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Abstract

Background The prevalence of obesity is steadily increasing in patients with end-stage kidney disease. However, it
is still debatable whether obesity affects outcomes after kidney transplantation. This study evaluated the relationship
between pretransplant obesity, defined as a body mass index (BMI) > 25 kg/mz, and posttransplant outcomes in
Korean kidney transplant recipients (KTRs).

Methods We investigated prospective nationwide cohort data from the Korean Organ Transplantation Registry
(KOTRY) from 2014 to 2021. KTRs were categorized into 4 groups based on pretransplant BMI: underweight (< 18.5),
normal weight (18.5-22.9), overweight (23-24.9), and obesity (> 25). Posttransplant outcomes, including death-
censored allograft loss, cardiovascular events, and all-cause mortality, were compared using Kaplan-Meier curves with
the log-rank test. Cox proportional hazard regression analysis was employed to assess associations between BMI and
posttransplant outcomes.

Results A total of 9,130 KTRs were finally analyzed. The mean age was 49.9+ 11.6 and 60.2% of KTRs were male. The
prevalence of obesity in KTRs was 28.6% and continued to increase (24.8% in 2014 to 32.5% in 2021). Obese KTRs were
characterized by male predominance, shorter dialysis vintage, and more diabetes as primary kidney disease. Kaplan-
Meier curve showed a significant difference in death-censored allograft loss among BMI groups (P=0.007). Obesity
(BMI>25 kg/mz) was as an independent risk factor for death-censored allograft loss (adjusted hazard ratio 1.511, 95%
confidence interval 1.063-2.148, P=0.021), but not for cardiovascular events or mortality.
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Conclusions Our study evaluated BMI across a spectrum of categories, suggesting that obesity is an independent
risk factor for graft survival in KTRs. Risk stratification using BMI and strategies to prevent obesity should be considered

in the preparation for kidney transplantation.
Clinical trial number Not applicable.

Keywords Body mass index, Graft loss, Kidney transplantation, Obesity

Background

Over the decades, kidney transplantation has demon-
strated gradual improvement in graft and patient sur-
vival [1]. Nevertheless, some kidney transplant recipients
(KTRs) may eventually return to dialysis or face death.
Graft loss can result from various causes and risk factors,
such as acute or chronic rejection, vascular complica-
tions, delayed graft function (DGF), or recipient age [2].
Additionally, the leading cause of recipient mortality was
cardiovascular disease, with infection and cancer follow-
ing behind [1, 3, 4].

Obesity has diverse impacts on kidney transplant
outcomes through increased adiposity and adipocyto-
kines-related inflammation [5-7]. Several studies have
mentioned associations between obesity and adverse
short-term outcomes, especially DGF [8-13]. Further-
more, obesity independently elevates the risk of cardio-
vascular disease and plays a role in other cardiovascular
risk factors such as hypertension and diabetes mellitus
[14]. These metabolic diseases can worsen upon post-
transplant immunosuppressive therapy and potentially
lead to graft damage [8, 15, 16].

The prevalence of obesity has consistently risen in both
the general population and those with end-stage kidney
disease [17, 18]. Although obesity has its disadvantages,
its effect on post-transplant outcomes remains a subject
of debate. Some previous meta-analyses have indicated
that obesity raises the chance of graft failure and recipi-
ent death [7, 9, 19-21]. Other research has suggested a
limited significant association between obesity and both
graft loss and mortality [10, 22]. These conflicting results
suggest the necessity for further investigation into the
impact of obesity on kidney transplants.

Ethnic diversity should be considered in evaluating the
effect of obesity in KTRs. While the World Health Orga-
nization (WHO)’s international classification defines
obesity as a body mass index (BMI)>30 kg/m? guide-
lines specific to the Asian-Pacific region propose a lower
threshold for general Asians, at a BMI>25 kg/m? based
on ethnic variations in body fat ratio and associated
health risks [23, 24]. Accordingly, some studies have sug-
gested a BMI>25 kg/m? as a risk factor for graft loss in
Asian KTRs [25-27]. However, research on clinical out-
comes in obese Asian KTRs is limited, which may impede
appropriate management strategies for obese KTRs.

This study aims to analyze the relationship between
the pretransplant obesity (defined as BMI 25 >kg/m? per
Asia-Pacific criteria) and kidney transplant outcomes
including death-censored allograft loss, all-cause mortal-
ity, and cardiovascular events in Korean KTRs. Second-
ary analyses were performed across BMI categories to
explore broader trends in transplant outcomes by analyz-
ing data from a Korean nationwide study.

