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ABSTRACT

Obesity in deceased kidney donors is a known risk factor for poor allograft
outcomes. The Kidney Donor Profile Index (KDPI) has been introduced to
predict graft survival in deceased donor kidney transplantation (DDKT).
Obesity, however, is not included in KDPI. We study the impact of donor
obesity on DDKT outcomes after adjusting for organ quality by KDPI. The
Organ Procurement Transplantation Network/United Network for Organ
Sharing (OPTN/UNOS) data of DDKT from 2005 to 2017, with donor
BMI ≥ 18.5 kg/m2 and weight >80 kg were included. There was a total of
66 382 DDKTs with 10 917 death-censored graft failures. For
KDPI ≤ 30%, the 10-year death-censored graft survival (DCGS) rates
among donor BMI < 30, 30–35, 35–40, 40–45 and ≥45 kg/m2 groups were
75.9%, 75.4%, 76.1%, 74.9% and 79.6%, respectively. For KDPI > 30%,
10-year DCGS rates were 67.5%, 66.1%, 65.9%, 62.6% and 63.2%, respec-
tively. After adjusting for known confounding factors including KDPI,
donor obesity was not independently associated with an increased risk for
graft failure. In DDKT with donor weight >80 kg, donor obesity was not
associated with a lower long term DCGS compared to non-obesity when
KDPI ≤ 30%.
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Introduction

In the last twenty years, there has been a significant

increase in the prevalence of obesity (defined by body

mass index; BMI ≥ 30 kg/m2) from 30.5% to 42.2% in

the United States [1]. The prevalence of severe obesity

(defined by BMI ≥ 40 kg/m2) has also increased from

4.7% to 9.2% [1]. As the obesity epidemic worsens,

30% of deceased kidney donors are obese (based on

The Organ Procurement Transplantation Network;

OPTN data as of January 12, 2020). Obesity is associ-

ated with various structural, hemodynamic, and meta-

bolic alterations in the kidney. Kidneys from obese

individuals are associated with “obesity-related glomeru-

lopathy” defined morphologically as glomerulomegaly

(glomerular hypertrophy), focal segmental glomeru-

losclerosis, and focal podocyte foot process effacement

[2,3]. Donor obesity is also associated with surgical

technical difficulties resulting in increased nephrectomy

operation times, and cold and warm ischemic times [4–6].
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These factors are known to have a negative impact on

delayed graft function (DGF) rates and reduced long-

term graft survival after deceased donor kidney trans-

plantation (DDKT) [7–11].
Previous studies have shown that donor obesity is

associated with DGF, primary non-function (PNF),

acute rejection and inferior long-term kidney allograft

survival [4,12,13]. Naik et al. [13] demonstrated that

with both living and deceased kidney donors, having a

BMI ≥ 35 kg/m2, was associated with an increased risk

of long-term allograft failure (hazard ratio 1.22; 95% CI

1.14–1.31, P < 0.01). Alhamad et al. [14] study of

donors after brain death (DBD) found that a BMI 35–
50 kg/m2 was associated with a significantly increased

risk of kidney allograft failure compared with a BMI

20–25 kg/m2 (hazard ratio 1.36; 95% CI 1.02–1.82,
P = 0.04) while a donor BMI 30–35 kg/m2 did not

impact graft survival.

The Kidney Donor Profile Index (KDPI), is a scoring

system based on ten donor factors. It is used as a mea-

sure of the quality of deceased donor kidneys and has

been shown to be predictive of both short- and long-

term graft survivals [15–19]. The KDPI is derived by

first calculating the Kidney Donor Risk Index (KDRI),

which maps from a relative risk scale to a cumulative

percentage scale. The reference population used for this

mapping is all deceased donors in the United States

with a kidney recovered for the purpose of transplanta-

tion in the prior calendar year. Lower KDPI values are

associated with increased donor quality and expected

longevity [20]. Kidneys with KDPI ≤ 20% have 10-year

graft survival rate 65% compared to 35% in kidneys

with KDPI > 85% (based on OPTN data as of May 10,

2019). Although obesity is not included in the current

KDPI scoring system, donor weight <80 kg results in

increased KDPI whereas donor weight ≥80 kg does not

affect KDPI score. According to the negative impact of

donor obesity, we hypothesize that obese DDKTs are

associated with inferior graft survival compared with

non-obese DDKTs, even after adjusted by KDPI. Here

we study the impact of donor obesity on kidney trans-

plant outcomes. We evaluated the outcomes of allograft

survival, DGF, PNF, and serum creatinine at the first-

year post-transplant.

