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 Reverse Epidemiology: A Spurious 
Hypothesis or a Hardcore Reality? 
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 Division of Nephrology and Hypertension, Los Angeles Biomedical Institute at Harbor-UCLA Medical Center, 
UCLA David Geffen School of Medicine,  Torrance, Calif. , USA 

substituted with novel norms obtained from outcome-
oriented epidemiologic analyses while accounting for 
the differential effect of MICS in different case-mix sub-
groups. 

 Copyright © 2005 S. Karger AG, Basel 

 In the United States, there are approximately 300,000 
individuals with end-stage renal disease (ESRD) who are 
dependent on maintenance hemodialysis (MHD) for 
their survival  [1] . According to the USRDS estimates, the 
number of maintenance dialysis patients, over 90% of 
whom undergo MHD, will approach half a million or 
even higher by the year 2010  [2] . These individuals expe-
rience a low quality of life, high rates of hospitalization, 
and a high mortality rate, currently 20% annually. De-
spite many recent improvements in dialysis treatment 
and techniques  [1, 3, 4] , approximately two thirds of all 
MHD patients die within 5 years of initiation of dialysis 
treatment  [1] , a 5-year survival worse than that of the 
majority of patients with malignancies. The causes of 
death in MHD patients are diverse; however, at least half 
of all MHD patients presumably die of cardiovascular 
diseases  [5] . 

 Extrapolation of fi ndings from the general population 
has led to decades of focusing on treating such  conven-
tional  cardiovascular risk factors as obesity, hyperten-
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  Abstract 
 In maintenance hemodialysis (MHD) patients, associa-
tions between demographic, clinical and laboratory val-
ues and mortality, including cardiovascular death, are 
signifi cantly different and, in some cases, in the opposite 
direction of those derived from the general population. 
This phenomenon, termed ‘reverse epidemiology’, is not 
limited to MHD patients but is also observed in popula-
tions that encompass an estimated 20 million Americans 
including those with an advanced age, heart failure, ma-
lignancies, and AIDS. A signifi cant portion of this rever-
sal may be due to the overwhelming effect of the malnu-
trition-infl ammation complex syndrome (MICS). Since 
two thirds of MHD patients die within 5 years of initiation 
of dialysis treatment, traditional cardiovascular risk fac-
tors such as obesity, hypercholesterolemia and hyper-
tension cannot exert a long-term deleterious impact, and 
instead, their short-term benefi cial effects on MICS pro-
vides a survival advantage. In order to improve survival 
and quality of life in MHD patients, extrapolated ideal 
norms derived from the general population should be 
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sion, hypercholesterolemia and hyperhomocysteinemia 
in dialysis patients. Despite these interventions, survival 
has not improved substantially in the past two decades 
 [1] . Additional efforts targeted other possible correlates
of high dialysis mortality such as dialysis dose or dialysis
membrane. However, several recent multicenter clinical
trials, including the HEMO  [6]  and ADAMEX  [7]  studies 
failed to show any survival advantage of increasing dialy-
sis dose or membrane in ESRD patients  [7] . Hence, there
appear to be other prevailing risk factors contributing to
this substantial and persistent mortality rate in the dialy-
sis population.

   The Concept of Reverse Epidemiology 

 Many reports indicate that in MHD patients there is 
both a high prevalence of protein-energy malnutrition 
(PEM), up to 40% or more, and a strong association be-
tween this condition and greater morbidity and mortality 
 [8–10] . In highly industrialized, affl uent nations, malnu-
trition is an uncommon cause of poor outcome in the 
general population, where, instead,  over -nutrition is high-
ly prevalent and, being a risk factor for cardiovascular 
disease, has had immense epidemiologic impact on the 
burden of this disease and on shortened survival. In con-
trast, in MHD patients  under -nutrition appears to be one 
of the most common risk factors for adverse cardiovas-
cular events  [11–14] . The term ‘reverse epidemiology’ has 
been used to describe this observation  [11]  in which cer-
tain markers, such as decreased body mass index (BMI), 
which predict a low likelihood of cardiovascular events 
and improved survival in the general population, become 

strong risk factors for increased cardiovascular morbidity 
and death in MHD patients. Moreover, some indicators 
of extreme over-nutrition such as obesity or even morbid 
obesity still predict improved outcome in MHD patients 
 [5, 11, 14] . 

