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Summary

Observational studies in chronic kidney disease (CKD) populations have consistently shown the
strong mortality-predictability of such markers of protein-energy wasting (PEW) as
hypoalbuminemia, low serum cholesterol levels, low body mass index and reduced dietary protein
intake. Even though the PEW-mortality association data are traditionally reported mostly in
maintenance dialysis patients, emerging studies extend the existence of these associations to pre-
dialysis stages of CKD. Both obesity and cholesterol paradoxes have recently been reported in pre-
dialysis CKD, underscoring the overwhelming impact of PEW, a short-term killer, on reversing the
long-term effect of conventional cardiovascular risk factors. Multiple pathophysiologic
mechanisms have been suggested to explain the link between PEW and mortality in CKD,
including derangements in the muscle and adipose tissues, the gastrointestinal, hematopoietic and
immune systems and complications related to deficiencies involving multiple micro-nutrients, and
the maladaptive activation of the inflammatory cascade. In addition to well described
pathophysiologic mechanisms involved in the higher mortality seen with PEW we also discuss the
potential role of novel factors such as circulating actin and pro-inflammatory HDL. Whether PEW
is causally related to adverse outcomes in CKD needs to be verified in randomized controlled trials
of nutritional interventions. The initiation of major clinical trials targeting nutritional interventions
with the goal of improving survival in CKD offer the promise of extending the survival of this
vulnerable patient population.
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Introduction

Individuals with chronic kidney disease (CKD) experience extremely high mortality
rates,1=3 mostly secondary to complications of cardiovascular (CV) disease. Interestingly,
so-called traditional CV risk factors such as hypercholesterolemia or hypertension cannot
explain this high burden of CV disease and death in CKD patient populations, an apparently
puzzling finding that has also been confirmed in randomized controlled trials.? In sharp
contradistinction to the general population, such surrogates of metabolic syndrome as
hyperlipidemia and obesity are paradoxically associated with longevity in CKD patients.
These associations are known as “bad-gone good phenomenon”, “altered-risk factor pattern”
or “reverse epidemiology”.>~7 Observational studies have found a consistent and robust
association between various markers of diminished nutritional status such as
hypoalbuminemia, and poor clinical outcomes in CKD patients. Despite the traditional use
of the term “uremic malnutrition” to describe the strong mortality-predictability of
hypoalbuminemia or other measures of poor nutrition, an expert panel has recently
recommended the use of the term protein-energy wasting (PEW) in order to better
characterize the complex nature of the nutritional abnormalities found in patients with
diseases of the kidney that are associated with wasting syndrome.8

One significant limitation of observational studies is that the associations described therein
do not necessarily prove a causal link between risk factors and outcomes. In the case of
PEW, it can be argued that the measures of poor nutrition used to predict adverse outcomes
are a consequence, rather than the cause of these outcomes i.e., the so-called reverse
causation.® Certain unmeasured morbid conditions could also be a cause for both the poor
nutritional state and the adverse outcomes, leading to residual confounding that cannot be
controlled for in multivariate models. These limitations aside, observational studies are
useful in uncovering novel risk factors which can later be proven to be useful markers of
adverse outcomes. We will argue in favor of PEW being strongly correlated with adverse
outcomes in CKD, and discuss the additional pieces of evidence needed to prove a cause-
effect relationship between the two. We will emphasize recent findings from individuals with
non-dialysis dependent (NDD)-CKD that could allow extending observations from studies in
maintenance dialysis patients to this much larger group of individuals with a chronic disease
state.

