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Background. The prevalence of overweight and obese kidney transplant recipients (KTR) has risen in parallel to the obesity ep-
idemic that has affected the general population over the last two decades. At present, there is an ongoing debate regarding the
suitability for transplantation of obese patients. Methods. Data were prospectively collected on consecutive single organ KTR
transplanted between January 2014 and March 2016. The patients were stratified according to their bodymass index (BMI) using
theWorld Health Organization classification. As ameasure of allograft functionModification of Diet in Renal Disease, estimated glo-
merular filtration rate was used at 3, 6, and 12 months posttransplant.Results.We included 370 KTR: 126 of 370 women; me-
dian age, 52.7 years (range, 19-77 years), followed up for a median of 19.5 ± 8.6 months. In total, 155 (41.9%) KTR were
underweight or of normal BMI at transplant, whereas 148 (40%) were overweight, and 67 (18.1%) were classified as obese (47
[12.7%] class 1, 11 [3%] class 2, 9 [2.4%] class 3). Overweight and obese KTR had a higher incidence of pretransplant diabetes
(P = 0.021), but no difference was found in new-onset hyperglycemia posttransplant (P = 0.35). There was also no difference in
posttransplant hospital length of stay (P = 0.386). Obese and overweight KTR had a significantly lower estimated glomerular filtra-
tion rate than underweight and normal BMI KTR at 3 and 6months posttransplant, a finding that did not persist at 1 year follow-up.
Overall, 23 patients lost their grafts, and 20 patients died during follow-up. Kaplan Meier analysis showed no difference in allograft
loss between the different BMI groups (log rank P = 0.7).Conclusions. In this single-center study, which used short-term data,
overweight and obese patients were shown not to have inferior outcomes regarding renal function 1 year posttransplant.

(Transplantation Direct 2017;3:e330; doi: 10.1097/TXD.0000000000000747. Published online 3 November, 2017.)
Obesity has emerged as the largest pandemic of the 21st
century, markedly increasing the risk of chronic kidney

disease.1 According to country estimates for 2008, over 50%
of both men and women in the World Health Organization
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European Region were overweight, and 23% of women
and 20% of men were obese. Based on the latest estimates
in European Union countries, being overweight affects 30%
to 70% of adults, 10% to 30% of these adults being obese.2

Although obesity is assumed to be an unfavorable prog-
nostic indicator in the general population, interestingly, it
confers a survival advantage among the dialysis patients.
Obese persons are better nourished and are thought to be bet-
ter immune responders against devastating chronic infectious
and other diseases, which are often a cause of death in the
lower body mass index (BMI) dialysis population.3 A recent
article from Yu et al4 addresses the historical unintended
weight loss as an independent predictor of death. There is a
J-shaped association with BMI and death, with the nadir of
the curve for normal BMI patients.

The question of whether obese patients should receive
kidney transplants or be obliged to lose weight before trans-
plantation has been raised as an ethical conundrum. Many
specialities have developed programs to encourage preopera-
tive weight loss, arguing that reduced weight leads to better
outcomes. This is particularly relevant in the context of the
severe shortage of organs for transplantation.

Furthermore, analysis of the effect of recipient obesity after
renal transplantation has demonstrated inferior outcomes
among high BMI transplant recipients with multifactorial
pathophysiologies mediating the risk of allograft failure and
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TABLE 1.

