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Objective: To determine whether dry weight gain accompanied by 
an increase in muscle mass is associated with a survival benefit in 
patients receiving maintenance hemodialysis (HD).

Patients and MethOds: In a nationally representative 5-year 
cohort of 121,762 patients receiving HD 3 times weekly from 
July 1, 2001, through June 30, 2006, we examined whether body 
mass index (BMI) (calculated using 3-month averaged post- 
HD dry weight) and 3-month averaged serum creatinine levels (a 
likely surrogate of muscle mass) and their changes over time were 
predictive of mortality risk.

Results: In the cohort, higher BMI (up to 45) and higher serum 
creatinine concentration were incrementally and independently 
associated with greater survival, even after extensive multivari-
ate adjustment for available surrogates of nutritional status and 
inflammation. Dry weight loss or gain over time exhibited a graded 
association with higher rates of mortality or survival, respectively, 
as did changes in serum creatinine level over time. Among the 
50,831 patients who survived the first 6 months and who had 
available data for changes in weight and creatinine level, those 
who lost weight but had an increased serum creatinine level had 
a greater survival rate than those who gained weight but had a de-
creased creatinine level. These associations appeared consistent 
across different demographic groups of patients receiving HD.

cOnclusiOn: In patients receiving long-term HD, larger body size 
with more muscle mass appears associated with a higher survival 
rate. A discordant muscle gain with weight loss over time may 
confer more survival benefit than weight gain while losing muscle. 
Controlled trials of muscle-gaining interventions in patients re-
ceiving HD are warranted.
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Patients with chronic kidney disease (CKD) who require 
maintenance hemodialysis (HD) treatment for survival 

have a high annual mortality of approximately 20% in the 
United States, mostly as a result of cardiovascular or infec-
tious diseases.1 Despite decades of ongoing efforts to cor-
rect such conventional risk factors as obesity, hypertension, 
or hypercholesterolemia or other potential risk factors (eg, 
dialysis dose, anemia, or hyperhomocysteinemia), survival 
of patients receiving maintenance HD has not improved 
substantially.1 Several recent randomized controlled tri-
als in patients with CKD have showed no survival benefit 
resulting from increasing the dialysis dose, lowering serum 

cholesterol levels, correcting hyperhomocysteinemia, or 
improving anemia.2

 Whereas obesity is a risk factor for CKD,3 many epi-
demiological studies have indicated inverse associations 
between obesity or other cardiovascular risk factors and 
mortality in patients with CKD or cardiac disease.4,5 A 
higher death rate has been observed in patients with CKD 
who have a low, rather than a high, body mass index (BMI 
[calculated as the weight in kilograms divided by height in 
meters squared]),6 blood pressure,7 or serum concentrations 
of cholesterol8 or homocysteine,9 whereas high values of 
these risk factors are associated with improved survival. 
Other patient populations, including those with heart fail-
ure,10 those with coronary artery disease,5,11 and those of 
advanced age,12 also exhibit this so-called obesity paradox. 
However, most studies have not examined the relative con-
tribution of fat vs muscle mass or their changes over time to 
the survival benefits of larger body size. Assessing muscle 
mass or lean body mass (LBM) is particularly difficult in 
large epidemiological studies and requires such elaborate 

BMI = body mass index; CKD = chronic kidney disease; DEXA = dual- 
energy X-ray absorptiometry; HD = hemodialysis; Kt/V = dialysis dose; 
LBM = lean body mass; PEW = protein-energy wasting; UKM = urea 
kinetic modeling
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tests of body composition as dual-energy X-ray absorpti-
ometry (DEXA).13

 Among biochemical markers of muscle mass, serum 
creatinine is most routinely measured, but its associa-
tion with kidney function may limit its utility as such.14 
However, in patients receiving long-term HD who have 
minimal or no residual renal function and who undergo 
a stable HD treatment regimen, time-averaged serum 
creatinine concentration is a more likely surrogate of 
muscle mass, and its changes over time may represent 
parallel changes in skeletal muscle mass.15,16 We studied 
adjusted dry weight and serum creatinine concentration 
and their changes over time as predictors of mortality in 
a large and nationally representative cohort of patients 
receiving long-term HD. We hypothesized that gain in dry 
weight over time in patients receiving HD is associated 
with greater survival, especially  if it is associated with 
an increase in muscle mass as reflected by an increase in 
the serum creatinine concentration at the same dialysis 
dose level, whereas weight loss or reduction in muscle 
mass (ie, a decrease in serum creatinine concentration) is 
associated with increased mortality.

