful kidney transplantation and maintain

dequate renal function, obesity is associated with a poor
ong-term survival (see later). This phenomenon can be re-
erred to as the reversal of reverse epidemiology or the back-to-
ormal phenomenon (see Fig 3) and is explained later.

The association between traditional cardiovascular risk
actors and survival in patients with CKD not undergoing
ialysis is not known. A recent secondary data analysis in
,249 elderly individuals with CKD stages 3 to 5 showed that

ow HDL, increased LDL, and triglyceride levels and obesity
ere not associated with the mortality but systolic hyperten-

ion was.234 In another study in 860 US Veteran male outpa-
ients with CKD stages 3 to 5, a higher BP was associated
aradoxically with greater survival in those who had a history
f atherosclerotic cardiovascular disease.235 We hypothesize
hat a gradual flattening and then reversal of the association
etween traditional risk factors and survival may exist across
he advancing stages of CKD, so that in CKD stage 1, tradi-
ional relationships prevail, whereas by the time a patients
as advanced to CKD stage 5, even if not yet undergoing
ialysis, a reverse epidemiology will have developed.
The cardiovascular epidemiology in those dialysis patients

ho undergo daily hemodialysis, including home nocturnal
nd in-center short daily hemodialysis, is essentially un-
nown. We hypothesize that in these individuals, a reversal
f reverse epidemiology is possible, especially if the provision
f daily dialysis mitigates or corrects the effect of MICS. How-

igure 3 The reversal of reverse
pidemiology or back-to-nor-
al phenomenon after suc-

essful renal transplantation in
ialysis patients.
ver, currently data virtually are nonexistent. k
besity in Kidney
llograft Recipients

he prevalence of obesity has been growing in CKD patients
eing evaluated for transplantation.236 A recent study by
riedman et al237 reported 25% of kidney transplant recipi-
nts were obese in 2000 to 2001, an increase in prevalence by
16% when compared with 1987 to 1989. Most observa-
ional studies have shown higher rates of mortality among
bese renal allograft recipients.236,238-244 Because obesity and
orbid obesity confer survival advantages in MHD patients,

nd because morbid obesity is associated with poor survival
fter renal transplantation, one might conclude that morbidly
bese MHD patients should not undergo transplantation. To
etermine if a significant survival benefit exists for obese
atients after renal transplantation versus those on the wait-

ng list, Pelletier et al236 studied a retrospective cohort of
atients identified in the Scientific Registry of Transplant
ecipients database. Adjusted time-dependent Cox regres-
ion models were used to evaluate the relative risk for death
fter transplantation compared with waiting-list mortality for
idney transplantation.236 These data clearly showed that
ortality worsened progressively with increasing BMI group.
owever, it was not shown how the association between BMI

nd mortality reversed on renal transplantation. We hypoth-
size that a significant portion of this back-to-normal (or
eversal of the reverse epidemiology) phenomenon is ex-
lained by the overwhelming effect of MICS in dialysis pa-
ients and is caused by the time discrepancy between the 2
ompeting sets of risk factors as described earlier. Successful

idney transplantation mitigates the effect of MICS on dialy-
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128 K. Kalantar-Zadeh et al.
is survival, so that the reversal of the obesity paradox by
e-emergence of the long-term effect of traditional cardiovas-
ular risk factors is observed (Fig 3). Another possibility,
owever, is that the improved cardiac function after kidney
ransplantation leads to the observed reversal.

uture Trends and Steps
he poor clinical outcomes in dialysis patients do not seem to
e amenable to interventions that target the traditional car-
iovascular risk factors. If our hypothesis is true that a com-
lex set of conditions that are related to malnutrition and

nflammation, called MICS, is the cause of this risk factor
eversal and high death rate and if the short-term death risk
aused by undernutrition overwhelms the long-term effects
f overnutrition, then the key to improving survival in dial-
sis and heart failure patients and in another 20 to 30 million
mericans with a reverse epidemiology may be interventions

hat can correct MICS. If a decrease in weight over time is
ssociated with poor outcome in MHD and heart failure pa-
ients and if weight gain confers improved survival,100 nutri-
ional interventions and anti-inflammatory strategies may be
he most promising alternatives. However, because MICS is
ultifactorial, single therapeutic strategies are not likely to be

uccessful. Integrated interventions that target several aspects
f the MICS in the form of combined nutritional treatment
trategies with novel micronutrient components that have
ntioxidant and anti-inflammatory properties may be a solu-
ion and need to be tested.53 Dietary restriction in dialysis
atients in the name of reducing potassium and phosphorous

ntake may have had unintended deleterious consequences.
he optimal solution to providing the beneficial compounds

n natural foods while avoiding the potassium and phospho-
ous intake is probably the greatest nutritional dilemma in
ephrology today. Studies with large numbers of dialysis
atients and their recorded food intake with the detailed

nformation on relevant nutrients such as legumes, nuts,
ruits, and vegetables are needed to examine the role of di-
tary restriction in clinical outcomes of dialysis patients.

The ongoing focus with treating conventional risk factors
uch as hypertension, hypercholesterolemia, obesity, and hy-
erhomocysteinemia by using treatment targets derived from
ommunity cohorts are not likely to lead to an immediate
mprovement of the high mortality rate in dialysis or CHF
atients, as long as the short-term survival is the issue at
and. Such practices that impose ideal BMI ranges based on
he general population norms or mandatory weight loss pro-
rams for kidney or heart transplant wait-listed patients may
eed to be re-evaluated. Dismissing the theory of reverse
pidemiology as counterintuitive and potentially harmful
ay not be the most scientifically rigorous approach in deal-

ng with this conundrum. The characteristics of a surviving
ialysis or CHF patient stand in clear contradiction to those
redicted by traditional cardiovascular risk factors. Most
KD patients die before they reach the end-stage of the dis-
ase.245 Hence, a CKD patient who has survived CKD stages 1
hrough 5 and now has become a dialysis patient does not

epresent the epidemiology and risk factor constellations of
is/her predecessors. Focusing on the management of tradi-
ional cardiovascular risk factors in dialysis patients would be
imilar to screening for cancer among patients who already
ave cancer. The MICS in MHD patients or cachexia in CHF
atients is such a disease. For patients with CKD and MHD it
ay be time to go beyond the Framingham risk factors and

ry to explore new modalities that can correct specific risk
actors in dialysis patients.
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