Materials and methods

Data source and study population

The Organ Procurement Transplantation Network/Uni-

ted Network for Organ Sharing (OPTN/UNOS)

database as of June 10, 2019 was used in this study. All

kidney transplant recipients from deceased donors

between January 2005 and December 2017 were

included. Recipients with multiple organ transplants

and donors with missing BMI, KDPI or a

BMI < 18.5 kg/m2 were excluded. There is a collinearity

issue when using KDPI score which contains donor

weight and height to adjust the effect of donor BMI on

allograft outcomes. In KDPI score calculation, donor

weight <80 kg results in increased KDPI while donor

weight ≥80 kg is not included in the calculation. For

this reason, donors with body weight ≤80 kg were

excluded from the study. This study was institutional

review board exempt due to its use of publicly available

data and absence of identification of individual donors

and recipients. We grouped donors based on their cal-

culated BMI as follows: <30, 30–35, 35–40, 40–45 and

≥45 kg/m2.

Outcome measures

The study population was analyzed to determine the

impact of donor obesity adjusted for KDPI on kidney

graft outcomes. The primary outcome of interest was

death-censored graft survival (DCGS; defined as the

time from transplant to the earliest of allograft loss, kid-

ney re-transplantation, re-initiation of dialysis, or loss

to followed up with a functioning graft, censored for

death). Secondary outcomes included DGF (defined as

dialysis within the first week post-transplantation), PNF

(defined as permanent loss of allograft function starting

immediately after transplantation), and serum creatinine

at first-year post-transplant.

Statistical analysis

Donor and recipient characteristics were evaluated.

Variables were analyzed by using median and

interquartile range for continuous variables, and using

proportions for categorical variables. Demographic

differences and post-transplant outcomes related to

kidney allograft between groups were compared. Post-

transplant outcomes related to kidney allograft were

identified and compared between the study groups

using Kruskal-Wallis or Pearson’s chi-squared test as

appropriate. Serum creatinine levels at the first-year

post-transplant were only available for individuals who

were alive, being followed clinically, and did not expe-

rience graft failure at one-year followed-up. The

Kaplan-Meier method was used to generate survival

curves, and log rank test was used to compare graft
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survival between groups. Kaplan-Meier survival curves

were plotted and compared between groups of donor

BMI for each level of KDPI (0, 1–10, 10–20, 20–30,
30–40, 40–50, 50–60, 60–70, 70–80, 80–90 and 90–
100). Pairwise correlations between KDPI and death

censored graft failure were tested. There were small

negative correlations when KDPI ≤ 30% while there

were small positive correlations when KDPI > 30%.

From both Kaplan-Meier plots and pairwise correla-

tions, we separated survival curves into KDPI ≤ 30%

and >30%. In regression analysis, donor BMI was

modeled with restricted cubic splines with five knots

located at 25, 30, 35, 40 and 45. Cox-proportional haz-

ards model was used to calculate hazards ratio (HR)

and 95% confidence interval (CI) to examine risks

associated with graft loss. Logistic regression model

was used to calculate odds ratio (OR) and 95% CI to

examine risks associated with DGF and PNF. Donor

BMI of 25 kg/m2 was used as a reference. Due to a

low number of donors with a BMI > 50 kg/m2 (1.8%),

we grouped donors with a BMI ≥ 50 kg/m2 together in

the regression analysis plot. In the multivariable model,

we adjusted for (i) donor gender and KDPI (ii) recipi-

ent age, gender, ethnicity, diabetes, cytomegalovirus

(CMV) status, hepatitis C virus (HCV) status and pre-

vious kidney transplant and (iii) transplant variables

which included cold ischemic time, panel reactive anti-

body (PRA) and human leukocyte antigen (HLA) mis-

match. STATA version 13 (Statacorp, College Station,

TX, USA) was used in all statistical analyses.

Results

There were 149 209 DDKTs between January 1, 2005

and December 31, 2017. We excluded 82 827 DDKTs

from the study (72 916 had donor weight ≤80 kg, 8977

had donor BMI < 18.5 kg/m2, 725 had missing KDPI

values and 209 had missing donor BMI values). A total

of 66 382 DDKTs were included in our analysis. Median

follow up time was 4.1 (0–14.3) years. Among these,

11 204 (16.9%) recipients died and 10 917 (16.5%)

recipients experienced death censored graft failure of

whom 1912 were attributed to repeat kidney transplant.

