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Abstract
OBJECTIVE—Among chronic dialysis patients an obesity paradox or reverse epidemiology is
known, but it is no clear whether the association of body size and muscle mass with survival is
consistent across race, especially in East Asian versus Caucasian and African–American
hemodialysis (HD) patients

PATIENTS AND METHODS—Using 20,818 HD patients in South Korea from February 1,
2001 to June 30, 2009 and 20,000 matched HD patients in the United States (10,000 Caucasians
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and 10,000 African–Americans) from July 1, 2001 to June 30, 2006, we compared mortality
associations of baseline body mass index (BMI) and serum creatinine (Cr) level, as likely
surrogates of obesity and muscle mass across the three races.

RESULTS—In Korean HD patients higher BMI together with higher serum Cr levels were
associated with greater survival, as previously reported from US and European studies. In the
matched cohort (n=10,000 in each of the three races), mortality risks were lower across higher
BMI and serum Cr levels, and these association were similar in all three races (reference groups:
patients with BMI >25.0 kg/m2 or serum Cr >12 mg/dL in each race). Patients with BMI level
≤18.5 kg/m2 (underweight) reported 78%, 79% and 57% higher mortality risk among Caucasian,
African–American and Korean, respectively, and so did patients with serum Cr level ≤6.0 mg/dL,
who reported 108%, 87% and 78% higher mortality, respectively.

CONCLUSION—Race does not modify the association of higher body size and muscle mass
with greater survival in HD patients. Given consistency of the obesity paradox, which may be
related to mitigated effect of protein–energy wasting on mortality irrespective of racial disparities,
nutritional support to improve survival should be tested across all races of HD patients.

INTRODUCTION
Despite improvements in dialysis technique and patient care during past decades, mortality
of dialysis patients has remained extremely high. The mortality of US dialysis patient has
remained at 20% per year, mostly attributable to cardiovascular events.1 Obesity is a risk
factor for several chronic diseases in the general population, including chronic kidney
disease (CKD).2 Previous observational studies, however, have reported a survival benefit of
obesity, measured as body mass index (BMI) in CKD and dialysis patients.3–9 High serum
creatinine levels as a likely surrogate of muscle mass10–13, not of residual renal
function14,15, is also related to better survival in dialysis patients.3,4 These observations
suggest that protein–energy wasting (PEW) is a strong and biologically plausible cause for
extremely high mortality in dialysis patients.16,17 However, most of the evidences have
come from US and European cohorts. Epidemiologic studies including a large number of
Asian dialysis patients have been substantially limited. The limited evidence from Asian
patients has partially hindered the ability to generalize the PEW–mortality association
beyond racial differences. We hypothesized that both BMI and serum creatinine levels may
be inversely associated with mortality even in Asian hemodialysis (HD) patients, and the
associations may be identical across Caucasian, African–Americas and Asian patients. We
evaluated our hypothesis with two large, nationally representative and contemporary cohorts
of Korean and the matched US HD patients.

PATIENTS AND METHODS
Patients

We examined data from patients receiving HD treatment in South Korea from February 1,
2001 to June 30, 2009 [End stage renal disease (ESRD) Registry of Korean Society of
Nephrology]. The ESRD Registry Committee of the Korean Society of Nephrology has
collected data of dialysis centers and patients through an online registry program on the
Korean Society of Nephrology Web Site (http://www.ksn.or.kr) since 2001. Information
regarding non–responding dialysis centers was collected through mail questionnaires.
During the period, 45,864 HD patients were registered, and measures for BMI and serum
creatinine at the entry into the cohort were available in 20,818 and 20,408 patients,
respectively.

The matched US HD patients was selected from administrative database from July 1, 2001
to June 30, 2006 (for 20 consecutive calendar quarters), who were treated in one of the
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outpatient dialysis facilities owned by a large US dialysis organization (DaVita Inc., El
Segundo, California). To create the matched cohort, we randomly selected 10,000 Korean
HD patients who were registered within the same period of the US cohort (July 1, 2001 to
June 30, 2006). Then we matched them with the same number of Caucasian (n = 10,000)
and African–American (n = 10,000) HD patients using propensity score (one–to–one
matching). Flow diagram for patient selection is presented in eFigure 1.