Baseline patients characteristics

Underweight Normal Preobesity Obesity I Obesity II Obesity III

PPatient characteristics
N or mean
(SD or %)

N or mean
(SD or %)

N or mean
(SD or %)

N or mean
(SD or %)

N or mean
(SD or %)

N or mean
(SD or %)

N 18 (4.9) 137 (37) 148 (40) 47 (12.7) 11 (3) 9 (2.4)
Age Mean 41.2 (16.1) 50.4 (13.1) 55.7 (11.5) 56.5 (9.8) 50.1 (9.7) 51.3 (11.9) <0.001
Sex Male 5 (28) 88 (64) 108 (73) 30 (64) 6 (55) 7 (78) 0.006
Recipient

ethnicity
Asian 3 (17) 48 (35) 60 (41) 13 (28) 4 (36) 0 0.08
Black 2 (11) 16 (12) 9 (6) 8 (17) 0 1 (11)

Caucasian 7 (39) 48 (35) 58 (39) 19 (40) 7 (64) 6 (67)
Mixed 6 (33) 25 (18) 21 (14) 7 (15) 0 2 (22)

Donor Deceased 7 (39) 96 (70) 99 (67) 33 (70) 10 (91) 7 (78) 0.15
Live related 6 (33) 22 (16) 19 (13) 7 (15) 0 0
Live unrelated 5 (28) 19 (14) 30 (20) 7 (15) 1 (9) 2 (22)

Diabetic pre-Tx 1 (6) 31 (23) 49 (33) 20 (43) 4 (36) 3 (33) 0.02
Induction IL2 2 (11) 12 (9) 11 (7) 2 (4) 0 1 (11) 0.79

Alemtuzumab 16 (89) 125 (91) 137 (93) 45 (96) 11 (100) 8 (89)

Values in bold indicates P < 0.001.
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patient death.5 A number of factors6 are deemed responsible
for this including an increased chance of metabolic syn-
drome7 and posttransplant diabetes mellitus,8 an increased
risk of acute rejection,9,10 alteration in renal hemodynamics
and hyperfiltration with proteinuria,10 exacerbated if a small
organ went to a big recipient as what we could call a “small
for size.”11,12

A key observation of Kwan et al13 is that the risks for ad-
verse outcome of obesity are progressive with increasing
BMI, and furthermore, preobese overweight recipients com-
pared with normal weight recipients had increased risks of
adverse outcomes related to kidney transplantation. In addi-
tion to this, a meta-analysis by Lafranca et al14 concluded
that in high BMI candidates, weight loss before transplant
should be emphasized because of poorer outcomes compared
with normal BMI population; therefore, it is logical that
some units use a BMI cutoff in transplant recipient selection.

A more detailed analysis of long-term outcomes showed
mixed results: although recognizing obesity as a major prog-
nostic factor, Gill et al15 found a survival benefit of transplan-
tation from different donor sources versus dialysis treatment
at 1 year. More in details, living donor transplantation was
TABLE 2.

Post-trasplant results

Underweight Normal Preo

Outcomes
N or mean
(SD or %)

N or mean
(SD or %)

N or
(SD

Graft function
Delayed 1 (6) 27 (20) 29
Immediate 17 (94) 109 (80) 116
Primary dysfunction 0 1 (1) 3

Length of stay 12.4 (6.1) 12.4 (10.1) 13.5
Hyperglycemia induced post-Tx 0 4 (3) 11
Death-censored graft failure 0 8 (6) 11
Death 0 7 (5) 10
Death with functioning graft 0 5 (4) 3
Overall grafts lost 0 13 (9) 14
associated with a 66% risk reduction of death in all BMI
groups, and standard criteria donor transplant was associ-
ated with a 48% reduction in risk of death in patients with
a BMI greater than 40 kg/m2, compared with a 66% reduc-
tion in patients with BMI less than 40 kg/m2. Standard
criteria donor was defined by age, younger than 60 years or
older than 50 years, without at least two of the following: hy-
pertension, cerebrovascular cause of brain death or terminal
serum creatinine > 1.5 mg/dL.

Our article aims to build on the growing body of literature
relating to renal transplantation in high BMI patients. It de-
scribes a cohort of patients treated with a steroid-sparing im-
munosuppressive protocol and its effect in obese kidney
transplant recipients (KTR) comparing 1 year patient and
graft survival between obese and nonobese recipients in a
stratified manner.

