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higher serum albumin, prealbumin and creatinine were as-

sociated with greater survival, whereas CRP and IL-6, but not 

TNF- � , were associated with increased mortality. The high-

est (vs. lowest) quartile of IL-6 was associated with a 2.4-fold 

(95% CI: 1.3–3.8) and 4.1-fold (2.2–7.2) higher death risk in 

Blacks and Whites, respectively.  Conclusions:  Significant ra-

cial disparities exist in dietary, nutritional and inflammatory 

measures, which may contribute to hemodialysis outcome 

disparities. Testing race-specific dietary and/or anti-inflam-

matory interventions is indicated. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Chronic kidney disease (CKD) is recognized as a glob-
al public health problem  [1, 2] . CKD and, to a greater ex-
tent, end-stage renal disease (ESRD) are characterized by 
marked differences in the incidence, prevalence, and/or 
clinical outcomes across gender, age, socioeconomic sta-
tus, geographic boundaries, and in particular race and 
ethnicity  [3–6] . These different traits appear to confer ei-
ther protection or increased risk for certain demographic 
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 Abstract 

  Background:  Racial/ethnic disparities prevail among hemo-

dialysis patients. We hypothesized that significant differenc-

es exist between Black and non-Hispanic and Hispanic White 

hemodialysis patients in nutritional status, dietary intake 

and inflammation, and that they account for racial survival 

disparities.  Methods:  In a 6-year (2001–2007) cohort of 799 

hemodialysis patients, we compared diet and surrogates of 

nutritional-inflammatory status and their mortality-predict-

abilities between 279 Blacks and 520 Whites using matched 

and regression analyses and Cox with cubic splines.  Results:  
In age-, gender- and diabetes-matched analyses, Blacks had 

higher lean body mass and serum prealbumin, creatinine 

and homocysteine levels than Whites. In case-mix-adjusted 

analyses, dietary intakes in Blacks versus Whites were higher 

in energy (+293  8  119 cal/day) and fat (+18  8  5 g/day), but 

lower in fiber (–2.9  8  1.3 g/day) than Whites. In both races, 
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subpopulations, suggesting that there is much to learn 
beyond the traditional risk factors contributing to CKD 
and CKD-associated complications  [7–9] . Major racial 
and ethnic disparities are among the important and un-
resolved issues in CKD patients  [10–12] . Approximately 
one third of the 400,000 US dialysis patients are Blacks 
(also referred to as African Americans), even though they 
comprise only 14% of the US general population  [13] . His-
panics compose close to one fifth of the dialysis popula-
tion, but only 15% of the general population  [14] . The ra-
cial and ethnic discrepancies in CKD have persisted over 
the past decades with 2008, incident rates in the African-
American population 3.6 times greater than the rate 
among Whites, and the rate in the Hispanic population 
1.5 times higher than that of non-Hispanics  [14] .

  Protein-energy wasting and inflammation are among 
the strongest death predictors among CKD patients  [15–
17] . Race can confound the effects of such outcome-pre-
dictors as dialysis dose  [4]  and bone and mineral disor-
ders in maintenance hemodialysis (MHD) patients  [5, 
18] . It is not clear whether surrogates of protein-energy 
wasting and inflammation, together also known as the 
malnutrition-inflammation complex syndrome (MICS), 
correlate differently with outcomes across various racial/
ethnic groups based on diet, genes or other factors  [13, 
19] . In this study we compared dietary intakes, nutrition-
al and body composition status, and biochemical values 
of MICS across racial/ethnic subgroups of MHD patients. 
We examined the effects of race on the association be-
tween risk factors and all-cause mortality in a group of 
799 MHD patients and hypothesized that a more favor-
able dietary, nutritional and/or inflammatory profile ac-
counts for survival differences across race.

