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Abstract

BACKGROUND

Childhood obesity is a significant public health concern, particularly amongst
children with chronic kidney disease requiring kidney transplant (KT). Obesity,
defined as a body mass index (BMI) of 30 kg/m? or greater, is prevalent in this
population and is associated with disease progression. While BMI in-fluences
adult KT eligibility, its impact on pediatric transplant outcomes remains unclear.
This study investigates the effect of BMI on graft survival and patient outcomes,
addressing gaps in the literature and examining disparities across BMI classific-
ations.

AIM

To assess the impact of BMI classifications on graft and patient survival following
KT.

METHODS

A retrospective cohort study analyzed 23081 pediatric transplant recipients from
the Standard Transplant Analysis and Research database (1987-2022). Patients
were grouped into six BMI categories: Underweight, healthy weight, overweight,
and Class 1, 2, and 3 obesity. Data were analyzed using one-way way analysis of
variance, Kruskal-Wallis tests, Chi-squared tests, Kaplan-Meier survival analysis
with log-rank tests, and Cox proportional hazard regressions. Statistical signi-
ficance was set at P < 0.05.

RESULTS

Class 3 obese recipients had lower 1-year graft survival (88.7%) compared to
healthy-weight recipients (93.1%, P = 0.012). Underweight recipients had lower
10-year patient survival (81.3%, P < 0.05) than healthy-weight recipients. Class 2
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and 3 obese recipients had the lowest 5-year graft survival (67.8% and 68.3%, P = 0.013) and Class 2 obesity had the
lowest 10-year graft survival (40.7%). Cox regression identified increases in BMI category as an independent
predictor of graft failure [hazard ratio (HR) = 1.091, P < 0.001] and mortality (HR =1.079, P = 0.008). Obese patients
experienced longer cold ischemia times (11.6 and 13.1 hours vs 10.2 hours, P < 0.001). Class 3 obesity had the
highest proportion of Black recipients (26.2% vs 17.9%, P < 0.001).

CONCLUSION

Severe obesity and underweight status are associated with poorer long-term outcomes in pediatric KT recipients,
emphasizing the need for nuanced transplant eligibility criteria addressing obesity-related risks and socioeconomic
disparities.

Key Words: Kidney; Transplantation; Graft failure; Pediatric; Obesity; Underweight

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study investigates the relationship between pediatric obesity and kidney transplant outcomes, addressing a gap
in research by analyzing graft survival across body mass index categories. While short-term outcomes for overweight and
Class 1 obese pediatric recipients are comparable to healthy-weight peers, Class 2 and 3 obese patients experience
significantly reduced long-term graft survival. Underweight recipients also exhibit poorer outcomes, highlighting the dual
risks of obesity and malnutrition. The findings highlight the need for individualized transplant criteria and targeted
interventions for severely obese children, emphasizing the role of socioeconomic and racial disparities in pediatric kidney
transplantation.

Citation: Stanicki B, Puntiel DA, Peticca B, Egan N, Prudencio TM, Robinson SG, Karhadkar SS. Investigating the controversial link
between pediatric obesity and graft survival in kidney transplantation. World J Nephrol 2025; 14(2): 101961

