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Kidney Transplantation

Trends in Living Donation by Race and Ethnicity
Among Children With End-stage Renal Disease
in the United States, 1995-2015

Sandra Amaral, MD, MHS,"? Charles E. McCulloch, PhD,? Elizabeth Black, MD,* Erica Winnicki, MD,*
Brian Lee, MD,® Garret R. Roll, MD,® Barbara Grimes, PhD,® and Elaine Ku, MD, MAS*°

Background. Living donor kidney transplants have declined among adults with end-stage renal disease (ESRD), with
increases in racial/ethnic disparities over time. Secular trends in racial/ethnic disparities in living donor kidney transplanta-
tion have not been well studied in children. Methods. Using multivariable Cox modeling, we examined changes in living
donor kidney transplant rates over time and probability of receiving living donor kidney transplantation within 2 years of
incident ESRD by race/ethnicity among 19772 children in the US Renal Data System, 1995-2015. We also examined racial/
ethnic concordance between donors and recipients. Results. Overall, living donor kidney transplant rates declined by
3% annually since 1995 for all racial/ethnic groups except Asians for whom living donor kidney transplant rates remained
stable; however, disparities persist. Compared with non-Hispanic white children, Hispanics were 42% less likely (adjusted
hazard ratio: 0.58; 95% confidence interval: 0.49-0.67), Asians 39% less likely (0.61; 0.47-0.79), and blacks 66% less likely
(0.34; 0.28-0.42) to receive living kidney donor transplantation within 2 years, even when accounting for deceased donor
transplantation as a competing risk. Additionally, while 95% of non-Hispanic white children had non-Hispanic white donors,
only 56% of Asian recipients had Asian donors (P < 0.001). Asian recipients were more likely to have nonrelated donors
(P < 0.001). Conclusions. There are ongoing declines in living donation for children with ESRD for uncertain reasons,
and minority populations experience significantly reduced access to timely living donor transplant, even when accounting for

changes in deceased donation and donor-recipient relationships.

(Transplantation Direct 2020;6: €570; doi: 10.1097/TXD.0000000000001008. Published online 11 June, 2020.)

ver the last 2 decades, access to deceased donor kidney

transplant for children has changed dramatically with
2 major allocation policy changes: Share 35 in 2005 and the
revised Kidney Allocation System in 2014.%2 Allocation policy
changes generally incorporate pediatric allocation priority.
However, after Share 35, there were concerns that children’s
priority in deceased donor organ allocation was disincentiviz-
ing living donation.’ For children with end-stage renal disease
(ESRD), living donor transplantation was more common than
deceased donation before 20035, although living donation
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rates were already noted to be on the decline.? After 2005,
for the first time, deceased donor transplantation comprised
the majority of pediatric kidney transplants.? In 20135, living
donors comprised only 38.6% of all pediatric kidney trans-
plants. Although reductions in the gap in the waiting time
between black and white children with ESRD who receive a
deceased donor kidney were reported after Share 335, racial/
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ethnic disparities in access to living donation for children after
Share 35 have not been examined closely.!?

Among adults with ESRD, living donor rates have also
declined over time, with declines often attributed to a less
healthy donor pool with increased rates of diabetes, hyper-
tension, and obesity.* Knowledge of genetic contributors to
renal disease risk and progression has increased, particularly
with respect to APOL1 genotype which confers a higher risk
of ESRD among blacks carrying 2 high-risk variants.” Many
of the disease conditions and known genetic risk factors that
may pose concerns for the safety of living donation differen-
tially affect blacks. In adults, recent data suggest an increase
in racial/ethnic disparities in access to living donor kidney
transplant (LDKT) among waitlisted adults, with whites
experiencing increases in LDKT rates between 1999 and 2014
compared with black, Hispanic, and Asian patients who have
experienced decreases in LDKT.®

It is well-recognized that living donor transplantation is
more prevalent among white versus black children, and this
is often attributed to disparate cultural beliefs surrounding
donation or social determinants of health, for example, more
single parent households and less income to support unpaid
time off work or childcare for patient’s siblings.” We hypoth-
esized that over the last 20 years, racial/ethnic disparities in
living donation rates among children have increased for simi-
lar reasons as adults, such as socioeconomic barriers as well
as increased awareness of genetic and medical factors that
confer long-term risk for renal disease,'!* particularly among
younger parent donors who have more time to develop
adverse kidney outcomes after donation.