Methods

Patient population

This study utilized data from the Korean Organ Trans-
plantation Registry (KOTRY). KOTRY has been col-
lecting prospective transplant data from 59 centers
(including 30 centers for kidney) nationwide in Korea
since 2014 [28]. All KTRs in the KOTRY database from
2014 to 2021 were included in this study. Recipients
under the age of 19 or those having simultaneous mul-
tiorgan transplants, other than pancreas-kidney cotrans-
plantation, were not eligible. The detailed design and
methodologies of KOTRY have been outlined in a previ-
ous article [29].

Data collection

The 9,130 KTRs were accounted for in the analysis. The
BMI was assessed using the records available at the
time of the kidney transplantation, and if no records
were present, the measurement taken closest to the
date before the transplantation was utilized. We catego-
rized the subjects into four groups based on their pre-
transplant BMI: underweight (<18.5), normal weight
(18.5-22.9), overweight (23-24.9), and obesity (>25), fol-
lowing the WHOQ’s Asia-Pacific guidelines [24]. BMI was
calculated using pre-transplant weight divided by height
squared (kg/m?). Baseline demographic characteristics
of the recipients, dialysis vintage before transplantation,
laboratory data, primary renal disease, comorbidities,
transplantation type, immunological variables including
pretransplant desensitization, types of immunosuppres-
sants, and the occurrence of clinical outcomes were col-
lected. Data on donor demographics, comorbidities, and
donor types were also obtained.

Outcomes
The primary clinical outcomes included death-censored
allograft loss, all-cause mortality, and cardiovascular
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events. The secondary outcomes were DGF, acute rejec-
tion, and de novo donor-specific antibody (DSA). De
novo DSA was detected using a Luminex single-antigen
bead assay. The definition of death-censored allograft loss
included either the onset of dialysis lasting over three
months or re-transplantation, with censoring at the time
of patient death with a functioning graft. Cardiovascular
events included post-transplant cardiovascular death,
ischemic heart disease with pertinent evidence, myocar-
dial infarction, newly diagnosed congestive heart fail-
ure requiring inpatient care, and arrhythmia. All-cause
mortality was defined as death caused by any issue. For
patients who passed away with a functioning graft, graft
survival was censored at the moment of death. DGF was
characterized as the requirement for at least one dialysis
in the first seven days after transplants. Acute rejection
included clinical rejection and biopsy-confirmed rejec-
tion based on the Banff classification. De novo DSA was
defined as the detection of antibodies in the recipient’s
panel reactive antibody (PRA) I and PRA II that matched
the donor’s human leukocyte antigen (HLA) typing fol-
lowing the transplant.

Statistical analysis

Continuous variables were summarized with mean and
standard deviation, while categorical variables were out-
lined using frequency and percentage. To assess statisti-
cal differences, one-way analysis of variance was used
for continuous variables, and Pearson’s chi-squared test
or Fisher’s exact test was applied for categorical vari-
ables. To evaluate the trend of obesity prevalence among
KTRs, linear regression analysis was employed. Differ-
ences among sub-BMI groups in death-censored allograft
loss, cardiovascular events, and all-cause mortality were
assessed using Kaplan-Meier curves and the log-rank
test. The associations between BMI and these primary
outcomes were assessed through Cox proportional haz-
ard regression analysis, with adjustments for clinically
relevant covariates and baseline variables that signifi-
cantly differed across BMI groups. In the multivariable
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Cox proportional hazard regression models, we con-
trolled for confounding variables associated with KTRs
and donor baseline characteristics in the following man-
ner: Model 1 was without adjustments; Model 2 was
adjusted for age, sex, and BMI in KTRs; Model 3 added
donor type into the variables from Model 2; and Model
4 included additional adjustments for the donor’s gen-
der, BMI, and cardiovascular disease, recipient’s diabe-
tes, hypertension, smoking, dialysis vintage, and acute
rejection along with the variables established in Model 3.
Subgroup analyses for death-censored allograft loss were
carried out based on age, sex, comorbidities, donor type,
and desensitization status. To identify factors associated
with pretransplant obesity, we performed logistic regres-
sion analyses. Variables were selected based on clinical
relevance and statistically significant differences between
BMI groups in the baseline characteristics. Factors that
showed significant associations in univariate analyses
(P<0.05) were included in the multivariate model. Statis-
tical analyses were conducted using R (R Foundation for
Statistical Computing, Vienna, Austria; www.r-project.
org) and SPSS version 22.0 (IBM Corp., Armonk, NY). A
P-values <0.05 was deemed statistically significant.