PEW AND MORTALITY IN ADVANCED CKD

The PEW can be characterized by multiple clinical, biochemical and nutritional parameters.
An expert panel convened by the International Society of Renal Nutrition and Metabolism
(ISRNM) recommended that the diagnosis of PEW be made by using four readily available
categories of criteria:® (1) biochemical measures (serum albumin, prealbumin and
cholesterol); (2) measures of body mass (body mass index [BMI], unintentional weight loss
and total body fat), (3) measures of muscle mass (muscle mass, mid-arm circumference and
creatinine appearance); and (4) measures of dietary intake (dietary protein and energy
intake). A series of additional markers have also been advocated,® but the data available on
these is more limited at this stage. Most, if not all of the foregoing markers are associated
with mortality in dialysis patients. Both low BMI10-13 and low serum cholesterol (Figure
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1)14:15 have been consistently and counter intuitively shown to be associated with increased
death risk especially in maintenance hemodialysis (MHD) patients. An increased protein
intake as reflected by normalized low protein nitrogen appearance (NPNA, also known as
normalized protein catabolic rate [nPCR]), of up to 1.4 g/kg/day is associated with greater
survival (Figure 2).16 Finally low serum albumin concentration, and especially its decline
over time, remains one of the strongest predictors of mortality in MHD patients (Figure 3).17

PEW AND MORTALITY IN NON-DIALYSIS DEPENDENT CKD

Less information is available on the association between markers of PEW and outcomes in
patients with NDD-CKD. The association between lower albumin and adverse outcomes has
been examined in 3 studies of patients with moderately advanced CKD.18-20 |_ower albumin
was independently associated with higher all cause mortality and a higher incidence of CV
events in these studies (Table 1).

Four studies have examined the association between blood lipid levels and outcomes in
NDD-CKD;1%-22 three of these used mortality as the outcome measure,20-22 one used
cardiovascular events!? (Table 2). Only one of these studies examined patients with
advanced NDD-CKD; lower total and LDL cholesterol was associated with higher all-cause
and cardiovascular mortality in this study, but the association became non-significant after
adjustments for case-mix characteristics; nevertheless, higher cholesterol and triglyceride
levels were not associated with higher mortality, even after adjustments.?2 Of the 3 studies
that examined patients with less advanced NDD-CKD, one found a positive association
between triglyceride level and adverse outcomes (but no association for total and HDL
cholesterol),20 the second found a positive association between total cholesterol and major
cardiovascular events (but no association for triglycerides and HDL cholesterol),19 and the
third one found no association between lipid levels and cardiovascular death.?!

In MHD patients, a low body mass index (BMI) has been consistently shown to be
associated with higher death rate,10 whereas obesity is associated with greater survival, even
at its extremes of morbid obesity.11 In NDD-CKD patients, there are at least 8 recent studies
that have examined the association between BMI and outcomes (Table 3).19-21:23-27 Foyr of
these studies found an association between lower BMI and poor outcomes (Figure 4),23-26
and four found no association between BMI and the studied outcomes.1%-21:27 None of the
listed studies found adverse outcomes to be associated with higher BMI.

We can thus conclude that markers of PEW are consistently associated with adverse
outcomes in MHD patients, and some of these markers also appear to display similar
associations in patients with NDD-CKD, especially in those with more advanced disease
state. Some of the associations seen in MHD patients were not observed in patients with
earlier stages of NDD-CKD. This may be related to the fact that such patients may resemble
more closely individuals without CKD rather than patients on dialysis, thus resulting in
discrepant findings when assessing risk factors that show a reversal of the “usual” risk factor
patterns in dialysis patients, such as BMI or serum cholesterol (a.k.a. “reverse
epidemiology”>, “risk factor paradox”® or “altered risk factor pattern”.” For markers that do
not display a reversal of risk factor pattern (such as serum albumin), the association with
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adverse outcomes appears consistent in all studies, irrespective of the stage of CKD (Table
1).

PEW AND MORTALITY: ASSOCIATION VS. CAUSALITY

There are compelling observational data linking PEW to higher mortality in CKD and other
chronic disease states with wasting (such as chronic heart failure [CHF],28 rheumatoid
arthritis, 2% or chronic obstructive pulmonary disease [COPD]3%). Nevertheless, proving the
causality of the foregoing relationships requires additional evidence. First, the observed
associations require plausible explanations based on known biologic processes; it is
preferable if a single mechanism of action is invoked as the driving force behind the
observed PEW-death associations.3! In the case of PEW, however, the underlying
mechanisms appear complex, and no single, adequately inclusive pathophysiologic
mechanism has been set forth to date to explain the entire observed outcomes (Table 4). It
needs to be stressed, that the criteria recommended to diagnose PEW (such as low albumin,
cholesterol or BMI) are meant to be used as markers of such a state, but given the
complexity of malnutrition, they may not be causally responsible for the negative outcome.®