Our objective was to investigate secular trends in living
donation rates to children by race/ethnicity over the last 2
decades using national data from the US Renal Data System
(USRDS), 1995-2015. We also examined recipient-donor
pair characteristics as contributors to changes in living donor
transplantation by race/ethnicity over time.

MATERIALS AND METHODS

Data Source

The study used the USRDS registry, which collects demo-
graphic, medical, dialysis, and transplant data on all patients
with ESRD in the United States.? Patient demographic charac-
teristics (age at incident ESRD, sex, race, ethnicity), cause of
ESRD, health insurance at ESRD onset, zip code, and date of
incident ESRD were abstracted from the Centers for Medicare
and Medicaid 2728 Medical Evidence Form completed at time
of ESRD initiation and the Patients file in the USRDS. Blood
type and panel reactive antibodies (PRAs) were extracted
from the Transplant and Waitlist files, using the highest PRA
before transplantation.

Zip code was used to determine median household income
of patients’ neighborhood using median income values from
the American Community Survey between 2006 and 2010 as
previously described.'® Based on patient’s zip code, we deter-
mined the location of the patient by census tract and their
Organ Procurement Organization Region to account for
potential geographic variations in population characteristics
and deceased donor waiting times, respectively. Initial ESRD
treatment modality (transplant versus dialysis) and source of
transplant (deceased versus living) were determined using the
Patients file. We also obtained donor data from the Waitlist
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files including donor age, sex, race, and relationship to recipi-
ent (for living donors).

The University of California San Francisco Institutional
Review Board deemed this analysis exempt human subjects
research.

Study Population

We performed a retrospective study of children under 18
years of age who developed incident ESRD between 1 January
1995 and 31 December 2015, as reported to the USRDS.
Because a large proportion of children with living donors are
not entered into the transplant waitlist registry until close to
the time of living donor surgery, we chose the entry criteria
as initial ESRD onset rather than waitlisting. Race/ethnic-
ity, our primary exposure, was ascertained from the Patients
file. We categorized race/ethnicity as non-Hispanic white
(NHW), black, Hispanic, or Asian, and excluded patients of
other races due to smaller sample sizes. Children with missing
demographic covariates (age, sex, race, or zip code) or date of
ESRD onset were excluded.

Outcomes

We determined transplant dates using the USRDS Patients
files, which contain data reported to the United Network for
Organ Sharing. We included both living and deceased donor
kidney transplants (within 2 y of ESRD onset) as outcomes of
interest. We also included preemptive transplantation (receipt
of transplant as first treatment modality) as a secondary out-
come of interest. We abstracted death dates (to account for
death as a competing risk) from the USRDS Patients file. We
ascertained all outcomes (death and transplants) through 31
December 2015.

Statistical Analysis
Descriptive Data Analysis

We compared demographic and clinical characteristics
in the cohort by race/ethnicity. We considered age at ESRD
onset, sex, cause of ESRD, median neighborhood income by
zip code, primary health insurance (none, public, or private),
blood type (A, B, O, AB), PRA (categorized as 0%—-<20%,
20%-<80%, or 280%), and geographic region by US census
tract (Northeast, Midwest, South, West) as important covari-
ates. We compared characteristics of living donors against
the characteristics of recipients by race/ethnicity. Specifically,
we were interested in differences in donor age, sex, race, and
relationship to the recipient by recipient race/ethnicity. We
assessed differences by race/ethnicity using Kruskal-Wallis
for continuous variables or chi-squared tests for categorical
variables.