URL: https://www.wjgnet.com/2220-6124/full/v14/i2/101961.htm

DOI: https://dx.doi.org/10.5527/wjn.v14.i2.101961

INTRODUCTION

The childhood obesity epidemic is a pressing public health issue with far-reaching implications, particularly in the
context of medical interventions like kidney transplantation (KT). Obesity, defined as a body mass index (BMI) of 30
kg/m? or greater, is increasingly common among children with chronic kidney disease (CKD) and has been inde-
pendently associated with both the progression of CKD and the eventual development of kidney failure[1]. In adults,
obesity is a well-established risk factor for adverse KT outcomes, leading to complications including surgical site
infections, extended hospital stays, delayed graft function (DGF), and, ultimately, reduced long-term graft and patient
survival[2,3]. Both CKD and obesity are associated with systemic inflammation, and their cumulative impact may be the
link contributing to poorer graft survival in obese patients. Elevated red cell distribution width, reflecting inflammation,
is independently associated with higher mortality in CKD and transplant recipients[4]. Similarly, mean platelet volume,
correlated with BMI and waist circumference, highlights the systemic impact of obesity-related inflammation[5]. Because
of the well-documented risks of transplantation in obese patients, BMI has become a relative or even absolute contrain-
dication in both pediatric and adult populations, depending on the transplant center. However, the evidence that
underpins this policy is largely based on adult studies, with limited empirical data available to guide decisions in
pediatric KT. The ethical considerations surrounding the use of BMI as a criterion for pediatric KT are significant and
controversial. While some transplant centers recommend obese candidates to lose weight before surgery, the prolonged
wait for weight loss can increase the risk associated with extended dialysis, which in itself poses life-threatening complic-
ations[6]. In adult obese dialysis patients, there is an "obesity paradox," in which there was a lower risk of death in
patients with a BMI between 30-34.9[7]. One hypothesis for this is that obesity may protect against protein-energy
wasting; others implicate the dangerous comorbidities associated with a low BMI[8,9]. Regardless of the mechanism, this
phenomenon does not carry into the pediatric population, as obesity is associated with increased mortality compared to
normal-weight children on dialysis[10]. Despite potential delays, previous literature suggests that weight loss, either
achieved by lifestyle modifications or bariatric surgery, can improve transplant outcomes[9]. Additionally, the dynamics
of childhood obesity, which are heavily influenced by socioeconomic, genetic, and environmental factors beyond the
child's control, further complicate the fairness of using BMI as a strict determinant for eligibility. Pediatric obesity is often
linked to systemic inequities, with high rates in Black and Hispanic households, particularly those with lower so-
cioeconomic status[11]. Food insecurity is a durable predictor of the development of obesity, both in childhood and in
adulthood[12]. It becomes critical to reassess transplant candidacy criteria that disproportionally affect vulnerable
populations, which becomes especially important in pediatrics. Despite the known risks of obesity, little research has
been done to evaluate how BMI affects pediatric KT outcomes, and the studies that exist have produced mixed results.
This study aims to fill critical gaps in understanding the influence of BMI on pediatric KT outcomes by evaluating
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survival metrics, including graft and patient survival, across BMI classifications. It further investigates disparities in
transplant-related variables among BMI groups and examines the long-term impact of elevated BMI on transplant
success. The findings aim to inform and enhance clinical decision-making. We hypothesize that higher BMI is inversely
associated with graft and patient survival, with obese recipients experiencing poorer outcomes than their healthy-weight
counterparts. Most importantly, we propose that socioeconomic and demographic disparities significantly contribute to
outcome variations across BMI groups, specifically within the pediatric population, highlighting the need for equitable
and comprehensive transplant criteria.

MATERIALS AND METHODS

Subjects and data collection

The Standard Transplant Analysis and Research (STAR) database was utilized to identify subjects and gather data. This
database contains de-identified information on all donors, wait-list candidates, and transplant recipients in the United
States. It is managed by the United States Department of Health and Human Services and the Health Resources and
Services Administration and is maintained by the United Network for Organ Sharing (UNOS) and the Organ Pro-
curement and Transplantation Network. Given the retrospective nature of the study and the use of de-identified data, it
was classified as exempt from formal institutional review by the institutional review board.

Inclusion and exclusion criteria

The STAR/UNOS database was used to identify KT recipients from January 1, 1987, to December 31, 2022. Recipients
above the age of 18 were excluded. The selection criteria allowed for 23081 pediatric KT recipients to be included, who
were further divided into one of six American Academy of Pediatrics BMI Classifications based on growth percentiles for
age and sex: Underweight (< 5 percentile); Healthy Weight (5*-85" percentile); Overweight (85"-95" percentile); Class 1
Obesity (95"-120% of the 95" percentile or BMI 35); Class 2 Obesity (BMI = 35 or 120%-140% of the 95" percentile or BMI
= 40); Class 3 Obesity (> 140% of the 95" percentile or BMI = 40). This is outlined in Figure 1. Transplantation eras were
selected based on precedents established by previous research to reflect advancements in transplantation practices,
ensure a sufficient sample size for statistical analysis, and account for changes in recipient and donor demographics over
time[13].

Descriptive and comparative analyses

Statistical analyses were performed using IBM SPSS Statistics Version 30. The normality of continuous variables was
assessed using the Kolmogorov-Smirnov test. For continuous variables that conformed to normality, one-way analysis of
variance was used to compare differences between groups. For data that did not meet the assumption of normality, the
Kruskal-Wallis test was employed as a non-parametric alternative to compare continuous variables across groups.
Categorical variables were analyzed using Chi-squared tests. Asymptotic two-tailed significance P-values were reported
for continuous and categorical variables. Graft survival (all-cause survival) between groups was evaluated using Kaplan-
Meier survival analysis, and survival curves were compared using the log-rank test. Statistical significance for all tests
was determined at the P < 0.05 threshold.