Follow–up time began on the date of entry into the cohort. Patients were censored at the
time of death, renal transplantation, or end of the study period (September 30, 2009). Date
and cause of death were periodically reported to the registry office by dialysis staff in the
Korean cohort, and were obtained from the US Renal Data System (USRDS) in the US
cohort.

Demographic and Laboratory Measures
In Korean HD patients, information on dates of birth and the first dialysis treatment, gender,
cause of ESRD, presence of diabetes and dialysis modality were obtained at the first entry
into the cohort. In the matched US patients, the same variables and race were obtained from
DaVita databases and the USRDS. Dialysis vintage was defined as the time between the first
day of dialysis treatment and the first day that the patient entered the cohort. Height and
post–HD body weight were used to calculate BMI. Data for hemoglobin, serum albumin and
creatinine, single–pool Kt/V as a marker of delivered dialysis dose and normalized protein
nitrogen appearance (nPNA) reflecting daily dietary protein intake were obtained. All
laboratory values were measured for clinical purpose. Blood samples were drawn at the start
of HD treatment and laboratory values were measured in each renal unit (Korea) and in the
central DaVita Laboratory in Deland, FL (the US). Single–pool Kt/V and nPNA were
estimated by 3–point urea kinetic model based on pre–HD and post–HD blood urea nitrogen
level at the first session of week, and pre–HD level at next mid–week session. Values at the
first entry (baseline) into the cohort were used in the analysis.

Statistical Analyses
Because the study cohorts were non–concurrent cohorts, we defined the value of the first
entry into cohort as the baseline value, and constructed fixed survival models. Survival
analyses included Cox regression model. The primary outcome was all–cause mortality. The
baseline BMI and serum creatinine concentration were main predictors. The entire range of
BMI (kg/m2) was divided into 6 a priori categories: ≤18.5, 18.6–20.0, 20.1–21.5, 21.6–23.0,
23.1–25.0, and >25.0 (reference category). Serum creatinine levels (mg/dL, conversion
factor to μmol/L: ×88.4) were divided into 5 categories: ≤6.0, 6.1–8.0, 8.1–10.0, 10.1–12.0,
and >12.0 (reference category). First, an association of baseline BMI or serum creatinine
level with all–cause mortality was evaluated in Korean HD patients. For each analysis, three
levels of multivariable adjustments were examined: (1) unadjusted model that only included
main predictors (BMI or serum creatinine level) and year of the entry; (2) case–mix model
that included age, gender, diabetes mellitus, HD vintage and single–pool Kt/V; (3) model
adjusted for case–mix and nutrition, which included all of the covariates in the case–mix
model as well as the three following surrogates of nutritional status: hemoglobin, serum
albumin and nPNA. Propensity score, which was the probability of having the same
characteristics as Korean HD patient, was calculated by logistic regression including all
variables in the Cox regression model. After matching, we compared hazard ratios (HR) by
BMI and serum creatinine categories across races.

In Korean HD patients, missing covariate data were imputed using the mean of the existing
values of BMI or serum creatinine categories, as appropriate. There were no missing values
for age, gender, diabetes, and HD vintage. Percentages of missing data for hemoglobin and
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serum albumin were below 3%. Single–pool Kt/V and nPNA, however, had about 28% and
29% missing, respectively. We undertook sensitivity analyses separately without imputing
missing data, and compared with main results. There was no missing in the US data because
only patients with all variables were considered as the matched cohort. All analyses were
carried out with STATA, version 12.1 (StataCorp LP, College Station, TX). The study was
approved by the Harbor–UCLA Medical Center Institutional Review Board with exemption
of the requirement for a written consent form.

