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Rationale & Objective: Coronavirus disease
(COVID)-19 has likely impacted accessibility to
transplantation services among older adults
(age ≥65 years). We quantified the impact of
COVID-19 on kidney transplantation access for
older kidney-only candidates registered on the
United States (US) kidney waitlist.

Study Design: Retrospective analysis of registry
data.

Setting & Participants: 57,222 older adults who
were part of or added to the US kidney waitlist
between January 1, 2016 and February 28, 2022,
identified using the Scientific Registry of Transplant
Recipients (SRTR).

Exposures: Four COVID-19 waves and one
nonwave period based on the national incidence
of COVID-19 in the US (initial: March 15-May 30,
2020; winter 2020-2021: December 1, 2020-
January 31, 2021; delta: August 1, 2021-
September 30, 2021; omicron: December 1,
2021-February 28, 2022; nonwave: inter-wave
periods).

Outcomes: Waitlist registrations, deceased-donor
kidney transplants, living-donor kidney transplants,
waitlist mortality, and waitlist removals due to
deteriorating condition (hereafter referred to as
removals).

Analytical Approach: Poisson regression for the
adjusted incidence rate ratio (aIRR) of each
outcome during the COVID-19 waves and the
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nonwave period relative to reference (January 1,
2016-December 31, 2019), adjusted for
seasonality and secular trends.

Results: Waitlist registrations initially declined and
increased henceforth. Deceased-donor kidney
transplants and living-donor kidney transplants
remained below-expected levels during all waves.
Waitlist mortality peaked during the winter 2020-
2021 wave (aIRR: 1.701.982.30) and has declined
since; mortality rates were 139%, 107%, and
251% above expected for Black candidates, men,
and candidates aged ≥75 years, respectively,
during the winter 2020-2021 wave. Removals
increased from 22% below expected levels (initial
wave) to 26% above expected levels (omicron
wave); removals were nonsignificantly higher than
expected during the omicron wave for older
Black and Hispanic candidates.

Limitations: The findings are not generalizable to
those listed at earlier ages with prolonged waitlist
times. Additionally, using national COVID-19
incidence does not consider local policy and
health care variations. Lastly, aIRRs must be
interpreted cautiously due to smaller daily event
counts.

Conclusions: COVID-19 was associated with
fewer transplants and increased mortality and re-
movals in older kidney transplant candidates.
Transplant providers should consider this impact
and implement policies and practices to ensure the
continuity of care.
Over the past 3 decades, kidney transplantation has
achieved remarkable success in treating older

(aged ≥65 years) patients with kidney failure. The propor-
tion of older kidney transplant recipients among all kidney
transplant recipients has increased from 8.4% in 2000 to
21.2% in 2019, with improvements in patient and graft
survival.1,2 Kidney transplantation is the preferred method of
kidney replacement therapy for older individuals with kid-
ney failure, with increased survival, quality of life, cognitive
function, lifespan, reduced frailty, and cardiovascular disease
risk factors compared to remaining on dialysis.3-10

The coronavirus disease (COVID)-19 pandemic exerted
a profound impact on health care provision and accessi-
bility worldwide. Kidney transplantation access was
negatively impacted early in the pandemic, with decreased
waitlist registrations and transplantations across the age
spectrum, the latter of which experienced a 19.1% drop
globally during the initial wave relative to 2019.11-13

Older kidney transplant candidates, with the combined
effects of immunosenescence and kidney failure, faced
increased vulnerability to COVID-19.14-15 They also
experienced higher mortality on the transplant waitlist,
possibly affecting deceased-donor kidney transplants more
than living-donor kidney transplants due to the suspension
of living-donor kidney transplants early in the pandemic,
particularly for older candidates.3,16,17 Therefore, health
care providers may hesitate to have older kidney transplant
candidate visits in settings with a higher risk of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
exposure and infection.

Using data from the national registry, the Scientific
Registry of Transplant Recipients (SRTR), we characterized
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PLAIN-LANGUAGE SUMMARY
The proportion of older adults on the kidney transplant
waitlist is increasing, but the impact of COVID-19 on
this population is not well characterized. In this study,
we looked at incident waitlist registrations, deceased-
and living-donor kidney transplants, and waitlist mor-
tality and removals due to deteriorating condition over
4 waves of COVID-19. We found that transplantation
services did not fully recover to prepandemic levels as of
March 2022. Notably, racial/ethnic minorities and
older men experienced lower rates of kidney transplants
and higher rates of waitlist mortality, respectively,
relative to White candidates and older women. Identi-
fying vulnerable subpopulations affected by COVID-19
and its long-term impact is crucial for creating strategies
to ensure the continuity of care in this population
during public health emergencies.
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waitlist outcomes for older kidney-only candidates on the
US national kidney waitlist. We compared waitlist out-
comes during each of the COVID-19 waves and a nonwave
period to those during the reference period (January 1,
2016-December 31, 2019).