Cox proportional hazards regression analysis

Multivariate Cox proportional hazards regression models were used to identify independent predictors of graft and
patient survival. Recipient-specific variables included age, ethnicity (Black, White, Hispanic, or Other) BMI, gender, and
pre-existing diabetes status. Donor and transplant-specific variables included the degree of HLA mismatch, cold ischemia
time (CIT), and transplant era. Hazard ratios (HRs), and 95%CI were calculated for each covariate to quantify their associ-
ations with graft failure and patient mortality.

RESULTS

As outlined in Table 1, 62% of patients were within a healthy weight range at the time of transplantation. 13.6% were
overweight, 11.1% Class 1 obese, 3.1% Class 2 obese, and 1% Class 3 obese. Figure 2 illustrates a steady rise in overweight
and obese patients over time, with 2022 marking equal proportions of overweight and Class I obese patients (14.1%) and
a 10-year high in Class II obesity (5%). Table 1 also summarizes recipient and donor characteristics by BMI. Overweight
and obese patients of all classes were significantly less likely to have living donors compared to healthy-weight
individuals (P < 0.05), with the lowest rates among Class 2 obese patients (34.4% vs 42.8% for healthy-weight, P < 0.001).
CIT were significantly higher for Class 2 and 3 obese patients (11.6- and 13.1-hours vs 10.2 hours for healthy-weight, P <
0.001). Obese patients were more likely to be male (66.7% in Class 3, 61.8% in Class 2, 63.6% in Class 1, vs 57.5% in healthy
weight, P < 0.05). Overweight and Obese patients were more likely to be younger, with a 12-year average age for healthy
weight compared to 11, 9, 11, and 10 years for overweight, Class 1, 2, and 3 obesity, respectively. Non-White patients,
mainly Black and Hispanic patients, were overrepresented in overweight and obese groups, with Class 3 obesity showing
the highest proportion of Black patients (26.2% vs 17.9%, P < 0.001). No significant differences were found between BMI
groups in donor distance from the transplant center, Kidney Donor Profile Index (KDPI), donor sex, or DGF rates. There
were also no differences in 1-year graft or patient survival across BMI categories. However, significant differences were
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Table 1 Recipient and donor characteristics of pediatric kidney transplants separated by body mass index class, n (%)

Characteristic Underweight :Ziagl;thhty Overweight Class 1 obese Class 2 obese Class 3 obese
(< 5%) (585" (85-95t) (95*-120%95") (120%-140%95%) (> 140%95")

Transplant variables

Transplants 2040 (8.8) 14361 (62.2) 3142 (13.6) 2588 (11.2) 725 (3.1) 225 (1.0)

Living donor type 864 (42.4) 6143 (42.8) 1220 (38.8)** 1013 (39.1)*< 249 (34.3) <t 80 (35.6)

Mean cold ischemia time (SE) ~ 11.0 (0.25)" 10.2 (0.09)™ 10.9 (0.19)* 10.5 (0.39) 11.6 (0.82)" 13.1b<4

(hours)

Mean distance from transplant  93.6 (6.0) 87.9(2.2) 90.8 (4.5) 89.4 (4.7) 96.0 (19.0) 115.2

center (SE) (nmi)

Mean HLA mismatches (SE)  3.53 (0.03) 3.61 (0.01) 3.70 (0.03) 3.73 (0.03) 3.78 (0.06) 3.65 (0.10)

DGF 186 (9.1) 1174 (8.2) 267 (8.5) 248 (9.6) 61 (8.4) 22 (9.8)

Transplant era

1987-1999 851 (41.0) 4240 (29.5) 828 (26.4) 680 (26.0) 191 (26.3) 100 (44.4)

2000-2003 208 (10.2) 1577 (11.0) 402 (12.8) 309 (11.9) 101 (13.9) 35 (15.6)

2004-2007 201 (9.9) 1959 (13.6) 413 (13.1) 368 (14.2) 119 (16.4) 26 (11.6)

2008-2011 218 (10.7) 1883 (13.1) 422 (13.4) 345 (13.3) 86 (11.9) 19 (8.4)

2012-2015 194 (9.5) 1770 (12.3) 401 (12.8) 331 (12.8) 82 (11.3) 17 (7.6)

2016-2019 234 (11.5) 1813 (12.6) 413 (13.1) 333 (12.9) 80 (11.0) 16 (7.1)