Comorbid illnesses may serve as a link between PEW and morbidity and mortality in CKD
patients, especially since patients with the lowest serum albumin or BMI levels are more
likely to have severe underlying diseases such as long standing diabetes mellitus, chronic
lung or heart failure or peripheral vascular disease.32 It appears less likely, though, that PEW
is merely a surrogate marker of increased comorbidity, since epidemiologic studies indicate
that nutrient intake and PEM are independently associated with increased morbidity and
mortality even in patients with less severe comorbid conditions.33:34 As detailed below,
PEW could be one of the causes of such disease states and be thus at least partially
responsible for the higher mortality associated with these conditions.

The reduction in muscle mass (sarcopenia) observed in PEW may be caused by uremic
toxins or by other metabolic, hormonal or neuropathic derangements. Muscle wasting may
lead to reduced skeletal, respiratory and cardiac muscle function, compromising the vital
functions of these organ systems; it may also restrict muscle-based oxidative metabolism
and thus lead to a decreased antioxidant defense.3> Widespread tissue damage may also lead
to the emergence of circulating actin that can consume gelsolin (which is primarily produced
by skeletal muscle), vitamin D binding protein and other circulating molecules with salutary
and protective action.36-38 Preliminary data indicate that circulating actin and gelsolin may
indeed be associated with survival in MHD patients (personal communication with Dr. R.
Thadhani, Boston, MA).

The PEW, by virtue of its malnutrition component, may lead to impaired immune function
and host resistance resulting in increased susceptibility to infections and poor wound
healing.3940 Certain nutrients such as arginine and glutamine may enhance the immune
response.41-43 CKD patients may be particularly susceptible to zinc,*44° vitamin B6
(pyridoxine), vitamin C and folic acid deficiencies,*6:4” most of which can induce alterations
in host defense, such as diminished antibody response, polymorphonuclear leukocyte or
lymphocyte dysfunction and impaired wound healing. Levocarnitine may protect against
endotoxins and also suppress elaboration of tumor necrosis factor alpha (TNF-a) from
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monocytes.*8 Since uremia itself and associated comorbid illnesses may also compromise
the immune system, 4950 it is possible that CKD patients be even more susceptible to the
immune attenuating effects of the PEW. Impaired host resistance, aggravated by PEW in
these individuals, may predispose to inflammatory diseases, such as hepatitis C infections,
which in turn is associated with increased death in CKD.31:52 |ndirect arguments also
suggest that malnutrition might increase cardiac death as a consequence of decreased L-
arginine availability and the ensuing diminished synthesis of nitric oxide.53

Several independent studies have shown a relationship between inflammatory processes,
most commonly indicated by elevated serum C-reactive protein (CRP) and interleukin-6
(IL-6) concentrations, and risk of CV death among CKD patients®-56 and in the general
population.>”:58 Since inflammation may be associated with both anorexia®® and increased
net protein catabolism, inflammation may indeed be the missing link between the PEW and
mortality in CKD. Inflammation may induce endothelial cell damage and endothelial
dysfunction predisposing to atherosclerotic plaque formation.®0 It is important to note that
inflammation may be both a cause and a consequences of PEW.61:62

Another theory invokes the characteristics of consumed food in the mechanism of action of
PEW-induced increased mortality. An atherogenic diet is imposed upon most individuals
with CKD.63:64 Due to the difficulty of maintaining adequate energy intake on low protein,
low potassium diets, patients may tend to rely more on food sources containing high
amounts of atherogenic fat. Moreover, a recent study based on food frequency
questionnaires indicate that MHD patients consume significantly lower amounts of
potassium, dietary fiber, vitamin C and certain cardioprotective carotenoids.54 Such patients
appear to have a lower intake of dietary nutrients including minerals and vitamins, but a
higher intake of cholesterol. Most CKD patients are exposed to traditional restrictions in
potassium intake, which may result in reduced fruit and vegetable intake, leaving meat and
other high fat foods as the main sources of calories.®* Furthermore, derangements of the
gastrointestinal tract are characteristic of malnutrition, with atrophy of the gut lining,
decreased intestinal secretions and altered gut flora leading to further reduction in gut
function and the ability to absorb nutrients.%°