PATIEnTs AnD METHoDs

We extracted, refined, and examined data from all patients 
with stage 5 CKD who underwent HD treatment from July 1, 
2001, to June 30, 2006 (ie, for 20 consecutive calendar quar-
ters) in one of the outpatient dialysis facilities of a US-based 
large dialysis organization (DaVita, Lakewood, CO). The 
study was approved by the Harbor-UCLA Medical Center 
Institutional Review Board with exemption of the require-
ment for a written consent form.

CliniCal and demographiC measures

The creation and analyses of the 5-year, nonconcurrent, 
dynamic cohort of DaVita patients receiving HD have been 
described previously.17-20 To minimize measurement vari-
ability and to dilute the effect of short-term variation in 
nutrition, fluid intake, or dialysis dose on weight or labora-
tory measurements, all repeated measures for each patient 
during any given calendar quarter, ie, during 13 consecu-
tive weeks or 3 months, were averaged, and the quarterly 
means in each of the 20 calendar quarters were used in 
time-dependent analyses.

dry Weight and Bmi
Post-HD dry weight for each patient receiving HD during each 
calendar quarter is the mathematical average of up to 39 post-
HD weight values (weight was measured 3 times weekly). 
At least 1 height value during the entire cohort was needed to 
calculate the averaged BMI in each calendar quarter.

dialysis Vintage and Base Quarter

Dialysis vintage was defined as the duration of time be-
tween the first day of HD treatment and the first day that 
the patient entered the cohort. The first (baseline) study 
quarter for each patient was the calendar quarter in which 
the patient’s vintage was greater than 45 days during at 
least half of that quarter.
 The single-pool dialysis dose (Kt/V) was calculated 
using urea kinetic modeling (UKM) equations that are 
described elsewhere.20 The UKM equations used in DaVita 
laboratories to calculate Kt/V are more complex, and com-
putational software programs are used.

laBoratory measures

Blood samples were drawn at the start of the HD treatment 
(pre-HD) using uniform techniques in all of the DaVita 
dialysis clinics and transported, typically within 24 hours, 
to a single laboratory center, ie, the DaVita Laboratory in 
Deland, FL. All laboratory values were measured by auto-
mated and standardized methods. Most laboratory values 
were measured monthly, including levels of serum crea-
tinine, urea, albumin, calcium, phosphorus, and bicarbon-
ate, as well as total iron-binding capacity.21 Serum ferritin 
and intact parathyroid hormone levels were measured at 
least quarterly. Hemoglobin concentration was measured 
weekly to biweekly in most patients.

serum Creatinine Validation suBstudy

To verify the association between the serum creatinine 
concentration and LBM that was shown previously,15,16,22 
we carried out a validation study within the NIED (Nu-
tritional and Inflammatory Evaluation in Dialysis) study, 
in 747 randomly selected patients receiving HD at 8 Da-
Vita dialysis clinics in the Los Angeles South Bay area. 
Near-infrared interactance and DEXA were used as the 
reference standard for LBM measurements (for more de-
tails on the creatinine validation substudy, see the eDocu-
ment and eTable in the Supporting Online Material [a link 
to which is provided at the end of this article], the NIED 
study Web site at http://www.NIEDstudy.org, and previous  
studies13,22-24).