Cox Proportional Hazards and Competing Risk
Models

We examined the association between race/ethnicity and
time to living donor transplant using unadjusted Cox propor-
tional hazards models censoring at 2 years of follow-up. Prior
literature suggests that the majority of children receive living
donor transplantation within 2 years of listing.'® For children
receiving preemptive transplantation, time was set to 0.05
days. We then adjusted for characteristics at incident ESRD,
including age, sex, cause of ESRD, health insurance at ESRD
onset, median household income by neighborhood zip code,
Organ Procurement Organization region, and calendar year
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of ESRD onset using multivariable Cox proportional haz-
ards regression (model 1). In sensitivity analysis, we adjusted
model 1 additionally for PRA.

Using the Fine and Gray approach of subdistribution haz-
ards models, we repeated our models for the outcome of liv-
ing donor transplant treating deceased donor transplant as a
competing risk (model 2)."7 We did not account for death as a
competing risk because death is a rare outcome in pediatrics.

To provide a comparison of the disparities in access to liv-
ing donor transplantation by race/ethnicity, we repeated our
Cox models in unadjusted and adjusted analyses (using the
same covariates in model 1) for the outcome of deceased
donor transplantation within 24 months of ESRD. We also
repeated our analysis using Fine and Gray models, accounting
for living donation as a competing risk and adjusting for the
same covariates as model 1.

Temporal Trends in Transplantation

To determine whether there were differences in access to
living donor transplantation based on the time period when
a patient developed ESRD, we added statistical interaction
terms between race/ethnicity and calendar year of ESRD
onset (categorized by 5-y intervals) to formally test for effect
modification. We then performed subgroup analysis using our
Fine-Gray models by categories of time (5-y intervals, using
1995-2000 as the reference group) and race/ethnicity. We
also derived rates of living and deceased donor transplanta-
tion within 2 years of ESRD onset by race/ethnicity, using a
cumulative incidence function in Cox and Fine-Gray models
for each calendar year, but censoring at 2 years of follow-up
or at kidney transplantation.

Given that Share 35 was implemented in September of
2005, we also tested for interaction between race/ethnicity
and calendar period (before and after 2006) to determine
whether this policy was associated with changes in racial/eth-
nic disparities in access to living or deceased donor transplan-
tation using our primary adjusted Cox models. Because of an
interaction among Asian children with calendar period for the
outcome of living donor transplantation, we then examined
time to living donor transplantation separately by calendar
period in subgroup analysis across different racial/ethnic
groups using adjusted Cox models. We repeated the same test
for interaction between race/ethnicity and calendar period
(before and after 2006) for the outcome of deceased donor
transplantation and found a statistically significant interac-
tion among all racial/ethnic groups. Hence, we also examined
time to deceased donor transplantation separately by calendar
period in subgroup analysis using adjusted Cox models.

Analyses were conducted in STATA 15 (StataCorp, TX)
and verified in SAS 9.0 by a separate analyst.

RESULTS

Population Clinical and Demographic
Characteristics

We identified 19772 children (<18 y of age) who began
treatment for ESRD between 1 January 1995 and 31
December 2015 (Table 1). Fifteen thousand four hundred
eighty-one children (78.3%) received transplantation, 8256
(53.3%) from deceased donors and 7225 (46.7%) from liv-
ing donors. Five thousand four hundred thirty-seven (65.9%)
deceased donor and 6322 (87.5%) living donor transplants
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occurred within 24 months of ESRD onset. Median age of
the population was 13 years [interquartile range: 7-16 vy],
and 57% were male. NHW children were more likely to have
congenital anomalies of the kidney and urinary tract (28%)
as underlying disease. Both NHW and Asian children were
more likely to have private insurance (37% and 40%, respec-
tively), whereas black and Hispanic children were more likely
to have public insurance. Asian children had higher median
household income.

We examined donor-recipient characteristics among the
6322 children who received a living donor transplant within
2 years of ESRD onset (Table 2). NHW and Asian recipients
had older donors compared with black and Hispanic recipi-
ents (P < 0.001). Ninety-five percent of living donors to NHW
recipients were NHW, whereas only 56% of Asian children
received organs from Asian living donors (P < 0.001). The
majority of living donors were female across all racial/eth-
nic groups. Over 60% of living donors to children were par-
ents across all racial/ethnic groups, but Asian recipients had
a greater proportion of nonrelated donors (17%) than other
racial/ethnic groups (P < 0.001). NHW and Asian recipients
were less likely to have siblings as their living donors versus
black and Hispanic recipients.