2020-2022 134 (6.6) 1117 (7.8) 263 (8.4) 222 (8.6) 66 (9.1) 12 (5.3)

Donor variables

Mean age (SE) years 295 (0.29)>1 294 (0.10)  28.8 (0.22)*> 27.6 (0.23) 28.6 (0.44)> 27.2 (0.84) <

Male natal sex 1164 (57.1) 8065 (56.2) 1760 (56.0) 1423 (55.0) 416 (57.4) 129 (57.3)

Race or ethnicity

White 1310 (64.2)>" 9634 (67.1)**" 2082 (66.3) 1728 (66.8) 1310 (64.2) <4 9634 (67.1) ¢
Black 259 (12.7) 1681 (11.7) 390 (12.4) 334 (12.9) 259 (12.7) 1681 (11.7)
Hispanic 379 (18.6) 2590 (18.0) 575 (18.3) 444 (17.2) 379 (18.6) 2590 (18.0)
Asian 62 (3.0) 276 (1.9) 63 (2.0%) 49 (1.9) 62 (3) 276 (1.9)
Multiracial / other 30 (1.4) 180 (1.2) 32 (1.0) 33 (1.3) 30 (1.4) 180 (1.2)

Mean donor BMI (SE) 24.9 (0.139)" 25.3 (0.050) 25.4 (0.107)" 25.3 (0.121) 26.1 (0.246)>< 24.6 (0.462)r e
Mean KDPI (SE) 177 (0.005) 0.167 (0.002) 0.170 (0.004) 0.171 (0.004) 0.168 (0.007) 0.172 (0.013)
Recipient variables

Median age (75125 12,9 (0.09)* 119 (0.04)**"  10.7 (0.09)*" 9.23 (0.11)*" 11.1 (0.19)*" 10.3 (0.33)*"

Male natal sex

Race or ethnicity

1188 (58.2)"

8254 (57.5)

1827 (58.1)

1646 (63.6)"*

448 (61.8)*

150 (66.7)""¢

White 1106 (54.2)1 7837 (54.6)~“" 1634 (52.0)"¢ 1347 (52.0)>* 356 (49.1)™<! 119 (52.9)"¢
Black 400 (19.6) 2566 (17.9) 598 (19.0) 479 (18.5) 149 (20.6) 59 (26.2)
Hispanic 394 (19.3) 3209 (22.3) 747 (23.8) 635 (24.5) 182 (25.1) 37 (16.4)
Asian 108 (5.3) 467 (3.3) 76 (2.4) 66 (2.6) 17 (2.3) 3 (1.3)
Multiracial / other 32 (1.5) 282 (1.9) 87 (2.9) 61 (2.4) 21 (2.9) 7(3)

P < 0.05 vs underweight.

PP < 0.05 vs healthy weight.
P < 0.05 vs overweight.
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dp < 0.05 vs obese L
€P < 0.05 vs obese II.
fP < 0.05 vs obese IIL.

DGEF: Delayed graft function; KDPI: Kidney Donor Profile Index.

All index pediatric (< 18)
kidney transplants in the
UNOS database 1987-2022
N = 23081

Underweight
(< 5" percentile)

Healthy weight
(5"-85™ percentile)

Overweight
(85™-95" percentile)

Class I obesity

(95" to 120% of 95
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percentile or BMI 35)

Class II obesity
(120-140% of the 95%
percentile or BMI 35)

Class II obesity
(> 140% of the 95®
percentile or BMI 40)

Figure 1 Representation of the separation of all pediatric kidney transplants into body mass index groups. BMI: Body mass index.

18.0%

16.0%

14.0%

0,
12.0% == Overweight

10.0% == (Class 1 obesity
== Class 2 obesity

8.0%
== Class 3 obesity

Percentage of recipients

6.0%

4.0%

2.0%

0.0%

1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

<«
o
o
o

2002
2003
2005
2006

—
o
o
~N

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Transplant year

Figure 2 Line graph depicting trends in the percentage of overweight, obese I, obese Il, and obese lll pediatric recipients over time.