statistiCal analyses

Survival analyses included time-dependent Cox proportional 
hazards regressions using quarterly averaged values. For each 
analysis, 3 levels of multivariate adjustment were examined:
 (1) Unadjusted model that included mortality as the out-
come, surrogates of body mass or composition (ie, BMI or 
serum creatinine concentration), and entry calendar quarter 
(quarter 1 through quarter 20);
 (2) Case-mix–adjusted models that included all of the 
aforementioned plus age, sex, diabetes mellitus, dialysis 
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vintage (<6 months, 6 months to <2 years, 2 to <5 years, 
and ≥5 years), primary insurance (Medicare, Medicaid, 
private, and other), marital status, dialysis dose as indicated 
by Kt/V (single pool),20 and residual renal function during 
the entry quarter (ie, urinary urea clearance);
 (3) Models adjusted for malnutrition-inflammation-
cachexia syndrome, which included all of the covariates in 
the case-mix model as well as the 11 following surrogates 
of nutritional status and/or inflammation: blood or serum 
concentrations of albumin; total iron-binding capacity; 
levels of ferritin, phosphorus, calcium, or bicarbonate; 
peripheral white blood cell count; lymphocyte percentage; 
hemoglobin concentration; and the UKM-based estimate 
of daily protein intake, known as the normalized protein 
nitrogen appearance.18 

 Patients who underwent a transplant or left DaVita clin-
ics were censored at the time of the event. In an attempt to 
mitigate the impact of the regression to the mean phenom-
ena, all survival models that examined the “change” as a 
mortality predictor were also controlled for the baseline 
BMI or serum creatinine level. Missing covariate data 
(<1% for most laboratory and demographic variables) were 
imputed by the mean or median of the existing values. 
Analyses were carried out with SAS, version 9.1 (SAS 
Institute, Cary, NC).

REsULTs

The original 5-year (July 1, 2001, to June 30, 2006) nation-
al database of all DaVita patients receiving HD included 
164,801 adult patients. After excluding patients who did 
not maintain at least 45 days of HD treatment or those who 
had missing core values, 121,762 HD patients remained 
with known age, dialysis vintage, averaged dry weight, 
and at least 1 height value (for details of the patient selec-
tion process, see eFigure 1 in Supporting Online Material). 
These patients had a median cohort time of 738 days. Table 
1 shows the relevant demographic, clinical, and laboratory 
data of the study patients.
 We divided the entire range of BMI into 11 preselected 
increments (<18, 18-19.99, 20-21.49, 21.5-22.99, 23-24.99 
[reference], 25-27.49, 27.5-29.99, 30-34.99, 35-39.99, 40-
44.99, and ≥45). As shown in Figure 1, survival analyses ex-
hibited a graded and linear association between higher BMI 
increments (up to 45) and greater 5-year survival. In 57,247 
patients receiving HD who survived through the first 2 calen-
dar quarters of the cohort, all post-HD dry-weight values for 
the 6 consecutive months were available, enabling calcula-
tion of the change in dry weight over this period. Figure 2 
shows that, compared with patients with stable weight (dry 
weight gain or loss of <1%), patients with a graded decline 
in dry weight had an increased risk of subsequent death, 

table 1. Characteristics of 121,762 Patients Undergoing 
Maintenance Hemodialysis in the Base Calendar Quartera,b,c

                  
Age (y) 63±15
Female 46
Diabetes mellitus  51
Race/ethnicity  
  White 41
  African American 32
  Hispanic 16
  Asian 3
  Others 7
Vintage (time on dialysis) 
  <6 mo 3
  6 mo to <2 y 33
  2 to <5 y 40
  ≥5 y  24
Primary insurance  
  Medicare 63
  Medicaid 5
  Private insurance 12
  Other 11
Marital status  
  Married 39
  Divorced 7
  Single 21
  Widowed 13
Comorbid conditions on dialysis initiation  
  AIDS 1
  Cancer 4
  Cardiac arrhythmias  1
  Heart failure 27
  PVD 11
  Dysrhythmia 4
  Ischemic heart disease 19
  Myocardial infarct 6
  Pericarditis 1
  Pulmonary disease 5
  Nonambulatory status 2
  Smoker 4
Posthemodialysis weight (kg) 74.2±18.8
BMId 26.4±5.9
Dialysis dose (Kt/V) 1.54±.0.31
nPNA or nPCR (g/kg/d) 0.97±0.23
Biochemical measurements 
  Serum albumin (g/dL) 3.74±0.39
  Creatinine (mg/dL) 8.2±2.3
  Adjusted creatinine (mg/dL) 8.2±1.9
  TIBC (mg/dL) 209±43
  Ferritin (ng/mL) 521±468
  Bicarbonate (mEq/L) 22.1±2.8
  Phosphorus (mg/dL) 5.7±1.4
  Calcium (mg/dL) 9.2±0.7
  Intact PTH (pg/mL) 307±323
  Blood hemoglobin (g/dL) 12.1±1.3
  WBC (× 109/L) 7.3±2.3
  Lymphocyte (% of total WBC) 21±8