Racial/Ethnic Differences in Receipt of Kidney
Transplantation Among Children Within 2 Years of
Incident ESRD

Between 1995 and 2015, compared with NHW children,
black children were 65% less likely (hazard ratio [HR]: 0.335,
95% confidence interval [CI]: 0.32-0.38), Asian children 51%
less likely (HR: 0.49, 95% CI: 0.43-0.57), and Hispanic chil-
dren 42% less likely (HR: 0.58,95% CI: 0.54-0.62) to receive
an LDKT within 2 years of ESRD onset when adjusting for
characteristics at ESRD (Table 3). These estimates remained
stable when adjusting for PRA and accounting for the com-
peting risk of deceased donor transplantation (Table 3). Over
the same period, compared with NHW children, black chil-
dren had similar hazard of receiving a deceased donor kidney
transplant within 2 years (HR: 0.98, 95% CI: 0.91-1.05). In
contrast, the point estimates for receipt of deceased donor
kidney transplant within 2 years of follow-up suggested
a slight increased hazard for Hispanic (HR: 1.07, 95% CI:
1.001-1.15) and Asian children (HR: 1.12, 95% CI: 0.98-
1.28) compared with NHW children (Table 3).

Temporal Differences in Receipt of Living Donor
Kidney Transplantation for Children Within 2 Years
of Incident ESRD

We found the proportion of children receiving living donor
transplant within 2 years to have declined substantially,
especially after 2005 and particularly among NHW pediat-
ric recipients (Figure 1A and B). Overall, living donor rates
have declined by 3% annually since 1995 for all racial/ethnic
groups, except for Asian children for whom living donation
rates have remained stable. In contrast, the proportion of chil-
dren receiving deceased donor transplantation has increased
across all racial/ethnic groups (Figure 2A and B). When com-
bining living and deceased donor transplants, secular trends
demonstrate declines in transplantation across all racial/eth-
nic groups, except for Asian children (Figure 3).

Using our Cox model, which adjusted for candidate char-
acteristics (model 1), we compared the probability of living
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Clinical and demographic characteristics of incident pediatric ESRD subjects, by race/ethnicity, 1995-2015

Non-Hispanic white Black Hispanic white Asian

N =19772 (%) N = 9599 (48.7%) N = 4764 (24.2%) N = 4598 (23.3%) N =811 (4.1%) Pvalue

Median age [IQR], y 13 [6-16] 14 [10-17] 13 [8-16] 14 [8-17] 0.0001

Male (%) 5620 (59) 2712 (57) 2491 (54) 443 (55) <0.001

Median household income [IQR] 52145 [41704-67989] 40984 [31996-54060] 46793 [37362-58285] 59949 [46908-77388]  0.0001

Primary health insurance <0.001
Public 2846 (30) 2642 (55) 2271 (49) 269 (33)

Private/other 3510 (37) 1274 (27) 1152 (25) 324 (40)
Missing 2937 (31) 579 (12) 719 (16) 163 (20)
None 306 (3) 269 (6) 456 (10) 55 (7)

Cause of ESRD <0.001
CAKUT 2714 (28) 855 (18) 1128 (25) 172 (21)
Glomerulonephritis 1218 (13) 1017 (21) 889 (19) 159 (20)

Other 5524 (58) 2735 (57) 2484 (54) 466 (57)
Hypertension 143 (1.5) 157(3) 97 (2) 14 (2)

Region of United States <0.001

West 1849 (19) 336 (7) 2126 (46) 358 (44)
Midwest 2820 (29) 906 (19) 474 (10) 131 (16)
South 3296 (34) 2743 (58) 1455 (32) 178 (22)

Northeast 1634 (17) 779 (16) 543 (12) 144 (18)

