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Abstract
Background and objectives In December 2014, the Kidney Allocation System (KAS) was implemented to improve
equity in access to transplantation, but preliminary studies in children show mixed results. Thus, we aimed to
assess how the 2014 KAS policy change affected racial and ethnic disparities in pediatric kidney transplantation
access and related outcomes.

Design, setting, participants, & measurementsWe performed a retrospective cohort study of children,18 years
of age active on the kidney transplant list from 2008 to 2019 using the Scientific Registry of Transplant Recipients.
Log-logistic accelerated failure time models were used to determine the time from first activation on the
transplant list and the time on dialysis to deceased donor transplant, each with KAS era or race and ethnicity as
the exposure of interest. We used logistic regression to assess odds of delayed graft function. Log-rank tests
assessed time to graft loss within racial and ethnic groups across KAS eras.

Results All children experienced longer wait times from activation to transplantation post-KAS. In univariable
analysis, Black and Hispanic children and other children of color experienced longer times from activation to
transplant compared with White children in both eras; this finding was largely attenuated after multivariable
analysis (time ratio, 1.16; 95% confidence interval, 1.01 to 1.32; time ratio, 1.13; 95% confidence interval, 1.00 to
1.28; and time ratio, 1.17; 95% confidence interval, 0.96 to 1.41 post-KAS, respectively). Multivariable analysis also
showed that racial and ethnic disparities in time from dialysis initiation to transplantation in the pre-KAS era
were mitigated in the post-KAS era. There were no disparities in odds of delayed graft function. Black and
Hispanic children experienced longer times with a functioning graft in the post-KAS era.

ConclusionsNo racial and ethnic disparities from activation to deceased donor transplantation were seen before
or after implementation of the KAS in multivariable analysis, whereas time on dialysis to transplantation and
odds of short-term graft loss improved in equity after the implementation of the KAS, without compromising
disparities in delayed graft function.
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Introduction
Racial and ethnic disparities in pediatric kidney trans-
plantation are well described. Black children are less
likely to receive a transplant (1), are less likely to be
on the transplant waiting list (2), and have overall lon-
ger wait times to transplantation (3) compared with
White children. Lower transplant access is linked to a
64% higher mortality rate for Black compared with
White children, regardless of income (1).

On December 4, 2014, the Kidney Allocation System
(KAS) was implemented to reduce racial and ethnic
disparities and increase access for sensitized candi-
dates (4). Specific changes include (1) preregistration
dialysis time added to calculated wait time, (2) priori-
tization for sensitized candidates using a sliding scale
for calculated panel reactive antibodies (cPRAs), and

(3) prioritization of deceased donor kidneys with a
Kidney Donor Profile Index (KDPI) ,35% for pediat-
ric candidates (4). Preliminary evidence indicated that
the new KAS improved transplant access (5–9), but
racial and ethnic disparities persisted for highly sensi-
tized candidates (10). There was also concern that lon-
ger ischemia times from the mandatory sharing rules
would lead to higher rates of delayed graft function
(6,8,11). Many of these studies had minimal follow-up
time after the KAS policy change and focused mostly
on adult populations.
Accordingly, this study explores how the 2014

KAS change affected access to transplant and
transplant-related outcomes in children across racial
and ethnic groups with 5 years of follow-up time
to evaluate the current policy landscape and guide
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future improvements in equity. We hypothesized that the
2014 KAS decreased time to transplantation across all racial
and ethnic groups but was associated with worse short-
term transplant outcomes.

Materials and Methods
Data Sources and Study Population
This study used data from the Scientific Registry of

Transplant Recipients (SRTR). The SRTR data system
includes data on all donors, waitlisted candidates, and
transplant recipients in the United States, submitted by the
members of the Organ Procurement and Transplantation
Network (OPTN) under the administration of the Health
Resources and Services Administration, US Department of
Health and Human Services (12).
We included all kidney transplant candidates in the

SRTR database who were activated on the transplant list at
,18 years of age between January 1, 2008 and December
31, 2019. Those who were listed for multiorgan transplant,
received a prior organ transplant, or received a living donor
transplant were excluded. To eliminate outliers who were
on dialysis for an extended period of time, we excluded
candidates who were initiated on dialysis prior to January
1, 2003 (1) (Figures 1 and 2). This study was approved by
the institutional review board of Stanford University.