a BMI = body mass index; nPCR = normalized protein catabolic rate; 
nPNA = normalized protein nitrogen appearance; PTH = parathyroid 
hormone; PVD = peripheral vascular disease;  TIBC = total iron-binding 
capacity; WBC = white blood cell.

b  Categorical data are provided as percentage of patients and continuous data 
as mean ± SD. 

c SI conversion factors: To convert albumin values to g/dL, multiply by 
10; to convert creatinine values to μmol/L, multiply by 88.4; to convert 
TIBC values to μmol/L, multiply by 0.179; to convert ferritin values to 
pmol/L, multiply by 2.247; to convert phosphorus values to mmol/L, 
multiply by 0.323; to convert calcium values to mmol/L, multiply by 
0.25; to convert PTH values to ng/L, multiply by 1; and to convert he-
moglobin values to g/L, multiply by 10.

d BMI is calculated as weight in kilograms divided by height in meters 
squared.
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FiGuRe 1. time-dependent associations between 3-month–averaged dry weight adjusted for height, known as body mass index (bMi), and 5-year 
(july 1, 2001, through june 30, 2006) mortality in 121,762 patients receiving hemodialysis (hd). cox regression–based hazard ratios of death 
are represented by unfilled circles for the unadjusted model, filled circles for the model adjusted for case mix, and unfilled triangles for models 
adjusted for case mix and the malnutrition-inflammation-cachexia syndrome (Mics). error bars represent 95% confidence intervals. case-mix–
adjusted models include adjustment for age, sex, diabetes mellitus, standardized mortality ratio, race, vintage, primary insurance, marital status, 
dialysis dose, dialysis catheter, and baseline comorbid states. the Mics model covariate includes all case-mix covariates plus urea kinetics–
calculated protein catabolic rate (normalized protein nitrogen appearance or normalized protein catabolic rate), serum levels of albumin, total iron-
binding capacity, white blood cell (Wbc) count, percentage of lymphocytes, as well as calcium, phosphorous, bicarbonate, and ferritin levels.
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whereas higher weight gain over 6 months was incremen-
tally associated with greater survival over a 5-year period.  
The association between weight change and mortality was 
consistent across different race, sex, and age subgroups of 
patients receiving HD (eFigure 2).
 We used the 3-month–averaged pre-HD serum creati-
nine concentration as the surrogate of muscle mass after 
we validated its association with DEXA-measured LBM 
in a substudy of 117 randomly selected patients receiving 
HD (eFigure 3). As shown in Figure 3, among 107,082 
patients receiving long-term HD for whom monthly 
measured pre-HD serum creatinine concentrations were 
available, higher levels were incrementally associated 
with greater survival. An increase or decrease in serum 
creatinine level during the first 6 months was associated 
with parallel changes in subsequent survival in the entire 
cohort (Figure 4) as well as across demographic sub-
groups (eFigure 4).

