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Abstract

Background Obesity is a risk factor for poor transplant outcomes in the adult population. The effect of pre-transplant weight on
pediatric kidney transplantation is conflicting in the existing literature.

Methods Data was collected from the Organ Procurement and Transplantation Network (OPTN) database on recipients aged 2—
21 years who received a kidney-only transplant from 1987 to 2017. Recipients were categorized into underweight, normal,
overweight, and obese cohorts. Using adjusted regression models, the relationship between recipient weight and various graft
outcomes (delayed graft function [DGF], acute rejection, prolonged hospitalization, graft failure, mortality) was examined.
Results 18,261 transplant recipients (mean age 14.1 + 5.5 years) were included, of which 8.7% were underweight, 14.8% were
overweight, and 15% were obese. Obesity was associated with greater odds of DGF (OR 1.3 95% CI 1.13-1.49, p < 0.001), acute
rejection (OR 1.23 95% CI11.06-1.43, p < 0.01), and prolonged hospitalization (OR 1.3595% CI 1.17-1.54, p < 0.001) as well as
greater hazard of graft failure (HR 1.13 95% CI 1.05-1.22, p = 0.001) and mortality (HR 1.19 95% CI 1.05-1.35, p <0.01). The
overweight cohort had an increased risk of graft failure (HR 1.08 95% CI 1.001-1.16, p = 0.048) and increased odds of DGF (OR
1.2 95% CI 1.04-1.38, p =0.01) and acute rejection (OR 1.18 95% CI 1.01-1.38, p =0.04). When stratified by age group, the
increased risk was realized among younger and older age groups for obese and overweight. Underweight had lower risk of 1-year
graft failure (HR 0.82 95% C1 0.71-0.94, p < 0.01), overall graft failure in the 13—17-yr. age group (HR 0.84 95% CI 0.72—0.99,
p =0.03) and acute rejection in the 2-5-yr. age group (OR 0.24 95% CI 0.09-0.66, p <0.01).

Conclusion Pre-transplant weight status and age impact pediatric kidney transplant outcomes. Recipient underweight status
seems to be protective against adverse outcomes while overweight and obesity may lead to poorer graft and patient outcomes.
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Introduction

The global epidemic of obesity and overweight is worsening.
From 2011 to 2017 in the United States, the prevalence of
obesity among children and adolescents aged 2 to 19 years

Kiranjot Kaur and Daniel Jun are Co-first Authors

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00467-018-4038-8) contains supplementary
material, which is available to authorized users.

P« Christine B. Sethna
csethna@northwell.edu

Department of Pediatrics, Division of Nephrology and Kidney
Transplantation, Cohen Children’s Medical Center of New York,
269-01 76th Avenue, New Hyde Park, NY 11040, USA

old was 17%, affecting 12.7 million children and adolescents
nationwide [1]. Obesity in children who received kidney
transplants has also increased over time [2]. Obesity places
children and adults at risk for various health issues including,
but not limited to, diabetes mellitus and cardiovascular disease
(CVD), and is also a major risk factor for mortality [3].
Compared with obesity, the prevalence of underweight status
is low in developed countries [4]. Although not traditionally
considered a risk factor for morbidity, underweight status in-
creasingly has been shown to be associated with adverse
health outcomes, CVD, and mortality, presumably related to
malnutrition and frailty [4—6].

Evidence from adult and pediatric literature has shown that
weight in the pre-transplant period is associated with varying
kidney transplant outcomes. Generally, in the adult population,
pre-transplant obesity has been associated with delayed graft
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function (DGF), acute rejection, and worse graft and patient
survival [3, 7-17]. Low pre-transplant body mass index (BMI)
has also been shown to be a risk factor for poorer kidney
transplant outcomes [15]. Findings from a limited number of
pediatric studies are conflicting with some demonstrating a
relationship between obesity and poor outcome, but others
finding no significant relationship [2, 18, 19]. Using North
American Pediatric Renal Transplant Cooperative Study
(NAPRTCS) data, Hanevold et al. described that age modified
the association of mortality with obesity [2]. Adverse out-
comes within the overweight and underweight populations
are poorly characterized in the pediatric population.

The purpose of this study was to take a more granular
approach towards the examination of pre-transplant weight
status of a large pediatric population on kidney transplant
outcomes. We hypothesized that transplant outcomes such as
graft failure, mortality, DGF, acute rejection, and prolonged
hospitalization would be worse in children classified as under-
weight, overweight, and obese pre-transplant compared to
normal weight children and risk would differ by age.