  Materials and Methods 

 Patient Population 
 The National Institutes of Health funded the ‘Nutritional and 

Inflammatory Evaluation in Dialysis’ (NIED) study, which was a 
prospective cohort study designed to examine correlates of mal-
nutrition and inflammation in MHD patients  [20–24] . The origi-
nal patient cohort was derived from a pool of approximately 1,300 
MHD outpatients treated in 8 DaVita dialysis clinics in the South 
Bay Los Angeles area (see www.NIEDStudy.org for more details). 
Inclusion criteria were adult outpatients who had been undergo-
ing MHD for at least 8 weeks and who signed an Institutional Re-
view Board-approved consent form. Patients with an anticipated 
life expectancy of less than 6 months (e.g. due to metastatic ma-
lignancy) were excluded. From October 1, 2001 through Septem-
ber 30, 2007, 893 MHD patients from the 8 clinics signed the in-
formed consent form and were enrolled and followed in the study. 
Of these, after excluding Asians, Indian Americans and those of 

unknown racial/ethnic background, 799 patients including 279 
African Americans and 520 Whites (63 non-Hispanics and 457 
Hispanics) were included in this study. Dietary intakes of 128 sub-
jects including 64 African Americans, 56 Hispanic Whites and 8 
non-Hispanic Whites were assessed with a 3-day dietary record 
 [25] . Patients were followed for up to 75 months, i.e. until Decem-
ber 31, 2007. The medical chart for each MHD patient was re-
viewed by a collaborating physician, and data pertaining to un-
derlying kidney disease and other comorbid conditions were ex-
tracted. A modified version of the Charlson comorbidity index 
was used to assess the severity of comorbidities  [20] .

  Race and Ethnicity 
 Race and ethnicity were defined as self-described demograph-

ic categories in accordance with the United States Census Bureau 
as in our previous studies  [4–6] . Only self-reported African-
American or White MHD patients were included in this study, 
leading to two mutually exclusive race categories. Ethnicity was 
described as either Hispanic or non-Hispanic. In our study, all 
Hispanic MHD patients were also White.

  Anthropometric and Body Composition Measures 
 Biceps and triceps skinfold thicknesses were measured with a 

conventional skinfold caliper using standard techniques as previ-
ously described  [24, 26, 27] . To estimate lean body mass (LBM), 
fat mass and percentage of body fat, portable near-infrared inter-
actance was measured at the same time as the anthropometry was 
obtained using the same upper arm  [28, 29] .

  Laboratory Tests 
 All blood specimens were obtained predialysis on a mid-week 

day except for sera for urea which were also obtained the same day 
postdialysis. The single-pool Kt/V was used to represent the 
weekly dialysis dose  [4] . Except as indicated below, all laboratory 
measurements were performed by DaVita Laboratories (Deland, 
Fla., USA) using automated methods. In this study, 3-month aver-
aged values were used, and all laboratory measurements used es-
tablished assays with well-known coefficients of variation. The 
measurements performed in the GCRC Laboratories of Harbor-
UCLA included serum C-reactive protein (CRP) by a turbidomet-
ric immunoassay (WPCI, Osaka, Japan; unit: mg/l, normal range: 
 ! 3.0 mg/l)  [30, 31] , interleukin-6 (IL-6) and tumor necrosis fac-
tor-alpha (TNF- � ) via immunoassay kits (R&D Systems, Minne-
apolis, Minn., USA; units: pg/ml; normal range: IL-6:  ! 9.9 pg/ml, 
TNF- � :  ! 4.7 pg/ml)  [32, 33] , and total homocysteine via high-
performance liquid chromatography and serum transthyretin 
(prealbumin) by immunoprecipitin analysis  [34] .

  Three-Day Food Records with Dietary Interviews 
 In 128 MHD patients (64 African Americans, 56 Hispanic 

Whites and 8 non-Hispanic Whites), a substudy was performed 
in the GCRC at Harbor-UCLA, wherein a 3-day diet diary with 
diet interviews by a trained dietitian was used to estimate daily 
dietary intake  [25] . Dietary intake was recorded over the last he-
modialysis treatment day of the week (usually Friday or Saturday) 
and the 2 subsequent nondialysis days. The GCRC dietitians 
made changes to and corrections on the food record and used the 
Minnesota Nutrient Data System software (version 2005; Nutri-
tion Coordinating Center, Minneapolis, Minn., USA) to complete 
the nutrient analysis  [25] .
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  Statistical Methods 
 We divided the patients into the following 3 mutually exclu-

sive groups according to their race/ethnicity: African Americans, 
non-Hispanic Whites and Hispanic Whites. ANOVA with post 
hoc Bonferroni was used to examine differences across 3 groups. 
One-to-one matched analyses were also performed, in that for 
each non-Hispanic White MHD patient we randomly assigned an 
African-American and a Hispanic patient who were matched for 
age ( 8 5 years), gender and diabetes. This exhaustive match re-
sulted in 59 fully matched subjects in each of the 3 racial/ethnic 
groups. Repeated measures ANOVA with post hoc Bonferroni 
were employed to examine the differences across 3 matched 
groups. In subsequent analyses we collapsed Hispanic and non-
Hispanic Whites into the single racial category ‘Whites’ and com-
pared data between the two races (Whites vs. African Americans) 
irrespective of ethnicity using t tests. Linear regression models 
were used to calculate dietary differences between the groups af-
ter adjusting for conventional case-mix, i.e. age, gender, diabetes 
mellitus and dialysis vintage.

