
UC Irvine
UC Irvine Previously Published Works

Title
Associations of Body Mass Index and Weight Loss with Mortality in Transplant-Waitlisted 
Maintenance Hemodialysis Patients

Permalink
https://escholarship.org/uc/item/7413x80t

Journal
American Journal of Transplantation, 11(4)

ISSN
1600-6135

Authors
Molnar, MZ
Streja, E
Kovesdy, CP
et al.

Publication Date
2011-04-01

DOI
10.1111/j.1600-6143.2011.03468.x

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, 
availalbe at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7413x80t
https://escholarship.org/uc/item/7413x80t#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


Associations of Body Mass Index and Weight Loss with
Mortality in Transplant-Waitlisted Maintenance Hemodialysis
Patients

Miklos Z Molnar, MD, PhD1,2, Elani Streja, MPH1,3, Csaba P Kovesdy, MD4,5, Suphamai
Bunnapradist, MD6, Marcelo S Sampaio, MD6, Jennie Jing, MS1, Mahesh Krishnan, MD6,7,
Allen R Nissenson, MD6,7, Gabriel M Danovitch, MD7,8, and Kamyar Kalantar-Zadeh, MD,
MPH, PhD1,2,6
1Harold Simmons Center for Chronic Disease Research & Epidemiology, Los Angeles Biomedical
Research Institute at Harbor-UCLA Medical Center, Torrance, CA
2Institute of Pathophysiology, Semmelweis University, Budapest, Hungary
3Department of Epidemiology, UCLA School of Public Health, Los Angeles, CA
4Division of Nephrology, Salem VA Medical Center, Salem, VA, USA
5Division of Nephrology, University of Virginia, Charlottesville, VA, USA
6David Geffen School of Medicine at UCLA, Los Angeles, CA
7DaVita, Inc, El Segundo, CA
8Division of Transplantation, UCLA

Abstract
A body mass index (BMI) below morbid obesity range is often a requirement for kidney transplant
wait-listing, but data linking BMI changes to mortality during the waitlist period are lacking.

By linking the 6-year (7/2001-6/2007) national databases of a large dialysis organization and the
Scientific Registry of Transplant Recipients, we identified 14,632 waitlisted hemodialysis patients
without kidney transplantation. Time-dependent survival models examined the mortality-
predictability of 13-week-averaged BMI, pre-transplant serum creatinine as a muscle mass
surrogate and their changes over time.

The patients were on average 52±13 years old, 40% women and had a BMI of 26.9±6.3 kg/m2.
Each kg/m2 increase of BMI was associated with a death hazard ratio (HR) of 0.96 (95%CI:
0.95-0.97). Compared to the lowest creatinine quintile, the 4th and 5th quintiles had death HRs of
0.75 (0.66-0.86) and 0.57 (0.49-0.66), respectively. Compared to minimal (<+/-1 kg) weight
change over 6 months, those with 3kg-<5kg and ≥5kg weight loss had death HRs of 1.31
(1.14-1.52) and 1.51 (1.30-1.75), respectively. Similar associations were observed with creatinine
changes over time. Transplant-waitlisted hemodialysis patients with lower BMI or muscle mass
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and/or unintentional weight or muscle loss have higher mortality in this observational study.
Impact of intentional weight change remains unclear.

Keywords
obesity; muscle mass; weight loss; transplantation waiting list; dialysis; malnutrition-inflammation
complex syndrome; survival

Introduction
Kidney transplantation is the treatment of choice in patients with end stage renal disease
(ESRD), since patients with functioning renal grafts have both survival benefits (1) and
better quality of life (2) compared to transplant waitlisted patients on maintenance dialysis.
Approximately 80,000 (20%) of the 400,000 US dialysis patients are currently on
transplantation waiting lists, although each year only 16,500 of these patients receive a renal
transplant.(3,4) At least half of these patients receive a deceased kidney, which currently
requires a wait period of 3 to 6 years in most regions of the United State.(3) During this
period, up to 40% of the transplant-waitlisted dialysis patients die.(5) Hence, identifying the
modifiable risk factors of poor survival during the waitlist period is of immense importance.
Nevertheless, dialysis patients on transplant waiting lists have indeed better survival than
their non-listed counterparts, which may be related to the waitlist patient's having less severe
comorbidities. (6)