There were 6852 (10.3%) DDKTs receiving kidneys

from severely obese donor (BMI ≥ 40 kg/m2), which

was increased from 8.8% in year 2005 to 12.1% in year

2017. The distribution of donor BMI is shown in Fig. 1.

Baseline donor, recipient and transplant characteristics

are shown in Table S1. There were higher known high-

risk donor factors resulting in a higher KDPI within

groups of obese donors. These factors included an older

age, a lower height, female gender, black ethnicity, his-

tory of hypertension, diabetes, cerebrovascular cause of

death and donation after cardiac death (DCD). Recipi-

ent and transplant characteristics were not clinically dif-

ferent among the groups.

Graft survival

Among donors with a BMI < 30, 30–35, 35–40, 40–45
and ≥45 kg/m2, respectively, there were 4475 (15.7%),

Figure 1 Distribution of donor body mass index.
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3467 (16.5%), 1712 (17.2%), 732 (18.2%) and 531

(18.8%) recipients experienced graft failure during the

followed-up time. Kaplan-Meier plots of overall DCGS

are shown in Fig. 2a. Ten-year DCGS rates were 71.8%

(95% CI 70.8–72.7), 69.2% (95% CI 68.0–70.3), 68.6%
(95% CI 66.9–70.2), 65.6% (95% CI 62.8–68.3) and

66.1% (95% CI 62.7–69.3), respectively. There were

24 702 DDKT recipients (37.2%) receiving a kidney

with KDPI ≤ 30% and 41 680 DDKT recipients

(62.8%) receiving a kidney with KDPI > 30%. There

was no difference in DCGS between groups if KDPI was

0–30%, which were 75.9% (95% CI 74.8–77.1), 75.4%
(95% CI 73.5–77.2), 76.1% (95% CI 72.9–78.8), 74.9%
(95% CI 69.7–79.4) and 79.6% (95%CI 72.8–84.8),
respectively (Fig. 2b). A significantly lower DCGS

among severely obese donor groups was observed if

KDPI was 31–100%, which were 67.5% (95% CI 66.1–
68.8), 66.1% (95% CI 64.5–67.5), 65.9% (95% CI 63.8–
67.8), 62.6% (95% CI 59.2–65.8) and 63.2% (95% CI

59.3–66.7), respectively (Fig. 2c). Comparing with

donor BMI 25 kg/m2, a higher donor BMI was associ-

ated with an increased risk for graft failure in an unad-

justed cox-proportional hazards model which HR were

1.12 (95% CI 1.05–1.18), 1.22 (95% CI 1.15–1.30), 1.31
(95% CI 1.22–1.44), 1.37 (95% CI 1.28–1.48) and 1.43

(95% CI 1.28–1.60), respectively, among donors with a

BMI 30, 35, 40, 45, ≥50 kg/m2 (Fig. 3a). After adjust-

ment by KDPI (Fig. 3b) and KDPI along with other fac-

tors as described in the methods (Fig. 3c), donor

obesity was not associated with an increased risk for

graft failure if donor weight was >80 kg.

Delayed graft function

Overall incidence rate of DGF was 29.0%. There was a

higher incidence of DGF among donors with higher

BMI which were 25.5%, 30.1%, 32.8%, 33.3% and

35.5% among donor BMI < 30, 30–35, 35–40, 40–45
and ≥45 kg/m2 groups, respectively (Table 1). Compar-

ing with donor BMI 25 kg/m2, a higher donor BMI was

associated with a significantly increased risk for DGF

(Fig. 4a,b).

Primary non-function

Overall incidence rate of PNF was 1.3% which has been

decreasing by year of DDKT from 1.9% in 2005 to

0.8% in 2017. The incidence of PNF among donor

BMI < 30, 30–35, 35–40, 40–45 and ≥45 kg/m2 groups

were 1%, 1.3%, 1.4%, 1.4% and 2.3%, respectively

(Table 1). After adjustment by KDPI along with other

factors, a higher donor BMI was associated with a sig-

nificantly lower risk of PNF compared to donor BMI of

25 kg/m2 (Fig. 4c,d).