Methods
Setting and participants

The Organ Procurement and Transplantation Network
(OPTN) database is a registry of all solid organ transplants
performed nationwide which include transplant information
that is collected pre- and post-transplant, at 6 months, 1 year,
and then annually. The OPTN database was current as of
April, 2018 [20]. Transplant recipients were followed from
the date of transplant until allograft failure, death, or the end
of'the study period. Children and adolescents, aged 2-21 years,
who received a kidney transplant from January 1987 through
December 2017 were identified and included in the analysis.
Young adults aged 18-21 years were included in the study to
comprise a population more representative of clinical practice
at pediatric transplant centers. Higher risk populations with a
history of previous transplant, multi-organ transplantation, and
diabetes mellitus at the time of transplant or previous malig-
nancy were excluded. Those without a documented pre-
transplant weight and height were excluded as well. The final
study population included 18,261 pediatric kidney transplant
recipients (Fig. 1). The study did not require review by the
Institutional Review Board of Northwell Health as it did not
meet criteria for human subject research.

Demographic and clinical variables
Collected demographic data included recipient age, sex,

height, weight, BMI, race, donor age, and donor type (living
or deceased). Transplant recipients were categorized into the
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Fig. 1 Inclusion and exclusion criteria for the study population

following age groups: 25 years, 6—12 years, 13—17 years, and
18-21 years. Age- and sex-specific z-scores were generated
for BMI. Clinical covariates included primary diagnosis,
transplant year, cold ischemic time, peak panel reactive anti-
body (PRA), donation after cardiac death (DCD), prior dialy-
sis, dialysis duration, human leukocyte antigen (HLA) mis-
match, graft survival time, induction therapy, and immuno-
suppressant medications. Insurance status (private versus pub-
lic health insurance) was used as a surrogate for socioeconom-
ic status.

Pre-transplant weight status was the primary variable of
interest. This was categorized as underweight, normal weight,
overweight, or obese. This classification is based on the
Centers for Disease Control and Prevention (CDC) BMI-for-
age percentile growth charts for recipients <19 years old:
underweight < 5th percentile; normal weight 5th percentile
to < 85th percentile; overweight 85th to < 95th percentile;
and obese >95th percentile. For recipients 20-21 years old,
weight status was categorized by BMI (kg/m?): underweight
< 18.5; normal weight 18.5 to 24.9; overweight 25 to 29.9;
and obese >30 [21]. Weight and height at the time of trans-
plant were used to calculate BMI.

Outcomes
The primary endpoints of the study were death-censored graft

failure and mortality. One year death-censored graft failure
was also analyzed. Due to large amounts of missing data,
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the causes of graft failure and mortality data were not ana-
lyzed. Secondary outcomes included DGF, acute rejection,
and prolonged hospitalization. DGF was defined based on
the need for dialysis within the first week of transplantation.
Acute rejection reported within 1 year of transplant was con-
sidered. Due to unavailable time to rejection data, analysis
was limited to patients who received a minimum follow-up
time of 1 year from transplant for acute rejection analysis.
Prolonged hospitalization was defined as post-transplant inpa-
tient stay of over 14 days.

Statistical analysis

Chi-square tests and analysis of variance (ANOVA), with
post-hoc z-test (Bonferroni correction) and Tukey tests, were
used to compare the demographic and clinical characteristics
among the different weight categories. Regression analyses
were performed to determine the effect of pre-transplant
weight status on transplant outcomes. Using multiple logistic
regression, odds ratios (OR) were generated for DGF, acute
rejection, and prolonged hospitalization. Cox proportional
hazards regression and survival plots with life tables were
used to examine death censored-graft failure and mortality.
Transplant recipients were analyzed as a whole and then strat-
ified by age group.

Regression models were adjusted for covariates that were
selected a priori after conducting a literature review and in-
cluded variables with < 15% missing data. The adjusted
model (covariate, % missing) included pre-transplant weight
status along with age, sex, race, insurance status (12.8%),
transplant year, donor type, donor age, HLA mismatch
(0.7%), cold ischemia time (11.5%), primary diagnosis
(2.5%), history of prior dialysis (0.7%), and dialysis dura-
tion. Age was not included in models that were stratified by
age group. Normal weight status was used as the reference
group for all models.