Results

Figure 1a shows the overall distribution of BMI in 9,130
patients. The prevalence of overweight and obesity was
21.0% and 28.6%, respectively (Fig. 1b). The proportion
of obesity gradually increased from 24.8% in 2014 to
32.5% in 2021, showing significant changes over the years
(Fig. 1c).

The demographics, categorized by BMI groups, are
provided in Table 1. The mean age of all KTRs was
49.9 £11.6 years, with a male ratio of 60.2% (n=5,499).
Statistically significant differences were identified across
BMI groups in recipient characteristics, including age,
systolic and diastolic blood pressure, and the number of
HLA mismatches. Notably, the obesity group was char-
acterized by a higher prevalence of male sex, more fre-
quent smoking, and shorter duration of dialysis, as well
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Fig. 1 Distribution and trends of BMI among KTRs. (a) Distribution of BMI; (b) Proportion of BMI categories; (c) annual changes in the proportion of KTRs
with obesity. Abbreviations: BMI, body mass index; KTRs, kidney transplant recipients
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Underweight Normal weight Overweight Obesity P-value
(n=660) (n=3936) (n=1921) (n=2613)

Recipient Demographics
Age (y) 43.0+129 495+11.6 5194108 506+11.0 <0.001
Gender (male n, %) 192 (29.1) 2133 (54.2) 1335 (69.5) 1839 (70.4) <0.001
Body mass index (kg/mz) 174+10 210+12 239406 278+26 <0.001
Dialysis vintage before KT (months) 543+70.7 574+679 487 +57.2 429+527 <0.001
Smoking, n (%) 64 (9.8) 743 (19.1) 528(27.9) 812(31.8) <0.001
Systolic BP (mmHg) 13524218 1394+210 140.8+204 140.0+£21.0 <0.001
Diastolic BP (mmHg) 843+137 83.6+126 83.2+124 828+126 0.026
Fasting glucose (mg/dL) 109.7£39.0 117.9+53.7 125.6+56.2 129.5+60.1 <0.001
Total cholesterol (mg/dL) 1623+£41.0 153.2+40.9 148.8+41.5 147.8+43.6 <0.001
LDL (mg/dL) 85.3£29.0 843+335 83.2+342 81.8+357 0.056
HDL (mg/dL) 60.1+199 520+165 46.0+153 405+13.6 <0.001
Triglyceride (mg/dL) 100.9+54.0 107.7+£67.5 1263+76.7 1583+103.7 <0.001
Primary renal disease, n (%)

Diabetes mellitus 60 (11.8) 749 (23.8) 579(37.2) 959 (43.8) <0.001

Hypertensive nephrosclerosis 80 (15.8) 581 (18.5) 293 (18.8) 424 (194) <0.001

Glomerulonephritis 288 (56.8) 1407 (44.7) 538 (34.6) 618 (28.2) <0.001

Others 79 (15.6) 409 (13.0) 145 (9.3) 190 (8.7) <0.001
Comorbid conditions, n (%)

