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Outcome predictability of biomarkers of protein-energy wasting and
inflammation in moderate and advanced chronic kidney disease1–4

Csaba P Kovesdy, Sajid M George, John E Anderson, and Kamyar Kalantar-Zadeh

ABSTRACT
Background: Markers of protein-energy wasting (PEW) and in-
flammation are common in chronic kidney disease (CKD) and are
among the strongest predictors of mortality in dialysis patients.
Objective:We hypothesized that markers of PEWand inflammation
show similar associations in patients with non-dialysis-dependent
CKD (NDD-CKD).
Design: We examined the associations of serum albumin, white
blood cell (WBC) count, percentage of lymphocytes in WBCs
(%LYM), and a combination of all 3 with all-cause mortality and with
the composite of predialysis mortality or end-stage renal disease
(ESRD) by using fixed-covariate and time-dependent Cox models
in 1220 men with NDD-CKD.
Results: Lower albumin and %LYM and a higher WBC count were
significantly associated with outcomes. In time-dependent Cox
models, compared with patients in whom none of these markers
indicated PEW, those in whom 1, 2, or all 3 markers indicated
the presence of PEW had multivariable-adjusted hazard ratios
(95% CI) for all-cause mortality of 1.7 (1.2, 2.4), 2.4 (1.7, 3.4),
and 3.6 (2.5, 5.1); the P for trend was ,0.001. Similar associations
were present in fixed-covariate models for all-cause mortality and
in fixed-covariate and time-dependent models for the composite
outcome.
Conclusions: Traditional and nontraditional markers of PEW dis-
play robust, strong, and independent associations with mortality in
patients with NDD-CKD. Clinical trials are warranted to examine
whether PEW-improving interventions can lead to better outcomes
in these patients. Am J Clin Nutr 2009;90:407–14.

INTRODUCTION

Individuals with chronic kidney disease (CKD), including
a large number with non-dialysis-dependent CKD (NDD-CKD)
(1), experience extremely high mortality rates (2, 3). Among the
most powerful predictors of poor outcomes in epidemiologic
studies are markers of nutritional deficiency and/or inflammation,
both of which have been extensively studied in patients receiving
maintenance dialysis treatment and which together have been
referred to as the “malnutrition-inflammation-cachexia syn-
drome.” (4) Because of the complex nature of the processes of
malnutrition and inflammation and the consequent nomenclatural
confusion, an expert panel recently recommended the adoption of
the term protein-energy wasting (PEW) to uniformly denote the
constellation of findings associated with nutritional deficiency
and wasting syndrome (5).

Several biomarkers of PEW, such as the traditionally used
serum albumin, and some nontraditional markers, such as the
percentage of lymphocytes (%LYM) in peripheral white blood
cells (WBCs) and the total WBC count, are routinely assessed in
clinical practice, are inexpensive, and are widely available and
can be used in observational studies to examine outcomes as-
sociated with PEW. Such biomarkers of PEW have been shown
to be robust predictors of morbidity and mortality in dialysis
patients (6–13). These biomarkers, however, have not been
subjected to similar research scrutiny in patients with NDD-
CKD.We hypothesized that PEW biomarkers are strong outcome
predictors in NDD-CKD and examined all-cause mortality and
the composite of predialysis mortality or end-stage renal disease
(ESRD) associated with different concentrations of serum al-
bumin, %LYM, WBC count, and a combination of the 3 in 1220
male US veterans with NDD-CKD at a single medical center.

