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Abstract

Background

Obesity is a growing epidemic in most developed countries including the United States
resulting in an increased number of obese patients with end-stage renal disease. A previous
study has shown that obese patients with end-stage renal disease have a survival benefit
with transplantation compared with dialysis. However, due to serious comorbidities, many
centers place restrictions on the selection of obese patients for transplantation. Further, due
to obese patients having an increased risk of diabetes, it is unclear whether obesity can be
an independent risk, independent of diabetes for increasing adverse renal transplant
outcomes.

Methods

To investigate the role of obesity in kidney transplantation, we used the Scientific Registry of
Transplant Recipients database. After filtering for subjects that had the full set of covariates
including age, gender, graft type, ethnicity, diabetes, peripheral vascular disease, dialysis
time and time period of transplantation for our analysis, 191,091 subjects were included in
the analyses. Using multivariate logistic regression analyses adjusted for covariates we
determined whether obesity is an independent risk factor for adverse outcomes such as
delayed graft function, acute rejection, urine protein and graft failure. Cox regression model-
ing was used to determine hazard ratios of graft failure.

Results

Using multivariate model analyses, we found that obese patients have significantly
increased risk of adverse transplant outcomes, including delayed graft function, graft failure,
urine protein and acute rejection. Cox regression modeling hazard ratios showed that
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obesity also increased risk of graft failure. Life-table survival curves showed that obesity
may be a risk factor independent of diabetes mellitus for a shorter time to graft failure.

Conclusions

A key observation in our study is that the risks for adverse outcome of obesity are progres-
sive with increasing body mass index. Furthermore, pre-obese overweight recipients com-
pared with normal weight recipients also had increased risks of adverse outcomes related to
kidney transplantation.

Introduction

Obesity is increasing worldwide and has become a major epidemic in developed countries [1].
In the U.S., approximately 35% of adults and 17% of children are obese. Obesity is associated
with numerous and diverse comorbidities including diabetes mellitus (DM) type II, peripheral
vascular disease (PVD), cardiovascular disease (CD), asthma, osteoarthritis, gallbladder disease
and some forms of cancer [2, 3]. In addition, in a multivariate analysis, obesity was shown to
be an independent risk factor for end stage renal disease (ESRD) with increasing relative risk
with increasing body mass index (BMI). This study analyzed age, gender, education, smoking
history, cholesterol levels but not diabetes status [4]. Thus, obesity has become a major eco-
nomic and health burden for the healthcare system and a challenge for kidney transplantation.

Correlating with the obesity epidemic, the number of obese transplant candidates has also
been increasing. However, due to the higher risk of complications, obese patients, defined as
BMI of >30 kg/m?, historically have longer wait times for kidney transplantation and develop
increased morbidity while on the waitlist [5, 6]. Because of the associated comorbidities and
increased risk of adverse outcomes following transplantation, some centers have excluded
patients with a high BMI (e.g., >35 kg/m?) from transplantation. Nevertheless, a report by Gill
et al showed that there is a survival benefit for obese patients receiving kidney transplantation
compared to dialysis [7]. Thus, developing strategies to manage patients with obesity and
ESRD by treating obesity, managing the comorbidities, or understanding potential molecular
targets driving adverse risk is crucial.

Among kidney transplant recipients, most studies show that obesity is associated with a
higher risk of graft failure and death [8] and in a meta-analysis, increased delayed graft func-
tion (DGF) [9]. Obesity is considered a proinflammatory disease, and previous studies have
shown that adipocytes and immune cells within adipose tissue produce proinflammatory cyto-
kines including IL6, TNF alpha and IL1 beta [10]. Following transplantation, proinflammatory
cytokines may synergize with alloimmunity to increase adverse outcomes. In this study, we
investigated the effects of obesity on outcomes in kidney transplantation.

Research Design and Methods

We analyzed data from the Scientific Registry of Transplant Recipients (SRTR) which includes
data on all active and wait-listed transplant candidates and graft recipients in the United States.
BM]I, as calculated by height over weight measurements recorded at the time of first ESRD
treatment (dialysis or preemptive transplantation), was used to stratify patients into categories
defined by the World Health Organization as follows: BMI<18.5kg/m* (underweight), 18.5-
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24.9kg/m” (normal weight), 25.0-29.9kg/m” (overweight), 30.0-34.9kg/m? (class I obesity),
35.0-39.9kg/m” (class II obesity) and 40+kg/m? (class III obesity).