   Other Populations with Reverse Epidemiology 

 The reverse epidemiology observation is not unique to 
the dialysis population. Patients with congestive heart 
failure  [15] , geriatric populations  [16]  including elderly 
individuals in nursing homes  [17] , hospitalized patients 
 [18] , patients with malignancy  [19] , those living with
AIDS  [20] , and possibly other vulnerable subpopulations
also have been found to exhibit inverse associations for
traditional risk factors. In general, there appear to be at
least 20 million Americans who fall into a population
demonstrating a reverse epidemiology of cardiovascular
risk factors ( table 1 ). Hence, a better understanding of the 
predictors of reverse epidemiology and its subsequent im-
plications on survival in MHD patients may help im-
prove the poor outcome in this and other similar but dis-
tinct populations.

   Components of the Reverse Epidemiology 

 MHD patients not only have a reversed BMI–mortal-
ity association, but a worse survival has also been ob-
served with a low, rather than a high, blood pressure (BP) 
 [21] , serum concentrations of cholesterol  [12] , homocys-
teine  [22] , creatinine  [23] , iron, and advanced glycation
end products  [24] , among others. Adding to this reversal
are fi ndings indicating that high values of these risk fac-
tors are protective and actually appear to be associated
with improved survival  [25] . Of all these associations,
however, the protective effect between high BP and mor-
tality in MHD patients is among the most controversial
ones, possibly due to a lack of theoretical biologic mech-
anism  [21, 26] . Other examples of reverse epidemiology
that are more accepted include the effect of potassium
and calcium. In the general population, a higher intake of 
potassium is associated with better outcome including
better BP control  [27]  and lower death due to stroke  [28] ,
whereas in dialysis patients higher serum potassium lev-
els are associated with poor survival  [23, 29] . Similarly,
in the general population increased dietary calcium im-
proves hypertension and risk of ischemic heart disease
 [27, 30] , whereas in dialysis patients, increased calcium

Table 1. Populations with reverse epidemiology

Population Estimated census in 
the USA, millions

ESRD undergoing dialysis 0.3–0.4
Chronic heart failure 4–5
Advanced age (>75 years) 15–20
Nursing home residency 0.3–0.5
Advanced malignancies 0.4–0.8
AIDS 0.1–0.3
Total 21–27

ESRD = End-stage renal disease: MHD = maintenance hemo-
dialysis.
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intake is associated with higher coronary artery calcifi ca-
tion  [31, 32] . Serum bicarbonate also shows paradoxical 
associations with mortality in dialysis patients  [33, 34] . 

   Are There ESRD Patients without Reverse 
Epidemiology? 

 Transplanted ESRD patients with a well-functioning 
renal allograft do not appear to exhibit reverse epidemiol-
ogy as studies have found that obesity, hypercholesterol-
emia and hypertension are strong predicators of increased 
mortality in renal transplant patients  [35, 36] , a phenom-
enon which can be referred to as the ‘reversal of reverse 
epidemiology’ or ‘back to normal’  [11] . On the other 
hand, chronic peritoneal dialysis (CPD) patients have in-
consistent obesity-outcome associations and hence ap-
pear to have a transitional status. Some  [37–42] , but not 
all  [43–45] , studies in CPD patients have reported similar 
inverse weight–mortality relationship. McDonald et al. 
 [43] examined 9,679 new adult patients who underwent
an episode   of peritoneal dialysis (PD) treatment in Aus-
tralia or New Zealand over an 11-year interval. In multi-
variate analyses,   obesity was independently associated
with death during PD treatment and technique failure
except among patients of New Zealand Maori/Pacifi c Is-
lander origin, for whom   there was no signifi cant relation-
ship between BMI and death   during PD treatment. Ab-
bott et al.  [44]  and Stack et al.  [46]  found similar associa-
tions between obesity and poor outcome in CPD patients
and concluded that the clinical selection of HD vs. PD
may be related to different predictors of survival among
these 2 groups of the ESRD population.

   Is the Malnutrition-Infl ammation Complex the 
Cause of Reverse Epidemiology? 