MATERIALS AND METHODS

Data were prospectively collected on consecutive single
KTR transplanted between January 2014 and March 2016.
All the patients received a steroid sparing immunosuppres-
sive regimen (7-day course of steroids) with alemtuzumab
besity Obesity I Obesity II Obesity III

P
mean
or %)

N or mean
(SD or %)

N or mean
(SD or %)

N or mean
(SD or %)

(20) 8 (17) 2 (18) 5 (56) 0.27
(78) 39 (83) 9 (82) 4 (44)
(2) 0 0 0
(10.8) 15.3 (12.7) 15.1 (14.9) 18.8 (14.5) 0.39
(7) 4 (9) 1 (9) 0 0.35
(7) 3 (6) 0 1 (11) 0.75
(7) 3 (6) 0 0 0.78
(2) 2 (4) 0 0 0.31
(9) 5 (11) 0 1 (11) 0.68
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FIGURE 2. eGFR 6months post kidney transplant according to pa-
tient BMI.
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induction and tacrolimusmonotherapy (trough level, 5-8 ng/mL)
or IL2 induction with tacrolimus (trough level, 8-12 ng/mL)
and mycophenolate mofetil. Steroids and mycophenolate
mofetil, if not already on it, were only introduced to treat
rejection. BMI was calculated using World Health Organi-
zation classification: weight (in kg) divided by height (in
meters) squared. On the basis of BMI, patients were divided
into 6 weight classes: underweight (BMI < 18.5), normal
(18.5 < BMI < 25), overweight (25 < BMI < 30), obese class I
(30 < BMI < 35), obese class II (35 < BMI < 40), obese class
III (40 < BMI < 50). The patients were stratified in three groups
for allograft survival analysis; underweight and normal
(BMI < 25), overweight (25 < BMI < 30) and obese (BMI > 30).

As a measure of allograft function,Modification of Diet in
Renal Disease estimated glomerular filtration rate (eGFR) was
used at 3, 6, and 12months posttransplant.16 DGFwas defined
as a need for dialysis within 1 week of transplantation with a
perfused graft. Graft survival was measured by the composite
endpoint of all-cause graft failure, including failure due to death.

Continuous variables are presented as mean ± standard
deviation. Analysis of variance and t test were used to com-
pare continuous variables between groups. For nominal or
nonparametric variables, Pearson χ2 test was performed.
Kaplan-Meier was applied for survival analysis. Confidence in-
terval was set to 95%, and P was considered significant at less
than 0.05. Analysis was performed using SPSS (IBM SPSS Sta-
tistics for Windows, Version 20.0; IBM Corp, Armonk, NY).
RESULTS

Three hundred seventy patients underwent kidney trans-
plantation during the study period. Themean BMI of the over-
all cohort was 26.2. There were 148 (40%) preobese, 47
(12.7%) class I obese, 11 (3%) class II obese, and 9 (2.4%)
class III obese patients. Table 1 demonstrates differences be-
tween the six weight classes in terms of baseline characteris-
tics. Although there were statistically significant differences
between the groups on all variables assessed, there were
fewer variables demonstrating a linear trend from the normal
group and moving through the progressively heavier groups,
that is, male sex and younger age. Overweight and obese KTRs
had a higher incidence of pretransplant diabetes (P = 0.021).
No difference was found in new-onset hyperglycemia
FIGURE 1. eGFR 3months post kidney transplant according to pa-
tient BMI.
posttransplant (P = 0.35). Utilization of deceased cardiac
death kidneys or the use of more marginal deceased donors,
such as those from elderly donors did not appear to follow
any particular trend with regard to weight class (Table 2).
Immunosuppression induction IL-2 versus alemtuzumab
did not differ as well according to BMI class (Table 1).

Obesity was a significant risk factor for lower eGFR at
3 and 6 months posttransplant, interestingly, this was a non-
persistant finding at 1 year follow-up (Figures 1‐3). DGFwas
not statistically significant when comparing the different
BMI classes. There was also no statistical difference signifi-
cance in hospital length of stay between the nonobese and
the obese groups (Table 2).