Hypertension 530 (80.3) 3446 (87.6) 1766 (92.0) 2423 (92.7) <0.001

Diabetes mellitus 86 (13.1) 959 (24.4) 718 (37.4) 1187 (45.4) <0.001

Cardiovascular disease 43(6.5) 410(104) 243(12.7) 402 (15.4) <0.001
Transplant-related Variables
Living donor transplantation, n (%) 484 (73.3) 2566 (65.2) 1240 (64.5) 1830 (70.0) <0.001
Deceased donor transplantation, n (%) 176 (26.7) 1370 (34.8) 681 (35.5) 783 (30.0) <0.001
Desensitization, n (%) 177 (26.8) 1004 (25.5) 472 (24.6) 628 (24.0) 0.362
ABOI KT, n (%) 121 (183) 723 (184) 361(18.8) 478 (18.3) 0975
HLA mismatch number 30+17 33+18 33+18 34+18 <0.001
Basiliximab induction, n (%) 527 (79.8) 3054 (77.6) 1513 (78.8) 2070 (79.3) 0.305
ATG induction, n (%) 143 (21.7) 955 (24.3) 441 (23.0) 564 (21.6) 0.069
Tacrolimus, n (%) 636 (96.4) 3832 (97.4) 1858 (96.8) 2528 (96.9) 0317
Mycophenolate, n (%) 599 (90.8) 3691 (93.8) 1800 (93.8) 2459 (94.2) 0.012
Corticosteroid, n (%) 649 (98.3) 3878 (98.6) 1886 (98.3) 2542 (97.4) 0.006
Donor Characteristics
Age (y) 474+123 48141126 480+ 13.1 479+12.7 0572
Gender (male n, %) 272 (41.2) 1810 (46.0) 949 (49.4) 1392 (53.3) <0.001
Body mass index (kg/mz) 234+34 238+33 242+35 245+35 <0.001
Hypertension, n (%) 105 (16.2) 617 (16.0) 288 (15.3) 447 (17.4) 0.264
Diabetes mellitus, n (%) 18 (2.8) 182 (4.7) 86 (4.6) 129 (5.0) 0.109
Cardiovascular disease, n (%) 9(1.5) 62(1.7) 50(2.8) 37(15) 0.010

Data are presented as mean + standard deviation or number (%)

Abbreviations: KT, kidney transplantation; BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; ABOi, ABO incompatible; HLA, human

leukocyte antigen; ATG, anti-thymocyte globulin

as higher fasting glucose levels, lower total and high-den-
sity lipoprotein cholesterol, and higher triglyceride levels.
In this group, diabetes mellitus was the leading cause of
primary kidney disease, while hypertension was the most
common comorbidity. Most transplants were from living
donors, and donor gender and BMI varied significantly
across recipient BMI groups.

Patients were followed for a mean duration of 2.5 years
with a maximum of 7.4 years. Table 2 summarizes the

occurrence of clinical outcomes in KTRs. Acute rejection
rates revealed a significant difference among the BMI
groups, with a higher incidence observed in the obesity
group (20.3%, P=0.031). The obesity group also exhibited
the highest rates of DGF and death-censored allograft
loss, though the differences between groups were not
statistically meaningful. Cardiovascular events and all-
cause mortality rates were similar in the different BMI
classifications.
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Table 2 Clinical outcomes
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observed in the cumulative rates of cardiovascular events

Under-  Normal  Over- Obesity  P- or all-cause mortality across BMI groups (Fig. 2b and c).

‘(71296?0) ‘(':i%gt?’ 6) ‘(’:291}:2 - (n=2613) ::I' In univariate Cox regression analysis, the obesity
e 2T G2%)  17043%) 63(G3% 120 @6% 0079 group demonstrated a higher risk of death-censored
Acute 139 706 (17.9%) 333 (17.3%) 530 (203%) 0031 allograft loss relative to the normal weight group (hazard
rejection (20.0%) ratio [HR] 1.529, confidence interval [CI] 1.097-2.130,
de novo 61(92%) 375(9.5%) 217 (11.3%) 239(9.1%) 0.082 P= 0012). Multivariate analysis Conﬁrmed Obesity as an
DSA independent risk factor of death-censored allograft loss
Death- 18(2.7%) 101 (26%) 55(29%) 96 (3.7%)  0.073 (adjusted hazard ratio [aHR] 1.511, 95%, CI 1.063-2.148,
censored P=0.021) (Table 3). The underweight and overweight
allog.raft loss groups did not show significant changes in the incidence
gjl?rlz\\//aesr;ts 48(73%) 228(8%) 128(67%) 163(62%) 0371 of death-censored allograft loss. However, the obesity
Alcause  15(3%) 83(21%) 41(1%) 61 (23%) 0935 group was not linked to the risk of cardiovascular events
mortality or all-cause mortality (Tables 4 and 5).

Data are presented as number (%)
Abbreviations: DGF, delayed graft function; DSA, donor specific antigen

Figure 2 depicts the survival curves of the three clinical
outcomes: death-censored allograft loss, cardiovascular
events, and all-cause mortality. A significant difference
in death-censored allograft loss was found between the
groups according to the Kaplan-Meier curve (P=0.007),
showing the lowest allograft survival in the obesity
KTRs (Fig. 2a, Log-rank P=0.007). No differences were

Subgroup analysis verified the influence of demo-
graphic factors on death-censored allograft loss in each
BMI group (Fig. 3). In the obesity group, death-censored
allograft loss was increased in KTRs with age older than
51 (aHR 2.42, CI 1.10-5.34, P=0.028), living donor (aHR
3.38, CI 1.35-8.43, P=0.009), and desensitization (aHR
3.80, CI 1.28-11.33, P=0.017). Obesity in KTRs was
linked to a higher hazard of death-censored allograft loss
regardless of the presence of hypertension.

