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Associations of Pretransplant Weight and Muscle Mass
with Mortality in Renal Transplant Recipients
Elani Streja,*† Miklos Z. Molnar,*‡ Csaba P. Kovesdy§� Suphamai Bunnapradist¶ Jennie Jing,* Allen R. Nissenson,¶**
Istvan Mucsi,†† Gabriel M. Danovitch,¶ and Kamyar Kalantar-Zadeh*†¶

Summary
Background and objectives: The association between pretransplant body composition and posttransplant
outcomes in renal transplant recipients is unclear. It was hypothesized that in hemodialysis patients higher
muscle mass (represented by higher pretransplant serum creatinine level) and larger body size (represented
by higher pretransplant body mass index [BMI]) are associated with better posttransplant outcomes.

Design, setting, participants, & measurements: Linking 5-year patient data of a large dialysis organization
(DaVita) to the Scientific Registry of Transplant Recipients, 10,090 hemodialysis patients were identified
who underwent kidney transplantation from July 2001 to June 2007. Cox regression hazard ratios and 95%
confidence intervals of death and/or graft failure were estimated.

Results: Patients were 49 � 13 years old and included 49% women, 45% diabetics, and 27% African Ameri-
cans. In Cox models adjusted for case-mix, nutrition-inflammation complex, and transplant-related covari-
ates, the 3-month-averaged postdialysis weight-based pretransplant BMI of 20 to �22 and � 20 kg/m2,
compared with 22 to �25 kg/m2, showed a nonsignificant trend toward higher combined posttransplant
mortality or graft failure, and even weaker associations existed for BMI � 25 kg/m2. Compared with pre-
transplant 3-month- averaged serum creatinine of 8 to �10 mg/dl, there was 2.2-fold higher risk of com-
bined death or graft failure with serum creatinine �4 mg/dl, whereas creatinine �14 mg/dl exhibited 22%
better graft and patient survival.

Conclusions: Pretransplant obesity does not appear to be associated with poor posttransplant outcomes.
Larger pretransplant muscle mass, reflected by higher pretransplant serum creatinine level, is associated
with greater posttransplant graft and patient survival.

Clin J Am Soc Nephrol 6: 1463–1473, 2011. doi: 10.2215/CJN.09131010

Introduction
An obesity paradox has been consistently observed in
dialysis patients, but conflicting data have been pub-
lished about the association of pretransplant body
size and weight with posttransplant graft and patient
survival in renal transplant recipients. Early studies
had reported poorer kidney transplant outcomes in
obese dialysis patients (1–4), mainly because of car-
diovascular (5) and infectious complications such as
surgical wound infections (6). However, more recent
studies have reported that weight change before
transplantation did not correlate with graft loss and
death after kidney transplantation (7), although obese
recipients develop diabetes mellitus or surgical com-
plications more frequently (6,8–11). Many transplant
centers exclude or suspend obese patients with a body
mass index (BMI) �30 or �35 kg/m2 from the trans-
plant waitlist and refer them for weight reduction
strategies such as bariatric surgery (12). However,
clinical trials of bariatric surgery in populations with-
out kidney disease indicate comparable weight loss

but higher postsurgery mortality (13). In a recent re-
port, BMI � 35 kg/m2 was the third most common
reason to deny transplant waitlisting and affecting
10% of potential renal transplant candidates (14). Be-
cause the long-term consequences of obesity after
transplantation remain unclear (5,15), it is important
to address the potential association between pretrans-
plant body composition and posttransplant outcomes.

Previous studies of obesity in kidney transplant
recipients used solely BMI to define obesity (1–4), but
BMI is unable to differentiate between adiposity and
muscle mass (16). Reduced muscle mass (sarcopenia)
is a predictor of mortality in dialysis patients (17). To
better characterize patients’ nutritional status, addi-
tional parameters such as waist circumference or se-
rum creatinine have been suggested (17–22). Indeed,
in maintenance dialysis patients with minimal resid-
ual function under steady state, serum creatinine may
better reflect muscle mass compared with BMI
(17,19–22). However, the association of pretransplant
serum creatinine in dialysis patients with various
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posttransplant outcomes has not been studied in kidney
transplant recipients. We hypothesized that higher pre-
transplant BMI and larger muscle mass as represented by
higher pretransplant serum creatinine concentration dur-
ing the weeks immediately before the kidney transplanta-
tion are associated with better posttransplant patient and
graft survival.

