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Key Points

» Among obese living kidney donors, year of donation, preoperative body mass index, hypertension, and center percent of
living kidney donor transplants were associated with required predonation weight loss.

e There were no significant differences in the likelihood of predonation weight loss requirement by race, sex, or age or by
markers of preoperative metabolic dysfunction.

Abstract

Background The proportion of overweight/mildly obese living kidney donors (OLKDs) has increased in the past few
decades, with significant center variation in the body mass index (BMI) of LKDs. The purpose of this study was to examine
factors associated with required predonation weight loss among OLKDs (BMI, =30 kg/m?).

Methods This retrospective cohort study surveyed 1097 OLKDs (1979-2020) (mean BMI, 33 kg/m?) about their donation
experience. Bivariate analyses compared donor demographic and center characteristics by whether the donor reported
predonation weight loss requirement. Generalized estimating equations with logit link were used to estimate marginal
effects of patient-level and center-level factors. Multiple imputation using chained equations was implemented to account
for missing values.

Results Of 1097 OLKDs surveyed, 340 (31.0%) reported predonation weight loss requirement. Donors with a predonation
weight loss requirement had slightly higher predonation BMIs and donated in more recent years at centers performing a
lower percentage of living donor nephrectomies and with a lower median BMI. In multivariable logistic regression
analysis, we observed transplant year (odds ratio [OR], 1.04 per year donation; 95% confidence interval [CI], 1.01 to 1.07;
P = 0.005), preoperative BMI (OR, 1.16; 95% CI, 1.05 to 1.28; P < 0.01), preoperative hypertension (OR, 1.61; 95% CI, 1.08 to
2.40; P = 0.02), and center percentage of living donor kidney transplants (OR, 0.99; 95% CI, 0.98 to 1.00; P = 0.02) as
significantly associated with a predonation weight loss requirement. The study found no differences in the likelihood of
predonation weight loss requirement by race, sex, age, preoperative creatinine, preoperative metabolic dysfunction, or
center-level median BMI of living donors.

Conclusions These results suggest that both center-level and patient-level factors influence whether OLKDs are required to
lose weight before donation. Future study is needed to determine whether predonation weight loss is associated with
improved long-term postdonation outcomes.
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Introduction following,> and the United States has been particularly
The worldwide incidence of obesity has increased four-fold —affected, evidenced by a 41.9% prevalence of obesity among
from 1975 to 2016.! This trend has persisted in the years adults as of March 2020. Obesity is recognized as a
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predisposing factor for the development of comorbidities
that may culminate in CKD and also has a bearing on the
onset of ESKD.3 Although kidney transplantation confers
survival advantages and is generally the preferred treat-
ment for ESKD compared with dialysis, there is a shortage
of both deceased and living kidney donors.*- For example,
despite 25,499 total kidney transplants in 2022, 96,307 pa-
tients with ESKD remained on the kidney waitlist in the
United States.”

Efforts to alleviate the shortage through increased
living kidney donation have been hampered by an in-
creasingly obese population with worse overall health,
as evidenced by increased risk for future development
of ESKD.® However, data supporting the perceived in-
creased risk for obese kidney donations are sparse. In an
analysis of short-term outcomes, Heimbach et al. found
that compared with nonobese donors, donors with obe-
sity had similar rates of major surgical complications and
similar renal function within a year of donation but more
perioperative complications (16% in donors with body
mass index [BMI] =35 kg/m? versus 5% for donors with
BMI <25 kg/m?).° In an analysis of medium-term out-
comes from a limited sample of obese living kidney
donors (OLKDs), 15 of the 36 participants developed
hypertension after donation, though the authors cited
the need for more research into long-term outcomes.!®
Although there are limited long-term data, one study of
more than 100,000 living kidney donation (LKD) found a
7% increase in ESKD risk for every 1 kg/m? above 27 kg/
m?, and another study using the same population found
30% increased risk of long-term mortality among OLKDs
compared with nonobese donors.11-12