Exposures, Outcomes, and Covariates
The exposures of interest were the 2014 KAS policy

change and race and ethnicity. We defined the pre-2014
KAS era as up to December 3, 2014 and the post-2014 KAS

era as on or after December 4, 2014 (Figures 1 and 2). Racial
and ethnic groups were consolidated into the following
mutually exclusive categories: non-Hispanic White (White),
Black (included patients of Black race and any ethnicity),
Hispanic (not White), and other (which includes other races
not included in the previous categories and any ethnicity).
Outcomes of interest were time from activation to deceased
donor transplantation, time from dialysis initiation to
deceased donor transplantation, occurrence of delayed
graft function defined as the need for dialysis 1 week after
transplantation, and time to graft loss.
Recipient demographic characteristics examined were

age at listing, payer, blood type, dialysis days, underlying
diagnosis, and cPRA. Donor and transplant characteristics
examined were KDPI (manually calculated for all recipients
and generated using the 2015 scaling factor) and cold ische-
mic time.

Statistical Analyses
All recipient, donor, and transplant characteristics were

reported as numbers and percentages for categorical varia-
bles and medians and interquartile ranges for continuous
variables. Kaplan–Meier curves were generated to show
time from activation to transplantation, time from dialysis
initiation to transplantation, and time to graft loss after trans-
plantation, stratified by racial and ethnic group in both eras.
Parametric accelerated failure time (AFT) models were

used to examine how KAS affected time to transplantation
for different racial and ethnic groups. We chose AFT mod-
els over the traditional Cox proportional hazards models as
the proportional hazards assumption was not met for the
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Figure 1. | Cohort construction. Subject enrollment and selection for inclusion in this current study. KAS, Kidney Allocation System.
*Subjects included in dialysis-only analyses.
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transplantation outcome. AFT models generate time ratios,
which express covariates’ effect on differences in survival
(e.g., a time ratio of 1.3 means a 30% longer survival time
per one unit higher value of the covariate). AFTs require a
specified distribution to fit the underlying hazard of the
model. Goodness of fit was determined by a visual exami-
nation of Cox–Snell residuals compared with the cumu-
lative hazard of the sample (13). We determined that the
log-logistic distribution was an appropriate choice for
every model (Supplemental Figure 1).
We ran two sets of AFT models with two different time

variables. The first modeled time from initial activation on
the transplant list to deceased donor transplant, where can-
didates temporarily transitioned out of the model if they
were deactivated and transitioned back in upon reactiva-
tion. The second modeled time from initiation of dialysis
until transplantation. We tested each model for an interac-
tion between race and ethnicity and era, and a likelihood
ratio test determined significance. To assess if racial dispar-
ities changed in each era, we ran regressions for each era
with race and ethnicity as the exposure of interest. Then, to
assess the effect of the 2014 KAS, we ran regressions for
each racial and ethnic group with KAS as the exposure of
interest (14). In addition to crude analyses, we adjusted for
patient- and transplant-related confounders, donor service
area, and year of activation or dialysis start year using mul-
tivariable analyses. Candidates were censored by death (98
candidates), end of the data collection period (1178 candi-
dates), or removal from the list (666 candidates). Because
AFT models estimate a cause-specific hazard function, they
are well suited for the consideration of competing risks
(e.g., death, removal from waiting list) (15). Because of the
effect that KAS could have on waiting list time with the
addition of back-calculated preregistration dialysis, candi-
dates were restricted to stay within their own era of activa-
tion or initiation of dialysis (Figure 2).

