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Association of Morbid Obesity and Weight Change Over Time With
Cardiovascular Survival in Hemodialysis Population

Kamyar Kalantar-Zadeh, MD, PhD, MPH, Joel D. Kopple, MD, Ryan D. Kilpatrick, MS,
Charles J. McAllister, MD, Christian S. Shinaberger, MPH, David W. Gjertson, PhD,

and Sander Greenland, DrPH

Background: In maintenance hemodialysis (MHD) outpatients, a reverse epidemiology is described, ie, baseline
besity appears paradoxically associated with improved survival. However, the association between changes in
eight over time and prospective mortality is not known. Methods: Using time-dependent Cox models and
djusting for changes in laboratory values over time, the relation of quarterly-varying 3-month averaged body mass
ndex (BMI) to all-cause and cardiovascular mortality was examined in a 2-year cohort of 54,535 MHD patients from
irtually all DaVita dialysis clinics in the United States. Results: Patients, aged 61.7 � 15.5 (SD) years, included 54%
en and 45% with diabetes. Time-dependent unadjusted and multivariate-adjusted models, based on quarterly-

veraged BMI controlled for case-mix and available time-varying laboratory surrogates of nutritional status, were
alculated in 11 categories of BMI. Obesity, including morbid obesity, was associated with better survival and
educed cardiovascular death, even after accounting for changes in BMI and laboratory values over time. Survival
dvantages of obesity were maintained for dichotomized BMI cutoff values of 25, 30, and 35 kg/m2 across almost all
trata of age, race, sex, dialysis dose, protein intake, and serum albumin level. Examining the regression slope of
hange in weight over time, progressively worsening weight loss was associated with poor survival, whereas
eight gain showed a tendency toward decreased cardiovascular death. Conclusion: Weight gain and both
aseline and time-varying obesity may be associated with reduced cardiovascular mortality in MHD patients

ndependent of laboratory surrogates of nutritional status and their changes over time. Morbidly obese patients
ave the lowest mortality. Clinical trials need to verify these observational findings. Am J Kidney Dis 46:489-500.
2005 by the National Kidney Foundation, Inc.

NDEX WORDS: Hemodialysis (HD); obesity; weight loss; cardiovascular death; malnutrition; inflammation; time-

arying model.
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F MORE THAN 300,000 maintenance he-
modialysis (MHD) patients in the United

tates, at least 60,000 patients, or 20%, die every
ear, mostly because of cardiovascular disease
CVD).1,2 Despite decades of ongoing efforts on
reating such conventional cardiovascular risk
actors in MHD patients as obesity, hyperten-
ion, hypercholesterolemia, and hyperhomocys-
einemia, their survival has not improved substan-
ially.2 The recently completed Die Deutsche
iabetes Dialyse Studie (4D) of 1,255 dialysis
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atients randomly assigned to either atorvastatin,
0 mg, or placebo did not show a significant
dvantage of using statins in improving survival
n dialysis patients with diabetes.3 In addition,
everal other recent multicenter clinical trials,
ncluding the Hemodialysis (HEMO) Study,4

ailed to show a survival advantage of increasing
ialysis dose or using different dialysis mem-
ranes in MHD patients.
A number of epidemiological studies with

arge sample sizes indicated paradoxically in-

.D.K. contributed to analysis of the data and reviewed and
pproved the final manuscript; C.J.M. contributed to the
esign of the study, provision of data, and final review and
pproval of the manuscript; C.S.S. contributed to analysis of
he data and reviewed and approved the final manuscript;
.W.G. contributed to the design of the study and analysis of
ata and reviewed and approved the final manuscript; S.G.
ontributed to the design of the study, provided advice and
onsultation on the study design, analysis, and writing of the
anuscript, and final review and approval.
Address reprint requests to Kamyar Kalantar-Zadeh, MD,

hD, MPH, Associate Professor of Medicine and Pediatrics,
ivision of Nephrology and Hypertension, Harbor-UCLA
edical Center, Harbor C1-Annex, 1000 W Carson St,

orrance, CA 90509-2910. E-mail: kamkal@ucla.edu
© 2005 by the National Kidney Foundation, Inc.
0272-6386/05/4603-0013$30.00/0
R
a
d
a
t
D
d
c
c
m