RESULTS
Associations of BMI and serum creatinine levels with mortality in Korean HD patients

Baseline characteristics of Korean HD patients, stratified by baseline BMI and serum
creatinine level are listed in eTable 1 and eTable 2. Patients with higher BMI values were
diabetic and had shorter HD vintages. nPNA level tended to increase with BMI value.
Patients with higher serum creatinine levels were younger, men, non–diabetic, and had
longer dialysis vintages. Serum albumin level and nPNA showed positive relationships to
serum creatinine level.

The mean (± standard deviation, SD) duration of follow–up was 5.9 ± 3.4 years, and a total
of 5,580 (26.8%) deaths were reported. The crude mortality rate was 41.6 per 1,000 person–
years. Kaplan–Meier curves showed a stepwise decrease in all–cause mortality with higher
BMI and serum creatinine categories (eFigure 2 and eFigure 3). HR for all–cause mortality
decreased linearly with increase in BMI level in 20,818 HD patients (eTable 3). Patients
with BMI level ≤18.5 kg/m2 (underweight) reported 78% higher mortality risk compared to
patients with BMI level >25.0 kg/m2 (reference group) in the case–mix and nutrition
adjusted model [HR, 1.78; 95% confidence interval (CI), 1.60–1.99]. Cox regression using
restricted cubic splines showed higher BMI level exhibited an association with greater
survival, although the advantage of high BMI was reduced in the range above 27 kg/m2

(Figure 1).

Serum creatinine level was linearly and inversely associated with all–cause mortality in
20,408 HD patients (eTable 4 and eFigure 4). Patients with serum creatinine level ≤6.0 mg/
dL reported 76% higher mortality risk compared to patients with >12.0 mg/dL (reference
group) in the fully adjusted model (HR, 1.76; 95% CI, 1.57–1.97).

Effect of race on associations of baseline BMI and serum creatinine levels with mortality
Baseline characteristics among the three different races are presented in Table 1. Even using
the propensity score matching method, Caucasian and African–American patients were
older, had higher BMI and hemoglobin levels than Korean patients, whereas Korean patients
reported higher serum creatinine levels. Within a same range of BMI, HRs for all–cause
mortality were comparable across Caucasian, African–American and Korean patients
(reference: patients with BMI >25.0 kg/m2 in each race) in the case–mix and nutrition
adjusted model (Table 2). Patients with BMI level ≤18.5 kg/m2 (underweight) reported 78%,
79% and 57% higher mortality risk in Caucasian, African–American and Korean patients
[HR, 1.78 (95% CI, 1.63–1.95) for Caucasian, HR, 1.79 (95% CI, 1.63–1.96) for African–
American, and HR, 1.57 (95% CI, 1.35–1.83) for Korean, respectively]. Patterns of the
associations were similar among all races (Figure 2A).

HRs for all–cause mortality decreased linearly with increase in serum creatinine levels
similarly among all races. There was no difference in the patterns (Figure 2B). Compared to
patients with serum creatinine >12.0 mg/dL in each race, patients with serum creatinine
level ≤6.0 mg/dL reported HR 2.08 (95% CI, 1.83–2.37) for Caucasian, HR 1.87 (95% CI,
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1.68–2.07) for African–American, and HR 1.78 (95% CI, 1.53–2.07) for Korean patients in
the fully adjusted model, respectively (Table 3).

Sensitivity analysis
Separate analyses without imputing missing covariates in Korean HD patients also showed
comparable results with those after imputation (eTable 5). After dividing patients by dialysis
vintage < 1 versus ≥ 1 year, mortality predictability by BMI and serum creatinine levels
were examined. No significant difference was observed between two groups (eFigure 5).

DISCUSSION
In this comparison of two large cohorts of Korean and US HD patients, we observed valid
findings. Higher baseline BMI and serum creatinine levels predicted greater survival even in
the Asian HD population. In addition, racial disparity did not modify the associations of
BMI and serum creatinine levels with all–cause mortality.

