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Abstract

Objectives: Using data from the US Renal Data
System, we examined the relation between body
mass index and graft survival as mediated through
calcineurin inhibitor use.

Materials and Methods: Adult patients who
received a first kidney-only transplant, with at least
6 months’ survival were classified into 5 categories
(underweight, normal, overweight, obese, and
extremely obese) according to body mass index.
Associations between calcineurin inhibitor use,
body mass index categories, and outcomes were
investigated.

Results: Underweight and normal-weight recipients
lived longer than the other 3 categories, regardless
of calcineurin inhibitor use. Graft survival was
significantly inferior among obese and extremely
obese patients. Average graft survival was
significantly higher for recipients with a normal body
mass index than it was for overweight, obese, and
extremely obese recipients. Risk ratio for graft failure
was constant for the calcineurin inhibitor versus the
noncalcineurin inhibitor group across all body mass
index categories. Mean body mass index for the
group with rejection episodes was similar to the
group with no rejections; there was no correlation
between body mass index and rejection risk.
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Conclusions: Increased body mass index is
associated with inferior patient and graft survival,
independent of calcineurin inhibitor use. Because
we found no correlation between body mass index
and risk of rejection, we assume that, at least after
the initial 6 months, the adverse effect of obesity
on graft outcome is partially mediated through
nonimmunologic mechanisms. When analyzing
graft and patient survival rates, we recommend
that body mass index be considered a risk factor.
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Obesity is an independent risk factor for the
development of new-onset kidney disease and end-
stage renal disease (1-3). Among kidney transplant
recipients, a high prevalence of obesity at the time of
transplant has been reported (4, 5). In this group,
obesity is associated with increased morbidity (6, 7),
proteinuria (8), increased risk of delayed graft
function, prolonged hospitalization, acute rejection,
and decreased graft survival (9-11). Although the
direct impact of obesity, independent of associated
comorbidities, on graft outcome has been debated
(12).

The proposed mechanisms of the effect of obesity
on kidney disease include changes in glomerular
hemodynamics (13-15), renal fibrosis resulting from the
effect of leptin (16), and activation of inflammatory
processes (17, 18). The mechanism for inferior graft
survival among obese transplant recipients is poorly
understood. A possible mechanism is altered
metabolism of calcineurin inhibitors (CNIs). Several
studies have addressed the effect of body weight on
the metabolism and pharmacokinetics of CNI, with
conflicting results. While most studies have noted
higher cyclosporine levels among obese patients (19-
22), 1 study found a lower cyclosporine level among
obese patients (23), and several studies have not found
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any effect of obesity on cyclosporine metabolism or
blood level (24-26). In a study of the relation between
cyclosporine dose and the area under the concentration
versus time curve, Shibata and associates concluded
that there is a nonlinear relation, complicating dosage
adjustments in these recipients (27). Whether obesity
leads to a higher or a lower cyclosporine level, the
study by Shibata and associates raises the possibility
that the inability to accurately monitor levels in obese
recipients may predispose them to rejection episodes
or nephrotoxicity.

Using data from the United States Renal Data
System, we examined the relation between BMI at
the time of transplant and allograft survival as
mediated through CNI use. The goal of our study
was to test the hypothesis that there is an adverse
effect of BMI on allograft survival, and that this is
dependent on the use of CNIs.

Materials and Methods

This is a retrospective cohort study that used data from
the United States Renal Data System. We included all
adult patients who underwent a first kidney-only
transplant between January 1, 1988, and December 31,
1997, and who had at least 6 months of survival.
Recipients with a multiorgan transplant or a history of
prior renal transplant were excluded. Height and
weight recorded at the time of transplant were used to
calculate BMI (kg/m?). Body mass index values were
used to classify recipients into the following 5
categories: underweight (< 18.5), normal (18.5-24.9),
overweight (25-29.9), obese (30-39.9), and extremely
obese (= 40). Excluding extreme outlying values (BMI
<1% and BMI >99%), 56 988 recipients were identified.
The group was further classified into patients who had
been discharged on CNIs (CNI group; n = 52 389) and
those who had not (non-CNI group; n =4599) (Table 1).

Table 1. MI and CNI categories.