 In 50,831 patients receiving HD, we examined how 
well different combinations of concurrent changes in dry 
weight and muscle mass (represented by changes in serum 
creatinine level) during the first 6 months predicted mortal-
ity. The demographic and clinical features of the 4 resultant 
groups can be found in Table 2. A concurrent decrease or 
increase in both dry weight and serum creatinine level was 
associated with worse and better survival, respectively. In 
contrast, among the discordant combinations, an increase 
in serum creatinine level with concurrent weight loss was 
associated with greater survival (fully adjusted death haz-
ard ratio, 0.94; 95% confidence interval, 0.89-0.99) than the 
opposite discordant combination (decrease in serum crea-
tinine level with weight gain [the reference group]). These 
associations were relatively consistent across subgroups 
of patients receiving HD (Figure 5). Sensitivity analyses, 
including using Kt/V-normalized serum creatinine levels, 
showed similar associations (data not shown).
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FiGuRe 2. change in dry weight during the first 6 months of the cohort as a predictor of mortality in 57,247 patients receiving hemodialysis 
(hd) who survived through the first 2 calendar quarters of the cohort and for whom post-hd dry-weight values for the 6 consecutive months 
were available. compared with patients with stable weight (dry weight gain or loss of <1%), a graded decline in dry weight was associated with 
an increase in the subsequent risk of death, whereas weight gain over 6 months was incrementally associated with a greater 5-year survival 
rate. cox regression–based hazard ratios of death are represented by unfilled circles for the unadjusted model, filled circles for the model 
adjusted for case mix, and unfilled triangles for models adjusted for case mix and the malnutrition-inflammation-cachexia syndrome (Mics). 
error bars represent 95% confidence intervals. see legend of Figure 1 for the list of covariates in multivariate adjustment.
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DIsCUssIon

In a contemporary cohort of 121,762 patients receiving HD 
3 times weekly for up to 5 years in a single large dialysis 
organization, we found that higher BMI (up to 45) and a 
higher serum creatinine level, a likely surrogate of larger 
muscle mass, are each independently and incrementally 
associated with greater survival even after extensive mul-
tivariate adjustment for available surrogates of nutritional 
status and inflammation. Loss or gain in dry weight over 
time exhibited a graded association with greater mortality 
or survival, respectively, as did changes in serum creatinine 
level, a surrogate of changes in muscle mass. Changes in 
both of these body composition surrogates, if in the same 
direction, maintained the same graded death-predictabil-
ity. However, for patients with discordant combinations, 
weight loss accompanied by a gain in muscle mass (as 
evidenced by a parallel increase in serum creatinine level) 
was associated with a greater survival benefit than weight 
gain with muscle loss (as evidenced by a parallel decrease 
in creatinine level). These associations were relatively ro-

bust and consistent across different demographic groups of 
patients receiving HD.
 Patients with CKD have a high mortality rate, and the 
risk of death increases incrementally with worsening CKD 
stage.25 Although HD therapy is expected to be life-saving 
for these patients, about 1 of 5 US patients receiving HD 
dies each year, representing a 5-year survival of approxi-
mately 35%, which is worse than survival for most can-
cers.1 Among the strongest and most consistent epidemio-
logical risk factors for death due to CKD are markers of 
poor nutritional status.26 Protein-energy wasting (PEW) is 
quite common in patients with CKD and appears to be re-
lated to the exceptionally high mortality rate in this patient 
population.27 Lower levels of serum albumin, prealbumin, 
or transferrin values, the likely PEW biomarkers, are as-
sociated with a high mortality rate in patients receiving 
HD.2,28 Accordingly, better nutritional status may confer 
survival benefits to patients with CKD.26 However,  it re-
mains unclear which type of nutritional store, in particular 
fat or muscle, is more protective and the extent to which 
a lower body mass is detrimental in patients with CKD.29 
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Our findings indicate that both lower BMI, a potential 
correlate of both smaller skeletal muscle and fat mass, 
and a lower serum creatinine level, a potential surrogate 
of smaller muscle mass in the setting of renal failure and 
stable dietary intake, are incrementally associated with an 
increased risk of death. Furthermore, the increased mor-
tality rate associated with a decrease in these measures 
over time, which persisted despite extensive multivariate 
adjustments in our study, suggests a dose-response asso-
ciation. Hence, it is possible, although not yet proven, that 
nutritional interventions to correct PEW and sarcopenia 
improve survival.
 We found a seemingly counterintuitive association 
between obesity (BMI up to 45) and greater survival, 
a finding that has been referred to as the obesity para-
dox30 or reverse epidemiology.31 In the United States, 
as in most industrialized nations, obesity is increasing. 
Many epidemiological studies in the general population 
have shown a graded association between obesity and 
increased risk of death, particularly as a result of an 
increased risk of the metabolic syndrome and cardiovas-
cular disease. However,  recent studies have indicated a 
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FiGuRe 3. time-dependent associations between 3-month–averaged serum creatinine concentrations before hemodialysis, as a surrogate of 
muscle mass, and 5-year (july 1, 2001, through june 30, 2006) mortality in 107,082 patients receiving hemodialysis. cox regression–based 
hazard ratios of death are represented by unfilled circles for the unadjusted model, filled circles for the model adjusted for case mix, and 
unfilled triangles for models adjusted for case mix and the malnutrition-inflammation-cachexia syndrome (Mics). error bars represent 95% 
confidence intervals. see legend of Figure 1 for the list of covariates in multivariate adjustment.