PEW appears to be responsible for high mortality rate in dialysis patients.16,17 Accordingly,
better nutritional status may confer survival benefits. Recent large observational studies
from the US have confirmed the association of higher BMI with greater survival in HD
patients.3,4,18,19 The data for Asian patients, however, have been substantially limited. In
1999, Wong et al. compared Asian–American (n = 4,471) with Caucasian dialysis patients
using the USRDS data. In the analysis, the Caucasian reported mortality decreased as the
BMI increased, but for Asian, the relationship was U–shaped, which suggested the effect of
BMI on survival differed by race.20 A three–year longitudinal observational study from
Taiwan reported that patients with BMI below 18.5 kg/m2 had a 123% higher risk of death
compared to patients with BMI over 25.0 kg/m2 in 959 maintenance HD patients (HR, 2.23;
95% CI, 1.22–4.05).21 Our study validated the association of higher BMI with better
survival in a large cohort of Asian HD patients, and furthermore, the association was similar
with those of the Caucasian and African–American.

Higher serum creatinine levels were also associated with greater survival across all races
similarly, which suggests race does not modify the association. Serum creatinine is
originated from creatine of which almost 95% pool is stored in muscle.22,23 Considering it,
serum creatinine levels could be used as a surrogate of muscle mass especially in ESRD
patients who have very low renal function.4,10–12,24–26 If serum creatinine levels is
influenced dominantly by residual renal function, higher serum creatinine levels (ie. lower
residual renal function) would relate to higher mortality,27,28 whereas if serum creatinine
levels reflect muscle mass dominantly, higher serum creatinine levels (ie. larger muscle
mass) would relate to lower mortality.3,4,29,30 Previous studies from US dialysis patients
reported high serum creatinine levels as a likely surrogate of muscle mass, not of residual
renal function, were related to better survival.3,4,29,30 In a study among them, serum
creatinine levels below 8.0 mg/dL predicted higher mortality, whereas those above 10 mg/
dL were associated with greater survival compared to the level of 8–10 mg/dL.4 Our study
may extend a significance of muscle mass for survival into Asian HD patients beyond racial
disparity.

PEW and mortality association have been also evaluated using other surrogates of body
composition. A study with 1,709 patients included in the Hemodialysis (HEMO) Study
reported lower quartiles of triceps skin–fold thickness as a measure of fat mass, mid–arm
muscle circumference as a surrogate of muscle mass, and BMI were all significantly
associated with higher all–cause mortality.31 Survival advantages with both higher mid–arm
muscle circumference and greater triceps skin fold were observed in other studies.31,32 A
study in 535 HD patients showed that lower body fat or a decline in body fat percentage
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over time measured by near infra–red interactance method was associated with an increased
risk of death.33 In Asian studies, increased fat and lean mass were also associated with better
outcomes.34,35 A study from Japan showed the independent associations between a higher
fat mass index measured by dual–energy X–ray absortiometry and a lower risk of non–
cardiovascular death (HR, 0.85; 95% CI, 0.81–0.90), as well as between a higher lean mass
index and a lower risk of cardiovascular death (HR, 0.87; 95% CI, 0.81–0.94) in 808
maintenance HD patients.34 These previous studies support our observations indirectly.

Despite substantial evidences from observational studies, biologically plausible mechanisms
to explain the PEW–mortality association are not clearly known. The underlying
mechanisms appear complex, and no single, adequately inclusive pathophysiologic
mechanism has been set forth to explain the entire range of observed outcomes. First,
because inflammation may be associated with both anorexia and increased net protein
catabolism36, inflammation has been proposed as a missing link between PEW and
mortality. Inflammation may induce endothelial cell damage and dysfunction, predisposing
to atherosclerotic plaque formation.37 Second, muscle wasting in the skeletal and respiratory
system may compromise the vital functions of the organs.17 Increase in circulating actin by
the muscle breakdown and consequently consuming gelsolin which has salutary and
protective action may be a possible mechanism underlying a muscle wasting and poor
outcomes.38 Third, gradual loss of body fat could be also important, resulting in lower
production of certain anti–inflammatory cytokines and adiponectin39 and decreased
sequestration of uremic toxins.40 In addition, deficiencies of multiple micronutrients may
have some effects.