Multivariate logistic regression identified male gender,

smoking, lower high-density lipoprotein (HDL) levels,
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‘H = ——
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Survival probability
Survival probability
Survival probability

Log-rank P =0.007 Log-rank P=0.2 Log-rank P=0.8
LY — Underweight o7 — Underweight 07 — Undenweight
~— Normal weight — Normal weight = Normal weight
08 08 08
Overweight Overweight Overweight
05 — Obesity 05 — Obesity 05 — Obesity
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Duration (years) Duration (years) Duration (years)
No at risk No at risk No at risk
Underweight | 660 444 346 266 205 150 91 Underweight | 660 448 349 268 207 152 Underweight{ 660 449 349 268 208 152 91
Normal weight { 3936 2724 2160 1629 1180 803 424 Normal weight { 3936 2136 2163 1629 1178 799 420 Normal weight { 3936 2749 2175 1640 1186 805 425
1921 1298 988 745 535 348 155 1921 1301 989 746 536 347 155 1921 1309 995 751 539 350 156
Obesity{ 2613 1693 1305 952 687 461 210 Obesity{ 2613 1706 1314 954 684 458 207 Obesity{ 2613 1716 1319 963 693 466 211
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Duration (years) Duration (years) Duration (years)
(@ (b) (c)

Fig. 2 Kaplan-Meier curves for posttransplant outcomes according to BMI categories. (a) Death-censored allograft loss; (b) Cardiovascular events; (c) All-
cause mortality. Abbreviations: BMI, body mass index

Table 3 Cox regression analysis for death-censored allograft loss

Model 1" Model 2? Model 3 3 Model 44
HR P-value aHR P-value aHR P-value aHR P-value
(95% Cl) (95% Cl) (95% Cl) (95% Cl)

Underweight 0.802 0.534 0.900 0.769 0.956 0.901 0.996 0.990
(0.401-1.606) (0.446-1.818) (0.473-1.934) (0.490-2.023)

Normal weight Reference Reference Reference Reference

Overweight 1.118 0.587 1.053 0.803 1.043 0.841 1.086 0.701
(0.748-1.669) (0.702-1.580) (0.691-1.574) (0.712-1.656)

Obesity 1.529 0.012 1457 0.028 1.407 0.053 1484 0.030
(1.097-2.130) (1.041-2.039) (0.996-1.988) (1.039-2.119)

M unadjusted. @ adjusted for age and sex. ® adjusted for age, sex, primary renal disease, number of HLA mismatch (ref 0~3), and transplantation type. “ adjusted
for age, sex, primary renal disease, diabetes, hypertension, smoking, acute rejection, number of HLA mismatch (ref 0 ~ 3), transplantation type, donor gender, donor
body mass index and donor cardiovascular disease
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Table 4 Cox regression analysis for cardiovascular events
Model 1" Model 22 Model 3% Model 4%
HR P-value aHR P-value aHR P-value aHR P-value
(95% Cl) (95% Cl) (95% ClI) (95% Cl)

Underweight 1.062 0.765 1.175 0431 1.205 0.364 1.261 0.261
(0.716-1.575) (0.787-1.755) (0.806-1.803) (0.541-1.890)

Normal weight Reference Reference Reference Reference

Overweight 1212 0.138 1.148 0.291 1.141 0319 1.166 0.254
(0.940-1.561) (0.888-1.485) (0.880-1.480) (0.896-1.516)

Obesity 1.094 0.455 1.049 0.693 1.012 0.925 0.989 0.931
(0.865-1.383) (0.827-1.331) (0.793-1.291) (0.769-1.271)

(

1 unadjusted. @ adjusted for age and sex. ® adjusted for age, sex, primary renal disease, number of HLA mismatch (ref 0~ 3), and transplantation type. * adjusted

for age, sex, primary renal disease, diabetes, hypertension, smoking, acute rejection, number of HLA mismatch (ref 0 ~ 3), transplantation type, donor gender, donor

body mass index and donor cardiovascular disease

Table 5 Cox regression analysis for all-cause mortality

Model 1" Model 22 Model 3% Model 4%
HR P-value aHR P-value aHR P-value aHR P-value
(95% ClI) (95% Cl) (95% Cl) (95% Cl)