METHODS

Study Design

This study used data from the SRTR. The SRTR data system
includes data on all donors, waitlisted candidates, and
transplant recipients in the US, submitted by the members
of the Organ Procurement and Transplantation Network
(OPTN).18 The Health Resources and Services Adminis-
tration (HRSA), US Department of Health and Human
Services, provides oversight to the activities of the OPTN
and SRTR contractors. This dataset has previously been
described elsewhere.19 This study was reviewed and
determined to qualify for an ethics approval exemption
under i22-00146 by the Institutional Review Board at the
New York University Grossman School of Medicine.
Informed consent was not required as these analyses are
conducted on deidentified data curated by the SRTR. All
methods in this study were performed in accordance with
the Declaration of Helsinki.

We identified 57,222 older (aged ≥65 years at the time
of listing) kidney-only candidates who were part of or
added to the US kidney waitlist between January 1, 2016-
February 28, 2022 (hereafter referred to as waitlisted
candidates). Candidates with missing race and/or listing
dates were excluded from the study population. To assess
heterogeneity, we determined the rate of waitlist events in
racial/ethnic, age (65-74 and ≥75 years), and sex (male
and female) groups. We utilized provider-reported race
and ethnicity information on the OPTN data collection
forms, categorized into 4 groups: non-Hispanic White,
2

non-Hispanic Black, Hispanic/Latino, and Others [Asian
American, Native Hawaiian/other Pacific Islander, Amer-
ican Indian/Alaska Native, and multiracial], hereafter
referred to as White, Black, Hispanic, and Other, respec-
tively. The outcomes were incident waitlist registrations,
deaths, deceased-donor kidney transplants, living-donor
kidney transplants, and waitlist removals due to deterio-
rating condition.

US COVID-19 Cases and Infection Waves

We plotted the running mean smoother of the daily
incident cases of COVID-19 between January 21, 2020 and
March 8, 2022 using publicly available data from the New
York Times GitHub repository.20 Four major COVID-19
waves were identified using the national incidence of
SARS-CoV-2 infection in the United States: March 15,
2020-May 31, 2020 (initial), December 1, 2020-January
31, 2021 (winter 2020-2021), August 1, 2021-
September 30, 2021 (delta), and December 1, 2021-
February 28, 2022 (omicron) (Table S1).21 We also
identified a fifth (nonwave) period that included January
1, 2020-March 14, 2020; June 1, 2020-November 30,
2020; February 1, 2021-July 31, 2021; and October 1,
2021-November 30, 2021. The period between January 1,
2016 and December 31, 2019 was the reference.

Characteristics of Incidentally Waitlisted

Candidates during COVID-19 Waves

We described the demographic (age, sex, race) and clinical
(body mass index (BMI), blood group, and cause of kid-
ney failure) characteristics of 42,333 older adults added to
the waitlist during each of the COVID-19 waves, the
nonwave period, and the reference period. Continuous
variables were described using mean and standard devia-
tion (SD), while categorical variables were described using
percentages. Missing values were assigned separate cate-
gories. Kruskal-Wallis tests and Pearson χ2 tests were used
to compare continuous and categorical variables, respec-
tively, across time eras.

Daily Counts of Waitlist Events

Waitlist events are defined as incident waitlist registrations
(hereafter referred to as registrations), deceased-donor
kidney transplants, living-donor kidney transplants, wait-
list mortality (hereafter referred to as mortality), and
waitlist removals due to deteriorating condition (hereafter
referred to as removals). Removals were identified based
on the removal code provided with waitlist records from
the SRTR dataset. We also determined the daily count of
active and inactive older candidates on the waitlist from
January 1, 2020 to February 28, 2022, which we plotted.
Over the same period, we plotted the daily counts of
waitlist registrations, deceased-donor kidney transplants,
living-donor kidney transplants, waitlist deaths, and re-
movals due to deteriorating condition for older candidates,
overlaid with the running mean smoother. We excluded
weekends for waitlist registrations, removals, and living-
Kidney Med Vol 6 | Iss 1 | January 2024 | 100756
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donor kidney transplants, as >99% of them occurred on
weekdays.

Statistical Analyses: Waitlist Events During

Infection Waves

We determined the daily counts of waitlist events for
older kidney-only candidates who were part of or added
to the US kidney waitlist from January 1, 2016 to
February 28, 2022. We defined the expected event rate
as the average daily event count during the reference
period. Poisson regression was used to model relative
changes in the average daily count of waitlist events
during each COVID-19 wave compared to the reference
period. All models included season indicator variables to
identify the specific seasons for each year (March 15-
May 31; August 1-September 30; December 1-February
28) and a continuous variable for secular trends,
defined as the number of days from January 1, 2016.
The models for waitlist deaths and removals included
the waitlist size as an offset. For descriptive analyses, we
aggregated the daily counts into weekly averages and
characterized waitlist events during COVID-19 waves
and the reference period. To assess heterogeneity, we
modeled average daily counts of waitlist events for age,
sex, and racial/ethnic groups using Poisson regression,
where expected event rates were calculated for each
racial/ethnic, age, and sex group during the reference
period, and reported the adjusted incidence rate ratio
(aIRR) adjusted for seasonality and temporal trends. We
also determined the aIRR of waitlist events during
COVID-19 waves within race, age, and sex categories
using interaction terms between infection waves and
subgroups.