Gradual loss of body fat content during the progression of CKD could result in decreased
sequestration of uremic toxins®¢ and lower production of certain anti-inflammatory
cytokines and adiponectine.” Furthermore, circulating lipoproteins may serve as a defense
mechanism by neutralizing endotoxins intruding through the leaky Gl tract.58 This so-called
“endotoxin-lipoprotein hypothesis” may explain the link between low levels of serum
cholesterol and increased CV disease and death in both CKD and CHF patients; hence,
higher concentration of unbound endotoxins occurring in the setting of low serum
cholesterol may activate the proinflammatory cytokine cascade leading to endothelial
dysfunction and atherosclerosis.®® Increased proinflammatory conversion of HDL-
cholesterol may also play a role in attenuating the pool of protective lipoproteins.5®

Other mechanisms that may be directly or indirectly related to adverse effects of
malnutrition and PEW include vitamin D deficiency,’0 refractory anemia and iron depletion,
which may lead to increased platelet count and/or activation,’* and increased
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myeloperoxidase activity.”? It is very likely that the higher mortality associated with PEW
be a result of a combination of the above mechanisms, rather than a single effect related to
any of the individual components.

Proof of Concept: Nutritional Interventions to Improve Survival

A second and very important criterion needs to be satisfied in order to prove the (direct or
indirect) causal link between PEW and mortality: Proof of improved survival from
nutritional interventions in randomized controlled trials. Fortunately, the complex
mechanism of action of PEW allows for a multitude of interventions to try improving
nutritional status. Indeed, there have been several small clinical trials that showed
improvement in various nutritional markers with oral or parenteral nutritional
supplementation,’3-76 anabolic therapies using human growth hormone’” or testosterone
supplementation,’8-80 or frequent (daily) dialysis.81:82 Unfortunately, the same complexity
of the mechanism of action of PEW does not allow translating observations from studies
using single nutritional markers as end points to improved survival. Randomized controlled
trials of nutritional intervention that use hard clinical end points are few, but this will
hopefully change in the near future.

The recently published French Intradialytic Nutrition Evaluation Study (FineS) compared
the impact on mortality of oral nutritional supplementation with that of intradialytic
parenteral nutrition in addition to the same oral intervention in 186 malnourished
hemodialysis patients.83 IDPN plus oral nutritional supplementation did not improve 2-year
mortality compared to oral nutritional supplementation alone, but an increase in prealbumin
of >30 mg/L within 3 months predicted a 54% decrease in mortality, reduced
hospitalizations and improved general well-being, independent of the method of nutritional
supplementation.83 This was the first study to show a survival benefit from an intervention
that improved a marker of PEW.

A much larger randomized controlled trial is presently in recruitment phase; the
OPPORTUNITY study (Clinicaltrials.gov identifier: NCT00503698) is evaluating the effect
of human growth hormone (compared to placebo) on survival in adult chronic hemodialysis
patients. This study is planning to enroll 2500 patients, with a projected follow-up of 2
years, and is scheduled to end in 2010. If this study shows a benefit from growth hormone
therapy in dialysis patients, we expect that several more studies be conducted to evaluate
other potential interventions to improve PEW and survival in this patient population. After
failed attempts to improve survival in MHD patients by treating traditional risk factors such
as high cholesterol* and non-traditional risk factors such as anemia84:8% and dialysis dose,86
nutritional interventions hold promise to be the first major breakthrough in the therapy of
CKD patients since the introduction of dialysis.