Underweight 0.934 0.849 1.450 0.302 1.540 0.230 1355 0424
(0.464-1.881) (0.716-2.937) (0.761-3.119) (0.643-2.853)

Normal weight Reference Reference Reference Reference

Overweight 0.968 0.888 0.788 0.302 0.798 0327 0.834 0434
(0.619-1.515) (0.502-1.238) (0.508-1.253) (0.530-1.314)

Obesity 1.246 0.249 1.130 0.525 1.115 0.577 1.142 0.500
(0.857-1.811) (0.775-1.647) (0.760-1.636) (0.776-1.683)

(

Y unadjusted. @ adjusted for age and sex. ) adjusted for age, sex, primary renal disease, number of HLA mismatch (ref 0~ 3), and transplantation type. ® adjusted

for age, sex, primary renal disease, diabetes, hypertension, smoking, acute rejection, number of HLA mismatch (ref 0~ 3), transplantation type, donor gender, donor

body mass index and donor cardiovascular disease

higher triglycerides, diabetes and cardiovascular disease
(all P<0.05) as significant factors associated with pre-
transplant obesity (Table 6).

Discussion
This study investigated the relationship between the pre-
transplant BMI and post-transplant outcomes in Korean
KTRs. Clinical outcomes across different BMI groups
were compared based on the rate of death-censored
allograft loss, cardiovascular events, and all-cause mor-
tality. Obesity, defined as BMI over 25 kg/m?, was related
to a higher hazard of allograft failure. The pretransplant
BMI did not affect cardiovascular events and mortality.
Obesity is a widely acknowledged independent risk fac-
tor with a positive linear relationship to overall mortality
and cardiovascular issues in the general population [14,
30]. However, in our study, obesity was not significantly
related to death or cardiovascular events in KTRs. The
meta-analysis examining BMI in KTRs revealed varying
results for these outcomes. Regarding mortality, while
some studies have indicated a higher risk of mortality
associated with obesity [7, 9, 20], others have found no
significant link between BMI and patient survival [10, 11].
Additionally, some studies have reported inconsistencies
in mortality results depending on the statistical methods
used [9, 19]. Research on the relationship between BMI
and cardiovascular events in KTRs is relatively limited

and shows similarly inconsistent results [31, 32]. These
inconsistencies in patient mortality and cardiovascular
events may be attributed to patient variables such as age,
underlying comorbidities, and immune status, which can
have a more substantial and complex impact on survival
rates and cardiovascular issues, despite the established
risk of obesity for cardiovascular disease and general
mortality [15].

Regarding allograft outcomes, most meta-analyses
have identified obesity as a risk factor for allograft loss
[7, 9, 11, 19, 20], which aligns with our results. How-
ever, one meta-analysis reported no link between obe-
sity and allograft loss [10]. This study focused on KTRs
who underwent kidney transplantation after the 2000s
and attributed the lack of association to advancements
in transplant medical practices. Our study, based on a
nationwide multicenter cohort of over 9,000 KTRs, offers
robust statistical power and improved generalizability
within an ethnically homogeneous population. In addi-
tion, our cohort reflects contemporary transplant prac-
tices, including updated immunosuppressive regimens
and metabolic management strategies. These contextual
improvements may clarify prior conflicting results by
controlling for evolving clinical factors.

When considering BMI, it is essential to account for
ethnic differences. Compared to Western populations,
Asians are inclined to have a greater body fat percentage
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Subgroup Adjusted HRs (95% CI) P-value
Age
e — 1.68 (0.53-5.35) 0.377
<51 [l 0.19(0.02- 1.44) 0.108
R 1.25(0.53-2.94) 0.606
e 0.90 (0.12-6.99) 0.918
=51 —.— 2.23(0.99-5.03) 0.054
[ 242 (1.10-5.34) 0.028
Sex
pe 0.84 (0.11-6.44) 0.865
Male ro— 1.08 (0.48-2.46) 0.848
- 1.60 (0.79- 3.23) 0.192
om 2.06 (0.62-6.89) 0.240
Female B 143(043-4.73) 0.555
com 2.28 (0.85-6.11) 0.100
HTN
e 1.32(0.45-3.89) 0614
HTN - 1.27 (0.65-2.51) 0.489
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Fig. 3 Subgroup analysis for death-censored allograft loss. Abbreviations: HTN, hypertension; DM, diabetes mellitus; CVD, cardiovascular disease

at the same BMI and are more susceptible to obesity-
related health issues even at lower BMI thresholds [23].
Most previous studies on obese KTRs have been con-
ducted in Western countries. Our study reflects ethnic-
specific risk stratification by using the Asia-Pacific BMI
criterion (=25 kg/m?), which better accounts for differ-
ences in body composition and metabolic risk among