We performed a secondary analysis on those who were
transplanted to explore racial and ethnic disparities in short-
term transplant outcomes. We used logistic regression to
determine disparities in odds of delayed graft function,
where univariable and multivariable models were run sepa-
rately for the two eras. We then performed log-rank tests to
compare time to graft loss after transplant in each era. Data
analysis was conducted using Stata 14 (16). The amount of
missing data was 7% or less for all variables (Table 1). Donor
service area was missing for 1% of the cohort. Multivariable
analyses were restricted to those with complete data for all
variables.

Results
Patient Characteristics

Among the 7496 children studied, 2848 (38%) were
White, 1738 (23%) were Black, 2347 (31%) were Hispanic,
and 563 (8%) were in the other racial and ethnic category.
Other children of color had the lowest proportion of chil-
dren transplanted (72% versus 75%–79%). Black and His-
panic children were more likely to have public insurance
compared with White children or other children of color.
Black and Hispanic children had the longest time on dialy-
sis (648 days for Black children and 636 days for Hispanic
children versus 537 days for White children and 586 days
for other children). Black (3%) or other (5%) children of
color were most likely to have a cPRA.80% compared
with White (1%) or Hispanic (2%) children. Black children
who were transplanted had the highest proportion of
delayed graft function (9% versus 6%–7%) (Table 1). Demo-
graphic data and transplant characteristics where children
were divided on the basis of activation era have similar dif-
ferences among racial and ethnic groups (Supplemental
Table 1). Characteristics of those with complete data were
very similar to those with missing data (Supplemental
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Figure 2. | Cohort construction timeline and division of eras for analysis. Timeline of subjects starting from activation on transplant list or
from initiation on dialysis. Subjects are censored at the time of death, end of collection data, or removal from the list. Subjects are
restricted to stay within the era when they were initially activated for transplant or initiated on dialysis for all analyses.
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Table 2) and, so, were generalizable to the remainder of the
cohort.

Time from Activation to Deceased Donor Transplantation
In both eras, Black and Hispanic children and other chil-

dren of color had longer median times from activation to
deceased donor transplant compared with White children.
Overall, median times to transplant were substantially lon-
ger post-KAS (Figure 3, Table 2). Black and Hispanic chil-
dren and other children of color had lower transplant rates
per 1000 person-years compared with White children, and
these rates were overall lower in the post-KAS era com-
pared with the pre-KAS era (Table 2).
In univariable AFT models exploring associations of race

and ethnicity within each era, Black and Hispanic children
and other children of color had significantly longer wait
times compared with White children in both eras. In the
multivariable analysis, these findings were largely attenu-
ated. Black children had a 14% longer wait time (time ratio,
1.14; 95% confidence interval [95% CI], 1.00 to 1.29) pre-
KAS and a 16% longer wait time (time ratio, 1.16; 95% CI,

1.01 to 1.32) post-KAS. Hispanic children had a 12% longer
wait time (time ratio, 1.12; 95% CI, 0.99 to 1.28) pre-KAS
and a 13% longer wait time (time ratio, 1.13; 95% CI, 1.00 to
1.28) post-KAS. Other children of color had an 8% longer
wait time (time ratio, 1.08; 95% CI, 0.87 to 1.33) pre-KAS
and a 17% longer wait time post-KAS (time ratio, 1.17; 95%
CI, 0.96 to 1.41) (Table 2).
In multivariable AFT models exploring associations of

era within each group, every racial and ethnic group had
significantly longer wait times post-KAS compared with
pre-KAS. White children waited 169% longer (time ratio,
2.69; 95% CI, 2.15 to 3.36), Black children waited 197% lon-
ger (time ratio, 2.97; 95% CI, 2.27 to 3.91), Hispanic children
waited 229% longer (time ratio, 3.29; 95% CI, 2.56 to 4.22),
and other children of color waited 173% longer (time ratio,
2.36; 95% CI, 1.63 to 4.56) (Table 2).