CONCLUSIONS

PEW is one of the strongest risk factors associated with mortality in both dialysis patients
and other CKD patient populations. More studies are needed to establish which markers of
PEW would best predict outcomes in patients with NDD-CKD. The causal nature of the

Semin Nephrol. Author manuscript; available in PMC 2017 July 07.


http://Clinicaltrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kovesdy and Kalantar-Zadeh Page 7

relationship between markers of PEW and mortality could be proven if clinical trials aimed
at improving nutritional status in CKD patients result in a survival benefit.
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Figure 2.
Cardiovascular mortality risk associated with various levels of normalized protein catabolic

rate in 53,933 maintenance hemodialysis patients, unadjusted, and after adjustment for case-
mix. Based on data from Reference 32.
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Figure 3.
All-cause mortality risk associated with a change in serum albumin concentration over a 6

month time period in 58,058 maintenance hemodialysis patients. Based on data from
Reference 16,
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Figure 4.
All-cause mortality risk associated with categories of body mass index in non-dialysis

dependent patients with CKD stage 1-5. Models were adjusted for age and race (Model 1),
age, race, co-morbidity index, smoking, blood pressure, kidney function, proteinuria, and
medication use (Model 2) and age, race, co-morbidity index, smoking, blood pressure,
kidney function, proteinuria, medication use, albumin, white blood cell count, hemoglobin,
percent of lymphocytes in WBC, cholesterol and bicarbonate (Model 3). The group with
body mass index of <22.2 kg/m? served as reference. Based on data from Reference no. 41.
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Studies examining the association between serum albumin level and outcomes in patients with non-dialysis

dependent chronic kidney disease

Study Patients

Follow-up

Results

Comments

Weiner et al, 20 1678 participants in the

Median 108 months.

Lower albumin level

Few patients with advanced (stage

al,19 2005 ARIC study with CKD

with increased risk of major
cardiovascular events.

2008 ARIC and CHS studies; associated with cardiac events 4) CKD
eGFR 51.1+8.5 ml/min/ and all cause mortality.
1.73m2,
Muntner et 807 participants in the 10.5 years. Lower albumin associated Mortality not examined.

Menon et al, 18 | 697 participants in the
2005 MDRD study; GFR
32.94£12.2 ml/min.

Median 125 months.

Low albumin associated with
all cause mortality
independent of CRP level.

Young non-diabetic White
patients with low mortality rate;
questionable external validity.

ARIC: Atherosclerosis Risk in the Community; CHS: Cardiovascular Health Study; CKD: chronic kidney disease; CRP: C-reactive protein; eGFR:

estimated glomerular filtration rate.
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Studies examining the association between lipid levels and outcomes in patients with non-dialysis dependent
chronic kidney disease

with eGFR <60.

Study Patients Follow-up Results Comments
Weiner et 1678 participants in Median 108 months. | Triglyceride level associated Few patients with advanced (stage 4) CKD.
al,20 2008 the ARIC and CHS with the composite of
studies; eGFR myocardial infarction, stroke,
51.1+8.5 ml/min/ and all-cause mortality. Total
1.73m2. and HDL cholesterol not
associated with the composite
outcome.
Kovesdy et 986 male patients in Median 3 years. Lipid levels (total, LDL and Single center, males only.
al,22 2007 the US, eGFR HDL cholesterol and
37.4+17.6 ml/min/ triglycerides) not associated
1.73m2, with all-cause and
cardiovascular mortality after
adjustment for confounders.
Muntner et 807 participants in 10.5 years. Higher total cholesterol Mortality not examined.
al 19 2005 the ARIC study with associated with increased risk
CKD of a major CHD event; HDL
cholesterol and triglyceride
levels not associated with
CHD.
Shlipak et 5808 participants in 8.6 years. Triglyceride, LDL and HDL Community-dwelling elderly individuals.
al, 21 2005 the CHS study; 1249 cholesterol levels not

associated with cardiovascular
death.

ARIC: Atherosclerosis Risk in the Community; CHS: Cardiovascular Health Study; CKD: chronic kidney disease; eGFR: estimated glomerular

filtration rate.
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Studies examining the association between body mass index and outcomes in patients with non-dialysis

dependent chronic kidney disease

2007 the ARIC study; 429
with CKD stage 3 and
32 with CKD stage 4.

with lower all-cause
mortality in
participants with CKD.