We filtered the SRTR dataset of 200,756 patients that fit our criteria of having data for all
variables (age, gender, graft type, ethnicity, PVD, diabetes, year of transplantation, period of
follow up, urine protein, acute rejection, dialysis time of <1yr vs >1 yr) in our regression and
Cox regression hazard ratio modeling analyses. After filtering the dataset to include subjects
with valid variables, we identified 191091 recipients that were included in our analyses. Also,
we performed a subgroup analysis for 73, 346 recipients of living donors (LD) (S1 Fig). A com-
parison between the entire cohort and filtered cohort with gender, age, BMI, ethnicity and
medical co-morbidities is shown (S1 Fig). The comparison of the entire cohort to the filtered
cohort helped ensure reduction of bias or confounders for assessing variables contributing to
adverse outcomes. All the demographics were observed at the first follow-up visit after trans-
plantation and the primary outcomes were positive urine protein (as collected on UNOS form
from urinalysis), acute rejection before the graft failure, graft failure, and DGF.

The difference across BMI groups was tested by Kruskal-Wallis test and Chi-squared test for
continuous and categorical variables, respectively. The data were summarized by median and
interquartiles (25"™75") for continuous variables, whereas frequency and percentage for cate-
gorical variables. We fitted a logistic regression for each outcome and adjusted for selected base-
line covariates (logit(P(outcome = 1)) = B¢ intercept + B1 age + B2 gender + B3 graft type + B ethnicity +
BS peripheral vascular disease + B6 Diabetes + [-)’7 time period of transplantation (<2000, 2001-2004, 2005-2008, 2009+) +
BS period of follow-up (<1, 1-5, 6-10, 11-15, 16+) + [-))9 BMI + BIO induction regimen + Bll immune suppression regimen
+ B12 HLA mismatch + B13 dialysis- Pre transplant sensitization was not included in the logistic regres-
sion analysis due to missing data and significant loss of sample size. Odds ratios and 95% confi-
dence intervals were determined. We used life-table survival curves to describe the time-to-
failure data and log-rank test to compare them. A Cox proportional hazard model was per-
formed on the time to graft failure adjusting for the same covariates as in the logistic regression
plus urine protein, acute rejection, DGF, cold ischemia time, donor age, donor race and donor
BMI. We reported the hazard ratios and their 95% confidence intervals. Because the effect of
covariates on graft failure is not constant over time, the hazard ratio is interpreted as an average
effect [11]. All these analyses were conducted using SAS (9.3; SAS Institute, Cary, NC) and p-
value < 0.05 was considered statistically significant.

Results

Patient demographics of kidney transplant recipients were stratified by BMI categories
(Table 1). Similar to the demographic of patients with ESRD, a majority of the recipients are
male (60%) with age ranges between 35-49 (30%) and 50-64 (24%). White recipients repre-
sented 57% of those analyzed, and African Americans comprised 23%. The predominant graft
type was deceased donor (61%), which encompasses both standard criteria donor (SCD)
(51%) and expanded criteria donor (ECD) (10%) grafts, whereas LD grafts represent 38% of
transplants. As recipients increased in BMI, there was a significant increase in the percentage
of recipients receiving a deceased donor graft. The incidence of type 2 diabetes and coronary
artery disease (CAD) was higher with increasing BMI. Similar to previously reported trends,
type I diabetics tend to be more lean than their type 2 diabetic counterparts [12]. Our analysis
of each age cohort revealed that BMI significantly increased in each age group, with higher
obesity frequencies in the 50-64 age cohort. For example, the percentage of obese class II
recipients (BMI 35-39.9 kg/m”®) increases from 12% (18-34 age group), to 33% (35-49 age
group), to 44% (50-64 age group) (S2 Fig). Preinduction status, induction status, HLA mis-
match and maintenance regimen for all recipients is included (S1 Table). Most recipients had
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Table 1. Patient Characteristics Stratified by BMI. Transplant recipient demographics frequencies were stratified by BMI. Abbreviations: AfAm: African
American, AmiIndian = American Indian, SCD = standard criteria donor, ECD = expanded criteria donor; Diabetes | = Type | diabetes, Diabetes Il = Type Il dia-
betes, CAD = coronary artery disease, PVD = peripheral vascular disease.

