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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
obesity appears paradoxically associated with improved survival. However, the association between changes in
weight over time and prospective mortality is not known. Methods: Using time-dependent Cox models and
adjusting for changes in laboratory values over time, the relation of quarterly-varying 3-month averaged body mass
index (BMI) to all-cause and cardiovascular mortality was examined in a 2-year cohort of 54,535 MHD patients from
virtually all DaVita dialysis clinics in the United States. Results: Patients, aged 61.7 + 15.5 (SD) years, included 54%
men and 45% with diabetes. Time-dependent unadjusted and multivariate-adjusted models, based on quarterly-
averaged BMI controlled for case-mix and available time-varying laboratory surrogates of nutritional status, were
calculated in 11 categories of BMI. Obesity, including morbid obesity, was associated with better survival and
reduced cardiovascular death, even after accounting for changes in BMI and laboratory values over time. Survival
advantages of obesity were maintained for dichotomized BMI cutoff values of 25, 30, and 35 kg/m? across almost all
strata of age, race, sex, dialysis dose, protein intake, and serum albumin level. Examining the regression slope of
change in weight over time, progressively worsening weight loss was associated with poor survival, whereas
weight gain showed a tendency toward decreased cardiovascular death. Conclusion: Weight gain and both
baseline and time-varying obesity may be associated with reduced cardiovascular mortality in MHD patients
independent of laboratory surrogates of nutritional status and their changes over time. Morbidly obese patients
have 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.
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F MORE THAN 300,000 maintenance he-

modialysis (MHD) patients in the United
States, at least 60,000 patients, or 20%, die every
year, mostly because of cardiovascular disease
(CVD)."? Despite decades of ongoing efforts on
treating such conventional cardiovascular risk
factors in MHD patients as obesity, hyperten-
sion, hypercholesterolemia, and hyperhomocys-
teinemia, their survival has not improved substan-
tially.” The recently completed Die Deutsche
Diabetes Dialyse Studie (4D) of 1,255 dialysis

patients randomly assigned to either atorvastatin,
20 mg, or placebo did not show a significant
advantage of using statins in improving survival
in dialysis patients with diabetes.® In addition,
several other recent multicenter clinical trials,
including the Hemodialysis (HEMO) Study,*
failed to show a survival advantage of increasing
dialysis dose or using different dialysis mem-
branes in MHD patients.

A number of epidemiological studies with
large sample sizes indicated paradoxically in-
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verse associations between classic risk factors
for CVD and death in MHD patients. For ex-
ample, a high mortality rate has been observed in
MHD patients who have low, rather than high,
body mass index (BMI),>° blood pressure,” and
serum concentrations of cholesterol® and homo-
cysteine.” High values of these risk factors para-
doxically are protective and associated with im-
proved survival.'®'" The inverse relationship
between such indices of body size as BMI and
clinical outcome in MHD patients appears to be
relatively consistent and has been studied exten-
sively.® Moreover, other patient populations, in-
cluding patients with heart failure, appear to
have this so-called “obesity paradox.”'> How-
ever, most investigators studied the effect of
baseline BMI at the start of the cohort on subse-
quent mortality. Virtually no study has examined
the association between change in weight over
time on cardiovascular mortality in the entire
cohort or its subpopulations. No study has con-
trolled for time-varying laboratory measures, in-
cluding the available surrogates of nutritional
status, when exploring the obesity paradox. More-
over, it is not clear whether morbid obesity has
the same survival advantages as moderate obe-
sity in MHD patients. We examined whether
survival advantages of obesity, including morbid
obesity, maintain even with changes in weight
over time and whether these associations are
independent of other nutritional measures and
are observed uniformly across all subgroups of
MHD patients. We also examined whether a
decrease in weight over time is associated with
increased cardiovascular death, and whether
weight gain confers improved survival, indepen-
dent of other nutritional factors.