  In the 6-year cohort we also examined the association of sur-
vival with 6 biochemical markers of MICS, i.e. serum levels of 
prealbumin, albumin, creatinine, CRP, IL-6 and TNF-�, within 
the 2 main racial categories and estimated death hazard ratios 
(HR) using Cox proportional hazard models after adjustment for 
case-mix. A restricted cubic splines graph was utilized as an ex-
ploratory data analysis strategy to illustrate systematic relations 
between these biomarkers and mortality within each group and 
to examine the linearity assumptions. Descriptive and multivari-
ate statistics were carried out with Stata statistical software (ver-
sion 10.0; Stata Corp., College Station, Tex., USA).

  Results 

 Demographic, clinical and relevant biochemical val-
ues of all the 799 MHD patients according to race/ethnic 
categories are shown in  table 1 . African Americans had 
higher BMI, LBM, mid-arm muscle circumference 
(MAMC), and biceps and triceps skinfolds in compari-
son to Hispanic patients. After one-to-one matching of 
the 3 mutually exclusive racial/ethnic groups based on 
age, gender and diabetes, 59 matched MHD patients re-
mained in each racial group as shown in  table  2 . The 
matched patients averaged 58  8  17 years of age and in-
cluded 49% women and 56% diabetics in each group. 
Compared to non-Hispanic Whites, African Americans 
still exhibited higher BMI, LBM and MAMC, as well as 
greater predialysis serum levels of prealbumin, creati-
nine and homocysteine. Compared to non-Hispanic 
Whites, Hispanic MHD patients had lower MAMC and 
LBM and lymphocyte percentages, but otherwise the 
characteristics of both White groups of MHD patients 
were similar even after being matched. These results jus-
tified combining them into a single group designated as 
‘Whites’.

  Comparisons of dietary intakes in a subgroup of 128 
MHD patients according to race/ethnicity are shown in 
 table  3 . We combined the non-Hispanic and Hispanic 
Whites into one single ‘White’ group, especially since 
there were only 8 non-Hispanic White subjects with 
available dietary data. Linear regression analyses were 
performed to compare the dietary intakes of African 
Americans to Whites after adjustment for case-mix vari-
ables. In comparison with Whites, African Americans 
had higher intakes of energy, protein, fat, saturated fatty 
acid, monounsaturated fatty acid and polyunsaturated 
fatty acid, but less fiber (–2.9  8  1.3 g/day). We also com-
pared the subjective global assessment of nutrition across 
the groups, but the differences were not significant (data 
not shown).

  Over the 6 years of the cohort, 317 (40%) patients, in-
cluding 181 Whites and 136 African Americans, died. 
The survival rates among Whites and African Americans 
were 65 and 51%, respectively (p = 0.008). The death HR 
(and their 95% CI) across the quartiles of 6 laboratory 
surrogates of MICS for African Americans and Whites 
are shown in  table 4 . Higher predialysis serum albumin, 
prealbumin and creatinine concentrations were associ-
ated with greater survival in all patients, although this 
trend was not statistically significant for serum creati-
nine in African Americans. Among inflammatory mark-
ers, higher CRP and IL-6, but not TNF-�, were incremen-
tally associated with increased death risk in both races. 
In particular, the highest quartile of IL-6 was associated 
with 2.4 times and 4.1 times higher death risk compared 
to the lowest quartile in African American and Whites, 
respectively ( table 4 ). Cubic spline graphs were used to 
verify and compare the mortality predictability of these 
6 MICS biochemical markers between the two races 
( fig. 1–6 ). Higher levels of serum albumin and prealbu-
min appeared protective, whereas higher CRP and IL-6 
levels were associated with higher mortality in both 
Whites and African Americans consistent with data in 
 table 4 . TNF- �  was the only marker not associated with 
survival in either racial groups.