shift to the right of the BMI range with the greatest sur-
vival,32,33 in that BMI in the 25 to 30 range rather than the 
20 to 25 range is associated with the greatest survival. 
In some studies of healthy adults, a “J” curve has been 
observed in the association between BMI and death; 
ie, those with a low BMI also exhibit increased mortal-
ity, although not as high as those who are obese.34,35 In 
contrast to trends seen in the general population, higher 
BMI has generally not been associated with an increase 
in mortality rate in patients receiving HD.36-41 Johansen 
et al40 reported that body fat and muscle mass, surrogates 
of body size, were both associated with improved sur-
vival in obese patients receiving HD, whereas Beddhu 
et al42 showed that urinary creatinine level as a surrogate 
of muscle mass has a stronger association with survival 
than does body fat.39,43 Only a very few studies have 
failed to confirm the survival advantages of obesity in 
patients with CKD.44,45 However, these studies did not 
examine changes of weight over time and their relation 
to survival. The obesity paradox is not unique to dialysis 
populations. A risk factor reversal has also been reported 
in geriatric12 and hospitalized46 populations and in pa-
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FiGuRe 4. change in serum creatinine concentration (a surrogate of change in muscle mass) during the first 6 months of the cohort as a  
predictor of mortality in 58,201 patients receiving hemodialysis (hd) who survived through the first 2 calendar quarters of the cohort and for 
whom pre-hd serum creatinine values for the 6 consecutive months were available. compared with patients with stable serum creatinine con-
centrations (dry weight gain or loss of <1%), patients with a graded decline in dry weight had an increased risk of subsequent death, whereas 
weight gain during the 6 months was incrementally associated with greater 5-year survival. an increase or decrease in serum creatinine levels 
during the first 6 months was associated with parallel changes in subsequent survival in the entire cohort. cox regression–based hazard ratios 
of death are represented by unfilled circles for the unadjusted model, filled circles for the model adjusted for case mix, and unfilled triangles 
for models adjusted for case mix and the malnutrition-inflammation-cachexia syndrome (Mics). error bars represent 95% confidence intervals. 
see legend of Figure 1 for the list of covariates in multivariate adjustment.

tients with chronic heart failure,10,47,48 coronary artery 
syndrome,5,49 malignancy,50 or  AIDS.51 Hence, a better 
understanding of the phenomenon of reverse epidemiol-
ogy in patients with CKD, especially as it pertains to 
differential body mass components, may help improve 
the poor outcome in this and other similar but distinct 
populations and disease states, which together represent 
more than 20 million Americans.43

 Our findings suggest that, in patients receiving HD, a 
weight gain that is linked to a concurrent increase in muscle 
mass may be associated with an even greater survival ben-
efit than a weight gain without it. Indeed, we found that 
losing weight while gaining more muscle mass confers a 
greater survival than losing both weight and muscle across 
most subgroups of patients receiving HD (Figure 5). Nev-
ertheless, a concurrent increase in both dry weight and 
muscle mass was still associated with the greatest survival, 
whereas reducing any component of body mass, including 
even fat mass, was associated with increased mortality. 