METHODS

Database Creation

Database creation has been described elsewhere.” In sum-
mary, the data warehouse of DaVita, Inc, the then second
largest dialysis care provider in the United States, had
information on approximately 40,000 patients at any given
time and was accessed to obtain all relevant data between
July 1, 2001, and June 30, 2003. All repeated measures of
every relevant variable for each patient within a given
quarter (13-week interval) were averaged to obtain 1 quar-
terly mean value for that variable. Hence, 8 independent sets
of quarterly database were created to include the entire
2-year observation period. The study was approved by the
Instructional Review Committees of Harbor-UCLA and
DaVita, Inc.
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Body Size Measures

Eleven categories of BMI° (weight/height?) were used,
less than 18 kg/m?, 45 kg/m? or greater, and 9 categories
from 18 to 44.99 kg/m?. Selected category boundaries in-
cluded the cutoff levels defined by the World Health Organi-
zation classifications,'® including overweight (25 to 29.99
kg/m?), obese (30 to 39.99 kg/m?), and morbidly obese
(>40 kg/m? without any obesity sequelae or >35 kg/m? and
experiencing a severe negative health effect of obesity). In
our study, underweight is defined as a BMI less than 20
kg/m?, and normal weight range, as a BMI between 20 and
24.99 kg/m>. Patients with missing weight or height values
in all 8 quarters or with values less than 10 kg/m? or greater
than 60 kg/m? (corresponding to ~0.25th and 99.75th per-
centile levels) were excluded.

Cohort Time, Vintage, and Mortality

Cohort time includes the number of days the patient
participated in the cohort and was a number between 1 and
731 days. Left-censorship events include death, renal trans-
plantation, or moving to a non-DaVita dialysis facility,
among others. Change to peritoneal dialysis therapy is not
considered a left-censorship event based on the intent-to-
treat principle. Dialysis vintage is defined as time between
the first day of dialysis treatment and the first day the patient
entered the cohort. Four categories of vintage were formed:
(1) first 6 months, (2) between 6 and 24 months, (3) between
2 and 5 years, and (4) greater than 5 years. The entry quarter
is defined as the first quarter in which a patient’s dialysis
vintage was greater than 3 months for at least half the
duration of the quarter. By implementing this criterion, any
patient who was not maintained in the cohort beyond the first
3 months of MHD therapy was excluded. The computerized
causes of death, reflecting, but not restricted to, the reported
information in the Cause of Death form (Form 2746), were
obtained and summarized into 6 main categories: cardiovas-
cular, infectious, gastrointestinal, cancer related, others, and
unspecified/unknown.

Laboratory Data and Indicators of
Malnutrition-Inflammation Complex Syndrome

Most blood samples were predialysis, with the exception
of postdialysis serum urea nitrogen to calculate urea kinet-
ics. Blood samples were drawn by using uniform techniques
in all dialysis clinics across the nation and transported to the
Central DaVita Laboratory in Deland, FL, within 24 hours.
All laboratory values were measured by using automated
and standardized methods in DaVita Laboratory. Most labo-
ratory values, including complete blood cell counts; serum
levels of urea nitrogen, albumin, creatinine, and ferritin; and
total iron-binding capacity (TIBC), were measured monthly.
Serum ferritin was measured quarterly. Hemoglobin was
measured weekly to biweekly in most patients. Kt/V to
reflect dialysis dose and normalized protein equivalent of
total nitrogen appearance (nPNA), also known as protein
catabolic rate, an estimation of daily protein intake, were
measured monthly.

Eight quarterly-varying 13-week averaged laboratory mea-
sures with known associations with prospective mortality
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were selected, some of which are considered potential surro-
gates of nutritional status, with some having a possible
association with inflammation'*: (1) serum albumin'’; (2)
nPNA as a marker of daily protein intake'®; (3) serum TIBC,
known to have a strong association with subjective global
assessment of nutrition'’; (4) serum ferritin, a possible
inflammatory marker'®; (5) serum creatinine, a marker of
muscle mass'®; (6) peripheral white blood cell count (WBC),
known to correlate with serum C-reactive protein level?’; (7)
lymphocyte percentage, a known nutritional marker?'-??;
and (8) blood hemoglobin level.??