P
D
M
T

doi:10.1053/j.ajkd.2005.05.020

2005: pp 489-500 489



v
f
a
M
b
s
c
d
p
b
c
r
s
c
h
e
b
q
t
t
c
t
c
s
o
t
s
s
o
o
i
a
M
d
i
w
d

D

m
l
i
t
J
e
q
t
o
2
I
D

B

l
f
c
z
k
(
e
o
k
2
i
t
c

C

p
7
p
a
c
t
t
e
(
2
i
v
d
p
3
c
i
o
c
u

L
M

o
i
i
C
A
a
r
l
t
S
m
r
t
c
m

KALANTAR-ZADEH ET AL490
erse associations between classic risk factors
or CVD and death in MHD patients. For ex-
mple, a high mortality rate has been observed in
HD patients who have low, rather than high,

ody mass index (BMI),5,6 blood pressure,7 and
erum concentrations of cholesterol8 and homo-
ysteine.9 High values of these risk factors para-
oxically are protective and associated with im-
roved survival.10,11 The inverse relationship
etween such indices of body size as BMI and
linical outcome in MHD patients appears to be
elatively consistent and has been studied exten-
ively.6 Moreover, other patient populations, in-
luding patients with heart failure, appear to
ave this so-called “obesity paradox.”12 How-
ver, most investigators studied the effect of
aseline BMI at the start of the cohort on subse-
uent mortality. Virtually no study has examined
he association between change in weight over
ime on cardiovascular mortality in the entire
ohort or its subpopulations. No study has con-
rolled for time-varying laboratory measures, in-
luding the available surrogates of nutritional
tatus, when exploring the obesity paradox. More-
ver, it is not clear whether morbid obesity has
he same survival advantages as moderate obe-
ity in MHD patients. We examined whether
urvival advantages of obesity, including morbid
besity, maintain even with changes in weight
ver time and whether these associations are
ndependent of other nutritional measures and
re observed uniformly across all subgroups of
HD patients. We also examined whether a

ecrease in weight over time is associated with
ncreased cardiovascular death, and whether
eight gain confers improved survival, indepen-
ent of other nutritional factors.

METHODS

atabase Creation
Database creation has been described elsewhere.7 In sum-
ary, the data warehouse of DaVita, Inc, the then second

argest dialysis care provider in the United States, had
nformation on approximately 40,000 patients at any given
ime and was accessed to obtain all relevant data between
uly 1, 2001, and June 30, 2003. All repeated measures of
very relevant variable for each patient within a given
uarter (13-week interval) were averaged to obtain 1 quar-
erly mean value for that variable. Hence, 8 independent sets
f quarterly database were created to include the entire
-year observation period. The study was approved by the
nstructional Review Committees of Harbor-UCLA and

aVita, Inc. s
ody Size Measures
Eleven categories of BMI9 (weight/height2) were used,

ess than 18 kg/m2, 45 kg/m2 or greater, and 9 categories
rom 18 to 44.99 kg/m2. Selected category boundaries in-
luded the cutoff levels defined by the World Health Organi-
ation classifications,13 including overweight (25 to 29.99
g/m2), obese (30 to 39.99 kg/m2), and morbidly obese
�40 kg/m2 without any obesity sequelae or �35 kg/m2 and
xperiencing a severe negative health effect of obesity). In
ur study, underweight is defined as a BMI less than 20
g/m2, and normal weight range, as a BMI between 20 and
4.99 kg/m2. Patients with missing weight or height values
n all 8 quarters or with values less than 10 kg/m2 or greater
han 60 kg/m2 (corresponding to �0.25th and 99.75th per-
entile levels) were excluded.

ohort Time, Vintage, and Mortality
Cohort time includes the number of days the patient

articipated in the cohort and was a number between 1 and
31 days. Left-censorship events include death, renal trans-
lantation, or moving to a non-DaVita dialysis facility,
mong others. Change to peritoneal dialysis therapy is not
onsidered a left-censorship event based on the intent-to-
reat principle. Dialysis vintage is defined as time between
he first day of dialysis treatment and the first day the patient
ntered the cohort. Four categories of vintage were formed:
1) first 6 months, (2) between 6 and 24 months, (3) between
and 5 years, and (4) greater than 5 years. The entry quarter

s defined as the first quarter in which a patient’s dialysis
intage was greater than 3 months for at least half the
uration of the quarter. By implementing this criterion, any
atient who was not maintained in the cohort beyond the first
months of MHD therapy was excluded. The computerized

auses of death, reflecting, but not restricted to, the reported
nformation in the Cause of Death form (Form 2746), were
btained and summarized into 6 main categories: cardiovas-
ular, infectious, gastrointestinal, cancer related, others, and
nspecified/unknown.