Materials and Methods
Patients

We linked the list of renal transplant recipients under the
Scientific Registry of Transplant Recipients (SRTR) up to
June 2007 to the list of maintenance hemodialysis (MHD)
patients who received treatment from July 2001 to June
2006 in any outpatient dialysis clinic of a U.S.-based large
dialysis organization (DaVita, Inc, before its acquisition of
former Gambro dialysis facilities). The institutional review
committees of Los Angeles Biomedical Research Institute
at Harbor–University of California–Los Angeles and Da-
Vita Clinical Research approved the study.

Clinical and Demographic Measures
The creation of the national DaVita MHD patient cohort

has been described previously (22–26). To minimize mea-
surement variability, all repeated measures for each pa-
tient during the last calendar quarter before kidney trans-
plantation (i.e., over a 13-week or 3-month interval) were
averaged and the quarterly means were used. In addition
to quarterly laboratory values, posthemodialysis weight
(to calculate 3-month averaged BMI) was also recorded
using up to 39 recoded posthemodialysis weight measure-
ments from the thrice-weekly MHD treatment.

We divided pretransplant BMI into six a priori selected
categories: �20, 20 to �22, 22 to �25, 25 to �30, 30 to �35,
and �35 kg/m2. These increments were most consistent
with our previous study (27). The pretransplant serum
creatinine levels, usually measured at least once monthly
immediately before a mid-week hemodialysis treatment,
were divided into seven a priori selected categories: �4, 4
to �6, 6 to �8, 8 to �10, 10 to �12, 12 to �14, and �14
mg/dl. Dialysis vintage was defined as the duration of
time between the first day of dialysis treatment and the
day of kidney transplantation.

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 auto-
mated and standardized methods in the DaVita Labora-
tory. Most laboratory values were measured monthly, in-
cluding serum creatinine, urea, albumin, calcium,
phosphorus, bicarbonate, and total iron binding capacity.
Serum ferritin and intact PTH were measured at least
quarterly. Hemoglobin was measured weekly to biweekly
in most patients. Most blood samples were collected pre-
dialysis, with the exception of the postdialysis serum urea
nitrogen to calculate urea kinetics. Kt/V (single pool) was
calculated using urea kinetic modeling equations as de-
scribed elsewhere (25). Albumin-corrected calcium was

calculated by subtracting 0.8 mg/dl for each 1 g/dl of
serum albumin below 4.0 g/dl (28).

Statistical Analyses
Survival analyses included Cox proportional hazards

regression models using variables recorded during the last
pretransplant calendar quarter. Graft failure was defined
as initiation of dialysis treatment or retransplantation. For
each analysis, three models were examined based on the
level of multivariate adjustment:

1. A minimally adjusted (referred to as “unadjusted”)
model that included mortality data and entry calendar
quarter (q1 through q20)

2. Case-mix adjusted models that included all of the above
plus age, sex, race, and ethnicity (African Americans
and other self-categorized blacks, non-Hispanic whites,
Asians, Hispanics, and others), diabetes mellitus, dialy-
sis vintage (�6 months, 6 months to 2 years, 2 to 5 years
and �5 years), primary insurance (Medicare, Medicaid,
private, and others), marital status (married, single, di-
vorced, widowed, and other or unknown), the stan-
dardized 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)

3. Case-mix malnutrition-inflammation-complex syn-
drome (MICS) and transplant-data-adjusted models
that included all of the covariates in the case-mix model
and ten surrogates of nutritional status and inflamma-
tion, including 11 laboratory variables with known as-
sociation with clinical outcomes in MHD patients (i.e.,
normalized protein catabolic rate as an indicator of
daily protein intake [also known as the normalized pro-
tein nitrogen appearance (29)] and serum or blood con-
centrations of albumin, total iron binding capacity, fer-
ritin, phosphorus, calcium, bicarbonate, peripheral
white blood cell count, lymphocyte percentage, and he-
moglobin) plus five transplant-related data (i.e., donor
type [deceased or living], donor age, panel reactive
antibody titer [last value before transplant], number of
HLA mismatches, and cold ischemic time).

Sensitivity analyses were performed using time-aver-
aged (time before transplant up to 5 years) and baseline
data. Sporadically missing covariate data were imputed by
the last value carried forward method. Proportional haz-
ard assumption was tested using log(�log) against sur-
vival plots. Analyses were carried out with SAS, version
9.1 (SAS Institute Inc., Cary, NC).