Median time to transplant from incident ESRD [IQR], d 231[0.03-633] 614 [246-1396] 517 [197-1080] 4438 [131-1000] 0.0001

Initial ESRD modality (%)

Hemodialysis 3218 (34) 2765 (58) 2207 (48) 405 (50) <0.001
Peritoneal dialysis 3452 (36) 1442 (30) 1670 (36) 250 (31)

Living donor transplant (%) 4803 (50) 899 (19) 1303 (28) 220 (27) <0.001

Preemptive transplant (%) 2667 (34) 435 (15) 595 (17) 140 (22)

Living donor (%) 1892 (71) 187 (43) 277 (46) 72 (51) <0.001

Blood type? <0.001
0 3488 (44) 1603 (49) 1922 (53) 235 (37)

A 3128 (39) 848 (26) 992 (28) 164 (26)
B 811 (10) 618 (19) 309 (9) 158 (25)
AB 311 (4) 122 (4) 79 (2 40 (6)
Missing 217 (3) 9313 302 (8) 41(7)

PRA
<20% 7399 (77) 3219 (68) 3319 (72) 584 (72) <0.001
20%-79.9% 504 (5) 350 (7) 272 (6) 68 (8)
>80% 103 (1) 114 (2) 47 (1) 11(1)

Missing 1593 (17) 1081 (23) 960 (21) 148 (18)

4Blood type only available for those transplanted.
CAKUT, congenital anomalies of the kidney and urinary tract; ESRD, end-stage renal disease; IQR, interquartile range; PRA, panel reactive antigen.

donor kidney transplantation within 2 years of incident ESRD
across time by racial/ethnic strata (Table 4). Using 1995-2000
as the reference, we observed substantial declines in the point
estimates for the hazard of living donor kidney transplanta-
tion starting in 2006-2010 for all racial/ethnic groups except
Asians. These declines persisted in the 2011-2015 time period,
with NHW children being 45% less likely to receive an LDKT
(HR: 0.55, 95% CI: 0.49-0.61) versus NHW children in
1995-2000. Similarly, black children were 41% less likely
(HR: 0.59, 95% CI: 0.38-0.67) to receive an LDKT within 2
years of incident ESRD in 2011-2015 compared with black
children in 1995-2000, and Hispanic children were 50% less
likely (HR: 0.50, 95% CI: 0.40-0.64) to receive a living kidney
donor transplant within 2 years of incident ESRD compared
with Hispanic children in 1995-2000, even when accounting
for deceased donor transplantation as a competing risk. In
contrast, the probability of receiving living donor transplanta-
tion within 2 years of ESRD onset among Asian children has
been relatively stable since 1995-2000.

Racial/Ethnic Disparities Over Time in Receipt of
Living Donor Kidney Transplantation for Children
Within 2 Years of Incident ESRD

Lastly, we examined differences in access to living donor
transplantation by race/ethnicity within time strata based on
when a patient developed ESRD, accounting for deceased
donor transplantation as a competing risk (Table 5). In 1995-
2000, compared with NHW children, black children were
62% less likely (HR: 0.38, 95% CI: 0.33-0.43), Hispanic
children 46% less likely (HR: 0.64, 95% CI: 0.56-0.73), and
Asian children 63% less likely (HR: 0.37,95% CI: 0.27-0.49)
to receive an LDKT within 2 years of incident ESRD. These
estimates remained similar across time strata for Hispanic and
black children in the most recent time period (2011-20135). In
contrast, the disparity in the hazard of LDKT within 2 years
of incident ESRD for Asian versus NHW children steadily
improved across all time periods.