To account for missing data in regression analyses, multi-
ple imputations were run for the covariates (not for the out-
comes) using the Markov Chain Monte Carlo method. Tests
for multicollinearity and interactions between covariates were
performed. Statistically significant data had a p value of < 0.05
and two-sided tests of hypotheses were used. For data analy-
ses, SPSS 25.0 (IBM SPSS, Armonk, NY, USA) statistical
software was utilized.

Results
Demographic and clinical data
Data were collected on 18,261 transplant recipients, 2745

(15%) of which were obese. Among the different weight cat-
egories, significant differences were apparent in all

demographic and clinical factors with the exception of dialysis
duration (Table 1). In post-hoc analysis, the overweight and
obese groups were significantly younger than the normal
weight group, whereas the underweight group was significant-
ly older than the normal weight group. Compared to the nor-
mal weight group, the overweight and obese groups were
more frequently male and of black race. The following prima-
ry diagnoses differed among weight groups: obstructive
uropathy, cystinosis, systemic lupus erythematosus, dyspla-
sia/agenesis, sickle cell, Alport syndrome, Prune Belly, chron-
ic glomerulopathy, and HIV nephropathy. The underweight
group had longer follow-up and cold ischemia time compared
with the other weight groups. Dialysis was more common in
the underweight group compared with obese group. Donors
were younger and living donors were less frequent in the
obese group compared with normal weight. Post-hoc analysis
was not done for variables with large amounts of missing data.
Induction and immunosuppression medications had large
amounts of missing data (Supplementary Table 1).

Graft failure

Over the study period, 7411 (40.6%) transplant recipients had
failed grafts. By weight status, 42.1% (N =672), 39.9% (N =
4473),41.1% (N=1114), and 42% (N = 1152) of underweight,
normal weight, overweight, and obese renal transplant recipi-
ents, respectively, experienced graft failure. The incidence of
death-censored graft failure among the different cohorts was
measured using adjusted survival plots (Fig. 2). In the adjusted
model, overweight (HR 1.08 95% CI 1.001-1.16, p =0.048)
and obese (HR 1.13 95% CI 1.05-1.22, p =0.001) cohorts
were more likely to have failed grafts than the normal weight
cohort. The underweight group trended towards a lower hazard
of graft failure (HR 0.91 95% CI1 0.83—1.001, p = 0.05). When
examining 1-year graft failure, overweight (HR 1.16 95% CI
1.05-1.28, p <0.01) and obese (HR 1.17 95% CI 1.07-1.29,
p =0.001) were associated with an increased hazard of graft
failure while underweight (HR 0.82 95% CI 0.71-0.94, p <
0.01) was associated with a lower hazard of graft failure.
Differences by age group and weight status were detected
for graft failure (Table 2). Among the 12—17-year age group,
when compared to normal weight, underweight was associated
with a lower hazard of graft failure (HR 0.84 95% CI 0.72—
0.99, p =0.03) whereas overweight (HR 1.19 95% CI 0.05—
1.35, p <0.01) and obese (HR 1.28 95% CI 1.14-1.45, p <
0.001) were associated with a greater hazard of graft failure.
There was a greater hazard of graft failure among the 18-21-
year age group as well (HR 1.38 95% CI 1.21-1.58, p <0.001).

Mortality

1907 recipients (12.3% of underweight, 10.1% of normal
weight, 10.5% of overweight, and 10.9% of obese) died
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Table 1 Baseline demographic and clinical characteristics

Mean + SD or N (%) Overall Underweight Normal weight Overweight Obese p value*

N 18,261 1596 (8.7) 11,209 (61.4) 2711 (14.8) 2745 (15)

Age (years) 14.1+£55 15.6+4.8 143+52 13.9+58 12.6+6.2 < 0.0001
2-5 2053 (11.2) 100 (6.3) 1011 (8.9) 348 (12.8) 604 (22) < 0.0001
6-12 3824 (20.9) 242 (15.2) 2433 (21.7) 589 (21.7) 560 (20.4)

13-17 6556 (35.9) 592 (37.1) 4236 (37.8) 861 (31.8) 867 (31.6)
18-21 5828 (31.9) 662 (41.5) 3539 (31.6) 913 (33.7) 714 (26)