35-39.9 40+ Total

<18.5 18.5-24.9 25-29.9 30-34.9
(n=5875) (%) | (n=60359) (%) (n=65436)(%)| (n=39437)(%)
Age in years
18-34 2192 (37.31) 14876 (24.65) 8796 (13.44) 4401 (11.16)
35-49 1796 (30.57) 19988 (33.12) 19799 (30.26) 11829 (29.99)
50-64 1462 (24.89) 18954 (31.40) | 26626 (40.69) 17344 (43.98)
65+ 425 (7.23) 6541 (10.84) 10215 (15.61) 5863 (14.87)
Gender
Female | 3629 (61.77)| 25985 (43.05) 22100 (33.77) 14750 (37.40)
Male | 2246(38.23) | 34374(56.95)| 43336(66.23)| 24687 (62.60)
Ethnicity
AfAm 1098 (18.69) 12102 (20.05) 15072 (23.03) 10468 (26.54)
AmlIndian 43(0.73) 486 (0.81) 685 (1.05) 473 (1.20)
Asian 601 (10.23) 4458 (7.39) 2833 (4.33) 902 (2.29)
Hawaiian 39 (0.66) 323 (0.54) 250 (0.38) 145 (0.37)
Hispanic 724 (12.32) 7959 (13.19) 9146 (13.98) 5017 (12.72)
White | 3370(57.36) | 35031 (58.04) 37450 (57.23) | 22432 (56.88)
Donor type
SCD| 2969 (50.54) | 30195(50.03) 33606 (51.36) 20695 (52.48)
ECD 379 (6.45) 5299 (8.78) 7341 (11.22) 4423 (11.22)
Living | 2527 (43.01)| 24865(41.20)| 24489 (37.42) 14319 (36.31)
Donor BMI
<18.5 438 (8) 3380 (6) 3011 (5) 1399 (4)
18.5-24.9 2263 (43) 22166 (41) 23110 (38) 13232 (35)
25-29.9 1580 (30) 17791 (33) 20737 (34) 12772 (34)
30-34.9 594 (11) 7416 (14) 9355 (15) 6581 (18)
35-39.9 205 (4) 2242 (4) 2916 (5) 2191 (6)
40+ 136 (2.6) 1612 (3) 1964 (3) 1221 (3)
Comorbidities
Diabetes | 117 (1.99) 2058 (3.41) 2115 (3.23) 1271 (3.22)
Diabetes Il 209 (3.56) 3335 (5.53) 7695 (11.76) 7452 (18.90)
Stroke 39 (2.38) 467 (2.59) 698 (3.18) 456 (3.21)
CAD 27 (2.57) 548 (4.50) 1128 (7.44) 826 (8.20)
PVD 41 (2.41) 610 (3.25) 932 (4.06) 755 (5.06)
Dialysis | 2463 (85.05) | 24092 (84.90) 22662 (84.58) 11780 (85.66)

doi:10.1371/journal.pone.0165712.t001

(n=15487) (%) | (n=4497)(%) (n=191091) (%)

1828 (11.80)
5043 (32.56)
6853 (44.25)
1763 (11.38)

6962 (44.95)
8525 (55.05)

4674 (30.18)
173 (1.12)
217 (1.40)

59 (0.38)

1667 (10.76)

8697 (56.16)

8373 (54.06)
1614 (10.42)
5500 (35.51)

491 (3)
4976 (34)
5039 (34)
2763 (19)

955 (6)

561 (4)

482 (3.11)
3624 (23.40)
171 (2.90)
336 (8.00)
344 (5.54)
4137 (87.04)

700 (15.57)
1624 (36.11)
1833 (40.76)

340 (7.56)

2419 (53.79)
2078 (46.21)

1443 (32.09)
42 (0.93)

52 (1.16)
23(0.51)
445 (9.90)
2492 (55.41)

2431 (54.06)
420 (9.34)
1646 (36.60)

141 (4)
1416 (33)
1433 (34)

800 (19)

299 (7)

179 (4)

121 (2.69)
906 (20.15)
54 (3.50)

73 (6.85)

65 (4.02)
1439 (88.12)

32793 (17.16)
60079 (31.44)
73072 (38.24)
25147 (13.16)

75845 (39.69)
115246 (60.31)

44857 (23.47)
1902 (1.00)
9063 (4.74)

839 (0.44)

24958 (13.06)

109472 (57.29)

98269 (51.43)
19476 (10.19)
73346 (38.38)

8860 (5)
67163 (38)
59352 (33)
27509 (16)