Obesity, defined as a body mass index (BMI) >30 kg/m2, is associated with increased
morbidity and mortality in the general population.(7) Overweight and obesity are highly
prevalent in patients at the time of kidney transplantation.(8) However, maintenance
hemodialysis patients have exhibited an “obesity paradox”, where higher BMI is associated
with greater survival, as seen in numerous observational studies.(9-12) Indeed, most
transplant centers may suspend wait-listing of obese patients with a BMI above 30 or 35 kg/
m2 and refer them for weight reduction procedures such as bariatric surgery as a
contingency for the transplant surgery.(13) In a recent report BMI≥35 kg/m2 was the third
most common reason to deny patient active transplant-wait-listing, affecting approximately
10% of potential renal transplant candidates.(14) However, consequences of obesity or
changes in weight during the period of wait-listing, which usually last 4 to 7 years in the
United States, remain unclear.(15,16) Weight changes prior to transplantation may be
transient, especially since most renal transplant recipients experience weight gain following
a successful kidney transplant.(17) Hence, weight loss before transplantation might not
alleviate the risk of obesity after transplantation.

Previous studies of obesity in kidney transplant recipients used solely BMI to define obesity,
(18-21) but BMI is unable to differentiate between adiposity and muscle mass.(12) Reduced
muscle mass (sarcopenia) is a predictor of mortality in dialysis patients.(22) Sarcopenia
deteriorates skeletal, respiratory, and cardiac muscle function, compromising the vital
functions of these organ systems. It also restricts muscle-based oxidative metabolism
leading to decreased antioxidant defense.(23) To better characterize patients’ nutritional
status, additional parameters such as waist circumference or serum creatinine have been
suggested.(24) Serum creatinine may better reflect muscle mass under steady-state
conditions compared to BMI.(22,24-26)

We examined associations of BMI, pre-transplant serum creatinine as a surrogate marker of
muscle mass, and changes in weight with mortality in a large national cohort of transplant
waitlisted dialysis patients. We hypothesized that higher BMI and serum creatinine are
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associated with better survival during the wait-listing period and that losing weight;
especially losing muscle mass while on the wait-list is associated with elevated mortality
risk in this population.

Materials and Methods
Patients

We linked data of all renal transplant recipient listed in the Scientific Registry of Transplant
Recipients (SRTR) up to June 2007 to the list of individuals with chronic kidney disease
stage 5, who underwent maintenance hemodialysis (MHD) treatment from July 2001 to June
2007 in any of the outpatient dialysis facilities of a US-based large dialysis organization
(DaVita Inc, prior to its acquisition of former Gambro dialysis facilities). We identified
14,632 DaVita MHD patients, who were transplant-waitlisted but who did not receive any
kidney transplantation for up to 6 years. The study was approved by the Institutional Review
Committees of both Los Angeles Biomedical Research Institute at Harbor-UCLA and
DaVita Clinical Research. Because of the large sample size, the anonymity of the patients
studied and the non-intrusive nature of the research the requirement for informed consent
was waved.

Clinical and Demographic Measures
The creation of the national DaVita MHD patient cohort has been described previously.
(27-32) To minimize measurement variability, all repeated measures for each patient during
any given calendar quarter, i.e., over a 13-week or 3-month interval, up to the end of the
study or death, were averaged and the quarterly means in each of the 20 calendar quarters
were used in time-dependent analyses. In addition to quarterly laboratory values, post-
hemodialysis dry weight (to calculate averaged BMI) was also recorded. Each patient had up
to 39 recoded post-hemodialysis weight measurements corresponding to thrice-weekly
MHD treatments. All values were averaged into one single quarterly value per patient per
each calendar quarter.