Male 10,515 (57.6) 859 (53.8) 6413(57.2) 1574 (58.1) 1669 (60.8) <0.0001

Black 4070 (22.3) 321 (20.1) 2404 (21.4) 665 (24.5) 680 (24.8) <0.0001

Public insurance 6334 (39.8) 484 (38.8) 4000 (40.9) 906 (37.6) 944 (37.9) <0.01

BMI z-score 0.19+1.5 -27+1.6 -0.15+0.7 1.3+£0.22 2.16+£0.51 <0.0001

Follow-up time (years) 7.1+£5.6 7.6+6.1 7+5.6 7+54 6.8+54 <0.0001

Primary diagnosis

Dysplasia 1975 (11.1) 154 (10) 1156 (10.8) 298 (11.3) 349 (12.9) <0.0001
FSGS 2492 (14) 182 (11.8) 1532 (13.8) 389 (14.7) 419 (15.5)

Obstructive 1493 (8.4) 94 (6.1) 895 (8.2) 247 (9.3) 257 (9.5)

Uropathy

Chronic GN 1236 (6.9) 153 (9.9) 746 (6.8) 182 (6.9) 155 (5.7)

Other 10,607 (59.5) 913 (59.1) 6288 (57.6) 1469 (55.5) 1467 (54.4)

Prior dialysis 14,040 (76.9) 1267 (79.4) 8615 (76.9) 2083 (76.8) 2075 (75.6) <0.0001

Dialysis duration (months) 93+164 8.6+17.5 9.5+15.6 9.5+£15.6 9.8+154 0.11

Age of donor (years) 284+13.2 28.7+14.1 28.7+13.2 28.3+12.9 27.5+12.7 0.001
Living donor 5592 (30.6) 482 (30.2) 3566 (31.8) 806 (29.7) 738 (26.9) <0.0001

DCD donor® 549 44 328 80 97 <0.0001

(N =8693) (N=612) (N =5195) (N =1349) (N =1537)

Peak PRA® 6.6+17.3 8.5+20.9 6.8+17.6 57+15.7 57+15.7 <0.0001
Cold ischemic time (hours) 125+104 13.8+114 123+104 12.4+10.1 12.7+9.9 <0.0001

HLA mismatch
0 663 (3.7) 72 (4.6) 384 (3.5) 101 (3.7) 106 (3.9) <0.0001
1-3 6451(35.5) 613 (38.7) 4028 (36.2) 947 (35.) 862 (31.6)

4-5 4651 (51.5) 719 (45.5) 5316 (47.8) 1293 (47.9) 1373 (48)
6 2316 (12.8) 177 (11.2) 1392 (12.5) 357 (13.2) 390 (14.3)

Graft survival time (years) 59+£52 64+58 59+52 59+£5 5.7+5 0.001

Transplant era (post 2000) 13,127 (71.9) 960 (60.2) 8044 (71.8) 2004 (73.9) 2199 (77.2) <0.0001

BMI body mass index, FSGS focal segmental glomerulosclerosis, GN glomerulonephritis, DCD donation after cardiac death, PRA panel reactive

antibody, HLA human leukocyte antigen
®Large amount of missing data

*p value comparing underweight, normal weight, overweight, obese

during the study period. A survival plot was created to approx-
imate the probability of death over time for the different
weight cohorts (Fig. 3). Obese recipients had a 1.19 times
greater hazard of mortality when compared with normal
weight recipients (95% CI 1.05-1.35, p <0.01).
Underweight and overweight statuses were not associated
with mortality.

When examining mortality by age group, overweight (HR
1.24 95% CI1 1.02-1.51, p <0.03) and obesity (HR 1.58 95%
CI1.26-1.96, p < 0.001) were associated with a greater hazard
of mortality in the 18-21-year age group. Obesity (HR 1.5
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95% CI 1.03-2.18, p =0.03) was also associated with in-
creased mortality in the 2—5-year age group; however, over-
weight (HR 0.5 95% CI 0.26-0.95, p =0.04) was actually
protective against mortality (Table 2).