Time on Dialysis to Deceased Donor Transplantation
In both eras, Black and Hispanic children and other chil-

dren of color had longer times on dialysis to transplant
compared with White children. Overall, median times were

Table 1. Patient, donor, and transplant characteristics of the study population by race and ethnicity

Characteristic White, n52848 Black, n51738 Hispanic, n52347 Other, n5563 Total, n57496

Transplants, n (%) 2150 (75) 1374 (79) 1827 (78) 403 (72) 5754 (77)
Age at listing, yr
0–4 575 (20) 272 (16) 388 (17) 135 (24) 1370 (18)
5–9 474 (17) 246 (14) 335 (14) 76 (13) 1131 (15)
10–14 750 (26) 478 (27) 677 (29) 145 (26) 2050 (27)
.15 1049 (37) 742 (43) 947 (40) 207 (37) 2945 (39)

Male, n (%) 1702 (60) 1090 (63) 1269 (54) 295 (52) 4356 (58)
Payer, n (%)
Private 1308 (46) 442 (25) 454 (19) 231 (41) 2435 (32)
Medicaid/CHIP 907 (32) 796 (46) 1317 (56) 220 (39) 3240 (43)
Medicare 466 (16) 451 (26) 405 (17) 87 (15) 1409 (19)
Other 167 (6) 49 (3) 171 (7) 25 (5) 412 (6)

Blood type, n (%)
A 1047 (37) 456 (26) 613 (26) 155 (28) 2271 (30)
AB 126 (4) 66 (4) 49 (2) 24 (4) 265 (4)
B 322 (11) 341 (20) 203 (9) 118 (21) 984 (13)
O 1353 (48) 875 (51) 1482 (63) 266 (47) 3976 (53)

Days on dialysisa 537 (292–969) 648 (362–1114) 636 (370–1105) 586 (345–994) 601 (337–1048)
Primary diagnosis, n (%)
CAKUT 1311 (46) 665 (38) 893 (38) 229 (40) 3098 (41)
GN 248 (9) 134 (8) 212 (9) 61 (11) 655 (9)
Secondary GN 240 (8) 232 (13) 291 (12) 62 (11) 827 (11)
FSGS 227 (8) 360 (21) 294 (13) 69 (12) 947 (13)
Other 822 (29) 347 (20) 655 (28) 145 (26) 1969 (26)

cPRA, %
0–39 2641 (93) 1567 (91) 2173 (92) 489 (87) 6879 (92)
40–79 164 (6) 114 (6) 134 (6) 48 (8) 460 (6)
801 43 (1) 48 (3) 40 (2) 26 (5) 157 (2)

KDPIb

,20 858 (40) 494 (36) 727 (40) 155 (39) 2234 (39)
20–35 769 (36) 538 (39) 729 (40) 166 (42) 2202 (39)
351 509 (24) 331 (25) 360 (20) 77 (19) 1278 (22)

Cold ischemic time, hc 11 (8–16) 12 (9–17) 12 (8–16) 11 (7–15) 12 (8–16)
Delayed graft functiond, n (%) 136 (7) 118 (9) 116 (7) 25 (6) 395 (7)

All values represent n (percentage) or median (interquartile) unless otherwise indicated. CHIP, Children’s Health Insurance
Program; CAKUT, congenital anomalies of the kidney and urinary tract; cPRA, calculated panel reactive antibody; KDPI, Kidney
Donor Profile Index.
aRestricted to patients who were on dialysis (n54917).
bRestricted to patients who were transplanted (n55754; 1% missing).
cRestricted to patients who were transplanted (n55754; 7% missing).
dRestricted to patients who were transplanted (n55754; 4% missing).
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shorter in the post-KAS era (Figure 3, Table 3). Black and
Hispanic children and other children of color had lower
rates of transplantation per 1000 person-years compared
with White children. Rates were overall higher in the post-
KAS era (Table 3).
In univariable AFT models exploring associations of race