CNI Non-CNI Total
Underweight 2432 212 2644
Normal 26 532 2309 28 841
Overweight 15395 1394 16 789
Obese 7627 652 8279
Extremely obese 403 32 435
Total 52 389 4599 56 988

Abbreviations: BML body mass index; CNI, calcineurin inhibitor.

Statistical analyses
Outcomes of interest were death-censored graft
survival and overall patient survival (regardless of

Exp Clin Transplant

graft function). Using Cox proportional hazard and
logistic regression, the independent associations
between CNI use, BMI categories, and outcomes
were investigated. The model adjusted for potential
confounding factors known to affect graft survival
such as donor and recipient age, sex, race (white, black,
Asian, Native American, or other), ethnicity (Hispanic
origin or non-Hispanic origin), donor source, diabetes,
number of HLA mismatches, peak panel reactive
antibody, induction therapy, underlying renal disease,
year of transplant, ischemia times, cytomegalovirus
status, and comorbid conditions such as diabetes
mellitus and hypertension. The proportional hazard
assumption was tested using the log-rank test.
Statistical analyses were performed using SAS
Software version 9.1 (SAS Institute, Cary, NC).

Results

Long-term patient survival for the 5 BMI categories is
illustrated in Table 2. The overweight, obese, and
extremely obese recipients displayed inferior
survival compared with the normal BMI group at 3
and 5 years. Table 3 illustrates the time from
transplant to death among the CNI group and the
non-CNI group across the 5 BMI categories. The
underweight and normal weight recipients lived
longer than did the overweight, obese, and extremely
obese recipients (P < .05). This was true both for the
CNI and the non-CNI groups. Analysis of death-
censored graft survival showed significantly inferior
outcomes in the obese and extremely obese patients in
comparison with those with normal BMIs (Table 4).

Table 2. Patient survival and BMI categories.

BMI category Percentage patient survival (95% confidence limit)

1 Year 3 Years 5 Years
Underweight 98.4(97.8-98.8) 91.6(90.3-92.7) 829(81.0-84.7)
Normal 98.6(98.5-98.8) 92.5(92.2-92.9) 83.3(82.7-83.9)
Overweight 98.5(98.3-98.7) 91.3(90.8-91.8)* 80.8(80.0-81.6)*
Obese 98.4(98.1-98.7) 90.2(89.4-91.0)* 77.1(75.7-78.3)*
) ( ) ( )

Extremely obese  97.3(95.2-98.5)  89.8 (85.8-92.0)* 76.9 (70.5-82.2)*

*P < .05 compared with normal BML
Abbreviations: BMI, body mass index.

Table 3. Time from transplant to death.

BMI category Days to death (mean + SEM)

CNI Non-CNI
Underweight 2267 + 14 2132+48
Normal 2269+ 4 2257 + 16
Overweight 2226 + 6* 2156 + 23*
Obese 2167 £ 9* 2118 + 33*
Extremely obese 2097 + 39* 1993 + 131*

*P < .05 compared with normal BML
Abbreviations: BMI, body mass index; CNI, calcineurin inhibitor.
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This was confirmed by the Cox proportional hazards
regression model, which also showed the risk ratio
for graft failure to be constant for the CNI versus
non-CNI group across all BMI categories (Table 5).
Average graft survival was significantly higher for
recipients with a normal BMI than it was for
overweight, obese, and extremely obese recipients
(Table 6). The mean BMI for the group with rejection
episodes requiring treatment was similar to the mean
BMI for the group with no rejection episode (25.13 +
4.7 vs 25.13 £ 4.8). There was no correlation between
BMI and rejection risk (P =.19).

Table 4. Patient survival and BMI categories.

BMI category Percentage graft survival (95% confidence limit)

1 Year 3 Years 5 Years
Underweight 96.6 (95.8-97.2) 82.7(81.0-84.2) 66.8(64.5-68.9)
Normal 96.8(96.6-97.0) 84.2(83.7-84.7) 68.9(68.2-69.6)
Overweight 96.5(96.2-96.7) 82.6(81.9-83.7) 66.4(65.5-68.3)
Obese 96.1(95.7-96.5)* 79.2(78.1-80.2)* 60.8(59.4-62.2)*
( ) ( )

Extremely obese  94.7 (92.0-96.5)* 75.6(70.5-80.0)* 54.2 (47.5-60.5)*

*P < .05 compared with normal BMI.
Abbreviations: BMI, body mass index.