Delayed graft function

A total of 1749 out of 18,178 (9.6%) recipients experienced
DGF (0.5% missing). The distribution by weight status was:
9.6% (N = 153) for underweight patients, 9% (N = 1006) for
normal weight patients, 10.5% (N =286) for overweight
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Fig. 2 Survival plot and life table
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Year After Patients Patients  Patients Still Proportion Hazard Standard
Transplant Lost to with at Risk Surviving Rate Error of
Follow Graft Hazard
Up Failure Rate
Underweight 1 94 39 1369 0.95 0.00008 0.00001
5 54 44 899 0.80 0.0001 0.00002
10 33 47 454.5 0.55 0.0003 0.00004
15 13 22 199.5 0.34 0.0003 0.00007
20 41 40 60.5 0.08 0.0000 0.0000
Normal 1 729 257 9633.5 0.97 0.00007 0.000005
Weight
5 508 322 6014 0.80 0.0002 0.000008
10 227 267 27755 0.54 0.0003 0.00002
15 86 134 1070 0.32 0.0004 0.00003
20 177 208 296.5 0.06 0.0000 0.0000
Overweight 1 155 67 23445 0.95 0.00008 0.00001
5 112 87 1458 0.78 0.0002 0.00002
10 57 44 661.5 0.54 0.0002 0.00003
15 22 31 248 0.31 0.0004 0.00007
20 34 37 54 0.05 0.0000 0.0000
Obese 1 153 75 23345 0.94 0.00009 0.00001
5 98 70 1422 0.76 0.0001 0.00002
10 53 60 658.5 0.51 0.0003 0.00003
15 27 13 213.5 0.30 0.0002 0.00005
20 31 40 55.5 0.05 0.0000 0.0000

patients and 11.1% (N =304) for obese patients. The over-
weight and obese weight categories were significantly associ-
ated with a greater likelihood of DGF in the adjusted model
(OR 1.2 95% CI 1.04-1.38, p =0.01 for overweight; OR 1.3
95% CI 1.13-1.49, p <0.001 for obese). There was no asso-
ciation found with the underweight category. When stratified
by age group, overweight and obesity were only associated
with delayed graft function in the 18-21-year-old age group,
p <0.05 (Table 3).

Acute rejection

A total of 3088 out of 12,796 (24.1%) recipients experienced
acute rejection within 1 year of transplant (21.2% missing).
The distribution among underweight, normal weight, over-
weight, and obese patients was 260 (24.6%), 1867 (23.6%),
483 (25.1%), and 478 (25.1%), respectively. Among the entire
group, the overweight (OR 1.18 95% CI 1.01-1.38, p = 0.04)

and obese (OR 1.23 95% CI 1.06-1.43, p < 0.01) groups were
associated with a greater likelihood of acute rejection in the
adjusted model. However, when examined by age strata, over-
weight and obese recipients were not more likely to experi-
ence acute rejection compared to normal weight individuals
(Table 3). An inverse association between the underweight
group and acute rejection emerged in the 2—5-year-old age

group.

Prolonged hospitalization

Among the cohort, 1656 out of 13,123 (12.6%) recipients had
a prolonged hospital stay (28.1% missing). Of these, 107
(11.1%), 952 (11.8%), 265 (13.2%), 332 (15.7%) were under-
weight, normal weight, overweight, and obese, respectively.
Underweight and overweight statuses were not associated
with prolonged hospitalization. However, there was an asso-
ciation between obesity and greater likelihood of prolonged
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Table 2 Cox proportional hazards regression models for outcomes of
graft failure and mortality stratified by age and weight status

Outcomes Obese

HR (95% CI)*®

Underweight Overweight

Age 2-5 years

Graft failure 1.05 (0.69-1.58) 0.93 (0.72-1.2) 0.9 (0.73-1.12)
p=.83 p =0.59 p =035

Mortality 1.51(0.75-3.02) 0.5 (0.26-0.95) 1.5 (1.03-2.18)
p =025 p =0.04 p =0.03

Age 6-12 years

Graft failure 0.81 (0.62-1.04) 1.01 (0.85-1.19) 1.04 (0.88-1.23)
p=0.1 p =093 p=0.67

Mortality 0.84 (0.54-1.32) 1.22 (0.91-1.63) 1.25(0.93-1.69)
p =045 p=0.19 p=0.14

Age 13-17 years

Graft failure 0.84 (0.72-0.99) 1.19 (0.05-1.35) 1.28 (1.14-1.45)
p=0.03 p <0.01 p <0.001

Mortality 1.12 (0.89-1.42) 1.02 (0.08-1.29) 0.95 (0.75-1.21)
p=034 p=0.89 p=0.67

Age 18-21 years

Graft failure 1.97 (0.84-1.11) 1.11 (0.98-1.26) 1.38 (1.21-1.58)

p =063 p =01 p <0.001
Mortality 09 (0.71-1.16)  1.24 (1.02-1.51) 1.58 (1.26-1.96)
p =043 p =003 p <0.001

 Reference: Normal weight

Model: weight status, recipient’s sex and age, recipient’s race, insurance
status, transplant year, donor type, donor age, human leukocyte antigen
(HLA) mismatch, cold ischemia time, history of prior dialysis and dialy-
sis duration

hospitalization (OR 1.3595% CI 1.17-1.54, p <0.001). With
age stratification, obesity was associated with a 1.78 times
increased odds of prolonged hospitalization in the 2—5-year-
old age group (95% CI 1.38-2.29, p <0.0001).