Despite considerable strengths, our study has several limitations. First, this is a retrospective
observational study. Hence control for confounders is limited to those that are recognized
and measured. The Korean database had limited variables for adjustments. There were no
data for cardiovascular co–morbidities and inflammatory markers such as C–reactive
protein. Patients with higher BMI or serum creatinine levels are generally healthier, have
better appetite and higher protein or energy intake. The difference in health may not have
been captured adequately by the available information. Second, residual renal function could
not be included in the analyses. However, it is notable that a greater residual renal function
is generally related to a better survival, the confounding effect from the lack of this variable
might influence to the direction in which a higher serum creatinine level was related to a
higher mortality, attenuating our results. We undertook the sensitivity analysis stratified by
dialysis vintage to evaluate the confounding from residual renal function. In the Korean HD
patients, the associations were similar between patients with vintage of < 1 versus ≥1 year,
suggesting the effect from residual renal function might not influence our results
significantly. Third, crude mortality rate was 42 per 1,000 person–years in the Korean
cohort, which was quite lower than 224 per 1,000 person–years in the US cohort (matched
patients only). Even though a difference in mortality among races would exist20, the
magnitude of difference between the two cohorts is unreasonable. The difference in
mortality rate must be due to underreporting of death in the Korean cohort because the
reporting was voluntary but not mandatory. Because of the limitation, we could not directly
compare mortality rate across races, instead we compared HRs using patients with BMI >25
kg/m2 or serum creatinine >12.0 mg/dL in each race as reference groups. Conceptually, the
underreporting might not significantly influence to estimate HRs for mortality if it occurred
randomly. Fourth, although BMI is often used as an indicator of obesity, BMI cannot
differentiate skeletal muscle mass or body water from fat mass.41,42 In addition, serum
creatinine level could be influenced by recent intake of meats.43 We did not have other
surrogates of muscle mass and body fat, such as mid–arm muscle circumference and triceps
skin–fold thickness.
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CONCLUSION
Larger body size and muscle mass represented by higher BMI and serum creatinine levels
were associated with greater survivals even in Asian HD patients. Furthermore, race did not
significantly modify these associations. It suggests that PEW is a strong and modifiable risk
factor beyond racial disparity. Patients with low BMI and serum creatinine level may be in
higher risk, and need careful examinations for body composition and dietary intake to assess
presence of PEW. If PEW is suspicious, individualized nutritional intervention would be
helpful. Efficient strategies to prevent and improve PEW are needed across all races of HD
patients.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

BMI body mass index

CI confidence interval

CKD chronic kidney disease

ESRD end stage renal disease

HD hemodialysis

HR hazard ratio

nPNA normalized protein nitrogen appearance

PEW protein–energy wasting

USRDS United States Renal Data System
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Figure 1.
Association between baseline body mass index and all–cause mortality in 20,818 Korean
hemodialysis patients†

†Hazard ratios were estimated with Cox regression using restricted cubic splines. Values of
<1 percentile and >99 percentile in body mass index were excluded from the model to
minimize an influence from the outlier values. The model was adjusted for case–mix and
nutrition covariates including age, gender, diabetes mellitus, dialysis vintage, single–pool
Kt/V, hemoglobin, serum albumin and normalized protein nitrogen appearance. Dashed
lines are 95% point–wise confidence bands. Number of patients is displayed simultaneously.
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Figure 2.
Adjusted hazard ratios (95% confidence intervals) for all–cause death with baseline body
mass index (A) and serum creatinine (B) categories across 3 different races in the matched
cohort (n = 10,000 in each race)†

†Patients with BMI >25.0 kg/m2 and serum creatinine level >12.0 mg/dL in each race were
reference groups. The model was adjusted for case–mix and nutrition covariates including
age, gender, diabetes mellitus, dialysis vintage, single–pool Kt/V, hemoglobin, serum
albumin and normalized protein nitrogen appearance. Propensity score which was the
probability of having the same characteristics as Korean HD patient was calculated by
logistic regression including all variables in the survival analysis. The matched cohort was
created by 1:1 matching based on propensity score.
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