Epidemiological and Statistical Methods

Because the dialysis population is a dynamic cohort with
a high turnover rate, a nonconcurrent cohort was formed to
include all existing MHD patients of the first quarter (ql)
and all new MHD patients of the subsequent quarters (q2
through g8). Hence, 8 quarterly data sets were merged by
using unique patient identifiers. For patients not linked to the
database initially, additional merging methods using the
initial letters of the patient’s last and first names combined
with his or her date of birth were performed. In addition to 8
quarterly values for every variable, a baseline value also was
created for each measure by left-truncating the first available
value of the entry quarter for each patient.

Because of the very large numbers involved, all associa-
tions we discuss have very low values for P. In addition to
standard descriptive statistics, both regular and time-
dependent Cox proportional hazard regression analyses for
truncated and censored data®* were performed to determine
whether 2-year survival was associated with baseline and
time-varying categories of BMI. The reference BMI cat-
egory for all analyses was 23 to 24.99 kg/m?. This category
was chosen as the reference because it is within the normal
range of BMI set forth by the World Health Organization,'?
was adjacent to the modal category and had almost the same
sample size, and had the highest number of death cases and
allowed for the most precise comparison with higher BMI
categories. Five race/ethnic groups were generated: (1) Cau-
casians (including non-Hispanic whites and Middle Eastern-
ers), (2) blacks (including African Americans and other
Africans), (3) Asians (including Pacific Islanders), (4) Ameri-
can Indians, (5) Hispanics, and (6) others.

For each analysis, 3 models were examined based on the
level of multivariate adjustment: (1) the unadjusted model
included only BMI categories and mortality data; (2) case-
mix—adjusted models included age, sex, race and ethnicity,
diabetes mellitus, vintage categories, entry quarter, primary
insurance (Medicare, Medicaid, private, and others), mar-
riage status (married, single, divorced, widowed, and others),
standardized mortality ratio of the dialysis clinic during the
entry quarter, Kt/V (single pool), and residual renal function
during the entry quarter); and (3) case-mix and laboratory—
adjusted models included all mentioned covariates, as well
as 8 surrogates of nutritional status, including nPNA, serum
albumin level, TIBC, ferritin level, creatinine level, WBC
count, lymphocyte percentage, and hemoglobin level.

In time-dependent models, in addition to time-varying
quarterly BMI categories, 8 laboratory measures and Kt/V
also were entered as quarterly time-varying variables. Miss-
ing covariate data (<5%) were input by the mean or median
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of existing values. The rate of weight change over time for
each patient was calculated as the slope (3) of the regression
model that included up to 8 quarterly BMI values. For this
model, patients with fewer than 2 BMI values were ex-
cluded. All descriptive and multivariate statistics were car-
ried out using SAS, version 8.02 (SAS Institute Inc, Cary,
NC); most models were repeated using Stata, version 7.0
(Stata Corp, College Station, TX) for consistency verifica-
tion.

RESULTS

The original 2-year national database for all
MHD patients included 69,819 subjects. After
implementing the mentioned selection criteria,
including deleting patients who were not main-
tained beyond 3 months of MHD therapy or who
had inadequate or overtly missing data, the result-
ing cohort included 58,058 MHD patients, of
whom 37,049 patients (64%) originated from the
ql data set, and the rest, from the subsequent
quarters (q2 through g8). Table 1 lists baseline
demographic, clinical, and laboratory character-
istics of the cohort. Almost 45% of patients had
diabetes mellitus, and 40% had been on dialysis
therapy for less than 6 months on entry to the
cohort. Cardiovascular death comprised more
than half of all known causes of death.

BMI was missing or an acceptable BMI value
was not available in 3,523 patients (6.1%). Table
2 lists the 11 BMI categories for the remaining
54,535 MHD patients. Only 13.1% of patients
were underweight at baseline, whereas more
than a third (37.1%) were within normal range.
Overweight, obese, and morbidly obese MHD
patients were 28.9%, 18.5%, and 7.7%, respec-
tively; morbid obesity is defined as a BMI greater
than 40 kg/m>. Both all-cause and cardiovascular
mortality showed almost strictly decreasing rates
across increasing BMI categories, ie, morbidly
obese MHD patients had the greatest survival
rates.