We tested for temporal changes in racial/ethnic dispari-
ties in access to living donor transplantation before and after
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Characteristics of living donor-recipient pairs among those who received a transplant within 24 mo, by recipient race/

ethnicity, 1995-2015

Non-Hispanic white recipient  Black recipient  Hispanic white recipient Asian recipient P value for

N = 6322 (%) N = 4354 (68.9%) N =721 (11.4%) N = 1057 (16.7%) N=190 (3.0%) difference
Median living donor age [IQR] 39 [33-45] 35 [29-42] 36 [30—41] 40 [34-45] <0.001
Living donor race (%) <0.001

White (70) 4132 (94.9) 71(10.0) 167 (16) 49 (25.8)

Black (10.3) 32(0.7) 607 (84.2) 9(0.9 <10

Hispanic (14.2) 74 (1.7) 24 (3.3) 791 (75) 11 (5.8)

Asian (2.2) 24 (0.6) <10 <10 106 (55.8)

Other/missing (3.3) 92 (2.1) 18 (2.5) 82 (7.8) 19 (10)
Male donor 1915 (44) 290 (40.2) 393(37.2) 80 (42.1) <0.001
Living donor relationship to recipient <0.001

Parent 3020 (69) 472 (65) 706 (67) 122 (64)

Sibling 258 (6) 85(12) 17 (11) 11 (6)

Other related 483 (11) 80 (11) 82 (8) 14 (7)

Nonrelated 508 (12) 69 (10) 71(7) 33(17)

Missing 85(2) 15(2) 81(8) 10 (5)

Bold indicates significance of P < 0.001.
IQR, interquartile range.

Cox proportional hazards models of risk of living donor kidney transplantation within 2 y of incident ESRD, by candidate
race/ethnicity, 1995-2015, and risk of deceased donor kidney transplantation

Hazard ratio (95% Cl)

N=19772 Non-Hispanic white Black Hispanic Asian
Event rate and 95% Cl (per 100 person-y) 9.0(8.7-9.3 1.7(1.6-1.8) 3.1(2.9-3.2 3.3(2.9-3.7)
Censoring at 2 y of follow-up for outcome of living donor transplant (N = 19772)
Unadjusted Ref 0.24 (0.22-0.26) 0.39 (0.36-0.41) 0.42 (0.36-0.49)
Model 14 Ref 0.35(0.32-0.398) 0.58 (0.54-0.62) 0.49 (0.43-0.57)
Model 1 + PRA Ref 0.35(0.33-0.39) 0.58 (0.54-0.62) 0.49 (0.42-0.57)
Fine-Gray model with model 1 covariates” Ref 0.38 (0.35-0.41) 0.60 (0.56-0.65) 0.49 (0.42-0.57)
Censoring at 2 y of follow-up for outcome of deceased donor transplant (N = 19722)
Unadjusted Ref 0.81(0.75-0.86) 0.92 (0.86-0.98) 0.99 (0.87-1.13)
Model 1 Ref 0.98 (0.91-1.05) 1.07 (1.001-1.15) 1.12 (0.98-1.28)
Model 1 + PRA Ref 0.98 (0.91-1.05) 1.02 (0.95-1.10) 1.08 (0.95-1.24)
Fine-Gray model with model 1 covariates® Ref 1.33 (1.24-1.44) 1.36 (1.26-1.46) 1.41 (1.24-1.61)

“Model 1: adjusted for age at ESRD, sex, median neighborhood income, cause of ESRD, OPO region, calendar y of ESRD onset, and type of insurance.

bCompeting risk models performed, with competing risk as deceased donor kidney transplant.
“Competing risk models performed, with competing risk as living donor kidney transplant.

Cl, confidence interval; ESRD, end-stage renal disease; OPO, Organ Procurement Organization; PRA, panel reactive antigen.

Share 35 was implemented in 2005 and found a statisti-
cally significant interaction between Asian race and calendar
period (P < 0.001) but not black (P = 0.99) or Hispanic white
(P = 0.76) children for the outcome of living donor transplan-
tation. For Asians, access to living donor transplantation was
improved following implementation of Share 35 (Table S1,
SDC, http://links.lww.com/TXD/A253). For deceased donor
transplantation, there was an interaction between race/ethnic-
ity and calendar period across all racial and ethnic groups
(P < 0.05). Overall, access to deceased donor transplantation
improved across all racial and ethnic groups (compared with
NHW) following implementation of Share 35.