Asian populations. Research in China [25], Hong Kong
[26], and Japan [27] has consistently shown that obese
KTRs with an Asian-specific BMI cutoff of >25 kg/
m? revealed reduced graft survival rates. Some of these
studies have reported no statistically significant associa-
tion with patient survival [25, 27]. The present study also
confirmed obesity as an independent factor associated
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Table 6 Factors related to pretransplant obesity in logistic regression model

Univariate Multivariate

B (SE) B P-value B (SE) B P-value
Age -0.91(0.02) 040 <0.001 -0.003 (0.00) 1.00 0316
Male gender 0.01 (0.00) 1.01 <0.001 0.20 (0.08) 1.22 0.017
Dialysis vintage before KT —-0.00 (0.00) 0.99 <0.001 —-0.001 (0.00) 1.00 0.090
Smoking 0.58 (0.05) 1.78 <0.001 0.31 (0.08) 1.36 <0.001
Systolic BP 0.001 (0.00) 1.00 0.181
Diastolic BP -0.01 (0.00) 1.00 0.015 -0.001 (0.00) 1.00 0.803
Fasting glucose 0.003 (0.00) 1.00 <0.001 —-0.001 (0.00) 1.00 0.052
Total cholesterol -0.003 (0.00) 1.00 <0.001 0.001 (0.00) 1.00 0.268
HDL —-0.05 (0.00) 0.95 <0.001 —-0.04 (0.00) 0.97 <0.001
Triglyceride 0.01 (0.00) 1.01 <0.001 0.004 (0.00) 1.00 <0.001
Hypertension 0.54 (0.09) 172 <0.001 0.21(0.13) 1.23 0.103
Diabetes mellitus 0.81 (0.05) 224 <0.001 0.54 (0.08) 172 <0.001
Cardiovascular disease 0.42 (0.07) 1.52 <0.001 0.31(0.10) 1.36 0.002

Abbreviations: B, unstandardized regression coefficient; SE, standard error; B, standardized coefficient; KT, kidney transplantation; BP, blood pressure; HDL, high-

density lipoprotein

with death-censored allograft loss, consistent with sev-
eral prior studies, including a meta-analysis [11] and an
analysis of Asian populations [25].

The pathogenic impact of obesity on transplanted
organs can be explained through multiple mecha-
nisms. The most extensively researched mechanism
is the metabolic disturbances associated with obesity.
Obesity-related metabolic issues, such as insulin resis-
tance, dyslipidemia, hypertension, and chronic inflam-
mation, are recognized risk factors for allograft damage
due to their hemodynamic and proinflammatory changes
[33-35]. Our data indicate that the obese group, which
showed a higher risk of death-censored allograft loss, has
elevated fasting glucose levels and abnormal lipid pro-
files, in addition to a greater prevalence of hypertension
and diabetes, in contrast to the other BMI groups. These
findings support the association between abnormal met-
abolic conditions and allograft failure in the KTRs.

Several studies have linked obesity to acute rejection [1,
9, 27] and DGF [1, 7, 9-12, 21], both of which heighten
the risk of allograft failure [1, 7]. One possibility is that
obesity-related inflammation may exacerbate graft rejec-
tion pathways. Obesity is reported to be associated with
alloimmune dysregulation through elevated leptin and
lowered adiponectin levels, activating both innate and
adaptive immunity [5, 6]. This association can be sup-
ported by experimental studies in obese mice with heart
transplants [36, 37]. Additionally, recent clinical research
has reported a link between hyperleptinemia and the
production of de novo DSA [38], which can contribute to
allograft rejection. However, the risk of death-censored
allograft loss remained higher in obese recipients, even
after adjusting for acute rejection, highlighting a poten-
tial independent effect of obesity on graft failure that
warrants further investigation. This suggests that obesity
may affect graft survival not only through immunologic

pathways but also via non-immunologic mechanisms.
These findings underscore the multifactorial impact of
obesity on graft outcomes and support the need for com-
prehensive perioperative management in obese KTRs.
Given this association between pretransplant obesity and
adverse graft outcomes, efforts to optimize body weight
prior to kidney transplantation may be beneficial.