aboratory Data and Indicators of
alnutrition-Inflammation Complex Syndrome
Most blood samples were predialysis, with the exception

f postdialysis serum urea nitrogen to calculate urea kinet-
cs. Blood samples were drawn by using uniform techniques
n all dialysis clinics across the nation and transported to the
entral DaVita Laboratory in Deland, FL, within 24 hours.
ll laboratory values were measured by using automated

nd standardized methods in DaVita Laboratory. Most labo-
atory values, including complete blood cell counts; serum
evels of urea nitrogen, albumin, creatinine, and ferritin; and
otal iron-binding capacity (TIBC), were measured monthly.
erum ferritin was measured quarterly. Hemoglobin was
easured weekly to biweekly in most patients. Kt/V to

eflect dialysis dose and normalized protein equivalent of
otal nitrogen appearance (nPNA), also known as protein
atabolic rate, an estimation of daily protein intake, were
easured monthly.
Eight quarterly-varying 13-week averaged laboratory mea-
ures with known associations with prospective mortality
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WEIGHT CHANGE AND SURVIVAL IN DIALYSIS 491
ere selected, some of which are considered potential surro-
ates of nutritional status, with some having a possible
ssociation with inflammation14: (1) serum albumin15; (2)
PNA as a marker of daily protein intake16; (3) serum TIBC,
nown to have a strong association with subjective global
ssessment of nutrition17; (4) serum ferritin, a possible
nflammatory marker18; (5) serum creatinine, a marker of
uscle mass19; (6) peripheral white blood cell count (WBC),

nown to correlate with serum C-reactive protein level20; (7)
ymphocyte percentage, a known nutritional marker21,22;
nd (8) blood hemoglobin level.23

pidemiological and Statistical Methods
Because the dialysis population is a dynamic cohort with

high turnover rate, a nonconcurrent cohort was formed to
nclude all existing MHD patients of the first quarter (q1)
nd all new MHD patients of the subsequent quarters (q2
hrough q8). Hence, 8 quarterly data sets were merged by
sing unique patient identifiers. For patients not linked to the
atabase initially, additional merging methods using the
nitial letters of the patient’s last and first names combined
ith his or her date of birth were performed. In addition to 8
uarterly values for every variable, a baseline value also was
reated for each measure by left-truncating the first available
alue of the entry quarter for each patient.
Because of the very large numbers involved, all associa-

ions we discuss have very low values for P. In addition to
tandard descriptive statistics, both regular and time-
ependent Cox proportional hazard regression analyses for
runcated and censored data24 were performed to determine
hether 2-year survival was associated with baseline and

ime-varying categories of BMI. The reference BMI cat-
gory for all analyses was 23 to 24.99 kg/m2. This category
as chosen as the reference because it is within the normal

ange of BMI set forth by the World Health Organization,13

as adjacent to the modal category and had almost the same
ample size, and had the highest number of death cases and
llowed for the most precise comparison with higher BMI
ategories. Five race/ethnic groups were generated: (1) Cau-
asians (including non-Hispanic whites and Middle Eastern-
rs), (2) blacks (including African Americans and other
fricans), (3) Asians (including Pacific Islanders), (4) Ameri-

an Indians, (5) Hispanics, and (6) others.
For each analysis, 3 models were examined based on the

evel of multivariate adjustment: (1) the unadjusted model
ncluded only BMI categories and mortality data; (2) case-
ix–adjusted models included age, sex, race and ethnicity,

iabetes mellitus, vintage categories, entry quarter, primary
nsurance (Medicare, Medicaid, private, and others), mar-
iage status (married, single, divorced, widowed, and others),
tandardized mortality ratio of the dialysis clinic during the
ntry quarter, Kt/V (single pool), and residual renal function
uring the entry quarter); and (3) case-mix and laboratory–
djusted models included all mentioned covariates, as well
s 8 surrogates of nutritional status, including nPNA, serum
lbumin level, TIBC, ferritin level, creatinine level, WBC
ount, lymphocyte percentage, and hemoglobin level.

In time-dependent models, in addition to time-varying
uarterly BMI categories, 8 laboratory measures and Kt/V
lso were entered as quarterly time-varying variables. Miss-

ng covariate data (�5%) were input by the mean or median e
f existing values. The rate of weight change over time for
ach patient was calculated as the slope (�) of the regression
odel that included up to 8 quarterly BMI values. For this
odel, patients with fewer than 2 BMI values were ex-

luded. All descriptive and multivariate statistics were car-
ied out using SAS, version 8.02 (SAS Institute Inc, Cary,
C); most models were repeated using Stata, version 7.0

Stata Corp, College Station, TX) for consistency verifica-
ion.