Serum creatinine at 1-year post-transplant

There were no clinical differences in median serum

creatinine at 1-year after DDKT which were 1.3 (IQR

1–1.6), 1.3 (1.1–1.7), 1.3 (1.1–1.7), 1.3 (1.1–1.7) and

1.4 (1.1–1.7) mg/dl among donors with a BMI of

<30, 30–35, 35–40, 40–45 and ≥45 kg/m2 groups

(Table 1).

Figure 2 Kaplan-Meier plots of death-censored graft survival according to donor body mass index (BMI). (a) Overall donors. (b) Donors with

kidney donor profile index (KDPI) 0–30%. (c) Donors with KDPI 31–100%.
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Discussion

Using OPTN/UNOS data of DDKTs from donors with

a body weight >80 kg between 2005 and 2017, donors

with a higher BMI were more likely to have risk factors

resulting in a higher KDPI. There was no difference in

10-year DCGS among donor BMIs if KDPI was ≤30%
whereas there were lower DCGS rates among severely

obese donors if KDPI was >30%. After adjusting for

known confounding factors including KDPI, donor obe-

sity was not independently associated with an increased

risk for graft failure.

There have been previous studies illustrating associa-

tion of donor BMI with long-term graft outcomes. A

US-based registry of 97 090 DDKTs observed no associ-

ation between donor BMI and DCGS in DBD donors.

However, DCD donors with BMI ≥ 45 kg/m2 had a sig-

nificantly increased risk of graft failure [4]. A study

from US-based registry of 118 734 DDKT and 84 377

living donor kidney transplants (LDKT) observed the

effect of donor BMI on outcomes. They showed a sig-

nificant and graded increase in graft failure risk among

overweight (BMI 25–30 kg/m2), mildly obese (BMI 30–
35 kg/m2) and very obese (BMI > 35 kg/m2) in both

living and deceased donor types [13]. A study that

included 9916 simultaneous pancreas-kidney transplan-

tation from DBD donors demonstrated that only donor

BMI 35–50 kg/m2 was associated with significantly

Figure 3 Risk of donor body mass index (BMI) on death censored graft failure. Donor BMI was modeled with restricted cubic splines with fives

knots located at 25, 30, 35, 40, and 45. Hazards ratio (HR) were plotted against donor BMI, and 95% confidence intervals were included (dot-

line). Donor BMI of 25 was used as a reference. (a) Unadjusted HR. (b) Adjusted HR for Kidney Donor Profile Index (KDPI). (c) Adjusted HR for

donor variables (gender and KDPI), recipient variables (age, ethnicity, diabetes, cytomegalovirus status, hepatitis C virus status, previous kidney

transplant) and transplant variables (cold ischemic time, panel reactive antibody and human leukocyte antigen mismatch).

Table 1. Post-transplant outcomes related to donor BMI.

Outcomes

BMI < 30 kg/m2

n = 28 575
(43.0%)

BMI 30–35 kg/m2

n = 20 985
(31.6%)

BMI 35–40 kg/m2

n = 9970
(15.0%)

BMI 40–45 kg/m2

n = 4020
(6.1%)

BMI ≥ 45 kg/m2

n = 2828
(4.3%)

Delayed graft function,
n (%)

7301 (25.5) 6324 (30.1) 3273 (32.8) 1341 (33.3) 1003 (35.5)

Primary non-function,
n (%)

298 (1.0) 275 (1.3) 140 (1.4) 55 (1.4) 66 (2.3)

Remaining study
population at 1-year
followed up, n (%)

23 608 (82.6%) 18 051 (86.0%) 8701 (87.3%) 3525 (87.7%) 2436 (86.1%)

Median serum
creatinine at 1-year
post-transplant of the
remaining study
population, mg/dl
(IQR)

1.3 (1–1.6) 1.3 (1.1–1.7) 1.3 (1.1–1.7) 1.3 (1.1–1.7) 1.4 (1.1–1.7)

BMI, body mass index; IQR, interquartile range.
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higher risk of kidney graft failure while donor BMI 30–
35 kg/m2 did not impact graft survival [14]. These stud-

ies showed the negative impact of donor obesity on

graft survival among various donor types. Despite that,

DBD donor obesity affected graft survival differently

between the studies. The causes of graft failure are com-

plex and are often be multifactorial, which include pre-

transplant, peri-transplant and post-transplant factors.