8808 (5)

5673 (3)

6164 (3.23)
23221 (12.15)
1885 (2.98)
2938 (6.72)
2747 (4.15)
66573 (85.13)

p<0.0001

p<0.0001

p<0.0001

p<0.0001

p<0.0001

p<0.0001
p<0.0001
p<0.0001
p<0.0001
p<0.0001
P<0.0001

negative crossmatch (98%), with median cold ischemia time of 11-13 hours, and most were on
a maintenance regimen of immune suppression 68-70% across all recipients. The number of
HLA mismatches was 3-4 across all recipients.
We analyzed the effect of obesity stratified by BMI on adverse outcomes including delayed
graft function (DGF), acute rejection (AR), positive urine protein, and graft failure in kidney
transplant recipients (Table 2). Based on Chi-square analysis, BMI had a significant association
with incidence of all 4 adverse outcomes in the all recipients group, which includes deceased
donor plus LD grafts (Table 2, top, p < 0.001 for all outcomes). For example, the frequency of
DGEF increased from 12.8% in normal weight recipients to 26.3% in recipients with BMI >40.

Similarly, we observed increases in AR from 8.5% to 12.4%, positive urine protein from 35% to
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Table 2. Adverse Outcomes Stratified by BMI. The number and percentage of transplant recipient outcomes (DGF, acute rejection, urine protein and graft
failure) stratified by BMI and assessed for significant differences across BMI categories by chi square using SAS 9.3. Outcomes of all kidney donor types
(deceased and living) are shown on top, and outcomes of living kidney donors shown on bottom. p<0.05 is significant.

Outcome

DGF

Acute rejection
Urine protein
Graft failure

Outcome

DGF

Acute rejection
Urine protein
Graft failure

Total

(n=191091) (%)

31331 (16.26)
483 (8.22)
1825 (31.06)
1128 (19.20)

Total
(n=73346) (%)
2884 (3.93)
6699 (9.13)
26464 (36.08)
10219 (13.93)

doi:10.1371/journal.pone.0165712.t002

All Recipients

<18.5 18.5-24.9 25-29.9 30-34.9 35-39.9 40+
(n=5875) (%) | (n=60359) (%) | (n=65436) (%) (n=39437) (%) (n=15487)(%) (n=4497)(%)| p value
658 (11.07) 7770 (12.75) 10561 (16.02) 7649 (19.25) 3498 (22.41) 1195 (26.35) | <.0001
5148 (8.53) 5894 (9.01) 3971 (10.07) 1766 (11.40) 559 (12.43) 17821 (9.33) | <.0001
19596 (32.47) 22920 (35.03) 14538 (36.86) 5967 (38.53) 1856 (41.27) | 66702 (34.91) | <.0001
10614 (17.58) 10541 (16.11) 6507 (16.50) 2720 (17.56) 917 (20.39) | 32427 (16.97) | <.0001

Recipients of Living Donors

<18.5 18.5-24.9 25-29.9 30-34.9 35-39.9 40+
(n=2527) (%) | (n=24865) (%) | (n=24489) (%) | (n=14319)(%)| (n=5500)(%)| (n=1658) (%) | pvalue
76 (3.01) 795 (3.20) 891 (3.64) 656 (4.58) 343 (6.24) 123(7.47)  <.0001
224 (8.86) 2085 (8.39) 2129 (8.69) 1431 (9.99) 623 (11.33) 207 (12.58) | <.0001
796 (31.50) 8256 (33.20) 8906 (36.37) 5524 (38.58) 2235 (40.64) 747 (45.38) | <.0001
443 (17.53) 3726 (14.98) 3132 (12.79) 1829 (12.77) 805 (14.64) 284 (17.25) | <.0001

41.2% and graft failure from 16% to 20.4% from normal weight to obese category II. We also
performed a subset analysis of LD grafts, and although the overall incidence of adverse out-
comes was lower for all types of donors, we again observed significantly more adverse out-
comes with higher BMIs except for graft failure, which was not significant. Using the
Cochran-Armitage trend test, we accessed whether each adverse outcome increases with
increasing BMI. Indeed, all the adverse outcome rates showed a positive association with a
higher BMI, except for graft failure (Table 2, bottom).