Results
The original 5-year (July 2001 through June 2006) na-

tional database of all DaVita patients included 164,789
adult subjects. This database was linked via unique iden-
tification number to the national SRTR registry that in-
cluded all transplant waitlisted people and renal trans-
plant recipients up to June 2007 (see Figure e1 in
Appendix). Of 37,766 DaVita MHD patients who were
identified in the said SRTR database, 17,629 had under-
gone one or more kidney transplantations during their

1464 Clinical Journal of the American Society of Nephrology



lifetime, but only 14,508 MHD patients had undergone
their first renal transplantation between July 2001 and July
2007. After excluding those without electronically recorded
posthemodialysis weight data (n � 1993), outlier BMI (�12
or �60 kg/m2) probably due to wrong height values (n �
768), subjects who interrupted MHD treatment before
transplantation (n � 838), and those with outlier age (n �
57), 10,090 MHD patients remain in the study population.
These patients were followed until death, graft failure, loss
of follow-up, or survival until June 30, 2007, as recorded in
the SRTR database. Among the 10,090 observed renal
transplant recipients, there were 727 deaths (7.2%), includ-
ing 150 patients who died after graft failure, and 759 graft
failures (7.5%) irrespective of subsequent deaths. The me-
dian follow-up time was 832 days, with a maximum of
2185 days.

Table 1 compares the demographic, clinical, and pre-
transplant laboratory characteristics of the 10,090 trans-
planted and 128,668 nontransplanted MHD patients in the
5-year DaVita cohort. Both groups had the same mean
BMI; however, transplanted patients were 14 years
younger and less likely to be diabetic, African American, or
to have Medicare as their primary insurance. With the
exception of serum bicarbonate and blood white blood cell
count, transplanted patients had significantly different lab-
oratory values, mostly indicative of better nutritional sta-
tus.

As shown in Table 2, 83% of the transplanted patients
were in the normal, overweight, or mildly obese BMI cat-
egories (i.e., BMI in the 20- to 35-kg/m2 range). Crude
mortality was the lowest in the highest BMI category (�35
kg/m2). However, the highest (�35 kg/m2) and the lowest
BMI groups (�20 kg/m2) exhibited slightly more graft
failures (9%) compared with the other BMI groups (7% to
8%) over the 6 years of observation. As shown in Table 3
the highest serum creatinine category (�14 mg/dl), reflect-
ing the largest muscle mass, was associated with the lowest
crude mortality (4%), whereas the lowest serum creatinine
category (�4 mg/dl) was associated with the highest crude
graft failure rate (13%).

The associations of pretransplant 3-month-averaged se-
rum creatinine and BMI categories with the posttransplant
risk of death, graft failure, or the composite of graft failure
or death are shown in Figures 1 and 2 and Table 4 (as well
as Tables e1 through e6 in the Appendix). Using the group
with pretransplant BMI in the 22- to �25-kg/m2 range as
the reference, the case-mix-adjusted 6-year death risk in
renal transplant recipients with a low BMI (�20 kg/m2)
was 67% higher (hazard ratio [HR]: 1.67 [1.22 to 2.27], P �
0.001) (Figure 1A), although after additional adjustment for
MICS and transplant-related variables this association mit-
igated. High pretransplant BMI (�35 kg/m2) was associ-
ated with graft failure in the unadjusted model, but the
association did not persist after multivariate adjustment
(Figure 1B). Similar trends were observed with the com-
posite of graft failure and death (Figure 1C). Sensitivity
analyses after adjusting for ten pre-existing comorbid
states including eight cardiovascular diseases, chronic ob-
structive pulmonary disease, and cancer resulted in similar
findings (data not shown).