  Discussion 

 In a 6-year contemporary cohort of 799 MHD pa-
tients, we compared dietary intake and surrogates of nu-
tritional status and inflammation and their mortality-
predictabilities between African Americans and Whites 
(n = 520), who were mostly Hispanic. In age, gender and 
diabetes-matched analyses, African American MHD pa-
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tients exhibited higher measures of muscle and lean mass, 
including larger BMI, LBM and MAMC, and higher lev-
els of predialysis serum prealbumin, creatinine and ho-
mocysteine than Whites. In case-mix-adjusted analyses, 
African Americans had higher dietary intakes of energy 
and fat, but lower intake of dietary fiber than Whites. In 
survival analyses within each racial group, higher serum 
albumin, prealbumin and creatinine were associated 
with greater survival, although the trends were not statis-

tically significant for serum creatinine in African Amer-
icans. Higher CRP and IL-6, but not TNF-�, were associ-
ated with increased death risk. In particular, the highest 
(vs. lowest) quartile of IL-6 was associated with 2.4-fold 
and 4.1-fold increased death risk in African Americans 
and Whites, respectively, which may indicate that the im-
pact of inflammation on dialysis patient mortality may 
be somewhat mitigated in African Americans. These 
findings imply racial disparities in dietary, nutritional 

Table 1.  Demographic, clinical and laboratory values in 799 MHD patients according to race and ethnicity

Variables All patients
(n = 799)

Race p values

African 
Americans
(n = 279)

W hites unad-
justed

case-mix-
adjusteda

Hi spanics
(n = 457)

non-Hispanics
(n = 63)

Age, years 54815 55815 52815 59816 <0.01
Women, % 47 51 45 49 0.33
Diabetes mellitus, % 53 47 57 57 0.02
Primary insurance: % Medicare 51 57 49 41 0.04
Marital status: % married 46 35 52 49 <0.01
Charlson comorbidity index score 1.981.6 1.981.7 1.881.6 2.181.5 0.28
Body composition:

BMI 26.586.1 27.386.7 25.985.5 27.086.0 0.01 <0.01
Triceps skinfold, mm 17.589.9 19.1811.6 16.488.8 18.389.8 <0.01 <0.01
Biceps skinfold, mm 9.887.8 11.488.9 9.087.1 10.386.5 <0.01 <0.01
MAMC, cm 30.885.7 32.485.9 29.785.2 32.085.7 <0.01 <0.01
NIR body fat, % 26.6810.9 26.5812.1 26.2810.5 29.3811.0 0.13 0.46
NIR lean body mass, kg 53.6822.0 59.0833.0 50.4824 50.4827 <0.01 <0.01

Hemodialysis treatment
Dialysis vintage, months 28826 33829 26825 20822 <0.01 <0.01
Dialysis dose, Kt/V (sp)b 1.680.3 1.5380.27 1.6480.31 1.5580.31 <0.01 <0.01
Erythropoietin, 103 U/week 14.5812.5 17.1813.5 14.9812.4 13.6816.8 0.28 0.21

Biochemical measurementsb

Serum albumin, mg/dl 3.9080.41 3.8480.32 3.9580.42 3.8480.41 0.11 0.33
Prealbumin, mg/dl 27.989.6 28.989.2 27.889.9 24.887.9 0.01 0.02
Total homocysteine, �mol/l 23.9811.2 26.6813.4 22.889.7 20.286.7 <0.01 <0.01
Creatinine, mg/dl 10.283.3 11.383.3 9.683.1 8.883.1 <0.01 <0.01
Calcium, mg/dl 9.380.7 9.580.7 9.280.6 9.380.5 0.19 <0.01
Phosphorus, mg/dl 5.881.5 5.981.5 5.781.5 5.981.7 0.83 0.88
Bicarbonate, mEq/l 22.282.9 22.882.9 22.082.9 21.682.6 <0.01 <0.01
TIBC, mg/dl 207840 203839 207840 223844 <0.01 <0.01
Iron, mg/dl 65826 59823 69827 65831 <0.01 <0.01
CRP, mg/l 5.987.1 6.587.9 5.386.4 7.887.9 <0.01 <0.01
IL-6, pg/ml 18.8852.2 11.7812.4 12.0814.8 13.7815.1 0.62 0.60
TNF-�, pg/ml 8.7812.1 10.0816.8 7.888.2 9.5810.2 0.05 0.04

Blood hemoglobin, g/dlb 12.081.0 12.081.0 12.181.0 11.981.0 0.12 0.30
Lymphocyte, % 22.888.0 24.188.3 22.787.5 17.387.1 <0.01 <0.01

p v alues are based on ANOVA. NIR = Near-infrared; TIBC = total iron-binding capacity. a Case-mix = Age, gender, diabetes and 
vintage. b Serum and blood values were obtained immediately predialysis except for serum urea which was obtained pre-and postdi-
alysis.
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and inflammatory measures in MHD patients, which 
may bear on the disparities in clinical outcomes. Hence, 
our findings may have major clinical and public health 
implications on the clinical and dietary management of 
advanced CKD patients.