Organ quality is one of the most important pre-trans-

plant factors which is currently evaluated by the KDPI

scoring system. Increasing KDPI was a more powerful

predictor of DGF and graft survival than using DBD or

DCD status [21]. In distinction from previous studies,

we used KDPI to determine the deceased donor organ

quality, to demonstrate the actual impact of donor obe-

sity on graft survival.

Several factors related to donor obesity might have

contributed to effect the allograft outcomes. First, obe-

sity associated underlying pathology made these grafts

more prone to the ischemic and immune injury. Obe-

sity, even with or without metabolic syndrome was a

potent risk factor for the development of kidney disease

[22,23]. Compensatory glomerular hyperfiltration, pro-

teinuria and obesity related glomerulopathy were

reported in association with obesity [24]. However,

there was no data supporting how long the obesity per-

sists until structural kidney damage occurs. Histologic

evaluation at organ recovery could provide this

Figure 4 Risk of donor body mass index (BMI) on delayed graft function (DGF) and primary non-function (PNF). Donor BMI was modeled with

restricted cubic splines with fives knots located at 25, 30, 35, 40, and 45. Odds ratio (OR) were plotted against donor BMI, and 95% confi-

dence intervals were included (dot-line). Donor BMI of 25 was used as a reference. (a) Unadjusted odds ratio (OR) for DGF. (b) Adjusted OR

for DGF. (c) Unadjusted OR for PNF (d) Adjusted OR for PNF. Multivariable adjustment included donor variables (gender and KDPI), recipient

variables (age, ethnicity, diabetes, cytomegalovirus status, hepatitis C virus status, previous kidney transplant) and transplant variables (cold

ischemic time, panel reactive antibody and human leukocyte antigen mismatch).
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information. Secondly, cold and warm ischemic time

are known to have a negative impact on both DGF and

DCGS following DDKT. In obese donors, surgical tech-

nical challenges in performing nephrectomy may result

in longer operation time and warm ischemic time

[4,12]. Thirdly, organs from severely obese donors may

be more difficult to cool since adipose tissue acts as an

thermal insulator and poor conductor, thus proving

superior thermal properties [25].

Among the higher quality kidneys (KDPI < 30%), we

found that obese donor kidneys were not associated with

a significantly lower DCGS compared to non-obese

donor kidneys. A younger age and fewer risk factors in

these donors may lead to less kidney structural damage

resulting in the same long-term graft survival regardless

of an obesity status. In contrast, there were more donor

risk factors among the lower quality kidneys

(KDPI > 30%). Older obese donors with hypertension or

diabetes may have a metabolic syndrome or other comor-

bidities which are not included in the KDPI. These addi-

tional comorbidities may result in more kidney damage

and a greater tendency to ischemic injury during kidney

transplant, which in turn affect long-term graft survival.

DGF was impacted by donor obesity regardless of KDPI

level. After adjustment for donor factors including KDPI,

recipient factors and transplant factors including cold

ischemic time, donor obesity was an independent risk for

DGF. Warm ischemic time may play a significant role

among these donors [4–6]. Donor obesity, however, was
not associated with an increased risk for PNF. In the past,

the most common causes of PNF were acute rejection

and surgical complications [26]. Current induction ther-

apy and advanced surgical technique have led to a

decrease an incidence of PNF. Overall donor quality, not

only donor obesity, is associated with PNF.

There are limitations to a retrospective database

study. First, there was missing kidney biopsy data at

organ recovery (48.65% missing data). Because subtle

histologic changes could occur despite normal kidney

function, we could not demonstrate the association

between donor obesity, other additional comorbidities,

percentage of kidney glomerulosclerosis and allograft

outcomes. Second, the definition of DGF was based on

the need for dialysis within the first week after kidney

transplant. This standard epidemiologic definition from

the registry missed the milder degree of graft dysfunc-

tion or slow graft function that made DGF rates appear

to be lower. Future prospective studies including histo-

logic change at organ recovery and the recognition of

mild degree of graft dysfunction would provide more

detail about the effect of obesity and graft outcomes.

In conclusion, we found that DDKTs from obese

donors were not associated with a lower DCGS com-

pared to non-obese donors if the quality of kidneys

were good (KDPI ≤ 30%). A significantly decreased

graft survival among obese donors was observed if

KDPI > 30% where other donor risk factors and addi-

tional comorbidities may survivable at play. Therefore,

donor BMI should be considered while determining if

to transplant these donor kidneys. Donor obesity was

also associated with an increased risk for DGF but not

PNF.
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