RESULTS

The original 2-year national database for all
HD patients included 69,819 subjects. After

mplementing the mentioned selection criteria,
ncluding deleting patients who were not main-
ained beyond 3 months of MHD therapy or who
ad inadequate or overtly missing data, the result-
ng cohort included 58,058 MHD patients, of
hom 37,049 patients (64%) originated from the
1 data set, and the rest, from the subsequent
uarters (q2 through q8). Table 1 lists baseline
emographic, clinical, and laboratory character-
stics of the cohort. Almost 45% of patients had
iabetes mellitus, and 40% had been on dialysis
herapy for less than 6 months on entry to the
ohort. Cardiovascular death comprised more
han half of all known causes of death.

BMI was missing or an acceptable BMI value
as not available in 3,523 patients (6.1%). Table
lists the 11 BMI categories for the remaining

4,535 MHD patients. Only 13.1% of patients
ere underweight at baseline, whereas more

han a third (37.1%) were within normal range.
verweight, obese, and morbidly obese MHD
atients were 28.9%, 18.5%, and 7.7%, respec-
ively; morbid obesity is defined as a BMI greater
han 40 kg/m2. Both all-cause and cardiovascular
ortality showed almost strictly decreasing rates

cross increasing BMI categories, ie, morbidly
bese MHD patients had the greatest survival
ates.

Figures 1 and 2 show hazard ratios for all-
ause and cardiovascular death for different time-
arying BMI categories, respectively. Obesity,
ncluding morbid obesity, was associated with
mproved survival and decreased cardiovascular
ortality, even after exhaustive adjustment for

ime-varying laboratory markers. These associa-
ions were independent of changes in BMI over
ime. Non–time-dependent Cox regression mod-

ls also were performed by using baseline BMI
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KALANTAR-ZADEH ET AL492
ategories at the start of the cohort. Results were
imilar (not shown).

To explore the impact of several relevant cut-
ff levels of increased body weight on survival in
ifferent subgroups of patients, continuous BMI
ata were dichotomized at BMI levels of 25, 30,
nd 35 kg/m2. Figure 3 shows unadjusted and

Table 1. Baseline Data for the Nonconcurrent
(left-truncated) Cohort of 58,058 MHD Patients,

Including 37,049 From q1 and 21,009 From q2 to q8

Variable

ge (y) 60.7 � 15.5
ge � 65 y (%) 43.8
ex (% women) 46.2
iabetes mellitus (%) 44.7
ace and ethnicity:
Caucasians (%) 36.8
Blacks (%) 32.0
Asians (%) 4.3
American Indians (%) 2.2
Hispanics (%) 15.2

intage (time on dialysis):
3-6 mo (%) 40.1
6-24 mo (%) 21.9
2-5 y (%) 24.1
�5 y (%) 13.8

rimary insurance
Medicare (%) 69.9
Medicaid (%) 6.4
Private provider (%) 23.7
auses of death:
Cardiovascular (%) 51.6
Infectious (%) 10.9
Cancer (%) 2.9
Gastrointestinal (%) 1.6
Others (%) 8.2
Unknown/unspecified (%) 24.8

tandardized mortality ratio 0.81 � 0.31
ohort time (mo) 14.8 � 8.5
osthemodialysis weight (kg) 73.8 � 19.8
MI (kg/m2) 26.1 � 6.3
t/V (single pool) 1.54 � 0.32
PNA (g/kg/d) 0.99 � 0.25
erum albumin (g/dL) 3.74 � 0.41
erum creatinine (mg/dL) 9.0 � 3.4
erum ferritin (ng/mL) 609 � 521
IBC (mg/dL) 202 � 32
lood hemoglobin (g/dL) 11.98 � 1.28
BCs (per fl) 7,326 � 2,429

ymphocytes (% of total WBCs) 20.9 � 7.9

NOTE. Values expressed as mean � SD or percent. To
onvert serum creatinine in mg/dL to �mol/L, multiply by
8.4; albumin and hemoglobin in g/dL to g/L, multiply by
0; ferritin in ng/mL to �g/L, multiply by 1.
Abbreviation: nPNA, normalized protein catabolic rate.
ully adjusted hazard ratios for cardiovascular u
eath in all patients and in different strata of
iabetes status, sex, age (�65 years versus
ounger), dialysis vintage, serum albumin levels
�3.8 g/dL [�38 g/L] versus lower), and dietary
rotein intake (�1.0 g/kg/d versus lower). Ex-
ept for the adjusted hazard ratio in Asian pa-
ients, high BMI was associated with decreased
ll-cause and cardiovascular mortality. Non–time-
ependent Cox models using baseline BMI gave
ssentially the same results (not shown).