To determine if demographic factors or comorbidities contributed to the higher incidence
of adverse outcomes observed with increasing BMI, we performed a logistic regression analysis
analyzing outcomes with covariates including BMI, ethnicity, gender, age, graft type, DM,
PVD and stroke (Table 3). The multivariate logistic regression analysis adjusted risk of DGF,
AR, positive urine protein and graft failure was significantly increased for all BMI classes (I, II
and III) (p < 0.001). The odds ratio (OR) for each adverse outcome, including DGF, acute
rejection and urine protein, progressively increased with increasing BMI class. Interestingly,
the increased risk also extended to the pre-obese overweight recipients (BMI 25.0-25.9 kg/m?)
who also had a significantly increased risk for DGF, AR and positive urine protein. (Table 3A)
By Cox regression modeling, the hazard ratio was significantly increased for all obese cohorts
for graft failure (Table 3B). In summary, the risk of DGF, AR, positive urine protein and graft
failure progressively increased with increasing BMI classes. For example, the OR increased
from BMI class I to III for DGF (1.47 to 2.43), AR (1.14 to 1.26), urine protein (1.48 to 2.43)
and the HR increased for graft failure (1.02 to 1.25), all of which had significant p values
(Table 3).

Next, we assessed whether obesity impacted time to graft failure visually. Obese classes I, II
and III all have a significantly shorter time to graft failure relative to normal weight cohorts
(Fig 1). For example, obese class I, IT and III recipients progressed to graft failure 189, 379 and
331 days quicker, respectively, than normal weight recipients. Interestingly, the overweight
recipients also had a shorter time to graft failure than the normal weight group. In a subset
analysis of the LD group, although the overall times to graft failure were longer than in the AD
groups, we detected significantly shorter times to graft failure with increasing BMI. Specifi-
cally, increasing BMI shortens time to graft failure to 1443 days for all obese BMI cohorts
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Table 3. Adverse Outcomes Relative to Normal BMI. Adverse outcomes of DGF, AR, urine protein relative to normal BMI were calculated using logistic
regression analysis. The logistic regression model is adjusted for ethnicity, gender, age, graft type, comorbidities (e.g., diabetes). Odds ratio (OR) outcomes
and 95% Confidence intervals (Cl) are featured. p<0.05 is significant.

A DGF
BMI
18.5-24.9
<18.5
25.0-29.9
30.0-34.9
35.0-39.9
40+

Acute Rejection

BMI
18.5-24.9
<18.5
25.0-29.9
30.0-34.9
35.0-39.9
40+
Urine Protein
BMI
18.5-24.9
<18.5
25.0-29.9
30.0-34.9
35.0-39.9
40+

BMI
18.5-24.9
<18.5
25-29.9
30-34.9
35-39.9
40+

doi:10.1371/journal.pone.0165712.t003

OR of having DGF relative to 18.5-24.9

OR 95% CI p value

1
0.932 0.854 1.018 0.012
1.188 1.149 1.228 <.0001
1.477 1.423 1.532 <.0001
1.831 1.745 1.922 <.0001
2.425 2.247 2.616 <.0001

OR of having acute rejection relative to 18.5-24.9

OR 95% CI p value

1
0.861 0.775 0.956 0.005
1.078 1.033 1.125 0.0006
1.138 1.084 1.193 <.0001
1.194 1.121 1.271 <.0001
1.262 1.14 1.397 <.0001

OR of having positive urine protein relative to 18.5-24.9

OR 95% ClI p value

1
0.94 0.867 0.984 0.013
1.19 1.028 1.083 <.0001
1.48 1.04 1.103 <.0001
1.83 1.033 1.119 0.0004
2.43 1.123 1.285 <.0001

Cox model Hazard Ratio of Graft Failure relative to 18.5-24.9
p value HR 95% ClI
1

0.998 1 0.925 1.047
0.4156 1.015 0.983 1.047
<.0001 1.104 1.065 1.145
<.0001 1.216 1.158 1.276
<.0001 1.248 1.156 1.348

compared to 1521 days for normal weight. In an analysis of BMI classes, time to graft failure
was 1322 days for obese class I, 1132 days for class IT and 1180 for class III. Similar decreases in
time to failure were noted in the LD cohort sub-analysis.

Because there is a strong correlation between obesity and DM, and because DM is a comor-
bidity for adverse outcomes in transplantation, we used life-table survival curves to describe
time to graft failure for each BMI category with or without DM visually. As expected, recipi-
ents with DM with a higher BMI had a shorter time to graft failure compared to recipients
without DM for each BMI category (Fig 2a). Importantly, we also found that obese transplant
recipients without diabetes have a shorter time to failure with increasing BMI (Fig 2b). Thus,
BMI is associated with shorter time to graft failure, independent of DM. Similar trends were
found in the analysis of the LD subgroups (53 Fig).