Figures 1 and 2 show hazard ratios for all-
cause and cardiovascular death for different time-
varying BMI categories, respectively. Obesity,
including morbid obesity, was associated with
improved survival and decreased cardiovascular
mortality, even after exhaustive adjustment for
time-varying laboratory markers. These associa-
tions were independent of changes in BMI over
time. Non—time-dependent Cox regression mod-
els also were performed by using baseline BMI
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Table 1. Baseline Data for the Nonconcurrent
(left-truncated) Cohort of 58,058 MHD Patients,
Including 37,049 From q1 and 21,009 From g2 to q8

Variable
Age (y) 60.7 = 15.5
Age > 65y (%) 43.8
Sex (% women) 46.2
Diabetes mellitus (%) 447
Race and ethnicity:
Caucasians (%) 36.8
Blacks (%) 32.0
Asians (%) 4.3
American Indians (%) 2.2
Hispanics (%) 15.2
Vintage (time on dialysis):
3-6 mo (%) 40.1
6-24 mo (%) 21.9
2-5y (%) 241
>5y (%) 13.8
Primary insurance
Medicare (%) 69.9
Medicaid (%) 6.4
Private provider (%) 23.7
Causes of death:
Cardiovascular (%) 51.6
Infectious (%) 10.9
Cancer (%) 2.9
Gastrointestinal (%) 1.6
Others (%) 8.2
Unknown/unspecified (%) 24.8
Standardized mortality ratio 0.81 = 0.31
Cohort time (mo) 148 £ 8.5
Posthemodialysis weight (kg) 73.8 +19.8
BMI (kg/m?) 26.1 £6.3
Kt/V (single pool) 1.54 £ 0.32
nPNA (g/kg/d) 0.99 £ 0.25
Serum albumin (g/dL) 3.74 = 0.41
Serum creatinine (mg/dL) 9.0+ 34
Serum ferritin (ng/mL) 609 + 521
TIBC (mg/dL) 202 + 32
Blood hemoglobin (g/dL) 11.98 = 1.28
WBCs (per fl) 7,326 £ 2,429
Lymphocytes (% of total WBCs) 209=*79

NOTE. Values expressed as mean = SD or percent. To
convert serum creatinine in mg/dL to uwmol/L, multiply by
88.4; albumin and hemoglobin in g/dL to g/L, multiply by
10; ferritin in ng/mL to ng/L, multiply by 1.

Abbreviation: NnPNA, normalized protein catabolic rate.

categories at the start of the cohort. Results were
similar (not shown).

To explore the impact of several relevant cut-
off levels of increased body weight on survival in
different subgroups of patients, continuous BMI
data were dichotomized at BMI levels of 25, 30,
and 35 kg/m>. Figure 3 shows unadjusted and
fully adjusted hazard ratios for cardiovascular
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death in all patients and in different strata of
diabetes status, sex, age (>65 years versus
younger), dialysis vintage, serum albumin levels
(>3.8 g/dL [>38 g/L] versus lower), and dietary
protein intake (>1.0 g/kg/d versus lower). Ex-
cept for the adjusted hazard ratio in Asian pa-
tients, high BMI was associated with decreased
all-cause and cardiovascular mortality. Non—time-
dependent Cox models using baseline BMI gave
essentially the same results (not shown).

In 47,629 MHD patients who had at least 2
quarterly BMI values, the rate of weight change
per annual quarter was estimated as a proportion
of baseline weight and based on the slope of the
linear regression equation for each patient. Table
3 lists the selected weight gain categories for this
analysis. Almost half of all patients (n = 22,784)
had stable weight, ie, a weight gain or loss less
than 1% per quarter (reference group). Five
weight-gain and 5 weight-loss categories were
created based on increments of 1% weight change
rate per quarter. The stable (reference) group had
one of the lowest unadjusted mortality rates and
the highest mean serum albumin concentration.
Mean baseline BMI was the lowest in MHD
patients with the greatest rate of weight gain;
they also had a greater mortality rate than the
stable group, although still substantially less than
that in the group with the greatest rate of weight
loss.

To examine whether the differences in base-
line BMI and serum albumin levels could ac-
count for greater mortality rates across the weight-
gain groups, Cox regression models with different
multivariate adjustments were studied. Table 4
and Figs 4 and 5 show increases in the adjusted
hazard ratio of death across decrements of weight-
loss groups, whereas a tendency toward better
survival and reduced cardiovascular death is ob-
served across increments of weight-gain groups.
Among relevant interactions examined, the statis-
tical interaction between baseline BMI and weight
change did not have significant effect on mortal-
ity (P = 0.67).