In 47,629 MHD patients who had at least 2
uarterly BMI values, the rate of weight change
er annual quarter was estimated as a proportion
f baseline weight and based on the slope of the
inear regression equation for each patient. Table
lists the selected weight gain categories for this

nalysis. Almost half of all patients (n � 22,784)
ad stable weight, ie, a weight gain or loss less
han 1% per quarter (reference group). Five
eight-gain and 5 weight-loss categories were

reated based on increments of 1% weight change
ate per quarter. The stable (reference) group had
ne of the lowest unadjusted mortality rates and
he highest mean serum albumin concentration.

ean baseline BMI was the lowest in MHD
atients with the greatest rate of weight gain;
hey also had a greater mortality rate than the
table group, although still substantially less than
hat in the group with the greatest rate of weight
oss.

To examine whether the differences in base-
ine BMI and serum albumin levels could ac-
ount for greater mortality rates across the weight-
ain groups, Cox regression models with different
ultivariate adjustments were studied. Table 4

nd Figs 4 and 5 show increases in the adjusted
azard ratio of death across decrements of weight-
oss groups, whereas a tendency toward better
urvival and reduced cardiovascular death is ob-
erved across increments of weight-gain groups.
mong relevant interactions examined, the statis-

ical interaction between baseline BMI and weight
hange did not have significant effect on mortal-
ty (P � 0.67).

DISCUSSION

In a national database cohort that included
ll eligible MHD patients of a major dialysis
are provider with uniform patient manage-
ent practices and standardized laboratory val-
es, all measured in 1 laboratory, we found
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WEIGHT CHANGE AND SURVIVAL IN DIALYSIS 493
hat obesity, including morbid obesity, is asso-
iated with improved survival and reduced
ardiovascular death. These associations were
ndependent of changes in BMI during the
-year study period and held even after adjust-
ent for time-varying laboratory surrogates of

utritional status. With the possible exception
f Asian MHD patients, survival advantages of
verweight, obesity, and morbid obesity held
n different patient subgroups. Weight loss was
ssociated with increased cardiovascular and
ll-cause death, whereas weight gain showed a

Table 2. BMI Groups and 2-Y

World Health Organization
Category BMI Range (kg/m2)

Underweight
�18

18-19.99

Normal range
20-21.49

21.5-22.99
23-24.99 (reference)

Overweight
25-27.49

27.5-29.99

Obese
30-34.99
35-39.99

Morbidly obese
40-44.99

�45
All patients

NOTE. Values expressed as number (percent) unless in
otal sample of MHD patients with at least 1 baseline BMI
eath is 52,300 because in 2,235 MHD patients, the cause

Fig 1. Time-dependent
ssociation between BMI and
-year all-cause mortality in
4,535 MHD patients (95%
onfidence interval bars are
ot shown for the case-mix–
djusted group to enable bet-

er distinction of confidence
ntervals for other 2 groups).
rend toward improved survival and reduced
ardiovascular mortality. These findings are in
harp contrast to the conventional understand-
ng of the epidemiology of obesity, especially
orbid obesity, in the general population.25

In the United States, as well as in most indus-
rialized nations, mean body weight is increas-
ng.26 Many epidemiological studies have shown

strong association between obesity and de-
reased survival, especially because of an in-
reased risk for CVD,27,28 although recent stud-
es have found a more reduced relative risk for

rtality Census Among Them

Sample Size
All-Cause

Death
Cardiovascula

Death

2,605 (4.8) 1,023 (39.3) 384 (15.9)
4,515 (8.3) 1,498 (32.2) 601 (14.1)
5,402 (9.9) 1,627 (30.1) 685 (13.4)
6,452 (11.8) 1,753 (27.2) 728 (11.8)
8,383 (15.4) 2,095 (25.0) 926 (11.5)
8,860 (16.2) 2,045 (23.1) 911 (10.7)
6,385 (11.7) 1,326 (20.8) 580 (9.4)
7,028 (12.9) 1,399 (19.9) 657 (9.7)
3,047 (5.6) 545 (17.9) 269 (9.1)
1,171 (2.1) 186 (15.9) 85 (7.5)