Although BMI is often used as an indicator of nutritional 
status, it is not a good indicator of body composition be-
cause it does not differentiate skeletal muscle mass or body 
water from fat mass.52,53 The LBM can serve as an index of 
muscle mass and somatic protein storage, whereas fat mass 
more directly reflects energy storage. A prospective study 
in 535 patients receiving HD showed that lower body fat or 
a decline in body fat percentage over time was associated 
with an increased risk of death.54 In other studies, however, 
higher visceral fat was associated with an increased risk of 
death, whereas higher BMI retained its survival benefit.55 
Two recent studies found survival advantages with both 
higher mid-arm muscle circumference, a surrogate of 
muscle mass, and greater triceps skin fold, a measure of 
fat.22,56 Hence, whereas higher BMI may be related to larger 
muscle mass, more body fat, or both, it may be argued that 
if fat is good, muscle is better.57

 Despite the seemingly counterintuitive natures of the 
obesity paradox in the general population, conditions in 
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table 2. Demographic, Clinical, and Laboratory Features in 
50,831 Patients Undergoing Hemodialysis, by Direction of Change in 

Dry Weight and serum Creatinine Levels During the 
First 6 Months of Treatmenta,b,c 

 ↓BMI  ↑BMI  ↓BMI  ↑BMI
 ↓CRE ↓CRE ↑CRE ↑CRE
          (n=9596) (n=9534) (n=14,153) (n=17,548)

Age (y) 64±14 64±14 62±15 62±15
Female 49 47 46 44
Diabetes mellitus 50 53 50 51
Race     
  White 44 43 39 40
  Black 32 30 34 31
  Hispanic 14 17 16 18
  Asian 2 3 3 4
  Other 7 7 7 7
Vintage (time on 
 dialysis)    
  <6 mo 5 3 4 3
  6 mo to <2 y 29 30 34 36
  2 to <5 y 38 40 39 41
  ≥5 y 28 27 23 20
Primary insurance     
  Medicare 65 63 62 62
  Medicaid 4 5 5 6
  Private insurance 11 11 12 12
  Other 9 9 11 12
Marital Status     
  Married 38 39 38 40
  Divorced 7 6 7 7
  Single 20 21 22 22
  Widowed 15 15 13 17
BMId  26.5±6.0 26.1±5.9 26.9±6.0 26.1±5.8
Postdialysis weight (kg) 74.3±18.8 73.1±18.4 75.6±19.3 73.5±18.4
Dialysis dose (Kt/V) 1.61±0.31 1.64±0.33 1.48±0.30 1.51±0.30
Comorbid conditions    
  AIDS 1 1 1 1
  Cancer 4 4 4 4
  Heart failure 28 28 26 27
  PVD 12 12 11 10
  Ischemic heart disease 20 20 18 18
  Myocardial infarction 6 6 6 6
  Pulmonary disease 5 5 5 5
  Nonambulatory 2 2 2 2
  Smoker (at dialysis 
   initiation) 5 4 5 4
Biochemical 
 measurements    
  Albumin (g/dL) 3.72±0.40 3.77±0.38 3.72±0.40 3.76±0.37
  Creatinine (mg/dL) 8.2±2.2 8.1±2.2 8.2±2.3 8.2±2.2
  TIBC (mg/dL) 203±44 209±42 209±44 213±42
  Ferritin (ng/mL) 581±493 559±481 497±451 487±454
  Bicarbonate (mEq/L) 22.1±2.8 22.0±2.8 22.2±2.9 21.9±2.8
  Phosphorus (mg/dL) 5.7±1.4 5.7±1.4 5.7±1.4 5.7±1.4
  Calcium (mg/dL) 9.3±0.7 9.2±0.7 9.2±0.7 9.2±0.7
  Intact PTH (pg/mL) 318±359 297±302 313±328 303±308
  nPCR (g/kg/d) 0.95±0.23 1.02±0.25 0.92±0.22 1.00±0.23
  Hemoglobin (g/dL) 11.8±1.3 12.1±1.3 12.0±1.3 12.3±1.3
  WBC (× 109/L) 7.4±2.6 7.3±2.3 7.3±2.3 7.3±2.2
  Lymphocyte (% of 
   WBC) 20±8 21±8 21±8 21±8

a BMI = body mass index; CRE = creatinine; nPCR = normalized protein cata-
bolic rate; PTH = parathyroid hormone; PVD = peripheral vascular disease; 
TIBC = total iron-binding capacity; WBC = white blood cell.