DISCUSSION

In a national database cohort that included
all eligible MHD patients of a major dialysis
care provider with uniform patient manage-
ment practices and standardized laboratory val-
ues, all measured in 1 laboratory, we found
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Table 2. BMI Groups and 2-Year Mortality Census Among Them

World Health Organization All-Cause Cardiovascular
Category BMI Range (kg/m?3) Sample Size Death Death
. <18 2,605 (4.8) 1,023 (39.3) 384 (15.9)
Underweight { 18-19.99 4,515 (8.3) 1,498 (32.2) 601 (14.1)
20-21.49 5,402 (9.9) 1,627 (30.1) 685 (13.4)
Normal range { 21.5-22.99 6,452 (11.8) 1,753 (27.2) 728 (11.8)
23-24.99 (reference) 8,383 (15.4) 2,095 (25.0) 926 (11.5)
Overweight { 25-27.49 8,860 (16.2) 2,045 (23.1) 911 (10.7)
27.5-29.99 6,385 (11.7) 1,326 (20.8) 580 (9.4)
Obese { 30-34.99 7,028 (12.9) 1,399 (19.9) 657 (9.7)
35-39.99 3,047 (5.6) 545 (17.9) 269 (9.1)
. 40-44.99 1,171 (2.1) 186 (15.9) 85 (7.5)
Morbidly obese | ~45 687 (1.3) 112 (16.3) 47 (7.0)
All patients 54,535 (100) 13,609 (25.0) 5,873 (11.2)

NOTE. Values expressed as number (percent) unless indicated otherwise. The denominator for all-cause mortality is the
total sample of MHD patients with at least 1 baseline BMI value (n = 54,535), whereas the denominator for cardiovascular
death is 52,300 because in 2,235 MHD patients, the cause of death was not registered in the database.

that obesity, including morbid obesity, is asso-
ciated with improved survival and reduced
cardiovascular death. These associations were
independent of changes in BMI during the
2-year study period and held even after adjust-
ment for time-varying laboratory surrogates of
nutritional status. With the possible exception
of Asian MHD patients, survival advantages of
overweight, obesity, and morbid obesity held
in different patient subgroups. Weight loss was
associated with increased cardiovascular and
all-cause death, whereas weight gain showed a

22

trend toward improved survival and reduced
cardiovascular mortality. These findings are in
sharp contrast to the conventional understand-
ing of the epidemiology of obesity, especially
morbid obesity, in the general population.?”

In the United States, as well as in most indus-
trialized nations, mean body weight is increas-
ing.?® Many epidemiological studies have shown
a strong association between obesity and de-
creased survival, especially because of an in-
creased risk for CVD,?7-28 although recent stud-
ies have found a more reduced relative risk for

1.8 %

Relative Risk of All-Cause Death

Fig 1. Time-dependent
association between BMI and
2-year all-cause mortality in
54,535 MHD patients (95%
confidence interval bars are

---¢-- Unadjusted

—--o-- Case-mix

—a— Case-mix & labs

not shown for the case-mix—
adjusted group to enable bet-
ter distinction of confidence
intervals for other 2 groups).

<18 18-

20-

21.5-
19.99 2149 2299

>=45

27.5-
2449 2749 29.99 3499 39.99 4499

Body Mass Index (kg/m2)

23- 25- 30- 35- 40-
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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

0.4
23- 25-  27.5-
2449 2749 2999

Body Mass Index (kg/m2)

18- 20- 21.5-
19.99 2149 2299

<18

death associated with obesity than previously
reported.””° There is a direct relationship be-
tween BMI and body weight, as well as body fat.
In some studies of healthy adults, a “J” curve
effect was observed in which individuals with a
low BMI also showed increased mortality, al-
though not as high as obese individuals.?®>" This
“J” shape may disappear when data are adjusted
for smoking status.”®