and ethnicity within each era, Black and Hispanic children
and other children of color had significantly longer times
on dialysis compared with White children in both eras. In
the pre-KAS era in multivariable models, these findings are
attenuated but still showed differences (time ratio, 1.20;
95% CI, 1.09 to 1.32 for Black children; time ratio, 1.13; 95%
CI, 1.02 to 1.24 for Hispanic children; time ratio, 1.17; 95%
CI, 1.01 to 1.36 for other children). In the post-KAS era,
there were no significant differences in time on dialysis for
Black and Hispanic children and other children of color
compared with White children in multivariable models
(Table 3).
In multivariable AFT models exploring associations of

era within each group, Black and Hispanic children experi-
enced longer times on dialysis post-KAS compared with
pre-KAS (time ratio, 1.31; 95% CI, 1.08 to 1.59 for Black

children; time ratio, 1.27; 95% CI, 1.07 to 1.52 for Hispanic
children) (Table 3).

Delayed Graft Function and Graft Loss
In the pre-KAS era, Black children had higher odds of

delayed graft function compared with White children
(odds ratio, 1.46; 95% CI, 1.08 to 1.96) in unadjusted analy-
sis. This finding was no longer significant in multivariable
analysis (odds ratio, 1.17; 95% CI, 0.85 to 1.60). There were
no significant associations between race and ethnicity and
delayed graft function in the post-KAS era in univariable
or multivariable analyses (Table 4). Black and Hispanic
children had longer time to graft loss post-KAS compared
with pre-KAS (log-rank P50.03 and P50.01, respectively)
(Figure 4).

Discussion
This retrospective cohort study of pediatric kidney

transplant recipients is the first to assess how the 2014
KAS policy affected racial and ethnic disparities in
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Figure 3. | Kaplan–Meier survival curves for time to deceased donor transplant by race and ethnicity.
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deceased donor transplantation with 5 years of follow-up.
After the 2014 KAS policy change, racial and ethnic dis-
parities in time from activation and time on dialysis to
deceased donor transplant began to exist for Black and
Hispanic children and other children of color compared
with White children, but this finding is largely explained
by differences in patient demographic– and transplant-
related factors as these findings are attenuated in multi-
variable analyses. We also found improvements in odds
of delayed graft function for Black children and longer
time to graft loss for Black and Hispanic children post-
KAS.
Preliminary studies were optimistic that the 2014 policy

change improved disparities. A study of transplant rates 1
year after the change showed a 21% higher rate of trans-
plants for Black patients and a 9% higher rate of transplants
for Hispanic patients (9). Another study using a difference-
in-difference analysis showed narrowing of gaps in trans-
plant rates among patients of color compared with White
patients 20 months after the policy change (7). For children
specifically, a quasiexperimental time series study in chil-
dren 15 months after the KAS policy change estimated a
46% higher rate of transplants for Black children (5). Our
study similarly shows that 5 years after the policy change,
racial and ethnic disparities are not exacerbated as a result
of the 2014 KAS.

Prior studies have shown that for adults with
cPRA.80%, racial and ethnic disparities still exist post-
KAS (10). Our results show that disparities in access to
transplantation for children in univariable analysis are
explained by patient factors as opposed to race and
ethnicity itself. Because race and ethnicity are social
constructs, as opposed to biologic differences among
individuals, future work should focus on the effect of
KAS on patient-specific barriers for children of color,
such as cPRA, geography, or blood type, to help
improve these disparities. Additionally, as studies
have described lower acceptance rates for pediatric
patients post-KAS (17), how organ offer and acceptance
rates differ by racial and ethnic group post-KAS should
be explored.
This study indicates that the 2014 KAS may be decreas-

ing the availability of transplants for children overall. A
study 15 months after the KAS policy change showed that
children 0–6 years of age had a 21% lower likelihood of
transplant (5). Another study of children and adults 1 year
after the policy change reported that pediatric transplant
rates were higher compared with adults but decreased after
the policy change—a finding that leveled off after a bolus
effect (8). Decreasing access to transplantation for children
overall will further disparities for already vulnerable
children.