 MHD patients not only have a high prevalence of PEM 
but also a higher occurrence rate of infl ammation  [47–
52] . Since both PEM and infl ammation are strongly as-
sociated with each other and can change many nutrition-
al measures in the same direction, and because the rela-
tive contributions of measures of these two conditions to
each other and to outcomes in MHD patients are not yet
well defi ned, we have suggested the term ‘malnutrition-
infl ammation complex syndrome’ (MICS) to denote the
important, and likely inter-related contribution of both
of these conditions to ESRD outcome  [53] . The MICS is
a plausible cause of increased cardiovascular risk factors

and other poor outcomes such as poor quality of life and 
increased hospitalization and mortality and refractory 
anemia. The etiology of PEM and infl ammation in MHD 
patients is not very clear, but some probable causes have 
been discussed previously  [54–59] . Some of these factors 
such as reduced food intake due to anorexia can lead to 
both PEM and infl ammation and can also be a conse-
quence of MICS. Hence, the known overlap between mal-
nutrition and infl ammation in MHD patients may have 
its root at the etiology level. 

 The reverse epidemiology may be caused or at least 
accentuated by the MICS in several ways ( fi g. 1 ). First, 
patients who are underweight or who have a low serum 
cholesterol, creatinine, or homocysteine, may be suffering 
from the MICS and its poor outcome. Thus, the MICS 
may both cause these alterations and also be associated 
with increased mortality either caused by the illnesses 
that engender the MICS or the atherosclerotic cardiovas-
cular diseases that seem to be promoted by the MICS  [49, 
60, 61] . Second, those with reduced cholesterol, creati-
nine, or BMI may be in a state of undernutrition, which 
may predispose to infection or other infl ammatory pro-
cesses  [48] . Finally, when individuals are malnourished, 
they are more susceptible to the consequences of infl am-
matory diseases and infl ammation-induced cachexia  [62, 
63] , which we have called ‘cachexia in slow motion’  [64] .
A recent study showed that a decreased appetite or an-
orexia in maintenance dialysis patients is associated with
increased levels of proinfl ammatory cytokines and in-
fl ammatory markers  [65] . Hence, any condition that po-
tentially attenuates the magnitude of PEM or infl amma-
tion should be favorable to dialysis patients.

   MICS and Atherosclerotic Cardiovascular 
Disease 

 In the general population it has been shown that such 
indicators of infl ammation as an increased serum C-reac-
tive protein level are stronger predictors of cardiovascular 
events than low-density lipoprotein-hypercholesterol-
emia  [66] . Hence, by virtue of its infl ammatory compo-
nent, MICS may potentiate atherosclerotic cardiovascu-
lar disease in dialysis patients  [67–69] . MHD patients 
with coronary heart disease often have hypoalbuminemia 
and elevated levels of acute-phase reactants  [68] . More-
over, progression of carotid atherosclerosis during dialy-
sis may be related to interleukin-6 levels  [70] . Data indi-
cate that infl ammatory processes may promote prolifera-
tion and infi ltration of infl ammatory cells into the tunica 
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intima of small arteries including the coronary arteries, 
which leads to consequent coronary and other vascular 
diseases  [70, 71] . Infl ammation might also cause direct 
endothelial dysfunction via a stimulation of intercellular 
adhesion molecules in ESRD patients  [72] . The associa-
tion between elements of MICS and atherosclerosis has 
been underscored by some investigators who have chosen 
the term ‘malnutrition-infl ammation-atherosclerosis’ 
(MIA) for this entity  [73, 74] . 

   The Reality of Reverse Epidemiology 

 Efforts to obtain a better understanding of the distri-
bution, etiology and components of the reverse epidemi-
ology in MHD patients is of paramount importance, as 
the annual mortality and hospitalization rate among 
MHD patients remains very high  [11] . The HEMO Study 
failed to demonstrate improved survival in MHD pa-
tients by changing dialysis dose or membrane. Elucidat-
ing a potentially modifi able predictor of both ‘tradition-
ally’ protective health factors and increased mortality in 
MHD patients, such as MICS, could lead to urgently 
needed, effective, targeted interventions in this popula-
tion  [6] . 

 A recent epidemiological study by Liu et al.  [75]  
showed that MICS may be a reasonable cause of the in-