In contrast to trends seen in the general popu-
lation, in MHD patients, lower BMI at baseline
consistently is found to be a strong predictor of
elevated mortality.®***® Furthermore, greater
BMI generally has not been associated with an
increase in mortality risk in MHD patients, ex-
cept in Asian-American MHD patients.>* The
Diaphane Collaborative Study Group®* was one
of the first to report on the paradoxical observa-
tion of low mortality with high baseline BMI in
1,453 younger, mostly nondiabetic, French MHD
patients followed up between 1972 and 1978.>
Leavey et al,>* Fleischmann et al,>> Wolf et al,*°
and Port et al*' reported similar findings in larger
MHD cohorts. Kopple et al** found the same
trend for weight-for-height percentiles. The Di-
alysis Outcomes and Practice Patterns Study>’
found similar associations among western Euro-
pean MHD patients. Glanton et al*® found that
the inverse relationship between BMI and mortal-
ity was stronger in African-American MHD pa-

case-mix—adjusted group to
enable better distinction of
the confidence intervals for
other 2 groups).

35- 40-
3999 4499

30-
34.99

tients. Finally, Johansen et al’® recently showed
that markers of body fat or muscle mass are
associated with improved survival in obese MHD
patients, although this was not found by Beddhu
et al,** which may be caused by method flaws in
the latter study, discussed elsewhere.®!! A few
studies with much smaller sample sizes did not
detect improved survival in obese MHD pa-
tients,*** including a study by Kutner and
Zhang* reporting that the association of race
and BMI with mortality differed by sex. How-
ever, these studies did not examine changes in
weight over time or the rate of change and its
relation to survival and cardiovascular death.
The reverse epidemiology of obesity is not
unique to dialysis populations. Patients with
chronic heart failure,'>*® geriatric populations,*’
hospitalized patients,*® and patients with malig-
nancy*’ or acquired immunodeficiency syn-
drome®® also show a risk-factor reversal. Hence,
a better understanding of the phenomenon of
reverse epidemiology in dialysis patients, espe-
cially as it pertains to obesity and body size, may
help improve the poor outcome in this and other
similar, but distinct, populations and disease
states, altogether more than 20 million Ameri-
cans.'' Moreover, the reverse epidemiology phe-
nomenon is not restricted to obesity. Blood pres-
sure and serum cholesterol, creatinine, and
homocysteine levels also appear to have an in-
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Fig 3. Impact of (left) overweight (BMI > 25 kg/m?2), (middle) obesity (BMI > 30 kg/m?), and (right) morbid obesity

(BMI > 35 kg/m?) on 2-year survival in 54,535 MHD patients and their subgroups according to race, diabetes, sex,
age, dialysis vintage, serum albumin level, and dietary protein intake. Analyses are based on time-dependent Cox
regression models. Open circles, unadjusted hazard ratios; filled circles, multivariate-adjusted hazard ratios. To

convert albumin in g/dL to g/L, multiply by 10.

verse association with survival in these popula-
tions.”%!

The concept of reverse epidemiology may
appear counterintuitive, especially because obe-
sity, especially morbid obesity, is an established
risk factor for CVD and poor outcome in the
general population. Nonetheless, given the con-
sistency of the observations, there must be condi-
tions in these populations that render them more
susceptible to a poor outcome when low BMI is
present. Several explanations have been sug-
gested,®>? including a more stable hemodynamic
status in obese individuals,>? greater concentra-
tion of tumor necrosis factor o receptors in
obesity,54 neurohormonal alterations of obe-
sity,> endotoxin-lipoprotein interaction,’® re-
verse causation,’’ survival bias,' time discrepan-
cies among competitive risk factors (overnutrition

versus undernutrition),'® and the overwhelming
effect of malnutrition inflammation complex on
traditional cardiovascular risks.'* Because most
MHD patients die within 5 years of starting
dialysis treatment,' long-term effects of conven-
tional risk factors on future mortality must be
overwhelmed by the short-term effects of these
or other risk factors intrinsic to dialysis popula-
tions, such as undernutrition and inflammation. It
may be that dialysis patients do not live long
enough to die of the consequences of overnutri-
tion.