Table 2. Log-logistic accelerated failure time regression analyses for time from activation to deceased donor transplant for the
entire study population: Effect of the 2014 Kidney Allocation System and race and ethnicity

Factor
Median Days to

Transplant
(Interquartile Range)

Absolute Transplant
Rate per 1000 Person-yr

Crude Time Ratio (95%
Confidence Interval)

Adjusteda Time Ratio
(95% Confidence

Interval)

Effect of race and ethnicity
Pre-KAS, n53351

White 84 (38–210) 5.61 Reference Reference
Black 116 (44–260) 4.63 1.25 (1.09 to 1.42) 1.14 (1.00 to 1.29)
Hispanic 122 (42–296) 4.19 1.37 (1.21 to 1.55) 1.12 (0.99 to 1.28)
Other 119 (44–265) 4.38 1.30 (1.04 to 1.63) 1.08 (0.87 to 1.33)

Post-KAS, n52066
White 226 (103–454) 3.24 Reference Reference
Black 315 (104–630) 2.43 1.39 (1.21 to 1.61) 1.16 (1.01 to 1.32)
Hispanic 351 (170–610) 2.43 1.47 (1.29 to 1.67) 1.13 (1.00 to 1.28)
Other 286 (141–522) 2.75 1.24 (1.00 to 1.54) 1.17 (0.96 to 1.41)

Effect of era
White, n52044

Pre-KAS 84 (38–210) 5.61 Reference Reference
Post-KAS 226 (103–454) 3.24 2.41 (2.13 to 2.74) 2.69 (2.15 to 3.36)

Black, n51299
Pre-KAS 116 (44–260) 4.63 Reference Reference
Post-KAS 315 (104–630) 2.43 2.69 (2.30 to 3.16) 2.97 (2.27 to 3.91)

Hispanic, n51697
Pre-KAS 122 (42–296) 4.19 Reference Reference
Post-KAS 351 (170–610) 2.43 2.57 (2.24 to 2.95) 3.29 (2.56 to 4.22)

Other, n5377
Pre-KAS 119 (44–265) 4.38 Reference Reference
Post-KAS 286 (141–522) 2.75 2.26 (1.68 to 3.05) 2.73 (1.63 to 4.56)

P value interaction for race and ethnicity 3 era is P50.70. This analysis includes all candidates who were activated on the
transplant list from January 1, 2008 to December 31, 2019. Pre-KAS indicates activated from January 1, 2008 to December 13, 2014.
Post-KAS indicates activated from December 14, 2014 to December 31, 2019. Time variable is the time from first activation on the
transplant list to deceased donor transplant. The event is deceased donor transplant. The censor event is the loss of follow-up,
death, removal from the waiting list, and end of era. Sample sizes are provided for adjusted models. KAS, Kidney Allocation
System.
aThis analysis was adjusted for age at listing, sex, primary diagnosis, payer, blood type, calculated panel reactive antibodies, donor
service area, and year of activation.
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Previous studies can help explain why children have lon-
ger wait times post-KAS. One reason is that KDPI does not
accurately assess pediatric donors as no donor below age 6
years old is assigned a KDPI,35 (18). As donors with a
KDPI,35 are prioritized to children, acceptable pediatric
donors are preferentially being offered to adult recipients.
One study found that children received 34% fewer pediat-
ric donors, with a substantial increase in .35-year-old
donors (11). Another study 3 years post-KAS found that
children were 79% less likely to receive offers of donors
ages ,18 and 18–34 years old (17). Changes in acceptance
patterns could be contributing as kidneys from donors
18–34 years old and KDPI,35% were 23% less likely to be
accepted post-KAS, whereas donors 351 years old with
KDPI,35% were three-fold more likely to be accepted (17).
Finally, prioritization of ever increasing numbers of adult
multiorgan transplants over pediatric kidney-only recipi-
ents may be contributing (19).
Adding preregistration dialysis time to candidate wait