The shortage of available donors, along with the rising
prevalence of obesity and limited data regarding long-term
outcomes for OLKDs, have led some transplant centers to
begin accepting donors outside of historical norms, as is
reflected in the increasing weight trends among living kidney
donors over the past few decades. In an analysis on LKD
from 1999 to 2011 as reported by the Organ Procurement and
Transplantation Network (OPTN), there were 12% increased
odds of donors being in the overweight category (BMI,
25.0-29.9 kg/m?) and 20% increased odds of donors being
in the mildly obese category (BMI, 30.0-34.9 kg/m?) each
5 years.!3 Although the proportions of both overweight and
mildly obese living donors have increased in the past 2
decades, there is notable variation in the BMI acceptance
threshold among centers.'*

Part of this variation is associated with the geographic
location of a transplant center and its associated popula-
tion’s obesity prevalence. However, other factors, both
patient level and center level, influencing this center var-
iation in BMI acceptance thresholds are unknown. Simi-
larly, it is unclear to what extent this variation may be
explained by evaluation practices, particularly whether
centers require predonation weight loss among OLKDs.
To date, no study has identified patient and/or center
factors associated with required predonation weight loss
among OLKDs. We, therefore, examined survey responses
from a self-selected sample of OLKDs that were obese at
the time of donation. We hypothesized that patient char-
acteristics, such as BMI and BP, would drive predonation
requirements for weight loss.
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Methods
Data Sources

Data from living kidney donors who donated from
September 1976 to May 2020 and had BMI =30 kg/m? were
obtained from two National Institutes of Health—funded
studies (1R01DK113980, Locke; 1R01096008, Segev). OLKDs
were approached for enrollment by recruitment letter. The
cohort of respondents donated at 53 total transplant centers
across 24 states. These 53 centers, in turn, were associated
with 52.3% of all living donor kidney transplants in 2021.

This study used data from the Scientific Registry of
Transplant Recipients (SRTR). The SRTR data system in-
cludes data on all donor, wait-listed candidates, and trans-
plant recipients in the United States, submitted by members
of the OPTN. The Health Resources and Services Admin-
istration US Department of Health and Human Services
provides oversight to the activities of the OPTN and
SRTR contractors. We received a waiver of authoriza-
tion and consent for donor contact from the OPTN/SRTR.
The University of Alabama at Birmingham (UAB) Institu-
tional Review Board (IRB) reviewed and approved this
study (IRB-300000039; IRB-131003001). All donor data were
collected and managed using Research Electronic Data
Capture database tools hosted at UAB.'

Study Population

Consented adult (age =18 years) OLKDs (BMI =30) were
included in our analysis. All donations occurred between
1979 and 2020. Our analysis dataset was created by first
linking consented donor survey and medical records to
SRTR living donor data. Demographic and preoperative
information were then collated from both sources. Collec-
tion of data on race and ethnicity was consistent with
National Institutes of Health reporting requirements. Cen-
ter level kidney transplant statistics computed for each
calendar year from SRTR kidney donation records were
included through linkage to patient transplant center codes
and transplant year. Values calculated included the pro-
portion of total kidney transplants originating from living
donors by center-year and the median living donor BMI by
center-year.

Outcomes and Exposures

Our primary outcome of interest was the requirement
for predonation weight loss, which we defined as an
affirmative response by OLKDs to any of the following
survey questions: “Were you asked to lose weight prior to
being approved for donation,” “were you asked to lose
weight after being approved for donation,” and “were
you required to have weight loss surgery prior to dona-
tion/evaluation?.” Primary variables of interest included
self-reported race and sex, age at donation, donation year,
preoperative information, BMI, serum creatinine, meta-
bolic disease, history of hypertension, and center-level
characteristics (percent living kidney donor transplants
and living kidney donor median BMI). Preoperative val-
ues for BMI, creatinine, BP, diabetes status, and hyper-
tension history were sourced from both patient survey
responses and SRTR data. Center median living donor
BMI was calculated from SRTR data and grouped into
ranges of 20-25, 25-30, and 30-37. Metabolic disease



count was formulated by identifying the number of risk
factors observed for donors among fasting blood glucose
(>100 mg/dl or hemoglobin A1C >5.6), BP (systolic
=130 mm Hg or diastolic =80 mm Hg), triglycerides
(>150 mg/dl), and HDL (<40 mg/dl for males and
<50 mg/dl for women). If data were missing for any
of the metabolic factors, it was assumed that the patient
did not have the individual risk factor.