Discussion

This analysis of a national registry of pediatric kidney trans-
plant recipients demonstrated significant differences in trans-
plant outcomes among recipients in different weight cohorts;
the effect of which was found to be modified by age. Obese
recipients were found to be at higher risk of mortality and graft
failure compared to normal weight recipients. Additionally,
those with obese weight status were more inclined to experi-
ence DGF, acute rejection, and prolonged hospitalization.
Similarly, when compared to normal weight recipients, the
overweight cohort was at greater risk of graft failure, acute
rejection, and delayed graft function. After age stratification,
these outcome differences remained significant in younger
and older age groups. Surprisingly, underweight status was
found to be protective for 1-year graft failure, graft failure in

@ Springer

the 13—17-year age group, and acute rejection in the 2—5-year
age group.

Pre-transplant weight status is an important consideration
in transplantation given what is known about post-transplant
weight gain. Studies in adults and children have demonstrated
that obesity post-transplant is common and that pre-transplant
elevated BMI is a predictor of weight gain after transplanta-
tion [22, 23]. Mitsnefes et al. reported in a small study of
children that the rate of obesity doubled in the first year
post-transplant [23]. Factors that may contribute to pre- and
post-transplant weight gain include reduced exercise capacity
due to chronic kidney disease-related fatigue and reduced
muscle strength, the metabolic effect of steroids and other
medications, and sedentary lifestyle [24]. Although children
are also at risk for cardiovascular disease after transplant, there
may be other factors related to obesity (e.g., inflammation,
poor wound healing, pro-thrombotic state, technical compli-
cations, drug pharmacokinetics) [25-27] that lead to worse
outcomes in children that have received kidney transplants.
Furthermore, children with obesity experience higher work-
load within the nephrons which culminates in glomerular
hyperfiltration, a non-immunologic contributor to chronic al-
lograft nephropathy, and in turn, graft loss [28]. With regard to
underweight status, it is thought that underweight patients
may be at greater risk for cardiovascular diseases post-
transplant due to chronic inflammation or malnutrition [9].
Some have also proposed that higher infection rates in under-
weight patients may lead to an increase in the incidence of
chronic allograft nephropathy and graft failure [9].
Considering these factors, a recent study from the US Renal
Data Study (USRDS) has shown that pre-transplant weight
status may affect transplantation rates. Ku et al. demonstrated
that obese and underweight children on dialysis were less
likely to receive a kidney transplant compared to normal
weight children [29].

Overall, the results of our study are consistent with a grow-
ing body of adult literature showing the detrimental effects of
obesity on allograft outcomes [30—32]. Our study adds to
existing literature by describing the different risk profiles that
underweight, overweight, and obese statuses confer on trans-
plant outcomes in children. In a recent publication, Dick et al.
found no difference in mortality, graft survival, or DGF
among children < 18 years classified as severely thin, normal
weight, and severely obese using World Health Organization
(WHO) criteria [18]. Similar to our results, Winnicki et al.
showed that obese recipients have an increased risk of graft
failure compared with normal weight. However, both of these
studies found no differences in DGF or acute rejection and no
differences in outcome for overweight and underweight cate-
gories. Winnicki et al. demonstrated a trend towards improved
outcomes in underweight patients, but their analysis did not
evaluate acute rejection or DGF as outcomes in adjusted
models. Our study population differs from these recent reports
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Transplant Lost to who at Risk Surviving Rate Error of
Follow have Hazard
Up died Rate
Underweight 1 121 12 1355.5 0.98 0.00002 0.000007
5 90 8 881 0.94 0.00003 0.000009
10 70 10 436 0.85 0.00006 0.00002
15 30 5 191 0.76 0.00007 0.00003
20 66 15 48 0.44 0.0000 0.0000
Normal 1 922 64 9538 0.98 0.00002 0.000002
Weight
5 754 76 5892 0.95 0.00004 0.000004
10 433 61 2673.5 0.87 0.00006 0.000008
15 191 29 1018.5 0.76 0.00008 0.00002
20 307 78 2315 0.43 0.0000 0.0000
Overweight 1 208 14 2318 0.98 0.00002 0.000004
5 184 15 1422 0.95 0.00003 0.000008
10 86 15 647 0.87 0.00006  0.00002
15 45 8 236.5 0.73 0.00009 0.00003
20 50 21 46 0.32 0.0000 0.0000
Obese 1 210 18 2306 0.98 0.00002 0.000005
151 17 1395.5 0.94 0.00003 0.000008
10 101 12 634.5 0.86 0.00005 0.00002
15 36 4 209 0.74 0.00005  0.00003
20 52 19 45 0.34 0.0000 0.0000