time improved racial and ethnic disparities for those on
dialysis prior to transplant as there is now equity in time
on dialysis to transplantation post-KAS in multivariable
analysis. This is especially important as previous studies
describe longer times on dialysis to transplantation for
Black or Hispanic children, resulting in higher mortality
(1,20). Our results are contrary to studies that found longer

time on dialysis prior to transplantation post-KAS for chil-
dren (21) and adults (7). These studies only followed
patients up to 2 years; therefore, the results were likely due
to an initial bolus effect where preregistration dialysis time
was added to transplant waiting time post-KAS, making
wait times appear longer.

Initial studies of the 2014 KAS policy change were con-
cerning for higher rates of delayed graft function post-KAS
(8). A study of the OPTN data up to 2016 found a 69%
higher odds in delayed graft function in recipients ,10
years of age post-KAS compared with pre-KAS explained
by age or size of donors and pretransplant dialysis dura-
tion (11). Separately, another study reported higher likeli-
hood of delayed graft function post-KAS for all adults but
more so for those of Black or Hispanic race and ethnicity
(6). Our study finds that with prolonged follow-up time,
delayed graft function did not differ among racial and
ethnic pediatric groups. We also found that time to graft
loss improved for Black and Hispanic children after KAS.

There are important limitations of this study. Although
this is a comprehensive dataset of US pediatric transplants,
sample sizes were low for some racial and ethnic groups.
Our data are limited to 5 years after policy change, so
longer-term transplant outcomes cannot be evaluated. We
used insurance status as a proxy of socioeconomic status as
we lacked more granular information of income. Finally, as

Table 3. Log-logistic accelerated failure time regression analyses for time on dialysis to deceased donor transplant for those on
dialysis and active on the transplant list: Effect of the 2014 Kidney Allocation System and race and ethnicity

Factor
Median Days to

Transplant
(Interquartile Range)

Absolute Transplant
Rate per 1000 Person-yr

Crude Time Ratio (95%
Confidence Interval)

Adjusteda Time Ratio
(95% Confidence

Interval)

Effect of race and ethnicity
Pre-KAS, n53083

White 600 (304–1105) 1.11 Reference Reference
Black 731 (392–1296) 0.94 1.22 (1.09 to 1.34) 1.20 (1.09 to 1.32)
Hispanic 715 (408–1398) 0.86 1.27 (1.16 to 1.39) 1.13 (1.02 to 1.24)
Other 721 (390–1301) 0.90 1.23 (1.05 to 1.44) 1.17 (1.01 to 1.36)

Post-KAS, n51713
White 577 (292–1048) 1.21 Reference Reference
Black 654 (369–1145) 1.07 1.18 (1.04 to 1.33) 1.10 (0.99 to 1.24)
Hispanic 658 (377–1079) 1.07 1.20 (1.07 to 1.34) 1.03 (0.93 to 1.15)
Other 568 (329–1142) 1.10 1.09 (0.91 to 1.30) 1.10 (0.94 to 1.29)

Effect of era
White, n51627

Pre-KAS 600 (304–1105) 1.11 Reference Reference
Post-KAS 577 (292–1048) 1.21 0.94 (0.85 to 1.05) 0.98 (0.81 to 1.18)

Black, n51234
Pre-KAS 731 (392–1296) 0.94 Reference Reference
Post-KAS 654 (369–1145) 1.07 0.91 (0.81 to 1.03) 1.31 (1.08 to 1.59)

Hispanic, n51589
Pre-KAS 715 (408–1398) 0.86 Reference Reference
Post-KAS 658 (377–1079) 1.07 0.89 (0.81 to 0.99) 1.27 (1.07 to 1.52)

Other, n5346
Pre-KAS 721 (390–1301) 0.90 Reference Reference
Post-KAS 568 (329–1142) 1.10 0.84 (0.68 to 1.04) 1.14 (0.79 to 1.66)