Statistical Analysis

Continuous variables were described with means and SD
or with medians and interquartile ranges (IQRs), as appro-
priate. Categorical variables were quantified with counts
and percentages. Bivariate analysis used ¢ tests and Wil-
coxon rank sum tests for continuous variables and Chi-
squared tests for categorical variables. Bivariate comparisons
were made to examine the association between the require-
ment for predonation weight loss and donor demographics
and center characteristics. Generalized estimating equations
(GEEs) with logit link were used to estimate marginal effects
of patient-level and center-level factors associated with the
predonation requirement for weight loss. The GEEs accoun-
ted for clustering at the transplant center level using an
exchangeable working correlation structure and robust stan-
dard errors. Statistical analyses were performed using R
(version 4.2.1, 2022), with multiple imputation performed
using the mice package (ver. 3.14.0, 2021) (sensitivity anal-
yses in Supplemental Methods). All statistical tests were two
sided, with P < 0.05 considered significant.

Results
Cohort Characteristics

The study included responses from 1097 LKDs who were
obese at donation (median BMI of 32.3 kg/ m? [IQR,
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31.0-34.3] [Table 1]). Of these OLKDs, 340 reported being
required to lose weight before donation and 757 did not.
The mean age was 45.8 years (SD, 10.9), 61% were women,
and 84.6% were White. Most donations occurred from 2000
to 2009 (49.2%), with a similar proportion donating after
2010 (43.3%). Only 8 (0.7%) and 74 (6.7%) donated from
1979 to 1989 and 1990 to 1999, respectively.

OLKDs donated at 53 different centers across 24 states
over the study period (Supplemental Table 1), constitut-
ing 496 unique center/donation year combinations. For
the centers represented in our cohort, the mean percent-
age of living kidney donations across all center/years
was 45.3% (SD, 14.4), and the mean BMI of living donors
across all center/years was 26.9 (SD, 1.2) (data not
shown).

Patient-Level Characteristics

In bivariate analysis, the median predonation BMI
among OLKDs require to lose weight predonation was
33.2 kg/m? (IQR, 31.5-35.1), compared with 32.0 kg/m?
(IQR, 30.9-33.9; P = 0.001) for those not required to achieve
predonation weight loss (Table 1). There was no difference
in BMI by race among OLKDs overall (P = 0.75) nor was
there a difference in BMI by race among those required to
lose weight predonation. A similar proportion of men and
women were required to lose weight predonation (30.4%
and 31.3%, respectively). In addition, there was no statis-
tically significant difference in BMI by decade of donation
among OLKDs required to lose weight predonation com-
pared with OLKDs not required to lose weight predonation
(Supplemental Table 2).

Among OLKDs for whom predonation metabolic data
were available, there were no statistically significant differ-
ences between OLKDs required and not required to lose
weight predonation (Table 2). There were 81 donors who

Table 1. Demographics
Rquired to Lose Not quuired to Lose Total (N=1097
Donor Characteristic Hite i (=g VSR (=8 ( ) P Value
No. (O/o) No. (Cyo) No. (o/o)
Transplant decade <0.001
1979-1989 1(14.3) 6 (85.7) 7 (100.0)
1990-1999 12 (16.2) 62 (83.8) 74 (100.0)
2000-2009 153 (28.3) 387 (71.4) 540 (100.0)
=2010 174 (36.6) 302 (63.4) 476 (100.0)
Predonation BMI, kg/m?, median 33.1 (31.5-35.1) 32.0 (30.9-33.9) 32.3 (31.0-34.3) <0.001
(IQR: Q1-Q3)
Sex 0.75
Male 130 (30.4) 297 (69.6) 427 (100.0)
Female 210 (31.3) 460 (68.7) 670 (100.0)
Race 0.92
American Indian/Alaska Native 2 (33.3) 4 (66.7) 6 (100.0)
Asian/Pacific Islander 3 (25.0) 9 (75.0) 12 (100.0)
Black 34 (28.1) 87 (71.9) 121 (100.0)
White 288 (31.3) 632 (68.7) 920 (100.0)
Other 13 (34.2) 25 (65.8) 38 (100.0)
Age, yr, mean (SD) 46.6 (10.9) 45.5 (10.9) 45.8 (10.9) 0.11
BMI, body mass index; IQR, interquartile range.
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Table 2. Predonation vital signs and laboratory values
. . Required to Lose Not Required to Lose Total
Metabolic Characteristic W%ight (n=340) Weight (n=757) (N=1097) P Value
Preoperative systolic BP, mm Hg, mean (SD)* 124.1 (13.0) 125.45 (12.94) 125.02 (12.96) 0.11
Preoperative diastolic BP, mm Hg, mean (SD)* 75.94 (8.95) 76.26 (8.62) 76.16 (8.72) 0.58
Hypertension®, No. (%) <0.05
No preoperative history of hypertension 274 (31.0) 609 (68.0) 883 (100.0)
Preoperative history of hypertension 37 (45.7) 44 (54.3) 81 (100.0)
Preoperative triglyceride, mg/dl, median (IQR: 107.5 (81.8-151.3) 108.0 (77.0-160.0) 108.0 (79.0-159.0) 0.99
Q1-Q3)°
Preoperative HDL, mg/dl, mean (Spy¢ 53.20 (17.43) 53.57 (14.34) 53.45 (15.38) 0.83
Preoperative creatinine, mg/dl, mean (SD)* 0.86 (0.20) 0.87 (0.20) 0.87 (0.20) 0.30
Preoperative fasting blood glucose, mg/dl, 93.47 (10.52) 94.72 (12.80) 94.33 (12.14) 0.38
mean (SD)f
Preoperative metabolic disease count, No. (%) 0.28
1 141 (32.9) 287 (67.1) 428 (100.0)
2 148 (30.2) 342 (69.8) 490 (100.0)
3 35 (24.3) 109 (75.7) 144 (100.0)
4 14 (48.3) 15 (51.7) 29 (100.0)
5 2 (33.3) 4 (66.7) 6 (100.0)