DISCUSSION

Our study demonstrates that living donation rates have
gradually declined for children over the last 2 decades,

commensurate with increases in deceased donation, but these
trends have impacted different racial/ethnic subgroups dif-
ferently. In our cohort from 1995 to 2015, black, Hispanic,
and Asian children had significantly lower hazard of receipt
of a living donor transplant within 2 years of ESRD com-
pared with NHW children and this disparity has persisted
over time (Tables 3 and 5). Additionally, NHW, black, and
Hispanic children have all experienced significant declines in
the probability of obtaining an LDKT within 2 years of ESRD
onset after 2005, such that they were 41%-50% less likely
to receive a living donor transplant within 2 years of ESRD
onset in 2011-2015 compared with children of similar racial/
ethnic subgroups in 1995-2000 (Table 4). Although these
declines are temporally associated with the Share 35 alloca-
tion policy changes for pediatric priority, our competing risk
analysis, which considered receipt of a deceased donor, did
not substantially change our results, suggesting that improved


http://links.lww.com/TXD/A253

6 Transplantation DIRECT m 2020
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FIGURE 1. Trends in living donation within 2 y of incident ESRD. A, Overall and (B) by race/ethnicity. ESRD, end-stage renal disease.
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FIGURE 2. Trends in deceased donation within 2 y of incident ESRD. A, Overall and (B) by race/ethnicity. ESRD, end-stage renal disease.

access to deceased donation does not entirely explain the tem-
poral declines in living donation from 1995 to 2015. Of note,
this trend was also apparent in Asian children, with point
estimates declining from 1.07 to 0.78 for 2011-2015 (versus
1995-2000), but these results did not reach statistical signifi-
cance and may be underpowered.

In contrast to a recent study in adult transplant candidates
that noted racial/ethnic disparities in the receipt of LDKT
have increased from 1995 to 2014, we found that racial/eth-
nic disparities have persisted without significant change over
time for black and Hispanic children compared with NHW
children (Table 5).° Asian children, however, have experienced
some improvement in probability of receipt of LDKT versus
NHW children, where they were 63% less likely to receive an
LDKT within 2 years of ESRD onset in 1995-2000 and only
39% less likely in 2011-2015.

Our findings build on a prior study by Keith et al'® that
examined trends in living donation rates for children from
1996 to 2011. That study reported a decline in living donor
rates among candidates listed after 2001, but the authors did
not examine racial disparities and excluded Asian children
from the analysis. The authors did explore donor relationship

to recipient candidate and noted a decline in parent donation
from 37.6% in 2001 to below 20% by 2011.'° They hypoth-
esized that the decline in parental donation was the major
driver for declines in living donation.

In our study, we examined whether there were differences
in living donor-recipient relationships by recipient race/eth-
nicity (Table 2). We observed that the living donors to Asian
and NHW children (versus black and Hispanic children)
were slightly older and more often male. Notably, nearly
95% of NHW children received a living donor kidney from
a donor who was also NHW, whereas only 56% of Asian
children received a living donor kidney from an Asian donor
(P <0.001). Over 60% of living donors to children were par-
ents across all racial/ethnic groups, but Asian recipients had
a greater proportion of nonrelated donors than other racial/
ethnic groups. NHW and Asian recipients were also less
likely to have siblings as their living donors compared with
black and Hispanic recipients (Table 2). Because Asian chil-
dren were the only group for whom we observed no statisti-
cally significant decline in living donation over time and they
had similar proportions of parental donation as other racial/
ethnic subgroups, our results suggest that declines in parental
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FIGURE 3. Trends in overall transplantation rates within 2 y of incident ESRD by race/ethnicity. ESRD, end-stage renal disease.