  It has long been recognized that CKD, and particu-
larly ESRD, is more common in certain racial and ethnic 
groups  [13, 35] . The racial and ethnic disparities of CKD 
have been extensively reported in the United States, with 
the African-American population having the highest re-
ported incidence and prevalence of treated ESRD world-

wide  [14, 36] . Compared with non-Hispanic Whites, Af-
rican Americans are more likely to have hypoalbumin-
emia and severe anemia, and are less likely to receive 
erythropoietin therapy before dialysis  [12, 37] . Despite 
advances in renal replacement therapy, including dialysis 
techniques, overall long-term survival in ESRD is dread-
fully low  [12, 14, 38] . There exists, however, a racial sur-
vival paradox  [13, 39] . Despite evidence that non-White 
ESRD patients are more likely to have such poor survival 
indicators as hypoalbuminemia and anemia or limited 
pre-ESRD care, their survival chance on dialysis are par-

Table 2.  Matched groups of MHD patients and their demographic, clinical and laboratory values

Variables AA
(n = 59)

HW
(n = 59)

NHW
(n = 59)

p value
AA vs. NHW

p value
HW vs. NHW

Age, years (matched 85 years) 58816 58817 59817 0.98 0.84
Women, % (matched) 49 49 49 0.99 0.99
Diabetes mellitus, % (matched) 56 56 56 0.99 0.99

Primary insurance, % Medicare 57 49 38 0.11 0.38
Marital status, % married 41 48 47 0.58 0.98
Charlson comorbidity index score 2.481.8 1.781.4 2.081.6 0.12 0.10

Body composition
BMI 29.187.6 25.884.6 27.086.4 0.04 0.28
Triceps skinfold, mm 19.3812.6 16.689.5 18.289.9 0.33 0.37
Biceps skinfold, mm 12.189.2 10.4810.7 10.486.7 0.12 0.99
MAMC, cm 33.485.8 29.785.8 31.985.8 0.04 0.04
NIR measured body fat, % 26.9812.4 27.1810.0 28.8810.8 0.57 0.14
NIR lean body mass, kg 59.8811.0 48.889.1 53.1812.0 <0.01 0.01

Hemodialysis treatment
Dialysis vintage, months 30827 21820 18818 <0.01 0.19
Dialysis dose, Kt/V single pool 1.4880.27 1.7080.36 1.5680.32 0.27 0.03
Erythropoietin dose, 103 U/week 19,38082,357 15,47682,288 14,59881,929 0.12 0.82

Biochemical measurements
Serum albumin, mg/dl 3.880.4 3.880.4 3.880.4 0.79 0.61
Prealbumin, mg/dl 29.089.5 25.188.4 24.788.1 <0.01 0.90
Total homocysteine, �mol/l 28.0812.3 23.0814.5 20.886.5 <0.01 0.32
Creatinine, mg/dl 11.182.9 9.082.7 8.983.2 <0.01 0.62
Calcium, mg/dl 9.580.6 9.380.7 9.280.5 0.06 0.56
Phosphorus, mg/dl 5.981.5 5.681.3 6.081.7 0.96 0.94
Bicarbonate, mg/dl 22.483.5 22.380.3 21.682.4 0.22 0.20
TIBC, mg/dl 207840 210845 225845 0.06 0.09
Iron, mg/dl 62827 68827 66832 0.58 0.87
CRP, mg/l 6.786.4 5.685.9 7.888.3 0.47 0.21
IL-6, pg/ml 10.389.7 11.689.6 13.4815.1 0.52 0.83
TNF-�, pg/ml 7.587.7 7.484.9 9.689.6 0.20 0.14

Blood hemoglobin, g/dl 12.283.1 12.383.2 11.982.1 0.31 0.11
Lymphocyte, % 21.185.7 17.787.2 21.687.7 0.01 <0.01