687 (1.3) 112 (16.3) 47 (7.0)
54,535 (100) 13,609 (25.0) 5,873 (11.2)

otherwise. The denominator for all-cause mortality is the
n � 54,535), whereas the denominator for cardiovascular
h was not registered in the database.
ear Mo

dicated
value (
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KALANTAR-ZADEH ET AL494
eath associated with obesity than previously
eported.29,30 There is a direct relationship be-
ween BMI and body weight, as well as body fat.
n some studies of healthy adults, a “J” curve
ffect was observed in which individuals with a
ow BMI also showed increased mortality, al-
hough not as high as obese individuals.28,31 This
J” shape may disappear when data are adjusted
or smoking status.28

In contrast to trends seen in the general popu-
ation, in MHD patients, lower BMI at baseline
onsistently is found to be a strong predictor of
levated mortality.6,32-38 Furthermore, greater
MI generally has not been associated with an

ncrease in mortality risk in MHD patients, ex-
ept in Asian-American MHD patients.36,39 The
iaphane Collaborative Study Group32 was one
f the first to report on the paradoxical observa-
ion of low mortality with high baseline BMI in
,453 younger, mostly nondiabetic, French MHD
atients followed up between 1972 and 1978.32

eavey et al,34 Fleischmann et al,35 Wolf et al,40

nd Port et al41 reported similar findings in larger
HD cohorts. Kopple et al42 found the same

rend for weight-for-height percentiles. The Di-
lysis Outcomes and Practice Patterns Study33

ound similar associations among western Euro-
ean MHD patients. Glanton et al38 found that
he inverse relationship between BMI and mortal-

ty was stronger in African-American MHD pa- h
ients. Finally, Johansen et al39 recently showed
hat markers of body fat or muscle mass are
ssociated with improved survival in obese MHD
atients, although this was not found by Beddhu
t al,43 which may be caused by method flaws in
he latter study, discussed elsewhere.6,11 A few
tudies with much smaller sample sizes did not
etect improved survival in obese MHD pa-
ients,44,45 including a study by Kutner and
hang45 reporting that the association of race
nd BMI with mortality differed by sex. How-
ver, these studies did not examine changes in
eight over time or the rate of change and its

elation to survival and cardiovascular death.
The reverse epidemiology of obesity is not

nique to dialysis populations. Patients with
hronic heart failure,12,46 geriatric populations,47

ospitalized patients,48 and patients with malig-
ancy49 or acquired immunodeficiency syn-
rome50 also show a risk-factor reversal. Hence,
better understanding of the phenomenon of

everse epidemiology in dialysis patients, espe-
ially as it pertains to obesity and body size, may
elp improve the poor outcome in this and other
imilar, but distinct, populations and disease
tates, altogether more than 20 million Ameri-
ans.11 Moreover, the reverse epidemiology phe-
omenon is not restricted to obesity. Blood pres-
ure and serum cholesterol, creatinine, and

Fig 2. Time-dependent
association between BMI and
2-year cardiovascular mortal-
ity in 54,535 MHD patients
(95% confidence interval
bars are not shown for the
case-mix–adjusted group to
enable better distinction of
the confidence intervals for
other 2 groups).
omocysteine levels also appear to have an in-
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erse association with survival in these popula-
ions.7,9,51

The concept of reverse epidemiology may
ppear counterintuitive, especially because obe-
ity, especially morbid obesity, is an established
isk factor for CVD and poor outcome in the
eneral population. Nonetheless, given the con-
istency of the observations, there must be condi-
ions in these populations that render them more
usceptible to a poor outcome when low BMI is
resent. Several explanations have been sug-
ested,6,52 including a more stable hemodynamic
tatus in obese individuals,53 greater concentra-
ion of tumor necrosis factor � receptors in
besity,54 neurohormonal alterations of obe-
ity,55 endotoxin-lipoprotein interaction,56 re-
erse causation,57 survival bias,10 time discrepan-

Fig 3. Impact of (left) overweight (BMI > 25 kg/m2), (
BMI > 35 kg/m2) on 2-year survival in 54,535 MHD pat
ge, dialysis vintage, serum albumin level, and dietary
egression models. Open circles, unadjusted hazard
onvert albumin in g/dL to g/L, multiply by 10.
ies among competitive risk factors (overnutrition c
ersus undernutrition),10 and the overwhelming
ffect of malnutrition inflammation complex on
raditional cardiovascular risks.14 Because most

HD patients die within 5 years of starting
ialysis treatment,1 long-term effects of conven-
ional risk factors on future mortality must be
verwhelmed by the short-term effects of these
r other risk factors intrinsic to dialysis popula-
ions, such as undernutrition and inflammation. It
ay be that dialysis patients do not live long

nough to die of the consequences of overnutri-
ion.