Cox proportional hazards models examining temporal differences in living donor kidney transplantation within 2 y of
incident ESRD among children by race/ethnicity, 1995-2015°

Category of time

Fine-Gray with DDKT as competing risk Non-Hispanic white Black Hispanic white Asian
1995-2000 Ref Ref Ref Ref
2001-2005 0.99 (0.91-1.07) 0.95(0.79-1.14) 0.85(0.72-1.00) 1.07 (0.69-1.65)
2006-2010 0.59 (0.53-0.67) 0.63 (0.47-0.85) 0.56 (0.44-0.72) 0.87 (0.49-1.56)
2011-2015 0.55 (0.49-0.61) 0.59 (0.38-0.67) 0.50 (0.40-0.64) 0.78 (0.45-1.34)

“Compares living donor kidney transplantation in more recent cohorts vs earliest cohort (1995-2000) within each race/ethnicity strata. Adjusted for age at ESRD, sex, median neighborhood income,
cause of ESRD, OPO region, calendar y of ESRD onset, and type of insurance. Competing risk models performed, with competing risk as deceased donor kidney transplant.
DDKT, deceased donor kidney transplantation; ESRD, end-stage renal disease; OPO, Organ Procurement Organization.

Fine-Gray models examining racial/ethnic differences in living donor kidney transplantation within time strata among
children with ESRD, 1995-2015

Category of time? Non-Hispanic white Black Hispanic white Asian
1995-2000 Ref 0.38 (0.33-0.43) 0.64 (0.56-0.73) 0.37 (0.27-0.49)
N =5130

2001-2005 Ref 0.39 (0.34-0.46) 0.60 (0.52-0.69) 0.44 (0.32-0.60)
N =5072

2006-2010 Ref 0.40 (0.32-0.49) 0.62 (0.52-0.73) 0.63 (0.45-0.88)
N = 4143

2011-2015 Ref 0.34(0.28-0.42) 0.58 (0.49-0.67) 0.61(0.47-0.79)
N = 5427

4P < 0.05 for global interaction between race and time period using 1995-2000 and non-Hispanic white as reference group. Compares living donor kidney transplantation by race/ethnicity within each
time strata. Adjusted for age at ESRD, sex, median neighborhood income, cause of ESRD, US region, calendar y of ESRD onset, and type of insurance.
ESRD, end-stage renal disease.

donation do not explain the overall temporal declines in liv-  differences in rates of intermarriage by race/ethnicity (which
ing donation observed in children over the last 2 decades.  appears to be higher in Asian and Hispanic populations) may
We speculate that differences in blood groups across dif- be contributory, but further investigation of the impact of
ferent racial/ethnic groups, willingness to participate in  family structure and racial/ethnic composition of social net-
the National Kidney Registry living donor exchanges, and  works is warranted.!$



8 Transplantation DIRECT m 2020

Our data suggest that neither Share 35 nor changes in
donor-recipient relationship explain persistent disparities in
access to living donor kidney transplantation for children
across racial/ethnic subgroups over time, nor the ongoing
declines in living donor transplantation in NHW, black, and
Hispanic children. These findings are concerning and war-
rant further exploration to identify root causes. Disparities
in living donor transplant access have been identified in adult
populations across numerous steps in the transplant process,
including living donor consideration, pursuit, and completion
of work-up.”"’ Future studies need to examine more closely
how many living donor candidates come forward and are
rejected for children, and whether or how this may differ by
race/ethnicity. Additionally, cultural barriers to live donor kid-
ney transplants have been described in the adult literature, but
parallel data are limited in pediatric populations even though
it is likely that these barriers also contribute to the observed
racial disparities in living donation to children.?*?! Given
that as little as 12-18 months of dialysis confers substantial
increased risk for both graft failure and death in children with
ESRD, it remains imperative to promote timely transplanta-
tion, which may be facilitated by improving living donation.?

The strengths of our study include the large size of the
cohort, the contemporary nature of the data, and a relatively
large number of clinical outcomes, particularly given the
young age of the cohort. Limitations include the observational
nature of these data and potential for residual confounding.

In conclusion, stark racial/ethnic disparities in living
donation rates persist for children with ESRD. Our findings
were not explained by either changes in access to deceased
donation or donor-recipient relationships. Future studies are
needed to elucidate the key drivers of barriers to living dona-
tion to ensure optimal, timely transplantation for all children
with ESRD.
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