SUBJECTS AND METHODS

Study population and data collection

We examined 1259 outpatients evaluated and treated for NDD-
CKD at Salem Veteran Affairs Medical Center (VAMC) between
1 January 1990 and 30 June 2007 and followed them until 1 April
2008. Thirteen female patients and 6 patients whose race could
not be categorized as either white or black were excluded. Twenty
one patients did not have all 3 of the studied PEW markers
measured and were also excluded. The final study population
consisted of 1220 patients.
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Baseline characteristics of the population were examined at the
initial encounter in the Nephrology Clinic, including demographic
and anthropometric characteristics, comorbid conditions including
the Charlson comorbidity index, clinical assessment-based etiol-
ogy of CKD, and laboratory results, as previously detailed (3, 14).
Use of medications (angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, statins, and activated
vitamin D products) was assessed over the entire follow-up period
and was used as a surrogate for quality of clinical care. The
glomerular filtration rate (eGFR) was estimated by using the
abbreviated Modification of Diet in Renal Disease Study equation
(15) and categorized according to Kidney/Dialysis Outcome
Quality Initiative (K/DOQI) staging (16). Laboratory measures,
including serum albumin, WBC, and %LYM, were recorded
longitudinally and were averaged over 6-mo time periods for
time-dependent analyses. All of the biochemical measurements
were performed in a single laboratory at the Salem VAMC.

Statistical analyses

Missing data points for comorbidity index (1% missing), body
mass index (BMI; 18% missing), serum phosphorus (5% miss-

ing), blood cholesterol (7% missing), hemoglobin (2% missing),
and 24-h urinary protein (8% missing) were substituted by using
multiple imputations. Smoking (5% missing) was analyzed by
creating a dummy variable corresponding to missing smoking
status. Etiologies of CKD with frequencies of ,10% (including
5% glomerulonephritis, 9% chronic tubulointerstitial nephritis,
and 2% hereditary diseases) were grouped together in a single
category. Serum albumin, WBC, and %LYM were analyzed both
as continuous variables and after categorizing patients according
to the presence or absence of PEW defined as a level below or
above the median value for each variable (albumin � 3.7 g/dL,
%LYM � 22%, and WBC . 7500/mm3). The combined effect
of the 3 variables was examined by categorizing patients into
4 mutually exclusive groups according to the absence of all 3 or
the presence of 1, 2, or all 3 markers of PEW.

The starting time for survival analyses was the date of the first
visit in the Nephrology Clinic at Salem VAMC. The main out-
come measure was all-cause mortality, which was ascertained
from VA electronic records (Computerized Patient Record
System). The secondary outcome measure was the composite of
predialysis mortality or ESRD; the latter was defined as the
initiation of maintenance dialysis therapy and was ascertained
from local hospital records, including Medicare Form 2728.

TABLE 1

Baseline characteristics of individuals stratified by the number of protein-energy wasting (PEW) markers present1

Number of PEW markers of malnutrition/inflammation

below or above median value
P for

linear trend20 (n = 212) 1 (n = 447) 2 (n = 401) 3 (n = 160)

Age (y) 68.2 6 11.73 67.3 6 10.7 69.6 6 10.5 68.7 6 10.4 0.09

Race, black [n (% of total)] 64 (30) 125 (28) 72 (18) 34 (21) 0.001

DM [n (% of total)] 118 (56) 244 (55) 208 (52) 101 (63) 0.4

ASCVD [n (% of total)] 109 (51) 238 (53) 251 (63) 98 (61) 0.003

Smoking [n (% of total)] 41 (20) 117 (28) 97 (25) 45 (30) 0.1

Comorbidity index 2.2 6 1.6 2.3 6 1.6 2.7 6 1.8 2.8 6 1.8 ,0.001

Etiology of CKD [n (% of total)]

Diabetes 44 (21) 138 (31) 119 (30) 57 (36) 0.007

Hypertension 69 (33) 119 (27) 108 (27) 27 (17) 0.003

Ischemic 27 (13) 49 (11) 56 (14) 20 (13) 0.6

Other 65 (31) 130 (29) 115 (29) 48 (30) 0.8

Calcitriol use [n (% of total)] 69 (33) 131 (29) 132 (33) 49 (31) 0.9

ACEI/ARB use [n (% of total)] 165 (78) 341 (76) 303 (76) 117 (73) 0.3

Statin use [n (% of total)] 148 (70) 296 (66) 251 (63) 99 (62) 0.05

BMI (kg/m2) 29.2 6 5.1 29.5 6 5.7 29.0 6 5.9 29.4 6 7.7 0.7

SBP (mm Hg) 146 6 25 151 6 26 150 6 27 147 6 28 0.8

DBP (mm Hg) 73 6 14 76 6 15 74 6 16 70 6 16 0.04

eGFR (mL � min21 � 1.73 m22) 39.2 6 16.8 38.2 6 17.2 35.5 6 15.6 35.8 6 17.5 0.04