Compared with patients with pretransplant 3-month-
averaged serum creatinine of 8 to �10 mg/dl (reference),
the patient groups with higher pretransplant serum creat-
inine (12 to �14 and �14 mg/dl) had 44% (HR: 0.56 [0.43
to 0.73]) and 54% (HR: 0.46 [0.33 to 0.64]) lower case-mix-
adjusted death risk, respectively (P � 0.001). Importantly,
patients with serum creatinine of 4 to �6 mg/dl had a 51%
higher (HR: 1.51 [1.11 to 2.05], P � 0.01) case-mix-adjusted
death risk (Figure 2A). These differences maintained even
after adjustment for MICS and transplant data (Figure 2A).
The lowest pretransplant creatinine groups had 2.6 times
higher (HR: 2.64 [1.10 to 6.34]) graft failure risk (P � 0.03)
(Figure 2B). Dialysis vintage was the confounder that con-
tributed the most to the difference observed between un-
adjusted and multivariate-adjusted associations. Similar
associations were also found for the composite outcome
(Figure 2C). In particular, compared with the reference
serum creatinine group (8 to �10 mg/dl), there was a
2.2-fold increased risk of combined graft loss or death with
the lowest pretransplant serum creatinine (HR: 2.16 [1.08 to
4.35], P � 0.03), whereas the highest pretransplant serum
creatinine exhibited 22% lower risk of posttransplant ad-
verse outcomes (HR: 0.78 [0.59 to 1.02], P � 0.06). Every
1-mg/dl increase of pretransplant serum creatinine was
associated with 6% lower combined risk of death or graft
failure when adjusted for BMI and other covariates (HR:
0.94 [0.91 to 0.97], P � 0.001) (Table 4). Sensitivity analyses
after adjusting for ten pre-existing comorbid states found
similar results (data not shown).

We also categorized renal transplant recipients into four
groups on the basis of their pretransplant BMI and serum
creatinine levels being above or below the median value of
these measures (26 kg/m2 and 10.5 mg/dl, respectively),
leading to two concordant (high/high and low/low) and
two discordant (high/low and low/high) groups (see Ta-
ble e7 in the Appendix). The posttransplant death HRs are
shown in Figure 3. Compared with the low-creatinine and
low-BMI groups (reference), the groups with high creati-
nine and high BMI had 34% lower adjusted death risk (HR:
0.66 [0.49 to 0.88], P � 0.01) (Figure 3 and Table e8).

Discussion
In 10,090 kidney transplant recipients with comprehen-

sive pretransplant data as MHD patients who were fol-
lowed for up to 6 years posttransplantation, low pretrans-
plant BMI (�22 kg/m2) showed a trend toward higher
posttransplant mortality, whereas obesity (BMI � 30 kg/
m2) was not associated with mortality, albeit it showed a
tend toward higher graft loss. Additionally higher pre-
transplant serum creatinine, a surrogate of muscle mass,
was associated with lower mortality and graft loss in that
there was a 2.2-fold increased risk of combined death or
graft loss with the pretransplant serum creatinine �4 mg/
dl, whereas a pretransplant serum creatinine �14 mg/dl
exhibited 22% greater graft and patient survival when
compared with the reference pretransplant serum creati-
nine of 8 to �10 mg/dl. Assuming that a higher pretrans-
plant serum creatinine value in MHD patients is a surro-
gate of larger muscle mass and/or better nutritional status,
our findings may have major clinical and public health
implications, especially in providing care to renal trans-
plant waitlisted patients.

Clin J Am Soc Nephrol 6: 1463–1473, June, 2011 Body Size and Transplant Outcomes, Streja et al. 1465



Previous reports have described conflicting associations
between BMI and various outcomes in kidney transplant
recipients. Early studies showed higher risk of postopera-
tive complications (15) and early surgical wound infections
(6) in obese patients. Lentine et al. reported higher inci-
dence of cardiovascular (heart failure and atrial fibrilla-
tion) and early postoperative complications in obese versus
nonobese patients (5). However, others did not find any

association between pretransplant BMI and mortality (7–
9,30). Chang et al. reported that obesity per se was not
associated with poorer kidney transplant outcomes, al-
though it was associated with factors that led to poorer
graft and patient survival (31). Being underweight was
associated with late graft failure, mainly because of chronic
allograft nephropathy (31). Moreover, patients with a BMI
�30 receiving single pediatric kidneys had better death-

Table 1. Demographic, clinical, and laboratory characteristics for 138,758 long-term HD patients

Variables Transplanted Not Transplanted P

n 10,090 128,668 �0.01
Age (years) 49 � 13 63 � 15 �0.01
Gender (% women) 49 50 �0.01
Diabetes mellitus (%) 45 50 �0.01
Racial/ethnicity minorities

African Americans 27 32 �0.01
Hispanics 15 14 �0.01
Asians 4 3 �0.01

Vintage (time on dialysis) (%) �0.01
�6 months 12 18 �0.01
6 to 24 months 29 30 0.02
2 to 5 years 37 32 �0.01
�5 years 23 21 �0.01