Obesity is a growing epidemic in the general population so we queried whether the fre-
quency of obese patients receiving transplants was also increasing. Recipients were stratified
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Fig 1. Time to Graft Failure Stratified by BMI. Median Time to graft failure for each BMI category was
determined by analyzing the time difference (in days) between date of graft failure and date of transplant.
Living donors (black bars), all donors (white bars). p-value < 0.05 is statistically significant.

doi:10.1371/journal.pone.0165712.9001
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Fig 2. Effect of BMI on Graft Failure is Independent of Diabetes Mellitus. Life-table survival curves were plotted to describe the median time-to-failure
for all donor types in recipients with diabetes (Fig 2a) or without diabetes (Fig 2b) for each BMI category and log-rank tests were used to compare them.
Time to failure spans 0 was restricted to (time of transplant) to 8000 days (21.9 years). p<0.05 is significant. With calculated p<0.0001 for both +/- diabetes

cohorts.

doi:10.1371/journal.pone.0165712.9002
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Fig 3. Increasing BMI of Transplant Recipients by Time Period. Temporal trends of BMI in transplant recipients stratified by BMI (<18.5, 18.5—
24.9,25-29.9, 30-34.9, 35-39.9, 40+) for each time period of transplantation (<2000, 2001-2004, 2005-2008, 2009+) tabulated for all donors (left)
and living donors (right). Significance across BMI for each time period of transplantation was determined by chi square. p<0.05 is significant.

doi:10.1371/journal.pone.0165712.9003

by BMI and period of transplant dating from 1987 to 2013. Time period categories were
binned into the groups: <2000, 2001-2004, 2005-2008 and >2009. Consistent with reported
trends [13, 14], analysis of SRTR data found an increase in obese categories of patients being
transplanted in recipients of both AD and LD from 1987 to 2013 (Fig 3). For example, the per-
cent of transplants for obese class I, IT and III increased from 16% to 31%, 14% to 35% and
17% to 32%, respectively, from <2000 to >2009. As expected, transplants in normal weight
recipients amongst all donor types showed a reciprocal decrease.

Next, we asked if graft survival was improving for recipients classified per BMI class over
the time periods of the SRTR data (Fig 4 and S4 Fig). Analysis of the SRTR data shows that for
each BMI, class survival time has improved from <2000 to 2005-2008 in terms of 4-year sur-
vival rates. And as expected, recipients with higher BMIs had decreased survival time for all 3
time periods compared to normal weight counterparts (S5 Fig). For example, analysis of graft
survival at 4 years (1460 days) showed increased survival for BMI class I (84.5, 85.8, 88.2 days),
class IT (81.8, 84.5 and 86.1 days) and class III (80, 81.4 and 85.2 days) for the time periods
<2000, 2001-2004 and 2005-2008, respectively. We also detected increases in survival for the
normal weight recipients, 86.1 < 87.9 < 89.4, in increased survival time (days). Thus, we
detected increases in graft survival at 4 years following transplantation for all 3 BMI classes, as
well as normal weight recipients.

Discussion

In our study, we analyzed 191,091 patients, filtered from 200, 756 kidney transplant patients in
the Scientific Registry of Transplant Recipients (SRTR) database from 1987-2013 to determine
the effect of obesity on outcomes following transplantation. Patients with complete data points
for the variables being assessed were included. Our study shows that the number of obese
transplant patients is increasing and that recipients have an increased incidence of adverse out-
comes and a shorter time to graft failure. Using multivariate analysis, we showed that obesity is
an independent risk factor for adverse transplant outcomes, independent of comorbidities
including DM. Importantly, we demonstrate that the risk of adverse outcomes following
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Fig 4. Graft Survival Stratified by BMI for Time Periods <2000, 2001-2004, 2005-2008. Survival rates are shown for 3000 days for each time period
of transplantation (<2000, 2001-2004, 2005—-2008) stratified for each BMI category.