We divided BMI into six a priori selected categories (12-19.99 kg/m2, 20-22.99 kg/m2,
23-24.99 kg/m2, 25-29.99 kg/m2, 30-34.99 kg/m2, and 35-60 kg/m2). These increments were
consistent with those selected in our previous study.(33) As dialysis dose has an impact on
serum creatinine we used the Kt/V adjusted serum creatinine in all of our analysis. We
divided adjusted serum creatinine into five a priori selected categories (<7.3 mg/dL, 7.3-
<9.3 mg/dL, 9.3-< 11.0 mg/dL, 11.0- <13.0 mg/dL and >=13.0 mg/dL). We also calculated
the percentage of change in weight over the first 6 months of the cohort in 9,460 MHD
patients. Based on these data we divided weight change into seven a priori selected
categories (change in weight: <=-5kg, -5kg to <-3kg, -3kg to <-1kg between -1kg and +1kg,
1kg to <3kg, 3kg to <5kg, and >=5kg). Similarly, we divided the change of adjusted serum
creatinine into five a priori selected categories (<(-1) mg/dL, (-1) - -(0.2) mg/dL, (-0.2)- 1.2
mg/dL, 1.2 – 2.4 mg/dL and >=2.4 mg/dL). Dialysis vintage was defined as the duration of
time between the first day of dialysis treatment and the day of death or end of the study.

Laboratory Measures
Blood samples were drawn using uniform techniques in all of the DaVita dialysis clinics and
were transported to the DaVita Laboratory in Deland, Florida, typically within 24 hours. All
laboratory values were measured by automated and standardized methods in the DaVita
Laboratory. Most laboratory values were measured monthly, including serum urea,
creatinine, albumin, calcium, phosphorus, bicarbonate, and total iron binding capacity
(TIBC). Serum ferritin and intact PTH were measured at least quarterly. Hemoglobin was
measured at least monthly in essentially all patients and weekly to bi-weekly in most
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patients. Most blood samples were collected pre-dialysis with the exception of the post-
dialysis serum urea nitrogen that was obtained to calculate urea kinetics. Kt/V (single pool)
was calculated using urea kinetic modeling equations as described elsewhere.(34) Albumin-
corrected calcium was calculated by subtracting 0.8 mg/dL for each g/dL serum albumin
below 4.0 g/dL.(35)

Statistical Methods
Time-dependent Cox survival models were employed to examine the associations of
calendar-quarterly BMI and the percentage of change in weight over 6 months with survival.
Non-linear and linear associations were assessed using fractional polynomials and restricted
cubic splines. To examine the combined mortality-predictability of the changes in dry
weight and adjusted serum creatinine over the 6 year cohort, we added the patient's ranked
percentile change in these two measures. Patients were ranked -100 to 0 for a decrease or 0
to +100 for an increase in percentile change of these laboratory values, using methodology
we have recently developed as previously described.(30) Subsequently we analyzed the
mortality predictability of the created “joint” weight and serum creatinine percentile scores,
i.e., a number between -200 to +200 for each hemodialysis patient. In an attempt to mitigate
the impact of the regression to the mean phenomena, all survival models that examined the
“change” as a mortality-predictor were also controlled for the baseline weight or adjusted
serum creatinine

In our survival analysis the patients were followed until death, other censoring events
including loss of follow-up, or end of the follow-up period, whichever happened first. For
each analysis, three models were examined based on the level of multivariate adjustment:

I. A minimally adjusted model that included mortality data, and entry calendar
quarter (q1 through q20);

II. Case-mix adjusted models that included all of the above plus age, gender, race and
ethnicity (African Americans and other self-categorized Blacks, Non-Hispanic
Whites, Asians, Hispanics and others), diabetes mellitus, categories of dialysis
vintage (<6 months, 6 months to 2 years, 2-5 years and ≥5 years), primary
insurance (Medicare, Medicaid, private and others), marital status (married, single,
divorced, widowed and other or unknown), the standardized mortality ratio of the
dialysis clinic during entry quarter, dialysis dose as indicated by Kt/V (single pool),
presence or absence of a dialysis catheter, and residual renal function during the
entry quarter, i.e. urinary urea clearance; smoking status and co-morbidities
(cancer, cardiac arrest, cardiac failure, ischemic heart disease, dysrhytmia,
myocardial infarction, pericarditis, HIV, peripheral vascular disease, pulmonary
disease) and

III. Malnutrition-inflammation-complex syndrome (MICS) adjusted models which
included all of the covariates in the case-mix model as well as 10 surrogates of
nutritional status and inflammation, including 11 laboratory variables with known
association with clinical outcomes in HD patients: (1) serum albumin, (2) serum
TIBC, (3) serum ferritin; (4) serum phosphorus, (5) serum calcium, (6) serum
bicarbonate, (7) peripheral white blood cell count (WBC), (8) lymphocyte
percentage, (9) hemoglobin, and (10) nPCR as an indicator of daily protein intake,
also known as the normalized protein nitrogen appearance (nPNA).

As death and transplantation are competing events, the association of BMI and weight
change with two outcomes was assessed by means of semiparametric time-dependent
competing-risks regression analyses in sensitivity analysis.(36) In these analyses we
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examined the entire waitlisted DaVita cohort (n=29140) including patients who were
transplanted and those who remained on the waiting list throughout the follow-up period.

Sporadically missing covariate data were imputed by the last value carried forward method.
Most analyses were carried out with STATA version 11.1 (STATA Corporation, College
Station, TX).

Results
The original 6-year (7/2001-6/2007) national database of all DaVita patients included
164,789 adult subjects. This database was linked via unique identification number to the
national SRTR registry that included all transplant waitlisted patients and renal transplant
recipients up to 06/2007 (see Figure 1). Out of 65,386 DaVita MHD patients who were
identified in the SRTR database, 18,185 MHD patients were listed for kidney transplantation
between 7/2001 and 7/2007. After excluding those without electronically recorded age data
(n=626), outlier BMI (probably due to wrong height values, n=1818), subjects who
interrupted MHD treatment (n=2444) and those without electronically recorded age at the
base quarter (n=61) there were 14,632 MHD patients who met all inclusion and exclusion
criteria and who remained on MHD throughout the observation period. These patients were
followed until death, loss of follow up, or survival until June 30th 2007, as recorded in the
SRTR and DaVita databases. Among the 14,632 observed waitlisted MHD patients with a
median follow-up time of 907 days, there were 5060 deaths (35%). Table 1 compares the
demographic, clinical and laboratory characteristics of the 14,632 wait-listed MHD patients
in the 6-year DaVita cohort across the BMI categories. Higher BMI was associated with
older age, higher prevalence of diabetes and higher serum creatinine level. As shown in
Table 1, the crude mortality was lowest in the highest BMI category (>35 kg/m2).

Using the Cox regression model to calculate death HR before adjustment and after
adjustment for case-mix and additional MICS variables, each 1 kg/m2 increase in BMI was
associated with a death HR (and 95% confidence interval) of 0.96 (0.95-0.96), 0.95
(0.94-0.95), and 0.96 (0.95-0.97), respectively (p<0.001). The association of BMI categories
with the waitlisted risk of death is shown in Figure 2 and Table 2. As shown in Table 2,
compared to the BMI of 22 to <25 kg/m2 (reference), the case-mix adjusted death risk in
wait-listed MHD patients with a BMI of 25 to 30 kg/m2 was 26% lower (p<0.001). The BMI
>35 kg/m2 group had a 40% lower death risk after adjusting for both case-mix and MICS
variables (p<0.001). Cubic spline analyses confirmed a linear association between lower
BMI values and higher death risk, especially with BMI levels below 40-45 kg/m2 (Figure 2).