Boienideng>  VVIN | https://www.wjgnet.com 5 June 25,2025 | Volumel14 | Issue2



Stanicki B et al. Pediatric obesity in kidney transplantation

observed in long-term survival metrics. Underweight patients had significantly lower 10-year patient survival (81.3%)
compared to healthy-weight patients (85.5%, P = 0.003), overweight (86.7%, P = 0.003), and Class 1 obese individuals
(86.1%, P = 0.001) Class 2 obese patients had the lowest 10-year patient survival (78.9%) compared to healthy-weight
(85.5%, P < 0.001) and overweight individuals (86.7%, P < 0.001). Similarly, Class 3 obese patients had significantly
reduced 10-year survival (79.9%) compared to healthy-weight and overweight patients (P < 0.05) Kaplan-Meier analysis
for graft survival and patient survival is depicted in Figure 3 and Figure 4. Log-rank testing, displayed in Table 2,
revealed significantly lower graft survival in Class 2 (P = 0.013) and 3 (0.022) obese patients compared to healthy-weight
individuals. This was similar when graft survival of Class 2 (P = 0.033) and Class 3 (0.033) obese patients were compared
to Class 1 obese individuals. Similarly, significant differences in patient survival were observed comparing healthy
weight to Class 2 (P = 0.03) and Class 3 (P < 0.001) obese groups over the study period. Underweight individuals had
significantly lower graft survival than both healthy-weight individuals (P = 0.007) and overweight individuals (P = 0.026)
in terms of patient survival (Table 3). No differences were seen between healthy-weight individuals and overweight (P =
0.246) and Class 1 Obese individuals (P = 0.796) in terms of graft survival. No differences were seen comparing healthy-
weight individuals and overweight (P = 0.845) or Class 1 Obese individuals (P = 0.179) in terms of patient survival. Data
from Cox regression identified key predictors of graft survival, this is depicted in Table 4. Each BMI point increase raised
graft failure risk by 2.0% (95%ClI: 1.015-1.025, P < 0.001). Older age increased graft failure risk by 4.1% per year (95%CI:
1.035-1.047, P < 0.001). Female recipients had a 14.5% higher risk of graft failure compared to males (95%CI: 1.090-1.204,
P <0.001). Later transplant eras reduced graft failure risk by 14.0% (95%ClI: 0.845-0.875, P < 0.001). HLA mismatches and
cold ischemic time also negatively impacted survival, increasing risk by 8.8% per mismatch unit (95%CI: 1.069-1.107, P <
0.001) and 1.1% per hour (95%CI: 1.008-1.013, P < 0.001), respectively. Ethnicity was not significant (95%CI: 0.998-1.002, P
= 0.887). The impact of recipient diabetes was also negligible (95%CI: 1.000-1.000, P = 0.059). For patient survival,
significant predictors included older age (4.9% higher mortality risk per year; 95%CI: 1.036-1.062, P < 0.001) and female
gender (20.1% higher mortality risk compared to males; 95%ClI: 1.087-1.327, P < 0.001). BMI category increases mortality
risk by 1.8% (95%CI: 1.008-1.029, P < 0.001). Later transplant eras improved survival (95%CI: 0.871-0.940, P < 0.001). HLA
mismatches and ischemic time further elevated risk by 11.9% per mismatch unit (95%CI: 1.080-1.160, P < 0.001) and 1.3%
per hour (95%CI: 1.008-1.018, P < 0.001), respectively. Diabetes (95%CI: 1.000-1.001, P = 0.155) and ethnicity (95%CI:
0.999-1.003, P = 0.370) were not significant predictors.