IQR, interquartile range.

“Missing from eight donors required to lose weight, 20 donors not required to lose weight.
PMissing from 29 donors required to lose weight, 104 donors not required to lose weight.
“Missing from 212 donors required to lose weight, 484 donors not required to lose weight.
clMi'ssing from 224 donors required to lose weight, 513 donors not required to lose weight.
“Missing from three donors required to lose weight, four donors not required to lose weight.
‘Missing from 235 donors required to lose weight, 522 donors not required to lose weight.

had a predonation history of hypertension: 37 were re-
quired to lose weight predonation (45.7%).

Center-Level Characteristics

When examining OLKDs’ center summary statistics, we
observed that OLKDs required to lose weight predonation
were more likely to have donated at a center with a lower
percentage of living donor kidney transplantation in the
same year. For example, among donors required to lose
weight, the mean center proportion of transplants from
living donors was 46.4% (SD, 14.5%), compared with
49.6% (SD, 15.1%) among centers represented by donors
not required to lose weight (P < 0.01, Table 3). In addition,

the average of center median living donor BMI (median for
all living donations at a center) was lower for OLKDs
required to lose weight compared with those not required
(26.83 kg/m?; SD, 1.0 versus 27.0 kg/m?; SD, 1.1; P = 0.007).

GEE Modeling

In our multivariable GEE logistic regression (Table 4), we
found that transplant year, preoperative BMI, history of
hypertension, and center percentage of living donor kidney
transplants were significantly associated with being re-
quired to lose weight predonation. Specifically, for every
year increase in date of donation there was a 4 percent
higher odds of being required to lose weight (odds ratio

Table 3. Transplant center characteristics®

Required to Lose

Not Required to Lose Total

Donor’s Center Characteristic® Weight (n=340) Weight (n=757) (N=1097) P Value

Percent of donations performed at the donor’s 46.4 (14.5) 49.6 (15.1) 48.6 (15.0) <0.001
center that were living, mean (SD)*

No. of kidney transplants the donor’s center 188.2 (72.9) 191.3 (71.2) 190.3 (71.7) 0.51
performed per year, mean (SD)°

No. of living donor kidney transplants the donor’s 85.4 (39.9) 94.7 (46.3) 91.8 (44.6) <0.01
center performed per year, mean (SD)*

Median BMI of center living donors, mean (SD)¢ 26.8 (1.0) 27.0 (1.1) 27.0 (1.1) <0.01

BMI, body mass index.

“Observations may not be unique and may include repeated measurements for centers.

PData for the center at which each obese living kidney donor donated during the year of their donation.
“Missing from one donor required to lose weight, four donors not required to lose weight.

IMissing from two donors required to lose weight, 27 donors not required to lose weight.