doi:10.1371/journal.pone.0165712.9g004

transplantation progressively increased with higher BMI categories. Interestingly, we also
show that the increased risk of adverse outcomes is observed in the pre-obese overweight cate-
gory for DGF, acute rejection, positive urine protein and marginally significant for graft fail-
ure. Due to increases in the obese population, the number of obese patients with ESRD has
also been increasing resulting in a greater number of patients on the transplant waiting list.
Despite restrictions on the criteria for acceptance of obese patients for transplantation by some
centers, the number of obese patients receiving a kidney transplant has also been markedly
increasing. As prior work suggest that there has been an increase in the numbers of obese
recipients, [13] we found similar trends (Fig 3). The percentage of obese class II recipients has
increased during the study period (1987-2013). Similar increases were observed in other obese
classes with a corresponding decrease in the percentage of normal weight recipients. These
trends were observed in both the AD and LDs categories. Obese donor BMI has been shown to
increase the risk of DGF, [15] while another study showed that there was little influence on
transplant outcomes unless donor BMI was greater than 45 kg/m.” In our model, we adjusted
for donor BMI and still found that recipient BMI had an independent impact on outcomes.

[16]

Due to the serious comorbidities of obesity, some centers consider obese patients high risk
and establish exclusion criteria for transplantation eligibility. For example, some transplant
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centers reject candidates with a BMI >35 kg/m”. On the other hand, a recent report showed
that obese patients have a survival advantage with transplantation compared to dialysis [7].
Thus, obesity is a crucial factor in the selection and management of patients for clinical trans-
plantation. In this study, the large dataset provided high statistical power to detect significant
effects of obesity in the transplant recipient population. Our analysis of adverse outcomes
including DGF, AR, positive urine protein and graft failure showed increased incidence of all
adverse outcomes in all classes of obesity adjusting for the recipients of living and all donor
grafts.

Due to the multiple comorbidities of obesity, we performed logistic regression analysis
investigating the covariates of age, gender, graft type, ethnicity, PVD, diabetes, time period of
transplantation, graft follow up period, urine protein, acute rejection and DGF. The multivari-
ate analysis showed that obesity had an effect on outcomes independent of the covariates.
Also, since DM is a major comorbidity of obesity, we generated life survival tables and Cox
model for the time to failure for each BMI category with and without DM. The results showed
that with increasing BMI graft survival decreased independently of DM. As expected, patients
with DM had a trend toward shorter graft survival (although this is not statistically significant
in the Cox model) but also had an association with worsening survival with increasing BMI.
While not all potential confounding factors are collected in the SRTR dataset, these results
indicate that the increase in adverse outcomes may not simply be due to DM or one of the
other covariates, but are associated with obesity.

Although acute rejection rates have significantly decreased over the past two decades corre-
lating with the introduction of new therapeutic agents [17, 18], the graft survival times have
not markedly improved to reflect the corresponding decrease in acute rejection [19]. We con-
sidered that the modest improvement in graft survival could be attributed, at least in part, to
the negative effects of the increased proportion of high-risk obese recipients modulating the
positive effects of improved medical management. Using a model that analyzed the effects of a
single variable, BMI, we estimated that the time to graft failure would be predicted to decrease
from 1390 days in the <2000 group to 1323 days in the >2009 group. However, graft survival
has modestly improved and not decreased. We favor the interpretation that some factors have
improved survival (e.g., immunosuppressive modalities and medical management) while
other factors have worsened survival (e.g., increased percentage of high risk patients including
obese patients plus older and ECD donors) with a net effect of a small increase in overall
survival.

Despite the development of new therapeutic modalities during the past two decades and a
concomitant decrease in the incidence of AR, which has been considered a major risk factor
for graft survival, overall graft survival has shown only a modest improvement [19]. One possi-
bility is that the increasing percentage of transplant recipients with a high BMI, as illustrated
in Fig 3, could be exerting a negative effect on overall transplant outcomes. We illustrate the
potential effect of changes in this single factor, BMI, over the time periods of the SRTR data
(<2000, 2001-2004, 2005-2008 and >2009) on the time to graft failure (S5 Fig). Due to the
increasing percentage of transplant recipients with a high BMI during this time period, our
plot suggests that the time to graft failure for all recipients would markedly decrease during the
time period of our analyses (<2000 to >2009). However, the actual observed time to graft fail-
ure has modestly improved and not worsened as suggested by our BMI model, we suggest that
concurrent factors in addition to BMI, such as improved therapeutic modalities and better
medical management have contributed to improve outcomes. The net effect of the negative
impact of transplanting a high percentage of patients with a high BMI in parallel with the posi-
tive impact of improved treatment modalities has been a modest improvement in outcomes.
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Several limitations exist for retrospective cohort studies using data entered into a national
registry database. These include variability, bias and accuracy of data entry. Further, our study
looked at the BMI at time of transplant and was not able to assess the effects of weight gain or
loss on outcomes due to the lack of data points.