P value interaction for race and ethnicity 3 era is P50.50. This analysis includes all candidates who were initiated on dialysis and
subsequently activated on the transplant list from January 1, 2008 to December 31, 2019. Pre-KAS indicates initiated on dialysis
from January 1, 2008 to December 13, 2014. Post-KAS indicates initiated on dialysis and activated on the transplant list from
December 14, 2014 to December 31, 2019. Time variable is the time from start of dialysis to deceased donor transplant. The event is
deceased donor transplant. The censor event is the loss of follow-up, death, removal from the waiting list, and end of era. Sample
sizes are provided for adjusted models. KAS, Kidney Allocation System.
aThis analysis was adjusted for age at listing, sex, primary diagnosis, payer, blood type, calculated panel reactive antibodies, donor
service area, and dialysis start year.
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Table 4. Odds of delayed graft function after deceased donor transplantation before and after the 2014 Kidney Allocation System
by racial and ethnic group

Group

Before the Kidney Allocation System,a n53641 After the Kidney Allocation System,b n51695

Crude Odds Ratio
(95% Confidence Interval)

Adjustedc Odds Ratio
(95% Confidence

Interval)
Crude Odds Ratio

(95% Confidence Interval)

Adjustedc Odds Ratio
(95% Confidence

Interval)

White Reference Reference Reference Reference
Black 1.46 (1.08 to 1.96) 1.17 (0.85 to 1.60) 1.06 (0.63 to 1.77) 0.73 (0.42 to 1.27)
Hispanic 1.03 (0.76 to 1.39 0.84 (0.61 to 1.17) 0.88 (0.54 to 1.42) 0.71 (0.42 to 1.20)
Other 1.00 (0.59 to 1.71) 0.84 (0.47 to 1.49) 0.93 (0.42 to 2.02) 0.76 (0.34 to 1.72)

This analysis includes all candidates who were activated and then received a deceased donor transplant from January 1, 2008 to
December 31, 2019. Sample sizes are provided for the adjusted model.
aBefore the Kidney Allocation System: activated and transplanted between January 1, 2008 to December 3, 2014.
bAfter the Kidney Allocation System: activated and transplanted between December 4, 2014 to December 31, 2019.
cThis analysis was adjusted for sex, primary diagnosis, payer, days on dialysis, Kidney Donor Profile Index, cold ischemic time,
and calculated panel reactive antibodies.
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Figure 4. | Kaplan–Meier survival curves for time to graft loss for each race and ethnicity by era.
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only patients on dialysis subsequently listed for transplan-
tation were included in this study, our findings are not
generalizable to the whole kidney failure population.
Assessing the 2014 KAS policy change does not address

racial and ethnic disparities that occur throughout the
transplant listing process. The pediatric nephrology com-
munity needs to remain diligent in considering all aspects
of kidney failure care, steps to transplantation, and conse-
quences of systemic racism and provider biases in this pro-
cess to truly address racial and ethnic disparities: from
early identification of CKD to access to subspecialty care,
activation, and preemptive and living related donors (22).
A study found that with adherence being equal, referral to
transplantation varied by race and ethnicity (23). How rac-
ism independently affects outcomes as a social determinant
of health should be the focus of future studies (24). Addi-
tionally, removal of donor service areas and integration of
proximity points to transplant centers were implemented
on March 15, 2021. It is too early to comment on how this
policy change will affect racial and ethnic disparities, but
this deserves attention in future studies.
In conclusion, wait times for children from activation to

deceased donor transplantation were equitable before and
after implementation of KAS, whereas racial and ethnic dis-
parities for time on dialysis to transplantation and odds of
short-term graft loss improved in equity after KAS, after
adjusting for patient- and transplant-related factors. These
improvements occurred without causing disparities in
delayed graft function. Wait times overall for children have
increased since the policy change, requiring discussion
among the pediatric nephrology community and policy
makers to implement further changes to prevent vulnerable
children from having increased barriers to pediatric
transplantation.
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