The association of adjusted serum creatinine with the waitlisted risk of death is shown in
Figure 3 and Table 3. As shown in Table 3, Compared to lowest adjusted serum creatinine
quintile (reference), the case-mix and MICS adjusted death risk in wait-listed MHD patients
with the 4th and 5th quintiles of adjusted serum creatinine were 25% and 43% lower
(p<0.001), respectively. Cubic spline analyses confirmed a linear association between lower
adjusted serum creatinine values and higher death risk (Figure 3).

Examining the survival of the waitlisted MHD patients whose baseline dry weight changed
over the upcoming 6 months, each 1 kg decrease in baseline dry weight was associated with
a death hazard ratio of 1.06 (1.05-1.07), 1.06 (1.05-1.08), and 1.05 (1.04-1.06), in
unadjusted and case-mix and MICS adjusted models (p<0.001), respectively. Cubic spline
models confirmed the aforementioned linear association (Figure 4). In change weight
categorical analyses, compared to the patients with a relatively stable dry weight (weight
change within +/-1 kg over 6 months), the groups with 3 to 5 kg and more than 5 kg weight
loss had 31% and 51% higher adjusted death risk, whereas patients who gained more than 5
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kg weight reported 20% better survival (Table 4). Examining the mortality-predictability of
weight loss across different subgroups of patients, weight loss above 5 kg over 6 months
was associated with elevated mortality risk in virtually all examined subgroups including
those with a baseline >30 kg/m2 (Figure 5).

Examining the survival of the waitlisted MHD patients whose baseline adjusted serum
creatinine changed over the upcoming 6 months, compared to the patients with a relatively
stable adjusted serum creatinine ((-0.2)- 1.2 mg/dL change over 6 months), the groups with
0.2 – 1 mg/dL and more than 1 mg/dL decreasing in adjusted serum creatinine had 27% and
38% higher adjusted death risk, whereas patients whose adjusted serum creatinine increased
more than 2.4 mg/dL reported 13% better survival (Table 5). Cubic spline models confirmed
the aforementioned linear association (Figure 6).

We examined the mortality-predictability of combinations of dry weight and muscle mass
(represented by adjusted serum creatinine) in our hemodialysis patients as shown in Figure
7. Low muscle mass combining with high body weight (high proportion of body fat) was
associated with worse survival. High muscle mass with low body weight (low proportion of
body fat) was associated with better survival Figure 7. We examined the mortality-
predictability of combinations of concurrent changes in dry weight and muscle mass
(represented by changes in adjusted serum creatinine) over the first 6 months in our
hemodialysis patients as shown in Figure 8. Concurrent drop or rise in both dry weight and
serum creatinine were associated with worse and better survival, respectively Figure 8.

Higher BMI and weight gain were also associated with better survival when analyzed in our
total population in competing risk regression analysis (eTable 1), where transplantation was
a competing event.

Discussion
In this historical prospective study of 14,632 waitlisted MHD recipients who were followed
for up to 6 years, BMI showed an inverse association with mortality. High BMI, including
extremely high BMI was associated with better survival than normal or lower BMI.
Additionally losing weight while on a transplant waiting list was inversely correlated with
mortality, in that there was a 20% increased risk of death in patients who lost more than 5
kg, compared to patients who had a stable weight. The weight loss-mortality association was
also observed in patients with a BMI above 30 kg/m2. Higher serum creatinine, a likely
surrogate of larger muscle mass, is independently and incrementally associated with greater
survival even after extensive multivariate adjustment for available surrogates of nutritional
status and inflammation. Additionally, the patients with high muscle mass and low body
weight reported the best survival. The concordant combination of the changes in these two
body composition surrogates, if in the same direction, maintained the same graded death-
predictability.