440 Kidney360



Table 4. Generalized estimating equation models for being
required to lose weight among living kidney donors with obesity
Were Required to
Covariate L(zﬁﬁe‘{f%%}:afi’zsre P Value
OR (95% CI)
Transplant year 1.04 (1.01 to 1.07) <0.01
Age 1.00 (0.99 to 1.02) 0.51
Race
White 1.0
Black 0.84 (0.50 to 1.42) 0.52
Asian/Pacific Islander 0.59 (0.17 to 2.03) 0.41
American Indian/ 0.85 (0.07 to 9.63) 0.89
Alaskan Native
Other 0.81 (0.45 to 1.46) 0.49
Sex (female) 0.92 (0.66 to 1.28) 0.62
Percentage of living 0.99 (0.98 to 1.00) 0.02
donations
Creatinine 0.83 (0.36 to 1.94) 0.67
BMI 1.16 (1.05 to 1.28) <0.01
Median BMI of center
living donors
20-25 1.0
25-30 1.15 (0.71 to 1.87) 0.56
30-37 1.11 (0.56 to 2.18) 0.77
Metabolic disease count 0.91 (0.75 to 1.11) 0.36
History of hypertension 1.61 (1.08 to 2.40) 0.02
BMI, body mass index; CI, confidence interval; OR, odds ratio.

[OR], 1.04; 95% confidence interval [CI], 1.01 to 1.07;
P = 0.005). In addition, we observed that each unit increase
in BMI was associated with 16 percent greater odds of being
required to lose weight (OR, 1.16; 95% CI, 1.05 to 1.28;
P = 0.002), and OLKDs with a predonation diagnosis of
hypertension had 61% greater odds of being required to lose
weight (OR, 1.61; 95% CI, 1.08 to 2.40; P = 0.02). Finally,
donating at centers with a higher percentage of living
kidney donor transplantation was related to significantly
lower odds of being required to lose weight predonation;
with each unit increase in the percentage of a center’s living
kidney donor transplants, there was 1 percent lower odds of
being required to lose weight predonation (OR, 0.99; 95%
CI, 098 to 1.0; P = 0.02). Race, sex, and median BMI of
OLKDs were not associated with required predonation
weight loss. Metabolic disease count showed no significant
association with the outcome (OR, 0.91; 95% CI, 0.75 to 1.11;
P = 0.36).

Sensitivity Analyses

In total, our primary model used 933 donors with avail-
able information. However, predonation measurements
were missing for serum triglycerides in 696 OLKDs, for
HDL cholesterol in 737 patients, and for fasting blood
glucose in 757 patients. In addition, a predonation diag-
nosis of hypertension was missing for 133 OLKDs and a
diagnosis of diabetes missing for 176. After multiple im-
putations, results were consistent with our primary anal-
ysis. Consequently, multiple imputed results are shown in
Supplemental Table 3.

Required Predonation Weight Loss in Living Donors, Perry et al.

Discussion

In this national multicenter study of OLKDs spanning
the past 40 years, we characterized many of the factors
influencing whether predonation weight loss was re-
quired. We observed that transplant year, center percent
of living kidney donor transplants, and donor BMI were
independently associated with the requirement for predo-
nation weight loss.

Several studies have demonstrated an increase in the use
of OLKDs over the past few decades.!31416-18 [t should be
noted that although donors who were overweight or mildly
obese have increased, there was actually a decrease in very
obese donors (BMI =35 kg/m?). Although many centers are
approving more overweight donors, it is unclear to what
degree they are requiring them to lose weight and/or pro-
viding nutritional counseling.!® Many donors, particularly
those donating to close relatives, have shown a willingness
to lose weight for a potential donation, yet many are not
successful.292! This further emphasizes the need for greater
understanding into how donors with obesity are evaluated
and the factors that may influence successful weight loss.
New antiobesity medications, however, have proven highly
successful with individuals losing >10% of their body
weight after 6 months of treatment.?? Importantly, one of
the newest formulations, semaglutide, does not require
dosage adjustment in the setting of reduced renal function,
setting the stage to continue treatment postdonation.