Serum albumin (g/dL) 4.0 6 0.2 3.7 6 0.5 3.6 6 0.4 3.2 6 0.4 ,0.001

Lymphocytes in WBC (%) 30.4 6 6.7 26.0 6 8.0 19.8 6 6.7 15.0 6 4.9 ,0.001

Blood WBC (1000/mm3) 5.8 6 0.9 7.0 6 1.9 8.3 6 2.2 9.8 6 2.1 ,0.001

Serum cholesterol (mg/dL) 192 6 49 191 6 54 188 6 54 182 6 53 0.07

Serum calcium (mg/dL) 9.3 6 0.4 9.2 6 0.6 9.1 6 0.6 9.0 6 0.6 ,0.001

Serum phosphorus (mg/dL) 3.7 6 0.7 3.8 6 0.8 3.9 6 0.8 3.9 6 0.8 0.008

Serum bicarbonate (mEq/L) 25.5 6 3.3 25.5 6 3.3 25.7 6 3.4 25.8 6 3.7 0.3

Blood hemoglobin (g/dL) 12.9 6 1.8 12.8 6 1.8 12.7 6 1.9 12.0 6 2.0 ,0.001

Proteinuria (g/24 h) 460 (377, 561)4 707 (659, 815) 814 (702, 944) 1202 (940, 1538) ,0.001

1 Markers of PEW were defined as serum albumin ,3.7 g/dL, percentage of lymphocytes in white blood cell (WBC) count ,22%, and WBC count

.7500/mm3. DM, diabetes mellitus; CKD, chronic kidney disease; ASCVD, atherosclerotic cardiovascular disease; ACEI/ARB, angiotensin-converting

enzyme inhibitor/angiotensin receptor blocker; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate.
2 Comparisons were made by using chi-square test for linear trend.
3 Mean 6 SD (all such values).
4 Geometric mean; 95% CI in parentheses (all such values).
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Patients were considered lost to follow-up if no contact was
documented with them for.6 mo, and they were censored at the
date of the last documented contact. Associations between
baseline concentrations of the PEW markers and the above
outcomes were evaluated in fixed-covariate Cox models, with
adjustment for potential confounders.

Time-dependent Cox models were used to capture the effect of
temporal changes in PEW markers and other potential con-
founders. Multivariable models were constructed to adjust for
potential confounders (age, race, smoking status, comorbidities,
etiology of CKD, blood pressure, BMI, estimated GFR, calcium,
phosphorus, bicarbonate, hemoglobin, and 24-h urinary protein).
Because of collinearity between PEWmarkers, regressionmodels
examining associations for each individual marker excluded the
other 2 markers. The nonlinearity of the associations was ex-
amined by using restricted cubic splines and by including
polynomial terms. Attributable fractions (the percentage of the
outcomes attributed to the exposure in exposed patients, com-
pared with nonexposed patients) and population attributable
fractions (the percentage of the outcomes attributed to the ex-
posure in the overall population) were estimated for each cate-
gorical outcome variable. Exposure was defined as albumin� 3.7
g/dL, %LYM � 22%, WBC . 7500/mm3, or the presence of
1, 2, or 3 PEW markers. Attributable fractions were calculated
based on incidence rate differences, and population attributable

fractions were estimated from Poisson regressions (STATA
“aflogit”), with CIs based on asymptotic approximations (17).

Interactions were examined in subgroup analyses and by
including interaction terms for variables that showed baseline
imbalance between the studied categories or that were known to
be potential confounders by having been associated with both
PEW independently from the biomarkers examined in this study
and with clinical outcomes. Sensitivity analyses were per-
formed by using only nonimputed values of independent var-
iables and/or restricting analyses to a more contemporary
cohort of patients enrolled after 1 January 2001. P values
,0.05 were considered significant. Statistical analyses were
performed by using STATA statistical software version 10
(StataCorp, College Station, TX). The study protocol was
approved by the Research and Development Committee at the
Salem VAMC.