Obese ESRD patients who seek kidney transplantation are frequently advised to loose
weight prior to transplant surgery.(14) However, 40% of waitlisted patients died (5) while
waiting for a deceased kidney as long as 3 to 6 years in most regions of the United State.(3)
Even though obesity is associated with deleterious outcomes in the general population, in
MHD patients the association between BMI and mortality appears in the opposite direction,
a phenomenon known as “obesity paradox’ or “reverse epidemiology”.(9-11,33) However, it
is possible that healthier MHD patients such as the waitlisted population would not follow
these counterintuitive associations. Our findings indicate that high BMI is associated with
survival advantages even in the transplant-waitlisted MHD patients. Additionally, losing
weight while awaiting transplantation was associated with an incremental drop in survival in

Molnar et al. Page 6

Am J Transplant. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the pre-transplant period. This association was also present in obese MHD patients whose
BMI is above 30 kg/m2 and in whom weight loss interventions may typically be
recommended as a prerequisite for the transplant surgery.

The association between pre-transplant (waitlisted) BMI and post-transplant outcomes is
controversial. Previous reports have described conflicting associations between BMI and
various post-transplant outcomes in kidney transplant recipients.(18-21) Earlier studies in
obese patients have shown higher risk of post-operative complications(16) including post-
surgical wound infections(37). Lentine et al. reported higher incidence of cardiovascular
(heart failure and atrial fibrillation) and early postoperative (wound infection or dehiscence)
complications in obese patients.(15) Moreover, weight changes prior to transplantation may
be transient, as most patients especially those with large pre-transplant weight declines often
experience significant weight gain following surgery with a functional allograft.(17) Hence
a decrease in BMI before transplantation might not alleviate early risk after transplantation,
while it may mitigate the risk of survival during the wait-listing period. Other studies did not
find any association between pre-transplant BMI and post-transplant outcomes.(17,38-40)
Chang et al.(41) reported that obesity per se was not associated with poorer kidney
transplant outcomes, although it was associated with factors that may lead to poorer graft
and patient survival. Additionally, Zaydfudim et al. (42) reported that pre-transplant
overweight and obese status did not affect physical quality of life after kidney
transplantation. A recent study suggested that significant decrease in BMI before
transplantation had no positive effect on survival after transplantation.(17)

Although BMI is often used as an indicator of nutritional status, it does not differentiate
skeletal muscle mass from fat mass.(43) A recent study in 792 hemodialysis patients found
survival advantages of higher muscle mass.(22) 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.(44,45) In the present study, we found higher muscle mass before transplantation is a
strong predictor of better outcomes. Given our present data indicating that high BMI and
high muscle mass may be associated with greater survival in wait-listed patients, we suggest
that high BMI itself should not be considered a contraindication for kidney transplantation.

The concept of the altered risk factor pattern or “reverse epidemiology” as seen in the
obesity paradox may appear counterintuitive, especially since obesity is an established risk
factor for poor outcomes in the general population. Nonetheless, given the consistency of the
observations, there must be conditions in these populations which render them more
resistant to poor outcomes when high BMI is present. Several explanations have been
suggested,(46,47) including a more stable hemodynamic status in obese individuals,(48)
higher concentration of tumor necrosis factor alpha receptors in obesity,(49) neurohormonal
alterations of obesity,(50) endotoxin-lipoprotein interaction,(51) reverse causation,(52)
survival bias,(53) time discrepancies among competitive risk factors (over- vs. under-
nutrition),(53) and the overwhelming effect of malnutrition inflammation complex on
traditional cardiovascular risks.(54) Since the majority of MHD patients in the US die within
5 years of commencing dialysis treatment,(55) the long-term effects of conventional risk
factors on future mortality must be overwhelmed by the short-term effects of these or other
risk factors intrinsic to dialysis populations, such as under-nutrition and inflammation.
Indeed, it may be that dialysis patients do not live long enough to die of the consequences of
overnutrition, since they die much faster from protein-energy wasting.(56-58) Hence,
obesity, by proving more nutritional reserve, protects them against early death.(10)