DISCUSSION

This study highlights the impact of obesity on pediatric KT outcomes, providing insights into disparities across BMI
categories. Our findings align with previous research suggesting that elevated BMI, particularly in Class 2 and 3 obesity,
is associated with poorer transplant outcomes. Cox regression analysis identified obesity as an independent risk factor for
both patient and graft survival, with each BMI point increase associated with a 2.0% higher hazard for graft failure
(95%ClI: 1.015-1.025, P < 0.001). While there were no significant differences in 1-year survival rates across BMI categories,
underweight, Class 2, and Class 3 obese recipients demonstrated significantly lower 5- and 10-year survival rates
compared to healthy-weight, overweight, and Class 1 obese individuals. These findings emphasize the risks associated
with being underweight and with severe obesity. Longer CIT, a procedural factor in transplants, was more common
amongst obese recipients, particularly those in Class 2 and 3 obesity. CIT independently increased the hazard of graft
failure by 1.1% and patient mortality by 1.3% per additional hour. This is supported by previous findings that link
prolonged CIT to worse graft and patient survival[14]. Living donor transplants, which are associated with shorter CIT
and better survival, were significantly less common amongst overweight and obese recipients compared to their healthy
counterparts[15,16]. This disparity is partially explained by parental obesity, as parents, who are the most likely living
donors for their children, face BMI restrictions that could disqualify them from donating. Childhood obesity is directly
linked to parental obesity, with children of obese parents being 3-6 times more likely to become obese themselves, and
children with two obese parents are 10-12 times more likely[17]. The reasons for this are multifaceted, including genetic
factors associated with fat storage and appetite, environmental factors including eating habits and lifestyles, alongside
societal and familial pressures[17]. Although there is no national cut-off to be a kidney donor, most transplant centers will
reject anyone over a BMI of 35, with some transplant centers rejecting anyone with a BMI of 30 and over. Addressing
parental obesity through family-centered weight management programs before transplant could mitigate this barrier,
increasing the availability of living donor kidneys for obese children. Obese pediatric recipients were more likely to be
from non-White racial backgrounds, particularly Black and Hispanic populations, with Class 2 obesity showing the
highest proportion of Black patients. Notably, ethnicity was not a significant predictor of either graft or patient survival
after adjusting for other variables, including BMI, HLA mismatch, CIT, and transplant era. This finding supports the
growing body of evidence that disparities in transplant outcomes among ethnic groups are driven by modifiable factors,
including healthcare access, nutrition, and socioeconomic barriers rather than intrinsic biological differences[12]. Prior
studies have shown no significant weight differences between Black and White preschool children when adjusting for
prenatal, perinatal, and early life factors[18]. These results highlight the importance of addressing modifiable systemic
barriers in improving transplant outcomes. Recipient age, gender, and transplant era also emerged as significant
predictors of transplant outcomes. Older recipients experienced a 4.1% increased risk of graft failure and a 4.9% increased
risk of mortality for each additional year of age, likely reflecting the cumulative impact of comorbidities, prolonged
dialysis exposure, and immunological factors. Interestingly, male recipients, despite being more likely to be obese,
demonstrated a 14.5% lower hazard of graft failure compared to females and 20.5 Lower hazard of mortality. This gender
advantage may result from differences in fat distribution, hormones, immune responses, and medical treatment. In a
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Table 2 Patient survival and graft survival log-rank testing between the different body mass index categories

Graft survival pairwise ~ Underweight ~ Healthy weight Overweight Class 1 obese Class 2 obese Class 3 obese
log rank testing (< 5%) (5™-85%) (85-95™) (95™-120%95™) (120%-140%95") (> 140%95")
Underweight (< 5 0.279 0.953 0.469 0.119 0.099
Healthy weight (5"-85%)  0.279 0.246 0.796 0.013 0.022
Overweight (851-95%) 0.953 0.246 0.448 0.099 0.055

Class 1 obese 0.469 0.796 0.448 0.033 0.033
(951-120%95™)

Class 2 obese (120%- 0.119 0.013 0.099 0.033 0.540
140%95™)

Class 3 Obese (> 140%95™)  0.099 0.022 0.055 0.033 0.540

Patient survival pairwise log rank testing

Underweight (< 5 0.007 0.026 0.316 0.779 0.013
Healthy Weight (5"-85")  0.007 0.845 0.179 0.03 <0.001
Overweight (85%-95) 0.026 0.845 0.301 0.039 <0.001

Class 1 obese 0.316 0.179 0.301 0.235 0.002
(951-120%95h)

Class 2 obese 0.779 0.03 0.039 0.235 0.063
(120%-140%95'h)

Class 3 obese (> 140%95™)  0.013 <0.001 <0.001 0.002 0.063

Table 3 Median graft survival and median patient survival between the different body mass index categories

Underweight
(<5")

Healthy weight
(5lh_85th)

Overweight
(85th_95th)

Class 1 obese
(95*"-120%95")

Class 2 obese
(120%-140%95")

Class 3 obese
(> 140%95")

Median graft survival
(95%ClI) (years)

116 (109-12.3)"

12.2 (11.9-12.4)*

11.9 (11.4-12.4)"

12.0 (11.4-12.6)*

9.7 (8.7-10.6)*

11.8 (10.5-13.0)*><
:

1-year graft survival 92.2%" 93.1%" 92.6%" 92.0%" 92.7%" 88.7% P
rate

5-year graft survival 71.3%>4 73.8% 73.1% 73.6% 67.8%" 68.3%"
rate

10-year graft survival ~ 45.0%"" 46.8%"* 47.0% 49.5%"* 40.7% "< 48.7%*
rate

Median patient survival 269 (24.4-29.4)°  26.0 (24.7-27.2)'  24.8 (23.6-25.9)  24.8 (22.9-26.7)" 23.1 (21.1-25.0)><
(95%ClI) (years)

1-year graft survival 92.2% 93.1% 92.6% 92.0% 92.7% 88.7%

rate

5-year patient survival ~ 93.6% " 92.5% 95.6%"" 94.6%"" 92.6% 91.3%
rate

10-year patient survival 81.3%" 85.5% 86.7% 86.1% 78.9% " 79.9% "
rate

P < 0.05 vs underweight.