RESULTS

The mean (6SD) age of the cohort was 68 6 11 y; 24% were
black, and the mean eGFR was 37 6 17 mL � min21 � 1.73 m22.
Most patients had CKD stages 3 (56%) and 4 (30%), with fewer
patients having CKD stage 1 (1%), 2 (7%), and 5 (5%). Seven
hundred thirty-five patients (60%) were enrolled after 1 January
2001. A total of 616 patients died (mortality rate: 125/1000

TABLE 2

Multivariable-adjusted hazard ratios (and 95% CIs), attributable fractions, and population attributable fractions for all-cause mortality and the composite

outcome of predialysis all-cause mortality or end-stage renal disease associated with the number of markers of malnutrition or inflammation below or above

the median value1

Risk associated with number of PEW markers present

1 (n = 447) vs 0 (n = 212) 2 (n = 401) vs 0 (n = 212) 3 (n = 160) vs 0 (n = 212)

All-cause mortality

Hazard ratio (95% CI)

Fixed-covariate 1.3 (1.0, 1.7) 1.7 (1.3, 2.2) 2.1 (1.5, 2.9)

Time-dependent 1.7 (1.2, 2.4) 2.4 (1.7, 3.4) 3.6 (2.5, 5.1)

Composite outcome

Hazard ratio (95% CI)

Fixed-covariate 1.1 (0.9, 1.5) 1.5 (1.2, 1.9) 1.7 (1.3, 2.3)

Time-dependent 1.8 (1.3, 2.5) 2.5 (1.8, 3.4) 3.4 (2.4, 4.7)

Attributable fraction

Mortality percent (95% CI)

Fixed-covariate 22 (21, 41) 43 (26, 57) 60 (45, 70)

Time-dependent 39 (13, 58) 66 (53, 76) 80 (71, 86)

Composite outcome percent (95% CI)

Fixed-covariate 26 (5, 42) 45 (30, 58) 59 (45, 70)

Time-dependent 42 (21, 58) 66 (54, 75) 77 (69, 84)

Population attributable fraction

Mortality percent (95% CI)

Fixed-covariate 16 (5, 25) 27 (18, 35) 22 (15, 39)

Time-dependent 35 (15, 50) 57 (43, 68) 65 (54, 73)

Composite outcome percent (95% CI)

Fixed-covariate 17 (8, 24) 26 (19, 33) 19 (13, 25)

Time-dependent 40 (24, 52) 59 (48, 68) 64 (54, 71)

1 Markers of protein-energy wasting (PEW) were defined as serum albumin ,3.7 g/dL, percentage of lymphocytes in white blood cell (WBC) count

,22%, and WBC count .7500/mm3. Hazard ratios were determined in fixed covariate and time-dependent Cox models using the group with no markers of

PEW as referent. All Cox models were adjusted for age, race, Charlson comorbidity index, etiology of chronic kidney disease, diabetes mellitus, cardiovas-

cular disease, smoking, systolic and diastolic blood pressure, BMI, estimated glomerular filtration rate, serum calcium, serum phosphorus, hemoglobin,

bicarbonate, blood cholesterol, and 24-h urinary protein. Attributable factions were calculated based on incidence rate differences, and population attributable

fractions were estimated from Poisson regressions.
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patient-years; 95% CI: 116, 136), and 264 reached ESRD
(ESRD rate: 63/1000 patient-years; 95% CI: 56, 71) during
a median follow-up of 3.3 y. Four hundred forty-four patients

died before ESRD. Thirty-three patients (2.7%) were lost to
follow-up; their characteristics were not significantly different
(data not shown).