F or each non-Hispanic White MHD patient, an age- (85 years), gender- and diabetes-matched MHD patient from among African-
American and Hispanic White MHD patients was selected randomly. p values are based on post hoc Bonferroni. Serum and blood 
values were obtained immediately predialysis except for serum urea which was obtained pre- and postdialysis. AA = African Ameri-
can; NHW = non-Hispanic White; HW = Hispanic White; NIR = near-infrared; TIBC = total iron-binding capacity. 
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  Fig. 1.  Cubic spline models of the Cox proportional regression 
analyses reflecting adjusted mortality-predictability (with 95% 
CI) according to predialysis serum albumin in African-American 
(upper panel) vs. White (Hispanic and non-Hispanic, lower pan-
el) MHD patients over 6 years. Spline models are with 2 degrees 
of freedom. Case-mix includes age, gender, diabetes mellitus, 
Charlson comorbidity index score and dialysis vintage. 

  Fig. 2.  Cubic spline models of the Cox proportional regression 
analyses reflecting adjusted mortality-predictability (with 95% 
CI) according to predialysis serum prealbumin in African-Amer-
ican vs. White (Hispanic and non-Hispanic) MHD patients over 
6 years. Spline models are with 2 degrees of freedom. Case-mix 
includes age, gender, diabetes mellitus, Charlson comorbidity in-
dex score and dialysis vintage. 

Table 3. Differences of the reported daily nutrient intake in 64 African-American MHD patients compared to 64 Whitea MHD patients 

Dietary nutrient intakes Whites 
(baseline data)

A frican Americans

model  1 p model 2 p model 3 p

Energy, kcal/day 1,4978486 +2798115 0.02 +3118115 <0.01 +2938119 0.01
Carbohydrates, g/day 193864 +18816 0.23 +23815 0.13 +20815 0.20
Protein, g/day 62824 +785 0.16 +885 0.09 +885 0.11
Fat, g/day 54824 +1885 <0.01 +1985 <0.01 +1885 <0.01
Saturated fat, g/day 16.888.3 +6.081.9 <0.01 +6.481.9 <0.01 +6.082.0 <0.01
MUFA, g/day 20.889.8 +7.282.0 <0.01 +7.682.0 <0.01 +7.482.1 <0.01
PUFA, g/day 11.485.7 +3.4811.4 <0.01 +3.581.2 <0.01 +3.581.3 <0.01
Fibers, g/day 14.787.0 –2.981.2 0.02 –2.881.2 0.03 –2.981.3 0.02

Comparisons were made with age adjustment (model 1) and after multivariate adjustment for case-mix including age, gender and 
diabetes (model 2) and further adjustment for Charlson comorbidity index score and dialysis vintage (model 3). MUF A = Monoun-
saturated fatty acid; PUFA = polyunsaturated fatty acid. a Combined 56 Hispanics and 8 non-Hispanics. 
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adoxically better as compared with non-Hispanic Whites 
 [9] . The annual death rate for non-Hispanic White dialy-
sis patients is significantly higher than that of African 
Americans. Similarly, for the healthier dialysis patients 
on the transplant wait list, the annual mortality rate is 
also higher for non-Hispanics compared with African 
Americans  [40, 41] .

  In our study we found that after matching for age, gen-
der and diabetes, African Americans still had both larger 
LBM and muscle mass than Whites, but fat mass was not 
different. Even though higher fat mass is reportedly as-
sociated with greater survival in MHD patients  [27, 29] , 
recent data indicate that larger MAMC, a surrogate of to-
tal body muscle mass, is associated with greatest survival 
 [26] . We also found that 3 key biomarkers of greater sur-

vival had higher concentrations in African Americans 
compared to Whites, i.e. prealbumin  [34] , creatinine  [39, 
42]  and homocysteine  [43] . We also found there were very 
few differences in nutritional, inflammatory or survival 
status between Hispanic and non-Hispanic Whites in 
matched analyses, which allowed us to combine these two 
groups into a single ‘White’ group.