A key observation in our study is that the risks of obesity are progressive with increasing
BMI from class I to III. Interestingly, we also detected increased risk in our overweight
patients (BMI 25-29.9 kg/m”) compared to normal weight recipients for urine protein,
delayed graft function and acute rejection. Thus, there is a graduated risk increasing from the
overweight through the obese categories, suggesting that even modest weight loss could pro-
vide benefits in terms of outcomes following transplantation. Interestingly, and paradoxi-
cally, by the logistic regression model, overweight did not significantly increase risk of graft
failure, even though there is a trend toward increased risk. This is consistent with prior
reports of overweight being protective in terms of mortality for hemodialysis patients [20,
21]. the mechanisms are unclear but adipose is known to secrete growth and pro survival fac-
tors [2, 22]. But once the adipose gets to obese state, it shifts toward a proinflammatory pro-
file that can worsen graft survival [23]. This interpretation is consistent with other studies of
weight loss showing that a 5% reduction in weight produces improvement in overall health
outcomes for obese cohorts [24, 25]. However, this has yet to be shown for obese renal trans-
plant recipients. Notably, our analysis suggests that the treatment of obesity, could exert
improvements in overall transplant outcomes. Protocols of exercise plus diet can induce
modest weight loss in some patients [26]. For patients with more extreme requirements for
weight loss, bariatric surgery is under investigation in some studies of transplant patients.
For example, an ongoing study of robotic surgery is currently investigating transplantation
alone or in combination with gastric sleeve. In addition, novel therapies may be required. As
registered on ClinicalTrials.gov, there are currently 5723 studies of obesity and 48 studies of
obesity in transplantation. Results of these studies will be important to identify the optimal
management of the obese transplant patient. In summary, although a prior study suggests
that obese patients derive a survival benefit, we show that they have significantly increased
risk for several adverse transplant outcomes including delayed graft function, acute rejection
and graft failure. Having higher levels of adipose tissue particularly in the abdominal area has
been shown to promote a systemic proinflammatory state where both the humoral and cellu-
lar immune components work synergistically to promote inflammation [27-29] [30] [31].
Some possibilities from the current literature suggests antagonism of predominantly elevated
proinflammatory cytokines such as TNFa, IL6, MCP1, IL2 can be explored as possible ways
for immune modulation to decrease systemic inflammation. In terms of further research, sys-
tematic approaches examining other factors including immunity, adipose tissue and interplay
with kidney function may provide insights into specific molecular targets to improve out-
comes for obese renal transplant patients.

Supporting Information

S1 Fig. Data filtering algorithm from entire SRTR dataset. 200756 patients were filtered to
identify the study sample, which included pts that had complete data or noted variables.
Patients with missing data were excluded. From the patients with complete data, living donor

recipients were identified for comparisons to all donors.
(TIF)

S2 Fig. BMI stratified by age groups 18-34, 35-49, 50-64 and 65+.
(TTF)
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S3 Fig. Time to failure as stratified by BMI and diabetes amongst living donor subgroup.
Life-table survival curves were plotted to describe the time-to-failure of those with diabetes
(+diabetes) and those without diabetes (-Diabetes) for each BMI category of the living donor
recipient cohort. time to failure was restricted over a time course spanning 0 (time of trans-
plant) to 8000 days (21.9 years) with renal transplant patients stratified by BMI is shown.
(TIF)

$4 Fig. Time to failure for each BMI category stratified by time of period of transplanta-
tion (<2000, 2001-2004, 2005-2008). Life-table survival curves were plotted to describe the
time-to-failure for each BMI category for all recipients for each indicated time period of trans-
plantation. p<0.05 is significant.

(TTF)

S5 Fig. Projected impact of increasing number of recipients with high BMI on time to fail-
ure in model with all other variables held constant. Using the actual number of recipients
for each BMI class for each time period (<2000, 2001-2004, 2005-2008, 2009+), we projected
that time to graft failure assuming all other variables were constant.

(TIF)

S1 Table. Preinduction status, induction status, HLA mismatch and maintenance regimen
for all recipients.
(TIF)
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