FIGURE 1. Multivariable adjusted hazard ratios (and 95% CIs) of all-cause mortality in patients with 1, 2, or 3 concomitant markers of protein-energy
wasting (PEW: serum albumin ,3.7 g/dL, percentage of lymphocytes in white blood cells ,22%, a white blood cell count .7500/mm3) compared with
patients with none of these markers in time-dependent Cox models, overall, and in selected subgroups. All models were adjusted for age, race, Charlson
comorbidity index, etiology of chronic kidney disease, diabetes mellitus (DM), cardiovascular disease, smoking, systolic and diastolic blood pressure, BMI,
estimated glomerular filtration rate (eGFR), serum calcium, serum phosphorus, hemoglobin (Hgb), bicarbonate, blood cholesterol, and 24-h urinary protein.
Interactions with DM and smoking were statistically significant. ASCVD, atherosclerotic cardiovascular disease.
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Baseline characteristics of patients across increments of the
combination of 3 PEW markers are shown in Table 1. Patients
with a higher number of PEW markers were more likely to be
white, to have a higher incidence of cardiovascular disease and
diabetic nephropathy, and to have a higher comorbidity index,
serum phosphorus concentration, and 24-h urinary protein con-
centration; were less likely to have hypertensive nephro-
sclerosis; and had a lower diastolic blood pressure, eGFR, serum
calcium concentration, and blood hemoglobin concentration.
Medication use was not significantly different between the 4
groups, except for statin use, which was slightly less common in
the groups with higher numbers of PEW markers.

Patient outcomes categorized according to the number of
concomitantly present markers of PEW in fixed-covariate and
time-dependent Cox models are shown in Table 2. Patients with
higher numbers of PEW markers had significantly higher hazard
ratios of all-cause mortality and of the composite outcome in
both fixed-covariate and time-dependent models. The attributable
fractions and the population attributable fractions also showed
an increasing trend across the groups with increasing numbers of
PEW markers (Table 2). Compared with patients with none of
the PEW markers present, the concomitant presence of 1, 2, or 3
markers was associated with incrementally higher mortality in
all of the studied subgroups (Figure 1). Interaction terms for
diabetes mellitus and smoking were statistically significant, but
the incrementally higher risk of mortality across the increasing
numbers of PEW markers was uniformly present, even in these
subgroups, albeit of different magnitudes (Figure 1).

When examined individually, all 3 PEW markers showed
significant associations with outcomes in time-dependent Cox
models (Table 3 and Figures 2, 3, and 4). Serum albumin and %
LYM also showed significant, albeit weaker, associations in
fixed-covariate Cox models, whereas the WBC count was not
associated with the studied outcomes in fixed-covariate models
(Table 3). The association of serum albumin with mortality was
linear and strictly downgoing, whereas for %LYM it was non-
linear, with a statistically significant increase in mortality ob-
served only if %LYM was ,25% (Figure 3; P , 0.001 for the
quadratic term). All of the associations remained significant
when examined in models using nonimputed values of in-
dependent variables and when the analyses were restricted to
a more contemporary cohort of patients enrolled after 1 January
2001 (data not shown).

DISCUSSION

We examined the outcome predictability of 3 readily available
biomarkers of PEW (serum albumin, %LYM, andWBC count) in
1220 men with NDD-CKD and found robust and independent
associations between these biomarkers and relevant clinical
endpoints. When considering a combination of the 3 factors,
those with an incrementally higher number of PEW markers
experienced a significantly higher mortality. On a population
level, approximately two-thirds of the mortality could be at-
tributed to the concomitant presence of the 3 studied markers of
PEW. Individually, serum albumin and%LYMdisplayed stronger

TABLE 3

Multivariable-adjusted hazard ratios (and 95% CIs), attributable fractions, and population attributable fractions for all-cause mortality and the composite

outcome of predialysis all-cause mortality or end-stage renal disease associated with concentrations of serum albumin, percentage of lymphocytes in the

white blood cell (WBC) count, and WBC count below or above the median value1

Serum albumin �3.7 (n = 547)

vs .3.7 g/dL (n = 673)

Percentage of lymphocytes in WBC �22

(n = 587) vs .22% (n = 633)

WBC .7500 (n = 625)

vs �7500/mL (n = 595)

All-cause mortality

Hazard ratio (95% CI)