Our study lacked data for history of cardiovas-
ular comorbidity and smoking. However, diabe-
es data were available and adjusted for in all
ultivariate models. Moreover, many other co-

ariates included in the models have strong asso-

) obesity (BMI > 30 kg/m2), and (right) morbid obesity
nd their subgroups according to race, diabetes, sex,

in intake. Analyses are based on time-dependent Cox
filled circles, multivariate-adjusted hazard ratios. To
middle
ients a
prote
iations with comorbid conditions. Hence, we
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uspect that the associations would not have
een very different if additional adjustments had
een made for other comorbidity. Our adjust-
ents are not too different from those of past

tudies because the limited comorbidity data
sed in those studies usually originated from the

able 3. Categories of Weight Change Percentage Ove

Weight Change
Category (%) Group Population

�5 (weight gain) 1,038 (2.2)
4 to �5 625 (1.3)
3 to �4 1,319 (2.8)
2 to �3 2,680 (5.6)
1 to �2 5,510 (11.6)
1 to �1 (no change) 22,784 (47.8)
2 to –1 6,189 (13.0)
3 to –2 3,102 (6.5)
4 to –2 1,649 (3.5)
5 to –4 909 (1.9)
–5 (weight loss) 1,824 (3.8)

NOTE. Values expressed as number (percent) or mean
ultiply by 10.

Table 4. Hazard Ratio of Death for Categ

Weight Change Category
(%)

Unadjusted

HR (95% CI) P

ll-cause mortality
��5 (weight gain) 1.28 (1.14-1.44) �0.001
�4 to �5 1.10 (0.93-1.30) 0.255
�3 to �4 1.04 (0.93-1.18) 0.478
�2 to �3 1.07 (0.97-1.17) 0.175
�1 to �2 0.97 (0.91-1.04) 0.421
–1 to �1 (no change) 1.00 NA
–2 to –1 1.35 (1.28-1.43) �0.001
–3 to –2 1.52 (1.42-1.63) �0.001
–4 to –2 1.77 (1.63-1.91) �0.001
–5 to –4 1.84 (1.67-2.04) �0.001
�–5 (weight loss) 2.06 (1.91-2.21) �0.001
ardiovascular mortality
��5 (weight gain) 1.20 (1.01-1.44) 0.043
�4 to �5 1.05 (0.81-1.34) 0.728
�3 to �4 0.95 (0.78-1.14) 0.558
�2 to �3 1.10 (0.97-1.26) 0.143
�1 to �2 0.97 (0.87-1.08) 0.556
–1 to �1 (no change) 1.00 NA
–2 to –1 1.29 (1.19-1.41) �0.001
–3 to –2 1.41 (1.27-1.57) �0.001
–4 to –2 1.51 (1.33-1.71) �0.001
–5 to –4 1.68 (1.44-1.96) �0.001
�–5 (weight loss) 1.90 (1.70-2.13) �0.001

Abbreviations: MICS, malnutrition-inflammation comple

pplicable.
ialysis initiation form (Form 2728), in which
omorbid conditions are significantly underre-
orted,58 and that is outdated for prevalent pa-
ients with higher vintage periods. Another limi-
ation of our study is the lack of explicit laboratory

arkers of inflammation, such as C-reactive pro-

in 47,629 MHD Patients With at Least 2 Quarterly BMI

se Mortality
(%)

Baseline BMI
(k/m2)

Baseline Serum
Albumin (g/dL)

29.2 22.3 � 6.2 3.61 � 0.44
24.0 24.2 � 5.5 3.68 � 0.39
21.6 24.5 � 5.7 3.70 � 0.39
19.3 25.2 � 6.0 3.73 � 0.37
17.4 25.7 � 5.9 3.78 � 0.36
17.5 26.5 � 6.2 3.85 � 0.34
27.1 26.8 � 6.3 3.78 � 0.37
33.7 26.9 � 6.4 3.73 � 0.38
43.2 27.2 � 6.4 3.66 � 0.40
48.1 26.8 � 6.3 3.58 � 0.41
53.7 26.4 � 6.7 3.49 � 0.47

nless noted otherwise. To convert albumin in g/dL to g/L,

f Weight Change Percentage Over Time

Case-Mix Adjusted Case-Mix & MICS Adjusted

R (95% CI) P HR (95% CI) P

(0.89-1.14) 0.897 0.89 (0.79-1.01) 0.068
(0.87-1.21) 0.734 0.96 (0.81-1.13) 0.605
(0.87-1.11) 0.750 0.90 (0.80-1.02) 0.094
(0.92-1.11) 0.788 0.94 (0.85-1.03) 0.169
(0.91-1.05) 0.521 0.95 (0.88-1.02) 0.124
1.00 NA 1.00 NA