in that it examined children and adolescents from age 2—
21 years and excluded known high-risk groups. Dick et al.
included children <2 years and both studies did not exclude
other high-risk groups. Dick et al. also used the extreme of
weights (severe thin and obese) compared to a reference group
that included, by definition, underweight, overweight, and
obese children. Additionally, different covariates were used
in these studies and neither study examined death-censored
graft failure, which may explain the conflicting results be-
tween these reports.

This study also highlighted that age group modified the
effect of pre-transplant weight on transplant outcomes. An
older pediatric study using NAPRTCS data from 1987 to
2002 found no discrepancy in overall mortality, graft survival,

or acute rejection between pre-transplant obese and non-obese
children; however, differences were found when stratified by
age group [2]. When examining children aged 6—12 years,
Hanevold et al. found a higher risk of death in obese compared
to non-obese children, which differed from our results of
higher risk in the lowest and highest age groups for over-
weight and obese groups. Similar to Hanevold et al., we found
that there was a higher risk of graft failure in obese children in
the 13—17-year age group, in addition to the overweight group
[2]. This difference could be explained by era-effect or by
stratification of the study population into four groups with
normal weight range as the control group as opposed to a
comparison of obese to non-obese patients. Lastly, these re-
sults demonstrated that an obese cohort has a higher risk of
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Table 3 Multiple logistic
regression models for outcomes
of delayed graft function, acute
rejection, and prolonged

hospitalization stratified by age
and weight groups

Outcomes Underweight Overweight Obese

OR (95% CIy**

Age 2-5 years

Acute rejection 0.24 (0.09-0.66) 0.95 (0.64-1.43) 1.1 (0.8-1.53)
p <0.01 p=0.82 p=0.55

Delayed graft function 1.02 (0.47-2.22) 0.94 (0.59-1.5) 1.27 (0.89-1.83)
p =096 p=0.79 p=0.19

Prolonged hospitalization 0.72 (0.65-0.79) 1.19 (1.02-1.39) 1.78 (1.38-2.29)
p =031 p =027 p <0.0001

Age 6-12 years

Acute rejection 1.03 (0.68-1.57) 1.2 (0.91-1.58) 1.19 (0.9-1.57)
p =089 p=0.2 p=023

Delayed graft function 0.85 (0.5-1.44) 1.16 (0.84-1.6) 1.02 (0.72-1.45)
p=0.55 p =038 p=0.9

Prolonged hospitalization 1.06 (0.67-1.7) 1.3 (0.99-1.7) 0.79 (0.57-1.08)
p=0.8 p =0.06 p=0.13

Age 13-17 years

Acute rejection

Delayed graft function

Prolonged hospitalization

Age 18-21 years
Acute rejection

Delayed graft function

Prolonged hospitalization

0.91 (0.7-1.17)

1.21 (0.98-1.48)

1.16 (0.94-1.42)

p =044 p=0.08 p=0.18

0.96 (0.71-1.29) 1.17 (0.91-1.51) 1.08 (0.84-1.4)
p=0.76 p=022 p =054

1.09 (0.96-1.24) 1.10 (0.98-1.23) 0.8 (0.6-1.07)
p =021 p=022 p=0.14

0.87 (0.67-1.23)

1.12 (0.90-1.38)

1.16 (0.91-1.48)

=029 p =031 p =022
0.97 (0.73-1.29) 1.34 (1.06-1.69) 1.88 (1.47-2.41)
=083 p=0.02 p <0.001