b Categorical data are provided as percentage of patients and continuous data 
as mean ± SD.

c The concordant and discordant groups are based on combinations of increase 
or decrease in dry weight and serum creatinine levels.

d BMI calculated as weight in kilograms divided by height in meters squared.

certain populations may render them more resistant to poor 
outcomes if body weight is high. Several explanations have 
been suggested, including a more stable hemodynamic 
status in obese individuals, higher concentrations of tumor 
necrosis factor α receptors and/or adipokines in obesity 
that can oppose proinflammatory cytokines, neurohormon-
al stability of obesity, endotoxin-lipoprotein interaction, 
time discrepancies among competitive risk factors (over-
nutrition vs undernutrition), and the overwhelming effect 
of the malnutrition-inflammation complex on traditional 
cardiovascular risks.26 Because most patients receiving HD 
die within 5 years of commencing treatment with HD,58 
the long-term effects of conventional risk factors on future 
mortality may be overshadowed by the short-term effects 
of PEW or malnutrition.
 A limitation of our study is the lack of direct lean 
or muscle mass vs body fat measurements. We assume 
that muscle mass can be accurately estimated by serum 
creatinine concentration in patients receiving HD who 
do not have substantial urinary creatinine excretion, as 
we have shown in our substudy (eDocument and eTable). 
Creatinine, which is formed from creatine, is the end 
product of muscle catabolism, and almost 98% of the 
creatine pool is stored in muscle.59,60 Nevertheless, varia-
tion in residual renal function or recent intake of meats 
may substantially change serum creatinine levels inde-
pendently of the patient’s muscle mass.61-63 However, 
the effect of meat intake on circulating creatinine varies 
with day-to-day diet, and our use of 3-month averaged 
pre-HD serum creatinine concentrations will likely 
mitigate their association with diet. Another limitation 
is the lack of comprehensive data on comorbid condi-
tions and changes in residual renal function over time. 
However, in patients receiving long-term HD, residual 
urine usually declines over time, so that an increase in 
serum creatinine concentration over time in the setting 
of a stable dialysis dose, if due to further loss in renal 
function, would be associated with worse outcomes and 
not greater survival as we have observed. The strengths 
of our study include its contemporary nature (all patient 
data were obtained from the 21st century [2001-2006]), 
uniform laboratory measurements  (all laboratory data 
obtained from a single laboratory facility), large sample 
size, time-averaged post-HD dry weight and laboratory 
data (with most values representing means of up to 3 
monthly measurements), and a broad temporal scope 
(studying a 5-year cohort).

ConCLUsIon

In patients with CKD who require maintenance HD treat-
ment to survive, larger body size or more muscle mass, 
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FiGuRe 5. a combination of changes in dry weight and serum creatinine level during the first 6 months of the cohort as a predictor of 
mortality  in 50,831 patients receiving hemodialysis (hd) across different demographic subgroups. the discordant group of an increase 
in dry weight accompanied by a decrease in serum creatinine levels is the reference group in all analyses. cox regression–based hazard 
ratios of death are represented by unfilled circles for the unadjusted model, filled circles for the model adjusted for case mix, and un-
filled triangles for models adjusted for case mix and the malnutrition-inflammation-cachexia syndrome (Mics). error bars represent 95% 
confidence intervals. see legend of Figure 1 for the list of covariates in multivariate adjustment. cr = serum creatinine; ref = reference; 
Wt = weight.

represented by a higher BMI or a higher serum creatinine 
concentration, respectively, is associated with greater 
survival. A gain in dry weight accompanied by a parallel 
increase in muscle mass is associated with the greatest 
survival, whereas weight loss accompanied by a parallel 
loss in muscle mass bears the highest mortality. A discor-

dant combination of muscle gain and weight loss appears 
to confer higher survival benefit than does weight gain 
accompanied by loss of muscle mass. These findings war-
rant additional studies and controlled trials in patients with 
CKD and other populations with chronic disease states and 
wasting syndrome.
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