(1.21-1.36) �0.001 1.21 (1.15-1.29) �0.001
(1.30-1.49) �0.001 1.30 (1.22-1.40) �0.001
(1.46-1.72) �0.001 1.39 (1.28-1.51) �0.001
(1.47-1.79) �0.001 1.38 (1.24-1.52) �0.001
(1.68-1.95) �0.001 1.50 (1.39-1.62) �0.001

(0.80-1.15) 0.645 0.86 (0.71-1.03) 0.101
(0.77-1.28) 0.955 0.93 (0.72-1.19) 0.562
(0.75-1.09) 0.289 0.84 (0.69-1.01) 0.064
(0.93-1.21) 0.409 0.99 (0.87-1.13) 0.878
(0.89-1.09) 0.766 0.95 (0.86-1.06) 0.361
1.00 NA 1.00 NA

(1.13-1.34) �0.001 1.18 (1.08-1.29) �0.001
(1.15-1.42) �0.001 1.22 (1.10-1.36) �0.001
(1.17-1.52) �0.001 1.21 (1.06-1.38) 0.004
(1.28-1.75) �0.001 1.33 (1.14-1.56) �0.001
(1.46-1.84) �0.001 1.44 (1.28-1.62) �0.001

rome; HR, hazard ratio; CI, confidence interval; NA, not
r Time

All-Cau

� SD u
ories o

H

1.01
1.03
0.98
1.01
0.98

1.28
1.39
1.59
1.62
1.81

0.96
0.99
0.90
1.06
0.98

1.23
1.28
1.34
1.49
1.64

x synd
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ein level. However, we used data for serum
lbumin and ferritin, TIBC, and WBCs, which
ay have associations with inflammation.
Among the strengths of our study is the use of

ime-dependent models to examine the associa-
ion between quarterly-varying weight on cardio-
ascular mortality while controlling for the time-
arying effect of laboratory surrogates of
utritional status. A limitation of our time-

Fig 4. Association be-
ween the rate of weight
hange over time and subse-
uent all-cause mortality in
6,629 MHD patients (95%
onfidence interval bars are
ot shown for the case-mix–
djusted group to enable bet-
er distinction of confidence
ntervals for other 2 groups).
ependent analysis is that it is based on 2-year
ross-sections of the cohort, rather than longer
ongitudinal follow-up over many years, and
hus may not apply to long-term survival of
ndividuals. Nonetheless, the narrow time win-
ow of our study ensures that confounding by
hanges in practice or technology is minimal.
ur time-dependent findings are supported by

he observed relations of different rates of weight

Fig 5. Association be-
tween the rate of weight
change over time and subse-
quent cardiovascular mortal-
ity in 46,629 MHD patients
(95% confidence interval
bars are not shown for the
case-mix–adjusted group to
enable better distinction of

the confidence intervals for
other 2 groups).
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KALANTAR-ZADEH ET AL498
ain and weight loss over time with cardiovascu-
ar survival. Data originate from 1 dialysis care
rovider that has uniform patient management
ractices; all laboratory measurements are per-
ormed in 1 facility, and most data are means of
everal measures. Hence, measurement variabil-
ty is minimized.

If causal, the inverse association of obesity
ith survival would have major clinical and
ublic health implications. Hence, it may be time
or clinical trials of weight-increasing interven-
ions in populations that show reverse epidemiol-
gy. Currently, more than 60% of dialysis pa-
ients die within 5 years of starting dialysis
reatment; thus, long-term consequences of such
nterventions may be of secondary concern. How-
ver, as more effective treatments for dialysis
atents become available, these patients may live
ong enough for the long-term adverse effects of
besity to come back into play, as found in
idney transplant recipients59; hence, so-called
reversal of the reverse epidemiology” or “back
o normal.” However, because the causality of
ur reported associations is not known, extreme
aution needs to be practiced. Therefore, initial
rials would probably best be limited to patients
ith low initial BMIs (eg, BMI � 23 kg/m2), and

ven if weight gain is found to be beneficial for
hort-term survival, periodic reevaluation of its
et long-term effects will be needed.
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