1.11 (0.7-1.77) 1.84 (0.55-1.28) 1.22 (0.82-1.8)
P =0.66 p =041 =033

Reference: Normal weight

" Model: weight status, recipient’s sex and age, recipient’s race, insurance status, transplant year, donor type,
donor age, human leukocyte antigen (HLA) mismatch, cold ischemia time, history of prior dialysis and dialysis

duration

DGF in the 18-21-year group and prolonged hospitalization
in the 2—5-year group, which has not been reported in any
previous pediatric study. A possible explanation for the greater
DGF risk in the older age group could be due to poorer quality
allografts (e.g., more acute tubular necrosis) that is exacerbat-
ed by overweight and obese weight compared to those <
18 years who are allocated higher quality kidneys.

Contrary to our stated hypothesis, we found that pre-
transplant underweight status was significantly protective for
1-year graft failure, overall graft failure in the 13—17-year age
group, and acute rejection in the 2—-5-year age group.
Although the reasons why pre-transplant underweight status
would be protective in the pediatric population are not readily
apparent, a possible explanation could be related to the differ-
ences in bioavailability of immunosuppressant drugs by

@ Springer

weight. It may be easier to target trough levels in underweight
individuals thus leading to better outcomes; however, this may
not explain it in entirety as these patients may no longer be
underweight in the post-transplant period due to weight gain
[27]. Furthermore, the reasons why certain age groups of un-
derweight status would be protective over other age groups are
not clear, but compliance may be better in the younger age
group. Adult studies have shown that underweight patients, in
general, suffer from worse transplant outcomes including low-
er graft survival, increased mortality, prolonged hospitaliza-
tion, and increased delayed graft function [9, 11, 15, 29].
Chang et al. found adult underweight patients to be more than
two times at hazard for death (HR 2.13 95% CI=1.09-1.54)
[9]. Conversely, Meier-Kriesche et al. found lower BMI to be
protective for delayed graft function [15]. Gore et al.
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supplemented their data by adjusting for obesity-related co-
variates, which showed that underweight was associated with
lower incidence of DGF as well [11]. Underweight status in
adults may confer different health outcomes compared to chil-
dren as underweight may be a surrogate for frailty in the adult
population.

This study contains some important limitations. Over the
past 30 years, immunosuppression regimens, infection pre-
vention, and monitoring strategies have changed vastly; there-
fore, even though adjustments for transplant year were made,
generalizing transplant outcomes over this period by pre-
transplant weight has its limitations. Given that this was a
retrospective study of a large database, variation in covariates
throughout the period before and after transplantation could
not be accounted for. Residual confounding from unmeasured
confounders/modifiers (e.g., hypertension, growth hormone
use, or nutritional status) that could account for the underlying
differences in transplant outcomes may have been present.
Additionally, the OPTN dataset has missing data that may
have influenced results. Potentially important variables such
as induction and maintenance immunotherapy and PRA were
not included in these models. Outcome variables of acute re-
jection and prolonged hospitalization also had missing data.
Another limitation is the inclusion of pre-emptively
transplanted recipients. In these recipients, much of their
weight could be reflective of hypervolemia and therefore con-
found results. Potentially, if these recipients had excess fluid
removed, they would be in a different weight category.
Somewhat similarly, in dialyzed patients, the study was not
able to account for the difference between “dry weight” and
weight at transplant, which may significantly differ. Lastly, the
patient’s health insurance was used as a surrogate marker for
socioeconomic status but due to its multifarious manner, this
does not fully encompass the patient’s socioeconomic status.
Despite these limitations, this study represents the largest se-
ries of patients looking at pediatric transplant weight as a risk
for many different outcomes.

In conclusion, the results of this study highlight that pre-
transplant weight status among pediatric kidney transplant
recipients is significantly associated with transplant out-
comes. Furthermore, the risk conferred by weight status is
modified by age group. Overall, pediatric transplant recipi-
ents with BMIs in the obese range are more likely to experi-
ence DGF, acute rejection prolonged hospitalization, and are
at a higher risk for graft failure and death. Underweight pre-
transplant status appears to be protective for certain age
groups. Obese and overweight pediatric patients should be
counseled to lose weight prior to transplantation; however,
the risks of delaying transplant for weight loss (i.e., longer
exposure to dialysis) need to be taken into consideration.
Eligibility for transplant and defining risk categories based
on pre-transplant weight status should be further explored
by the transplant community.
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