PP < 0.05 vs healthy weight.

P < 0.05 vs overweight.

4P < 0.05 vs obese L.
€P < 0.05 vs obese I1.
fP < 0.05 vs obese IIL

majority of high and upper-middle-income countries, boys are more often obese, influenced by biological factors
including leptin levels and societal pressures on girls to maintain a lower body weight[19]. Successive transplant eras
were associated with significant improvements in survival, with each era reducing the hazard of graft failure by 14.0%
and mortality by 9.5%. This is also multifaceted, impacted by advances in surgical techniques that have minimized
perioperative complications, improved immunosuppressive regimens with more efficacious medications, and changes in
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Table 4 Predictors of graft and patient survival based on cox regression analysis

Predictor Hazard ratio 95%ClI P value
BMI (per point) 1.020 1.015-1.025 <0.001
Age (per year) 1.041 1.035-1.047 <0.001
Female gender (vs male) 1.145 1.090-1.204 <0.001
Transplant era (per later era) 0.860 0.845-0.875 <0.001
HLA mismatch (per unit) 1.088 1.069-1.107 <0.001
Cold ischemia time (per hour) 1.011 1.008-1.013 <0.001
Ethnicity 1.000 0.998-1.002 0.887
Presence of diabetes 1.000 1.000-1.000 0.059
BMI (per point) 1.049 1.036-1.062 <0.001
Age (per year) 1.201 1.087-1.327 <0.001
Female gender (vs male) 1.018 1.008-1.029 <0.001
Transplant era (per later era) 0.905 0.871-0.940 <0.001
HLA mismatch (per unit) 1.119 1.080-1.160 <0.001
Cold ischemia time (per hour) 1.013 1.008-1.018 <0.001
Ethnicity 1.001 0.999-1.003 0.370
Presence of diabetes 1.000 1.000-1.001 0.155

BMI: Body mass index.

Graft survival

1.0
BMI classes
0.8 Underweight
I Healthy weight
Overweight
I Class 1 obesity
5 171 Class 2 obesity
'13 0.6 171 Class 3 obesity
)
-
-
®
2
5 04
(7]
0.2
—+
0.0

0 10 20 30 40
Years following transplantation

Figure 3 Kaplan-Meier estimates of kidney allograft survival between body mass index classes. Correlate statistically significant differences in
graft survival between body mass index classes using the log-rank testing in Table 2. BMI: Body mass index.
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Patient survival
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Figure 4 Kaplan-Meier estimates of kidney allograft recipient survival between the different body mass index classes. Correlate statistically
significant differences in patient survival between body mass index classes using the log-rank testing in Table 2.