Table 5. Hazard ratio of graft failure and CNI use.

BMI category Hazard ratio of failure Risk ratio (CNI vs

non-CNI)
CNI Non-CNI

Underweight ~ 0.86 (0.77-0.97) 0.87 (0.60-1.24) 1.00

Normal 1.00 1.00 1.00

Overweight 1.08 (1.03-1.13) 1.16 (1.01-1.34) 0.93

Obese 1.17 (1.11-1.25) 1.31 (1.09-1.58) 0.89

Extremely obese 1.19 (0.95-1.48) 1.32 (0.65-2.68) 0.90

Abbreviations: BMI, body mass index; CNI, calcineurin inhibitor.

Table 6. Time from transplant to death.

BMI category Days to graft failure (mean + SEM)

CNI Non-CNI
Underweight 1991 + 17 2006 + 59
Normal 2028 £5 2023+ 19
Overweight 1988 + 7* 1922 + 25*
Obese 1885+ 11* 1888 + 28*
Extremely obese 1778 + 47* 1523 + 154*

*P < .05 compared with normal BMIL.
Abbreviations: BMI, body mass index; CNI, calcineurin inhibitor.

Discussion

We identified 56 988 patients who had undergone a
first kidney-only transplant. A significant number of
these patients (4599) had not been discharged on CNIs.
In comparing this subset with the group that had been
discharged on CNIs and stratifying the patients
according to BMI categories, we obtained several
findings. We found that obesity was associated with
inferior graft and patient survival. This is in agreement

with the results of several other studies that have used
large cohorts (9, 10). In a recent study using data from
the Australian and New Zealand Dialysis and
Transplant Registry, obesity, although associated with
factors that led to poorer graft and patient survival,
was not by itself associated with poorer kidney
transplant outcomes (12). In our study, although
diabetes and hypertension were included in the
multivariate analysis, underlying cardiovascular
disease, which is known to affect survival, was not
specifically included. However, the significant
differences in death-censored graft survival in the BMI
categories suggest that the effect of BMI on graft
survival is independent of associated cardiovascular
disease. We could not establish a relation between CNI
use and the adverse effect of obesity on graft outcome,
as indicated by similar risk ratios for graft failure
between the CNI and non-CNI group across all BMI
categories. The mean BMI of patients with rejection
and those without rejection was similar, and there was
no correlation between BMI and rejection risk.

Our study is limited by potential selection bias
deriving from the fact that obese individuals may have
had higher mortality within the initial 6 months and
thus not have been included in our study. In addition,
obese patients were more likely to have been
systematically excluded from transplant by some
centers. Another potential source of selection bias may
be the underlying reasons that certain patients were
not on CNIs. This is not clear from the data source
used. In addition, CNI dosing varies among transplant
centers, and while many centers have used trough
levels, some might have used peak levels.
Furthermore, while some centers base dosing on actual
body weight, others base it on ideal body weight. The
variability of dosing can potentially lead to significant
inter- and intrapatient variability in CNI exposure.

Other limitations of this study include the
inability to differentiate the effects of tacrolimus and
cyclosporine and the various formulations of
cyclosporine and also, a lack of data on the impact of
long-term CNI exposure on the outcomes. Finally,
our conclusions are limited by the lack of information
on cause of death and also BMI at the time of death.
We conclude that among adult first kidney-only
recipients, a BMI > 30 is associated with inferior graft
and patient survival, and that the adverse effect of
obesity on graft outcome is independent of CNI use.
Although our study did not specifically monitor
immune mediators of graft injury, the finding that
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there is no correlation between BMI and risk of
rejection implies that at least after the initial 6
months, the adverse effect of obesity on graft
outcome is partially mediated through non-
immunologic mechanisms. Considering the effect of
obesity on graft and patient survival rates, we
recommend that in analyses of these rates, BMI
should be considered a risk factor. While it is prudent
to encourage patients with a BMI over 30 to lose
weight before being considered for listing for
transplant, it is important not to systematically
exclude these patients from transplant until firm data
comparing survival of obese patients undergoing
dialysis versus transplant become available.
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