Our study should be qualified for its observational nature. Weight loss may not be
intentional, and our study cannot differentiate between intentional and spontaneous weight
loss. Moreover, a major weakness of our study is that we are not aware of the potential
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reasons for weight loss or change such as inter-current illness or interventions such as diet,
exercise, weight loss medication or other. Like all observational studies, ours also cannot
prove causality between predictors and outcomes. Another limitation in our study is that we
are not aware if any specific selection criteria were varied across the transplant units and if
specific reasons were given as to why patients did not receive kidney transplant during the 6
year follow up. Additionally, CRP is not available in our dataset, since it is not routinely
measured in the US dialysis patients. To the best of our knowledge our study is the first
which describes an association between BMI, pre-transplant serum creatinine and weight
changes and survival in transplant waitlisted MHD patients. Our study is notable for its large
sample size, and extended numbers of important covariates accounted for in the multivariate
analyses.

Conclusions
Low BMI or serum creatinine, as a surrogate marker of muscle mass and their decrease over
time are associated with increased death risk in transplant waitlisted MHD patients. A 20%
higher death risk is observed in patients losing more than 5 kg of dry weight compared to
patients with stable weight. Compared to the lowest serum creatinine quintile, the 4th and 5th

quintiles had death HR of 0.75 (0.66-0.86) and 0.57 (0.49-0.66), respectively. Controlled
trials are needed to examine the effects of intentional pre-transplant weight loss on pre- and
post-transplant outcomes.
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Figure 1.
Flow chart of the patient selection
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Figure 2.
Hazard ratios (95% confidence intervals) of mortality across the BMI variable, using Cox
regression analyses in 14632 long-term MHD waitlisted patients who were observed over a
6-year observation period (7/2001-6/2007)
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Figure 3.
Hazard ratios (95% confidence intervals) of mortality across the adjusted serum creatinine
variable, using Cox regression analyses in 11346 long-term MHD waitlisted patients who
were observed over a 6-year observation period (7/2001-6/2007)
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Figure 4.
Hazard ratios (95% confidence intervals) of mortality across the weight change variable,
using Cox regression analyses in 14632 long-term MHD waitlisted patients who were
observed over a 6-year observation period (7/2001-6/2007)
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Figure 5.
Hazard ratios (95% confidence intervals) mortality across the weight change variable, using
Cox regression analyses in various subgroups of patients.

Molnar et al. Page 16

Am J Transplant. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
Hazard ratios (95% confidence intervals) of mortality across the change of adjusted serum
creatinine variable, using Cox regression analyses in 11346 long-term MHD waitlisted
patients who were observed over a 6-year observation period (7/2001-6/2007)
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Figure 7.
Cubic splines models of Cox proportional regression to examine the mortality predictability
of the combinations of the dry weight and in adjusted serum creatinine levels over a 6-year
observation period (7/2001-6/2007). The Y-axis shows the logarithm of the risk ratio of all-
cause mortality over 6 years based on a multivariable Cox regression spline model, adjusted
for case-mix. Dashed lines are 95% point wise confidence levels. Each patient received a
percentile score between -100 and +100 according to the percentile rank of the change in dry
weight or adjusted serum creatinine. The difference between adjusted serum creatinine
concentration and dry weight in each patient also resulted in a number between -200 and
+200.
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Figure 8.
Cubic splines models of Cox proportional regression to examine the mortality predictability
of the combinations of the changes in dry weight and in adjusted serum creatinine levels
over a 6-year observation period (7/2001-6/2007). The Y-axis shows the logarithm of the
risk ratio of all-cause mortality over 6 years based on a multivariable Cox regression spline
model, adjusted for case-mix. Dashed lines are 95% point wise confidence levels. Each
patient received a percentile score between -100 and +100 according to the percentile rank
of the change in dry weight or adjusted serum creatinine. The sum of the two percentile
scores for each patient resulted in a number between -200 and +200
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