  The regression analyses of the dietary data in the sub-
group of 128 MHD patients showed that compared with 
Whites, African Americans had higher intakes of energy 
and both saturated and unsaturated fat. Indeed they also 
had a 13% higher intake of protein, but while this differ-
ence is probably clinically significant, it was not statisti-
cally significant (p = 0.11), which may be due to the small 
sample size. Higher unsaturated fat intake has recently 
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  Fig. 3.  Cubic spline models of the Cox proportional regression 
analyses reflecting adjusted mortality-predictability (with 95% 
CI) according to predialysis serum creatinine in African-Ameri-
can vs. White (Hispanic and non-Hispanic) MHD patients over 6 
years. Spline models are with 2 degrees of freedom. Case-mix in-
cludes age, gender, diabetes mellitus, Charlson comorbidity index 
score and dialysis vintage. 

  Fig. 4.  Cubic spline models of the Cox proportional regression 
analyses reflecting adjusted mortality-predictability (with 95% 
CI) according to predialysis serum CRP in African-American vs. 
White (Hispanic and non-Hispanic) MHD patients over 6 years. 
Spline models are with 2 degrees of freedom. Case-mix includes 
age, gender, diabetes mellitus, Charlson comorbidity index score 
and dialysis vintage. 
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been shown to improve nutritional status and reduce sys-
temic inflammation, probably by lowering serum CRP 
concentrations in MHD patients  [44] . Mechanistically, 
the increased cellular influx of oxidized lipoproteins, 
heightened fatty acid synthesis pathway and downregula-
tion of fatty acid oxidation system in CKD may be at-
tenuated by a high-calorie diet, which may downregulate 
mediators of lipid influx (LOX-1), lipid efflux (LXR- � / �  
and ABCA1) and fatty acid biosynthesis (ChREBP and 
ACC), and upregulate factors involved in fatty acid oxida-
tion (PPAR- � , CPT1 and L-FABP)  [45] . Whereas it is 
highly speculative to relate the greater survival of Afri-
can-American dialysis patients to higher fat intake, our 
findings in humans are consistent with animal models of 

improved CKD outcomes with high-calorie, high-fat di-
ets and can be considered as an impetus for additional 
research to examine these hypotheses.

  We found that, as previously observed for the general 
dialysis population, higher predialysis serum albumin, 
prealbumin and creatinine levels were associated with 
greater survival in both races ( table 4  and  fig. 1–3 ). This 
association, however, was not significant for serum cre-
atinine in African Americans ( fig. 3 ). This different ob-
servation may be due to higher serum creatinine levels in 
African Americans as a result of their higher muscle mass 
or the trend toward a 13% higher protein intake, which 
was probably largely due to increased meat intake in the 
African Americans, as also shown in this current study 
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  Fig. 5.  Cubic spline models of the Cox proportional regression 
analyses reflecting adjusted mortality-predictability (with 95% 
CI) according to predialysis serum IL-6 in African-American vs. 
White (Hispanic and non-Hispanic) MHD patients over 6 years. 
Spline models are with 2 degrees of freedom. Case-mix includes 
age, gender, diabetes mellitus, Charlson comorbidity index score 
and dialysis vintage. 

  Fig. 6.  Cubic spline models of the Cox proportional regression 
analyses reflecting adjusted mortality-predictability (with 95% 
CI) according to predialysis serum TNF- �  in African-American 
vs. White (Hispanic and non-Hispanic) MHD patients over 6 
years. Spline models are with 2 degrees of freedom. Case-mix in-
cludes age, gender, diabetes mellitus, Charlson comorbidity index 
score and dialysis vintage. 
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( table 2 ), and might result in the dilution of the creati-
nine-survival gradient in African Americans. Prior stud-
ies have shown that elevated levels of circulating proin-
flammatory cytokines, including IL-6, predict higher 
mortality in MHD patients  [46–48] . However, we are not 
aware of any study which examined these relationships 
across different races. In the present study, we found that 
higher serum CRP and IL-6 were incrementally associ-
ated with increased death risk in both races, but that 
TNF- �  was not ( fig. 6 ), a finding also shown in previous 
studies  [49, 50] . Interestingly, even though the highest (vs. 
lowest) quartile of IL-6 was associated with a 2.4 times 
higher death risk in African Americans, this mortality 
association was even greater among Whites (4.1-fold;  ta-
ble 4  and  fig. 5 ). Hence, African Americans may indeed 
be more resilient against the death-effect of inflamma-
tion, a question which should be further examined in fu-
ture studies.