Fixed-covariate 1.7 (1.4, 2.0) 1.3 (1.1, 1.6) 1.1 (0.9, 1.3)

Time-dependent 2.0 (1.6, 2.4) 1.8 (1.5, 2.1) 1.3 (1.1, 1.5)

Composite outcome

Hazard ratio (95% CI)

Fixed-covariate 1.5 (1.2, 1.7) 1.3 (1.1, 1.5) 1.0 (0.9, 1.2)

Time-dependent 1.9 (1.6, 2.2) 1.7 (1.4, 2.0) 1.2 (1.0, 1.4)

Attributable fraction

Mortality percent (95% CI)

Fixed-covariate 42 (31, 50) 34 (23, 44) 3 (213, 17)

Time-dependent 56 (48, 63) 56 (48, 63) 22 (9, 34)

Composite outcome percent (95% CI)

Fixed-covariate 47 (38, 54) 30 (19, 40) 1 (215, 15)

Time-dependent 55 (48, 62) 52 (44, 59) 15 (1, 26)

Population attributable fraction

Mortality percent (95% CI)

Fixed-covariate 11 (8, 15) 12 (8, 16) 4 (0, 8)

Time-dependent 38 (31, 45) 40 (33, 47) 9 (1, 16)

Composite outcome percent (95% CI)

Fixed-covariate 12 (9, 14) 9 (6, 12) 3 (1, 6)

Time-dependent 37 (31, 43) 37 (31, 43) 7 (1, 13)

1 Hazard ratios were determined in fixed covariate and time-dependent Cox models. All Cox models were adjusted for age, race, Charlson comorbidity

index, diabetes mellitus, cardiovascular disease, smoking, systolic and diastolic blood pressure, BMI, estimated glomerular filtration rate, serum calcium,

serum phosphorus, hemoglobin, bicarbonate, blood cholesterol, and 24-h urinary protein. Attributable factions were calculated based on incidence rate

differences, and population attributable fractions were estimated from Poisson regressions.
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associations with mortality (with population attributable fractions
of all-cause mortality of 38% and 40% for values below their
median levels in time-dependent models), whereas WBC showed
slightly weaker associations that were more pronounced in time-
dependent models (population-attributable fraction of all-cause
mortality of 9% for a WBC count .7500/mL).

Both protein-energy malnutrition and inflammation are
common and often concurrent conditions in patients with CKD
(4). Various indicators of these 2 conditions are associated with
adverse clinical outcomes in CKD patients receiving dialysis
(7, 8, 18–25). Because of the complex changes characterizing
malnutrition and inflammation, which include clinical, bio-

chemical, and nutritional factors, an expert panel recently rec-
ommended the term PEW, defined by using 4 main categories of
measures that have been consistently associated with worse
outcomes in dialysis patients: biochemical measures (including
serum albumin), measures of body mass, measures of muscle
mass, and measures of dietary intake (5). A series of additional
markers has also been advocated, including peripheral blood cell
counts, such as %LYM (5), with lesser amounts of data available
on their importance.

Whereas the association of serum albumin (6–9), lymphocyte
count, %LYM (10–12), and theWBC count (11–13) with adverse
outcomes in maintenance dialysis patients is well-established,
less information is available in patients with NDD-CKD. To the
best of our knowledge, the association between lower albumin
and adverse outcomes was examined in 3 previous studies of
patients with moderately advanced CKD (26–28). Lower albumin
was independently associated with higher all-cause mortality and
a higher incidence of cardiovascular events in these studies. The
Atherosclerosis Risk in Community (ARIC) study found a sig-
nificantly higher incidence of coronary heart disease associated
with higher WBC counts (27). Before our current study, no
studies have examined the association of WBC count or %LYM
with mortality in NDD-CKD, an no previous studies have ex-
amined the association of a combination of these markers with
outcomes. Because of their relatively wide availability, these
markers of PEW can be useful tools in assessing the nutritional
or inflammatory status of patients with CKD and could also serve
as powerful predictors of adverse outcomes in this patient
population.