Our study lacked data for history of cardiovas-
cular comorbidity and smoking. However, diabe-
tes data were available and adjusted for in all
multivariate models. Moreover, many other co-
variates included in the models have strong asso-
ciations with comorbid conditions. Hence, we
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Table 3. Categories of Weight Change Percentage Over Time in 47,629 MHD Patients With at Least 2 Quarterly BMI

Weight Change All-Cause Mortality Baseline BMI Baseline Serum
Category (%) Group Population (%) (k/m?3) Albumin (g/dL)
>+5 (weight gain) 1,038 (2.2) 29.2 223*+6.2 3.61 = 0.44
+41to +5 625 (1.3) 24.0 242 +55 3.68 = 0.39
+3to +4 1,319 (2.8) 21.6 24557 3.70 £ 0.39
+2to +3 2,680 (5.6) 19.3 252 *6.0 3.73 = 0.37
+1to +2 5,510 (11.6) 17.4 25.7+5.9 3.78 = 0.36
—1to +1 (no change) 22,784 (47.8) 17.5 26.5 6.2 3.85 £0.34
—2to-1 6,189 (13.0) 271 26.8 6.3 3.78 = 0.37
-3to-2 3,102 (6.5) 33.7 269 *+6.4 3.73 = 0.38
-4 10 -2 1,649 (3.5) 43.2 272*+6.4 3.66 = 0.40
-5t0—4 909 (1.9) 48.1 26.8 £ 6.3 3.58 + 0.41
<-5 (weight loss) 1,824 (3.8) 53.7 26.4 6.7 3.49 = 0.47

NOTE. Values expressed as number (percent) or mean = SD unless noted otherwise. To convert albumin in g/dL to g/L,
multiply by 10.

suspect that the associations would not have dialysis initiation form (Form 2728), in which
been very different if additional adjustments had comorbid conditions are significantly underre-
been made for other comorbidity. Our adjust- ported,”® and that is outdated for prevalent pa-
ments are not too different from those of past tients with higher vintage periods. Another limi-
studies because the limited comorbidity data tation of our study is the lack of explicit laboratory
used in those studies usually originated from the markers of inflammation, such as C-reactive pro-

Table 4. Hazard Ratio of Death for Categories of Weight Change Percentage Over Time

Unadjusted Case-Mix Adjusted Case-Mix & MICS Adjusted
Weight Change Category
(%) HR (95% CI) P HR (95% ClI) P HR (95% Cl) P
All-cause mortality

>+5 (weight gain) 1.28 (1.14-1.44) <0.001 1.01 (0.89-1.14) 0.897 0.89 (0.79-1.01) 0.068
+41to +5 1.10 (0.93-1.30) 0.255 1.03 (0.87-1.21) 0.734 0.96 (0.81-1.13) 0.605
+3to +4 1.04 (0.93-1.18) 0.478 0.98 (0.87-1.11) 0.750 0.90 (0.80-1.02) 0.094
+2to +3 1.07 (0.97-1.17) 0.175 1.01 (0.92-1.11) 0.788 0.94 (0.85-1.03) 0.169
+1to +2 0.97 (0.91-1.04) 0.421 0.98 (0.91-1.05) 0.521 0.95 (0.88-1.02) 0.124

—1to +1 (no change) 1.00 NA 1.00 NA 1.00 NA
—-2to-1 1.35(1.28-1.43) <0.001 1.28 (1.21-1.36) <0.001 1.21 (1.15-1.29) <0.001
-3to-2 1.52 (1.42-1.63) <0.001 1.39 (1.30-1.49) <0.001 1.30 (1.22-1.40) <0.001
—-4t0-2 1.77 (1.63-1.91) <0.001 1.59 (1.46-1.72) <0.001 1.39 (1.28-1.51) <0.001
-5to -4 1.84 (1.67-2.04) <0.001 1.62 (1.47-1.79) <0.001 1.38 (1.24-1.52) <0.001
<-5 (weight loss) 2.06 (1.91-2.21) <0.001 1.81 (1.68-1.95) <0.001 1.50 (1.39-1.62) <0.001