  One of the study’s limitations is the selection bias dur-
ing enrollment, in that more malnourished or sicker pa-
tients were less likely to enroll. However, selection bias in 
this direction would lead to bias toward the null; there-
fore, without this bias, our results may have been even 
stronger. Another limitation is the prevalent nature of 
our cohort and the slightly longer dialysis vintage in Af-
rican Americans than Whites; however, there are mixed 

data as to whether patients with longer vintage are more 
or less malnourished or inflamed than others  [51, 52] . A 
third limitation is the lack of information regarding type 
of dialysis modality, dialysis access, dialysis membrane 
and several other known confounders, such as healthy 
lifestyles and socioeconomic status, as well as unknown 
confounders. Fourth is the low sample size in our non-
Hispanic White group and our combining both Hispan-
ic and non-Hispanic White patients into a single ‘White’ 
category. However, given many highly acculturated His-
panics of the second and third generation in Southern 
California  [53] , including among our MHD patients, we 
prefer to avoid strong inferences about ethnicity, whereas 
the racial distinction of White versus African American 
in our cohort was rather robust. 

  There are several strengths to this study, including the 
relatively long follow-up period (72 months), the compre-
hensive laboratory evaluations, the concomitant assess-
ments of body composition, and the detailed evaluation 
of the clinical and comorbid states of the patients by study 
physicians at baseline. Our cohort has been extensively 
characterized for markers of inflammation and nutri-
tional status, energy intake, the multiple types of fat in-
gested and direct measurements of total body fat. Finally, 
participants were selected randomly without prior knowl-
edge of their inflammatory status.

Table 4. C omparing death HR across the quartiles of the selected biochemical markers of nutritional status and inflammation in 279 
African-American and 520 White (including 475 Hispanic) MHD patients in the 6-year cohort (2001–2007)

Predialysis serum Q1 Q2 Q3 Q4 p trend

African Americans (n = 279)
Albumin 1 0.44 (0.27–0.72)* 0.51 (0.32–0.83)* 0.52 (0.31–0.85)* 0.01
Prealbumin 1 0.82 (0.51–1.30) 0.57 (0.34–0.94)* 0.53 (0.31–0.91)* <0.01
Creatinine 1 0.79 (0.48–1.29) 0.90 (0.55–1.48) 0.77 (0.41–1.42) 0.50
CRP 1 1.71 (0.98–2.97) 1.84 (1.05–3.21)* 2.42 (1.39–4.19)* <0.01
IL-6 1 1.04 (0.57–1.89) 1.53 (0.87–2.71) 2.20 (1.28–3.79)* <0.01
TNF-� 1 1.16 (0.69–1.94) 0.97 (0.57–1.65) 0.80 (0.46–1.40) 0.30

All Whites (Hispanics and non-Hispanics; n = 520)
Albumin 1 0.48 (0.33–0.69)* 0.32 (0.20–0.51)* 0.34 (0.19–0.58)* <0.01
Prealbumin 1 0.56 (0.37–0.84)* 0.53 (0.35–0.81)* 0.55 (0.33–0.90)* <0.01
Creatinine 1 0.79 (0.54–1.15) 0.64 (0.42–0.99)* 0.43 (0.24–0.77)* <0.01
CRP 1 1.59 (0.95–2.67) 2.03 (1.23–3.35)* 1.87 (1.14–3.05)* <0.01
IL-6 1 1.88 (0.97–3.66) 2.29 (1.20–4.37)* 4.13 (2.22–7.67)* <0.01
TNF-� 1 1.21 (0.76–1.93) 1.37 (0.86–2.17) 1.37 (0.86–2.18) 0.15

A ll values are adjusted for case-mix which includes age, gender, diabetes mellitus, Charlson comorbidity index score and dialysis 
vintage. * p < 0.05.
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  Conclusions 

 African-American MHD patients have higher mea-
sures of muscle and lean mass, higher serum levels of pre-
albumin and creatinine and higher dietary intakes of en-
ergy and fat, but lower intake of dietary fiber than Whites. 
Higher serum albumin and prealbumin and lower CRP 
and IL-6 are associated with greater survival in both rac-
es. In African Americans the mortality-predictability of 
IL-6 was almost half of its predictability among Whites, 
implying that the impact of inflammation on mortality 
is mitigated in African Americans. The racial disparities 
in dietary, nutritional and inflammatory measures in 
MHD patients observed in this study may have a bearing 
on disparities in clinical outcomes and in particular on 
survival. Additional studies, including prospective di-
etary intervention trials, could provide much needed in-
formation on these associations with survival.
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