pediatric allocation policy. The 2014 revision to the Kidney Allocation System introduced a system in which pediatric
candidates received priority for all kidneys with a KDPI < 35%[20]. This change increased long-term survival outcomes
by improving access to high-quality grafts[20]. Underweight recipients demonstrated lower survival rates compared to
their normal-weight counterparts, highlighting the dual risks of obesity and malnutrition (Table 2). Previous studies have
shown that underweight pediatric KT recipients face an increased risk of mortality secondary to cardiovascular disease
when compared to normal-weight patients[21]. Large annual decreases in BMI have similarly shown increased mortality
risk in children treated with KT[22,23]. Nutritional management should prioritize stabilizing BMI within a healthy range,
recognizing that BMI serves as both an indicator of obesity and a marker of malnutrition or severe illness. No significant
differences were observed between BMI groups in other important transplant metrics, such as donor distance from the
transplant center, KDPI, donor sex, or rates of DGF. This suggests that the primary factors contributing to poorer
outcomes in obese pediatric recipients are related more to recipient characteristics than donor variables. Additionally,
although there was a trend in DGF rates, which increased proportionally with BMI, it was insignificant in our data,
suggesting a potential area for future study within other datasets. Barriers to healthcare disproportionately impact low-
income families and families of color, exacerbating disparities in transplant outcomes. Black Americans represent 31.9%
of KT candidates but account for only 11.7% of living donors, a disparity driven by socioeconomic factors, healthcare
mistrust, and lack of awareness about organ donation[24,25]. Financial assistance programs and culturally competent
transplant teams are essential to building trust and reducing economic barriers, with pilot programs showing early
success in increasing minority living donor transplants[25]. Public health initiatives targeting systemic inequalities, such
as improving access to nutritious food and obesity prevention programs, could further address disparities in pediatric KT
[26]. Despite the well-documented risks associated with obesity, particularly in the context of KT, this study suggests that
with the proper management, obese pediatric patients can still achieve comparable outcomes to their healthy-weight
counterparts in the short term. Given the comparable outcomes in overweight and Class 1 obese children in the setting of
more obese and overweight children presenting for transplant than ever before, it seems as if the American transplant
system has already adjusted to the trends in pediatric BMI. However, the long-term outlook, particularly for those in
Class 2 and 3 obesity, remains concerning, with lower graft survival at 5 and 10 years. Structured pre-transplant
interventions, such as comprehensive weight management programs, are an important addition to transplant teams.
Programs integrating dietary counseling, behavioral therapy, and physical activity have successfully reduced BMI in
pediatric population[27]. In severe cases, bariatric surgery has been shown to improve outcomes with obesity-related
comorbidities, but there has not been extensive work on how it would impact pediatric transplant recipients[28]. Post-
transplant interventions, including regular follow-ups with dietitians and physical activity programs, would allow for
progress to be sustained over time, ultimately improving graft and patient survival. Emerging therapies like GLP-1
receptor agonists, which are effective in managing obesity and associated metabolic conditions, may offer a promising
adjunct for improving outcomes in obese pediatric KT recipients. By promoting weight loss and improving insulin
sensitivity, these agents could help optimize pre- and post-transplant health, potentially mitigating obesity-related risks.
Further research is needed to explore their safety, efficacy, and long-term impact in this unique population. This study
underscores the need for nuanced criteria in assessing and treating pediatric KT candidates with elevated BMI. While
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some transplant centers may view obesity as an absolute contraindication, our findings suggest that blanket restrictions
on BMI alone may be too conservative. Instead, transplant centers should consider adopting a more individualized
approach that considers a patient's overall health and management of the patient's obesity before and after transplant.
Additionally, efforts to reduce barriers to living donor transplants for obese patients, including support for obese parents
attempting child-parent donations, could reduce some of the risks faced by obese pediatric recipients.

This study, while comprehensive with an extensive number of transplants, has several limitations. First, the
retrospective cohort design precludes the ability to establish causation between BMI and transplant outcomes. While the
findings suggest associations between higher BMI categories and poorer graft and patient survival, the observational
nature of the study means that unmeasured confounding factors may influence these outcomes. Additionally, the STAR/
UNOS database lacks granular information about potential confounders, such as recipient hypertension, socioeconomic
factors, and detailed metrics on obesity-related comorbidities, all of which could influence the data. Finally, the relatively
small number of Class 3 obese patients may reduce the statistical power for this subgroup and limit the generalizability of
the findings. The definition of Class 3 obesity (140% of the 95 percentile or BMI = 40) inherently encompasses a small
fraction of the pediatric population, and a multi-center study focused on these patients would be needed to validate
findings in this subgroup. Further prospective studies with more detailed clinical data are required to better understand
causal relationships between BMI and outcomes in pediatric KT.

CONCLUSION

This study highlights the complex relationship between obesity and pediatric KT outcomes, emphasizing that Class 2 and
3 obesity are associated with significantly poorer long-term graft and patient survival. Cox regression analysis identified
obesity and longer cold ischemic times as independent risk factors, with each BMI point increase associated with higher
hazards for graft failure and mortality. However, recipients in the overweight and Class 1 obesity categories
demonstrated comparable short-term and long-term outcomes to their healthy-weight counterparts, demonstrating the
potential for clinical success with proper management. The disproportionate impact of obesity on Black and Hispanic
children, alongside barriers to living donor transplants due to parental obesity, highlights the need for systemic
interventions. Family-centered weight management programs to address both pediatric and parental obesity could
expand the pool of eligible living donors and improve access to higher-quality organs. Pre- and post-transplant strategies,
including dietary counseling, behavioral therapy, and physical activity programs, are important to optimize outcomes.
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