Cardiovascular mortality

>+5 (weight gain) 1.20 (1.01-1.44) 0.043 0.96 (0.80-1.15) 0.645 0.86 (0.71-1.03) 0.101
+41to +5 1.05 (0.81-1.34) 0.728 0.99 (0.77-1.28) 0.955 0.93 (0.72-1.19) 0.562
+3to +4 0.95 (0.78-1.14) 0.558 0.90 (0.75-1.09) 0.289 0.84 (0.69-1.01) 0.064
+2to +3 1.10 (0.97-1.26) 0.143 1.06 (0.93-1.21) 0.409 0.99 (0.87-1.13) 0.878
+1to +2 0.97 (0.87-1.08) 0.556 0.98 (0.89-1.09) 0.766 0.95 (0.86-1.06) 0.361

—1to +1 (no change) 1.00 NA 1.00 NA 1.00 NA

—2to—1 129 (1.19-1.41)  <0.001  1.23(1.13-1.34)  <0.001  1.18(1.08-1.29)  <0.001
—3t0-2 1.41(1.27-157)  <0.001  1.28(1.15-1.42)  <0.001  1.22(1.10-1.36)  <0.001
—4t0-2 1.51(1.33-1.71)  <0.001  1.34(1.17-152)  <0.001  1.21(1.06-1.38) 0.004
—5t0—4 1.68(1.44-1.96)  <0.001  1.49(1.28-1.75)  <0.001  1.33(1.14-1.56)  <0.001
<-5 (weight loss) 1.90 (1.70-2.13)  <0.001  1.64(1.46-1.84)  <0.001  1.44(1.28-1.62)  <0.001

Abbreviations: MICS, malnutrition-inflammation complex syndrome; HR, hazard ratio; Cl, confidence interval; NA, not
applicable.
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Relative Risk of All-Cause Death

Fig 4. Association be-
tween the rate of weight
change over time and subse-
quent all-cause mortality in
46,629 MHD patients (95%

I --o--[Unadjusted
20 || —-& - Case-mix
| —A— Case-mix &labs |

confidence interval bars are 0.8 =

not shown for the case-mix—
adjusted group to enable bet-
ter distinction of confidence
intervals for other 2 groups).

tein level. However, we used data for serum
albumin and ferritin, TIBC, and WBCs, which
may have associations with inflammation.
Among the strengths of our study is the use of
time-dependent models to examine the associa-
tion between quarterly-varying weight on cardio-
vascular mortality while controlling for the time-
varying effect of laboratory surrogates of
nutritional status. A limitation of our time-

Weight Gain
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No Change
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Weight Loss

dependent analysis is that it is based on 2-year
cross-sections of the cohort, rather than longer
longitudinal follow-up over many years, and
thus may not apply to long-term survival of
individuals. Nonetheless, the narrow time win-
dow of our study ensures that confounding by
changes in practice or technology is minimal.
Our time-dependent findings are supported by
the observed relations of different rates of weight

22
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Fig 5. Association be-
tween the rate of weight
change over time and subse-
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ity in 46,629 MHD patients
(95% confidence interval
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bars are not shown for the
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enable better distinction of
the confidence intervals for
other 2 groups).

Weight Loss



498

gain and weight loss over time with cardiovascu-
lar survival. Data originate from 1 dialysis care
provider that has uniform patient management
practices; all laboratory measurements are per-
formed in 1 facility, and most data are means of
several measures. Hence, measurement variabil-
ity is minimized.

If causal, the inverse association of obesity
with survival would have major clinical and
public health implications. Hence, it may be time
for clinical trials of weight-increasing interven-
tions in populations that show reverse epidemiol-
ogy. Currently, more than 60% of dialysis pa-
tients die within 5 years of starting dialysis
treatment; thus, long-term consequences of such
interventions may be of secondary concern. How-
ever, as more effective treatments for dialysis
patents become available, these patients may live
long enough for the long-term adverse effects of
obesity to come back into play, as found in
kidney transplant recipients>”; hence, so-called
“reversal of the reverse epidemiology” or “back
to normal.” However, because the causality of
our reported associations is not known, extreme
caution needs to be practiced. Therefore, initial
trials would probably best be limited to patients
with low initial BMIs (eg, BMI < 23 kg/m?), and
even if weight gain is found to be beneficial for
short-term survival, periodic reevaluation of its
net long-term effects will be needed.
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