Primary insurance (%) �0.01
Medicare 51 63 �0.01
Medicaid 3 5 �0.01
private insurance 18 8 �0.01
other 19 15 �0.01

Marital status (%) �0.01
married 47 40 �0.01
divorced 6 7 �0.01
single 26 23 �0.01
widowed 3 14 �0.01

BMI (kg/m2) 26.7 � 5.6 26.7 � 6.6 0.87
Kt/V (dialysis dose) 1.62 � 0.35 1.53 � 0.36 �0.01
Protein catabolic rate (g/kg/day) 1.05 � 0.26 0.94 � 0.26 �0.01
Serum albumin (g/dl) 4.03 � 0.38 3.64 � 0.48 �0.01

creatinine (mg/dl) 10.6 � 3.2 7.7 � 3.2 �0.01
bicarbonate (mg/dl) 21.9 � 3.4 22.4 � 3.1 �0.01
TIBC (mg/dl) 212 � 40 207 � 47 �0.01
TSAT 32.57 � 12.63 26.41 � 11.86 �0.01
ferritin (ng/ml) 530 � 378 520 � 502 0.02
phosphorus (mg/dl) 5.9 � 1.5 5.5 � 1.5 �0.01
calcium (mg/dl) 9.4 � 0.7 9.2 � 0.7 �0.01
intact PTH (pg/ml) 400 � 415 341 � 360 �0.01
alkaline phosphatase (U/L) 114 � 80 122 � 93 �0.01

Blood hemoglobin (g/dl) 12.3 � 1.2 12.0 � 1.4 �0.01
WBC (�103/�l) 6.8 � 2.1 7.5 � 2.7 �0.01
lymphocyte (% of total WBC) 23 � 8 20 � 8 �0.01

Number of HLA mismatch 3.6 � 1.8 NA NA
HLA A mismatch 1.2 � 0.8 NA NA
HLA B mismatch 1.3 � 0.8 NA NA
HLA DR/DW mismatch 1.1 � 0.7 NA NA

PRA (%) 10.3 � 24.0 NA NA
Cold ischemia time (hours) 14.3 � 10.6 NA NA
Donor type (% living) 32 NA NA
Donor age (years) 39 � 15 NA NA

Data for 10,090 patients who received transplants are from the quarter transplanted, or last quarter before transplant when data
was available. Data for the remaining 128,668 DaVita patients who did not receive a transplant are from the base calendar quarter.
Values are in percentage or mean � SD, as appropriate. TIBC, total iron binding capacity; TSAT, transferrin saturation; PRA,
panel reactive antibody (last value before transplant); PTH, parathyroid hormone; WBC, white blood cell count; NA, not
applicable.

1466 Clinical Journal of the American Society of Nephrology
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censored graft survival rates when compared with nono-
bese patients (32). Zaydfudim et al. reported that pretrans-
plant overweight and obese status did not affect physical
quality of life after kidney transplantation (33).

Somewhat contrary to our findings, Meier-Kreische et al.
reported U-shaped risk patterns such that high and low
BMI were related to increased risk of death and graft
failure (34), and Gore et al. found graded bivariate in-
creases in the risk of delayed graft function, prolonged
hospitalization, early graft loss, and graft failure with
higher BMI level (35). However, the former study exam-

ined the U.S. Renal Data System database between 1988
and 1997, whereas the latter study used the United Net-
work of Organ Sharing database between 1997 and 1999.
During the aforementioned period, the immunosuppres-
sive protocols were different (e.g., no tacrolimus was avail-
able). Moreover, the latter cohort was younger and had less
diabetic and African-American patients.

Very obese patients are frequently denied transplant
waitlisting or are advised to lose weight before being re-

Figure 1. | HRs (95% confidence intervals) of (A) posttransplant-
graft-censored death, (B) death-censored graft failure, and (C) com-
bined mortality and graft failure across the pretransplant BMI cat-
egories using Cox regression analyses in 10,090 long-term MHD
transplant patients who underwent renal transplantation and were
observed over a 6-year observation period (July 2001 to June 2007).