The pathophysiologic pathways underlying the associations
betweenPEWandmortality arenot clear; a complexmechanismof
actionismorelikelyrather thanasinglepathophysiologicevent (4).
Such mechanisms include sarcopenia-related diminished muscle
function, alterations in circulating actin, and gelsolin concen-
trations (4, 29); lowermuscle oxidativemetabolism (30); impaired
immune function (31); decreased sequestration of uremic toxins

FIGURE 2. Multivariable-adjusted hazards ratios (solid line) and 95%
CIs (dashed lines) of all-cause mortality associated with continuous serum
albumin concentrations in a time-dependent Cox model using restricted
cubic splines adjusted for age, race, Charlson comorbidity index, etiology
of chronic kidney disease, diabetes mellitus, cardiovascular disease,
smoking, systolic and diastolic blood pressure, BMI, estimated glomerular
filtration rate, serum calcium, serum phosphorus, hemoglobin, bicarbonate,
blood cholesterol, and 24-h urinary protein.

FIGURE 3. Multivariable-adjusted hazards ratios (solid line) and 95% CIs
(dashed lines) of all-cause mortality associated with continuous percentage of
lymphocytes in the white blood cell (WBC) count in a time-dependent Cox
model using restricted cubic splines adjusted for age, race, Charlson
comorbidity index, etiology of chronic kidney disease, diabetes mellitus,
cardiovascular disease, smoking, systolic and diastolic blood pressure, BMI,
estimated glomerular filtration rate, serum calcium, serum phosphorus,
hemoglobin, bicarbonate, blood cholesterol, and 24-h urinary protein.

FIGURE 4. Multivariable-adjusted hazards ratios (solid line) and 95%
CIs (dashed lines) of all-cause mortality associated with continuous white
blood cell (WBC) count in a time-dependent Cox model using restricted
cubic splines adjusted for age, race, Charlson comorbidity index, etiology
of chronic kidney disease, diabetes mellitus, cardiovascular disease,
smoking, systolic and diastolic blood pressure, BMI, estimated glomerular
filtration rate, serum calcium, serum phosphorus, hemoglobin, bicarbonate,
blood cholesterol, and 24-h urinary protein.

412 KOVESDY ET AL



(32); decreased production of antiinflammatory cytokines and
adiponectin (33) by lower fat stores; and atrophy of the gut lining,
decreased intestinal secretions, and altered gut flora leading to
a reduction in gut function and the ability to absorb nutrients (34).
Eventhoughit isunclearwhether serumalbumin,WBCcount,or%
LYMare causally involved in thechainof events leading toadverse
outcomes, or if they are merely disease markers correlating with
the truly causal factors, these associations put into perspective
the hypothesis that actionable PEW surrogates are some of the
strongest deathpredictors inCKD.Clinical trialswill ultimatelybe
needed to prove a true cause-effect relation between PEWand any
adverse outcomes.

Our study was limited by its observational nature, which
allowed us to establish associations, but not causality. Our study
sample was limited to male patients from a single institution;
hence, our results may not apply to the larger population with
NDD-CKD. Our enrollment of patients over an extended period
of time carried the risk that secular trends in medical practices
could have affected patient outcomes differently based on the
time of enrollment. However, we examined more contemporary
patients separately and found no differences in outcomes. Uneven
medical care in patients belonging to different clinical subgroups
could have affected our outcomes.We addressed this by assessing
the use of several medical interventions that are commonly
applied in patients with CKD (eg, angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, statins, and activated
vitamin D products) and found no significant differences in use.
We adjusted our analyses for numerous potential confounding
variables, but residual confounding from unmeasured variables
could still have been present.

In conclusion, lower serum albumin concentrations and %
LYM levels and a higher WBC count, alone or in combination,
are independently associated with increased all-cause mortality
in patients with moderate-to-advanced NDD-CKD. These tra-
ditional and nontraditional measures of PEW are universally
available for monitoring nutritional and inflammatory status in
CKD and for predicting clinical outcomes. Clinical trials are not
yet available to prove that these markers of PEW are causally
related to higher mortality.
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