In this context, it is important to recognize that obe-
sity is often accompanied by a cluster of modifiable car-
diometabolic risk factors that may collectively influence
transplant outcomes. Our multivariate logistic regression
analysis suggests that pretransplant obesity is not an iso-
lated phenomenon, but is closely linked to components
of metabolic syndrome. These include modifiable risk
factors such as smoking, dyslipidemia, diabetes, and car-
diovascular disease, all of which warrant comprehensive
clinical assessment. Clinicians should consider metabolic
risk screening and targeted interventions to optimize
pretransplant health and improve posttransplant out-
comes in obese transplant candidates.

Another finding from our study was that the impact of
obesity on death-censored allograft loss was modified by
old age over 51 years, desensitization, and living donors.
The elevated risk persisted regardless of hypertension,
which may suggest obesity’s independent role, possibly
through immunometabolic mechanisms. Aging can con-
tribute to allograft loss through altered metabolic and
immunologic factors [39, 40], which may be compounded
by obesity. The altered inflammatory state in obesity may
also explain the poor allograft outcome observed in the
high BMI, HLA-presensitized recipients [41]. Addition-
ally, lower graft survival rates have been reported in obese
KTRs who received living donor transplants in previous
studies [42, 43]. These findings suggest that obese recipi-
ents of living donor kidneys may benefit from intensified
immunologic monitoring or tailored immunosuppressive
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strategies, even in settings traditionally considered lower-
risk. However, further research may be warranted to
explore the significant impact of obesity on allograft loss
in living donor groups, given the similar immunologic
barriers between living and deceased donor transplants
[44]. In summary, our subgroup analysis highlights the
need for tailored management strategies for obese KTRs,
especially those with specific risk factors.

There are several limitations to this study. First, the
number of patients with extreme obesity is relatively
small, and the average follow-up period was short. Post-
hoc power analyses indicated that these comparisons
were underpowered (power<40%), likely due to low
event rates and small subgroup sizes. Thus, the absence
of significant associations should be interpreted with cau-
tion. The limited follow-up duration may have restricted
our ability to assess long-term outcomes, and the impacts
based on the obesity grade could not be compared to the
studies of Western patients. Second, discrepancies in
our findings may arise from ethnic differences, as Asians
have different body fat profiles and obese-related disease
rates than Western populations. Accordingly, we used
the Asia-Pacific BMI criterion (=25 kg/m?), which more
accurately reflects obesity-related risk in Asian popula-
tions [23]. However, this ethnic-specific definition may
limit the generalizability of our findings to non-Asian
populations, where obesity is typically defined using the
WHO cutoff of >30 kg/m? Third, the explanation sup-
porting our results remains ambiguous, as the mecha-
nisms through which obesity impacts kidney transplant
outcomes are not yet clearly defined. The lack of data on
immunosuppressive drug dosages and trough levels pre-
vented direct assessment of whether obesity-related graft
loss was mediated by suboptimal immunosuppression.
Sustained data collection and further clinical and experi-
mental research are required to gain a clearer under-
standing of how obesity affects kidney transplants. Next,
BMI is a highly confounded variable that may reflect
various underlying clinical and behavioral factors, includ-
ing nutritional status, inflammation, and comorbidities.
Although we adjusted for multiple covariates in our Cox
regression models, the possibility of residual or unmea-
sured confounding cannot be excluded. In addition, post-
transplant BMI data were not available in the KOTRY
dataset, which precluded us from assessing the duration
or persistence of obesity after transplantation. This limits
our ability to distinguish between transient and sustained
obesity, which may have differing impacts on long-term
transplant outcomes.

Conclusion

Our research with the nationwide data from Korea
identifies obesity as an independent risk factor for
death-censored allograft loss using Asian BMI cut-offs.

Page 9 of 11

Pretransplant BMI showed no association with cardio-
vascular events or mortality rates. The risk of death-
censored allograft loss is influenced by specific patient
characteristics including age, desensitization, and donor
type. These findings highlight the importance of assess-
ing BMlI-related risks and implement personalized
management strategies for patients considering kidney
transplantation.
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