Overall, 23 patients lost their grafts, and 20 patients died
during follow-up. Patients were stratified in three groups,
underweight and normal (n = 164, 41.3%), overweight
(n = 152, 38.3%), and obese (n = 72, 18.1%), for survival anal-
ysis. Kaplan-Meier analysis in Figure 4 showed no difference in
all-cause allograft loss between the different BMI groups (log
rank P = 0.7) (Figure 4) in a median follow-up of 19.5 months.

DISCUSSION

Many studies have underlined unfavorable effects of obe-
sity both in the short and long term on various parameters
FIGURE 3. eGFR 12 months post kidney transplant according to
patient BMI.



FIGURE 4. Allograft survival post kidney transplant according to patient BMI.
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after transplantation.17-20 Our study, interestingly, does not
show inferior outcomes at 1 year for higher BMI classes in
comparison to normal and lower BMI patients, reproducing
what other articles have reported.21-23 We had a total of 67
obese patients transplanted, of whom 20 were class II or III.
The sample size is limited, but aworth basis for considerations.

We hypothesize two responsible factors: the first is no sta-
tistical difference in donor type among the 6 classes, although
in the short term, there is a lower eGFR in preobese and
obese patients. The second and the most important we be-
lieve is that it is our steroid-sparing immunosuppressive reg-
imen. In our center, we completely withdraw steroids after
1 week, leaving kidney transplant patients on a maintenance
regimen usually aiming to run then on tacrolimus alone. A re-
cent meta-analysis concluded that steroid avoidance does not
suggest a difference in patient mortality or graft loss up to
5 years after transplantation,24 and in our cohort, chronic
kidney disease risk factors associated to high BMI were not
exacerbated by steroid-based immunosuppression.

Given that morbid obesity is not per se a reason to deny a
kidney transplant, the critical question is can this statement
be valid for all the stages of obesity? If no, what is the upper
limit of BMI that allows safe kidney transplantation? Unfor-
tunately, the answer is not clear. Literature regarding super-
obese patients (BMI > 50) shows significant worse patient
and graft outcomes as compared with any other BMI class
in the early and late periods after transplantation.25 In our
cohort, no super-obese patient was transplanted, so we could
not compare results. However, because Bennet et al26 re-
ported a survival advantage of transplantation over dialysis
even in themorbidly obese population, our center policy does
not define a contraindication for transplantation on the basis
of BMI alone, particularly in case of a living donor option.

The real controversy stands for management of morbidly
obese patients if they are on the waiting list for a deceased do-
nor. Because there is a scarcity of donors, it has been argued
that these limited organs should be offered to the persons
whowill benefit most. Thus, to guarantee the maximum ben-
efit to the greatest number of patients, “only those patients,
who achieve a target BMI should be transplanted,” which
suggests that nonobese patients should take priority in the
waiting lists.27 On the other hand, considering that obese pa-
tients also benefit from transplantation as compared with
those in the waiting lists, this argument may give rise tomany
ethical concerns and puts responsibility on the shoulders of
the nephrologists.

The observational nature of our study has some limita-
tions: we have selected patients fit for transplantation and
many have undergone intensive medical workup to optimize
the cardiovascular risk factors. This could have biased in se-
lection for transplantable patients, especially in the high BMI
cohort. Also, the use of BMI as a measure for adiposity is im-
perfect because it does not differentiate between fat and lean
body mass, as could do girth, for example, although most
population variance in obesity is explained by BMI.28

In conclusion, we think that obese patients should have the
same chance of their nonobese counterparts for deceased do-
nor renal transplantation, trying to maximize all the adding
risk factors to graft and patient loss, that is, steroid avoid-
ance. A randomized trial could help in the future to better in-
vestigate what is the best management for end-stage renal
disease obese population, although ethical dilemmas would
still be questionable.
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