verse association between serum cholesterol and mortal-
ity in MHD patients. Surprisingly, however, the authors 
concluded that their study indicated that hypercholester-
olemia was a main death correlate in ESRD patients and 
questioned the wisdom of the reverse epidemiology hy-
pothesis and its clinical application. We argued that this 
study had a relatively small sample (823 patients), which 
was not representative of US patients who receive dialy-
sis  [76] . For instance, the median age of US incident di-
alysis patients is 64.5 years  [77] , whereas in the study by 
Liu et al.  [75]  it was 57.2 years for all patients and 53.7 
years for those without MICS. The renal transplant rate 
in the US dialysis population is approximately 5.5/100 
patient-years  [77] . One would thus expect 103 in the co-
hort of Liu et al.  [75] , but this is signifi cantly less than the 
153 the authors reported. Hence, the younger age and the 
higher transplant rate in this study indicate a signifi cant-
ly healthier than average dialysis population. Moreover, 
the authors stated that their fi ndings supported aggressive 
treatment of hypercholesterolemia in dialysis patients, 
despite the authors’ own analyses in the subgroup of pa-
tients with MICS who comprised 75% of all patients of 
their study, which indicated either inverse or no associa-
tion between total serum cholesterol and outcome even 
after adjustments for MICS. These fi ndings indicated a 
strong association between elements of malnutrition and 
infl ammation and prospective mortality in dialysis pa-
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  Fig. 1.  Schematic representation of the 
causes and consequences of the reverse epi-
demiology. 
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tients. Furthermore, the so-called 4D Trial failed to show 
improved cardiovascular outcome among dialysis pa-
tients who received atorvastatin vs. placebo, as presented 
at the 2004 meeting of the American Society of Nephrol-
ogy. Hence, the treatment of MICS may have a higher 
priority than treatment of hypercholesterolemia or other 
conventional cardiovascular risk factors in dialysis pa-
tients  [3] . 

 Moreover, there is some justifi cation for hypothesizing 
that decreasing serum cholesterol in MHD patients would 
be harmful, since the lipoprotein pool may serve as an 
effective scavenger to bind with and neutralize the circu-
lating lipopolysaccharides (i.e. bacterial endotoxin) in pa-
tients with heart failure and fl uid overload  [78] , a com-
mon condition in patients receiving dialysis. Low serum 
lipoproteins, including cholesterol, may be associated 
with an increased level of unbound circulating lipopoly-
saccharides and a higher prevalence of infl ammation and 
cachexia  [78, 79] . To our knowledge, there are hardly any 
published studies suggesting that high cholesterol levels 
and obesity are related to impaired survival among pa-
tients with chronic illness. Therefore we caution against 
Liu et al.’s  [75]  use of the term ‘spurious’ for the para-
doxically inverse associations that have been consistently 
observed between such conventional risk factors as hy-
percholesterolemia and obesity and improved survival in 
maintenance dialysis patients. 

   Future Steps 

 Since over two thirds of MHD patients die within 5 
years of initiation of dialysis treatment, we hypothesize 
that traditional cardiovascular risk factors such as obe-
sity, hypercholesterolemia and hypertension do not have 
enough time to exert their long-term deleterious impact. 

In other words, dialysis patients die sooner of undernutri-
tion before they can die of the more protracted results
of overnutrition. Hence, the existent clinical indicators of 
overnutrition paradoxically protect MHD patients against 
the short-term fatal effects of MICS. Since nutritional or 
infl ammatory states may be modifi able, altering nutrition-
al and infl ammatory markers, rather than treating obesity 
and hypercholesterolemia, may improve outcome under 
this hypothesis. Indeed, losing weight may be associated 
with higher death rates  [5] . Therefore, treatment of MICS 
may have much higher priority than treating obesity of 
hypercholesterolemia, if the goal is saving lives. 

 A recent epidemiologic analysis of a large MHD pa-
tient database indicated that improving hypoalbumin-
emia in these patients can prevent 15,000–20,000 deaths/
year in the USA  [80] . Another recent study has shown 
that those MHD patients who gain weight over time have 
signifi cantly less all-cause and cardiovascular deaths than 
those who lose weight  [5, 80] . However, Asian-American 
MHD patients, like most CPD patients, may be an excep-
tion, in whom obesity may not be protective but deleteri-
ous  [5] . Hence, before testing these hypotheses by launch-
ing expensive clinical trials, it is important to know how 
MICS and reverse epidemiology are engendered and 
through which mechanisms it is associated with poor out-
come in different racial and case-mix subgroups of MHD 
patients. This may be achieved by conducting less expen-
sive types of studies, i.e. well-designed epidemiological 
studies with time-dependent covariates as we have initi-
ated  [5] . Therefore, in order to improve survival and qual-
ity of life in MHD patients, extrapolated ideal norms de-
rived from the general population should be replaced with 
novel norms obtained from outcome-oriented epidemio-
logic analyses of national databases while accounting for 
differential effect of MICS in different case-mix sub-
groups. 
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