The finding that OLKDs were more likely to be required
to achieve predonation weight loss in more recent years
could reflect increased concerns over the effects of obesity,
both in the general population and among donors. The
proportion of OLKDs required to lose weight predonation
increased from 14.3% from 1979 to 1999 to 28.3% from 2000
to 2009 and finally to 36.6% from 2010 to 2020. Given that
our cohort’s median BMI did not change significantly over-
time, these data suggest increasing concerns regarding the
long-term effects of obesity in the setting of uninephrec-
tomy. However, this is potentially influenced by the un-
derrepresentation in our sample of OLKDs that donated
before 2000.

There was a statistically significant decrease in the odds
that a donor was required to lose weight if they donated at a
center performing a higher proportion of living donor
kidney transplants, consistent with the results from a study
by Reese et al., which found that centers performing a
higher proportion of living kidney donor transplants were
more likely to use medically complex donors.?®> The de-
creased odds may suggest greater comfort by surgeons in
performing living donor nephrectomies and a correspond-
ingly higher risk tolerance.

The association between predonation BMI and being
required to lose weight predonation is expected, although
the variation in BMIs in those required and those not re-
quired further highlights significant center-level variation in
the approach to OLKDs. Other studies have demonstrated
that the acceptable BMI of some donors appears to be
largely dependent on the center at which they are donat-
ing.!* This is likely influenced by geographic trends in
population health. For example, a study by Naik et al.
showed that centers in regions with higher prevalence of
obesity were more likely to accept donors with obesity.
Although we did observe a downward trend in the odds of
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being required to lose weight predonation as the median
BMI of living donors at centers increased, this was not
statistically significant in adjusted analyses. This may be
explained by the fact that our data reflect the BMI of donors
at a center and does not necessarily reflect the weight status
of the population surrounding it.

Weight is only one of several potential markers of health
considered for potential organ donors. Metabolic syn-
drome, or dysfunction, describes a patient with a specific
number of conditions that may increase their risk of type II
diabetes, stroke, and heart disease.?#2> Although the exact
criteria required to meet the definition of metabolic syn-
drome varies,?®?” many centers go beyond BMI and take
metabolic syndrome into account during evaluation.?®
Even when accounting for conditions, such as hyperten-
sion, high levels of triglycerides, and fasting blood glu-
cose, there was no statistical significance in the odds of
donors being required to lose weight predonation. This
observation may reflect the paucity of data regarding the
impact of metabolic dysfunction on postdonation out-
comes. However, data on many of the variables that
assessed metabolic health were missing for many OLKDs
(predonation triglycerides, HDL cholesterol, and fasting
blood glucose) and so metabolic disease may have been
underestimated. To address this, we performed multiple
imputation and found consistent estimates. Potential do-
nors that, in addition to being obese, met additional cri-
teria for metabolic dysfunction may have been unlikely to
be approved and thus constituted a small proportion of
the cohort.

There are important limitations in this study that
should be mentioned. Because of the retrospective nature
of this study, we had insufficient data to determine
whether patients gained or lost weight after donation.
Given the timespan of this study, the respondents may
also have been subject to recall bias. In addition, because
of the self-reported nature of the study and the often-poor
ability to accurately measure one’s weight changes, we
did not include data on the success of losing weight.
Because this study was conducted by surveying OLKDs,
it excludes potential donors that might have been rejected
because of BMI, and these results may be subject to
survival bias. Although our primary model adjusted
for observed metabolic dysfunction and our multiple
imputation model accounted for components missing
at random, the possibility remains that donor metabolic
risk was still not fully captured. Finally, the use of BMI
as a measure of obesity is not without limitations. As a
surrogate for adiposity, BMI has been criticized for ig-
noring variability in body fat and muscle mass, along
with important factors like age, sex, and racial/ethnic
group.?’? Although alternative measures of body com-
position exist, BMI remains one of the most convenient
and widely understood methods, making it useful for the
purposes of this study.

Our data suggest that, in addition to year of donation, the
odds of a donor being required to lose weight predonation
were driven both by patient-level factors, such as BMI and
hypertension, and center percentage of living donor trans-
plants. Further understanding of long-term outcomes may
illuminate whether required predonation weight loss atten-
uates risk or just serves as another barrier to kidney
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donation. This, along with the observed trends in weight
of donors, further emphasizes the need for specialized
weight loss programs. Although it is critical to understand
predonation management of OLKDs, additional research is
needed to evaluate the impact of required predonation
weight loss on long-term postdonation outcomes.
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