Study Patients Follow-up Results Comments
Weiner et 1678 participants in Median 108 months. | BMI not associated Few patients with advanced (stage 4) CKD.
al,20 2008 the ARIC and CHS with all cause
studies; eGFR mortality, myocardial
51.1+8.5 ml/min/ infarction or stroke
1.73m2. incidence.
Kovesdy et 521 male patients in Median 2.3 years. Higher BMI associated | Inverse association of BMI with mortality was
al, 25 2007 the US, eGFR with lower all-cause restricted to non-diabetic patients.
37.5+16.8 ml/min/ mortality.
1.73m2.
Kwan et al,26 | 15,355 participants in Mean 9.9+1.8 years. | Higher BMI associated | Higher BMI associated with deleterious

metabolic changes in CKD.

with eGFR <60.

death.

Madero et 1759 patients screened | Mean 10 years. BMI not associated Young non-diabetic White patients with low
al,27 2007 for the MDRD study; with mortality. mortality rate; questionable external validity.
GFR 39+21 ml/min/
1.73m2
Muntner et 807 participants in the 10.5 years. Higher BMI and Mortality was not examined.
al,1® 2005 ARIC study with obesity was not
CKD. associated with
incidence of CHD
after adjustments.
Shlipak et 5808 participants in 8.6 years. BMI not associated Community-dwelling elderly individuals.
al,21 2005 the CHS study; 1249 with cardiovascular

Evans et al,22 | 920 patients in

2005 Sweden, median eGFR
17.5 ml/min/1.73m2
for men and 15.9
ml/min/1.73m2 for
women.

Median 5 years.

Lower BMI associated
with higher mortality.

Few patients died prior to starting dialysis.

Jurkovitz et
al,2* 2006

33,474 at high risk for
kidney disease.

[abstract]

Risk of death lower
among participants
with BMI >30 kg/m?2.

CKD did not modify the effect of obesity on
mortality.

ARIC: Atherosclerosis Risk in the Community; BMI: body mass index; CHD: coronary heart disease; CHS: Cardiovascular Health Study; CKD:
chronic kidney disease; eGFR: estimated glomerular filtration rate; MDRD: Modification of Diet in Renal Disease.
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Putative mechanisms of action underlying the higher mortality associated with protein-energy wasting

Affected system

Effect of PEW

M echanism of action

Immune system

Immune deficiency

Increased susceptibility to bacterial or viral infections, poor
wound healing.

Skeletal muscle

Sarcopenia Increased circulating actin

Reduced skeletal, respiratory and cardiac muscle function.
Lower muscle oxidative metabolism with decreased antioxidant
defense. Decrease in bioavailability of activated vitamin D and
gelsolin.

Endocrine system

Loss of fat tissue Decreased adiponectin level
Increased insulin resistance

Decreased sequestration of uremic toxins.

Decreased production of anti-inflammatory cytokines and
adiponectin. Increased levels of advanced glycation end
products.

Lipoproteins

Decreased cholesterol level Pro-inflammatory
conversion of HDL

Decreased ability to bind to circulating endotoxin, with
activation of the cytokine cascade.
Decreased anti-inflammatory effect of HDL.

Inflammatory Cytokines

Increased CRP and IL-6 Decreased IL-10

Pro-inflammatory cytokines lead to endothelial dysfunction and
increased atherosclerotic plaque formation.

Hematopoietic system

Increased platelet activation Increased
myeloperoxidase Low hemoglobin; iron
depletion

Accelerated atherogenesis; expansion of atherosclerotic plaques
and/or unstable plaques.

Nutritional

Anorexia and dietary restrictions leading to
decreased intake of fresh fruits and vegetables,
legumes, dairy product and high-value
proteins. Decreased level of anti-oxidative
vitamins and trace elements Reduced levels of
both nutritional and activated vitamin D

Atherogenic effects of (self) imposed diet.

Decreased protein intake leads to further PEW and mortality.
Enhanced oxidative stress, with consequent inflammation,
endothelial dysfunction, and atherosclerosis.

Increased vascular calcification.

Gastrointestinal

Atrophy of gut lining Decreased intestinal
secretions and altered gut flora

Decreased absorption of nutrients and increased absorption of
endotoxins.

'ZCKD-specific effect.

PEW: protein-energy wasting.

CRP: C-reactive protein

IL-6: interleukin-6

VDRA: vitamin D receptor activator
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