Figure 2. | HRs (and 95% confidence intervals) of (A) posttrans-
plant-graft-censored death, (B) death-censored graft failure, and (C)
combined mortality and graft failure across pretransplant serum
creatinine categories using Cox regression analyses in 10,090 MHD
patients who underwent renal transplantation and were observed
over a 6-year observation period (July 2001 to June 2007).
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considered (14). However, accumulating evidence (includ-
ing the results presented here) suggest that obesity is not
associated with poor long-term clinical outcomes (36–38).
Moreover, low BMI or low serum creatinine as a surrogate
of low muscle mass and their decreases over time are
associated with increased death risk in transplant wait-
listed dialyzed patients (21). Because healthier (obese or
nonobese) MHD patients are usually preferred for trans-
plantation, our data may be confounded by this selection
bias. In MHD patients, lower BMI is associated with higher
mortality (39). In our MHD patient cohort, high BMI was
not associated with unfavorable posttransplant outcomes.
Hence, if our findings can be confirmed by other studies,
high BMI should not be a contraindication of transplanta-
tion. Nevertheless, the study presented here is unable to
examine the question as to whether weight loss before
transplantation improves mortality risk or not, although
recently it has been suggested that weight change before
transplantation had no favorable effect on survival or graft
loss (7). Clearly, prospective studies assessing the effect of
pretransplant weight loss strategies on long-term out-
comes after kidney transplantation are needed. BMI per se
may not be an appropriate measure to characterize nutri-
tional status, body composition, obesity, or muscle mass in
dialysis patients (16,17,40,41). To better characterize nutri-
tional status, additional parameters such as waist circum-
ference or serum creatinine can be used (17,19–22). It has
been suggested that serum creatinine may better reflect
muscle mass under steady-state conditions than BMI
(17,19–22).

Our findings pertaining to muscle mass are in agreement
with some previous studies. Oterdoom et al. found that
higher muscle mass, assessed by 24-hour urine creatinine
excretion, is associated with better survival after kidney
transplantation (42). In dialysis patients low serum creati-
nine is a marker for protein-energy wasting (43), which is
a strong predictor of mortality (44,45) and anemia (46) in
renal transplant recipients. To the best of our knowledge,
no prior study has examined the effect of pretransplant
serum creatinine in MHD patients on outcomes after kid-

ney transplantation. Our results suggest that greater or
lesser pretransplant muscle mass has a favorable or unfa-
vorable effect on posttransplant outcome, respectively. It is
currently not known if improving nutritional status, in-
cluding increasing BMI and muscle mass before kidney
transplantation, improves outcomes. Further studies are
needed to answer this question.

Obesity (BMI � 30 kg/m2) showed a nonsignificant
trend toward higher graft-rejection rates in our study (Fig-
ure 2B). Bosma et al. reported that higher BMI is indepen-
dently associated with higher GFR and filtration fraction 1
year after transplantation, suggesting the presence of glo-
merular hyperfiltration with altered afferent-efferent bal-
ance (47), which may have played a role in the higher
registered rejection rates seen in our study. Further studies
are needed to confirm this observation.

Our study is notable for its large sample size, and several
important pre- and posttransplant covariates were ac-
counted for in the multivariate analyses. However, like all
observational studies, ours too cannot prove causality. Re-
peated posttransplant measures of weight and creatinine
as well as immunosuppressive and other regimens were
not available in the SRTR database, but in the full model
we did adjust for several transplant-related variables. Pa-
tients who were excluded from analyses were likely dif-
ferent from the included ones, but their proportion was
relatively small. The variables we used as surrogates for
body composition (BMI and serum creatinine) are clearly
not ideal. Our study cannot differentiate between inten-
tional and spontaneous weight loss. We are not aware of
the potential reasons for weight change, including inter-
current illness or weight-losing interventions such as diet,
exercise, or weight loss medication. However, quick and
uncontrolled interventions to alter BMI often transiently
affect weight (7).

In conclusion, in our large and contemporary national
database of over 10,000 renal transplant recipients, pre-
transplant low BMI showed a trend toward higher post-
transplant mortality, and lower pretransplant serum creat-
inine level, a potential surrogate of sarcopenia, was
associated with the unfavorable posttransplant outcomes.
These findings may have important implications in pro-
viding medical care to tens of thousands of renal transplant
waitlisted patients. Additional studies are needed to better
understand the association between obesity, muscle mass,
and other body compositions and transplant outcomes.
Until then, we caution against categorical recommendation
of weight loss to apparently obese dialysis patients as a
requirement for transplant waitlisting.
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