For the sensitivity analysis, we determined the daily
counts of waitlist events in kidney transplants aged 18-64
years at listing from January 1, 2016 to February 28, 2022.
We used Poisson models to determine the relative changes
in the average daily count of waitlist events compared to
the reference period, adjusting for seasonality and secular
trends as described above. Lastly, we compared outcomes
in candidates aged ≥65 years to those aged 18-64 years
over the waves.

We reported the confidence intervals according to the
method proposed by Louis and Zeger22 and used a 2-sided
α value of 0.05 to determine statistical significance. All
analyses were performed using Stata 17/MP for Linux
(StataCorp LLC, College Station, TX).
RESULTS

Our study population of 57,222 older (aged ≥ 65 years)
waitlisted candidates was 54.8% White (N=31,358),
22.9% Black (N=13,075), 12.6% Hispanic/Latino
(N=7,248), and 9.7% Other (N=5,541). In addition,
37.0% were female (N=21,170), and 6.5% (N=3,742)
were aged ≥75 years at listing. Among older incidentally
waitlisted candidates, the distribution of race/ethnicity,
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BMI, and causes of kidney failure differed across infection
waves, while the age distribution was similar across
infection waves (Table 1).

The average weekly count of incident waitlist events
among older adults increased over time (Table 2); in
contrast, the number of older active waitlisted candidates
declined steadily through the 4 COVID-19 waves from
11,189 on January 1, 2020 to 9,632 on February 28, 2022
(Figs S1-S3). The most notable increase in the daily count of
deceased-donor kidney transplants, living-donor kidney
transplants, and registrations occurred after the initial wave
(Fig 1, Fig S4). Daily mortality rates peaked during the
winter 2020-2021 wave and decreased thereafter (Fig 2A).
In contrast, the rate of removals increased over time (Fig 2B).

Changes in Waitlist Events over Infection Waves

and Nonwave Period

Among older candidates, registrations remained signifi-
cantly below-expected values throughout the pandemic
(Table 3). Deceased-donor kidney transplants were
significantly below-expected levels during all waves except
the winter 2020-2021 wave (Table 3). The daily incidence
of living-donor kidney transplants was 76% below ex-
pected (aIRR: 0.190.240.32) during the initial wave and
remained below expected throughout the study period
despite increasing over time (Table 3).

Mortality was 49%, 98%, 54%, 32%, and 26% greater
than expected during the initial, winter 2020-2021, delta,
omicron, and nonwave periods, respectively. Removals
increased from below-expected levels during the initial
wave (aIRR: 0.680.780.91) to 26% higher-than-expected
levels during the omicron wave (aIRR: 1.091.261.46)
(Table 3).

Waitlist Events by Race, Sex, and Age Groups

Waitlist Registrations
The rate of registrations increased over time for all racial/
ethnic groups but remained below-expected levels for all
waves, including the nonwave period; they were at their
lowest primarily during the initial (23%-37% below ex-
pected) and winter 2020-2021 waves (19%-39% below
expected) (Table 4). For older men and women, registra-
tions increased over time but remained significantly below
expected during all time periods (Tables S2-S5). Registra-
tions remained below-expected rates during the pandemic
era for candidates aged 65–74 and ≥75 years (Table S5).
Lastly, incident registrations were lower among racial/
ethnic minorities, older women, and candidates aged ≥75
years than White candidates, older men, and those aged 65-
74 years, respectively (Tables S2, S4, S6).

Deceased-Donor Kidney Transplants and Living-
Donor Kidney Transplants
Overall, the rate of deceased-donor kidney transplants
showed an increasing trend across all racial/ethnic groups
(Table 4). Notably, the rate of deceased-donor kidney
3



Table 1. Characteristics of Older (Age ≥65 Years) Incident Waitlisted Candidates, by Eras of Listing (2016-2022)

Characteristics

All Incident
Waitlisted
N=42,333

Reference
N=26,562

Initial
N=1,173

Winter
2020-21
N=1,176

Delta
N=1,290

Omicron
N=2,005

Nonwave
N=10,127

P
Valuea

Age at listing, mean (SD) 68.8 (3.3) 68.7 (3.3) 68.9 (3.3) 68.9 (3.4) 69.2 (3.4) 69.0 (3.4) 68.9 (3.4) <0.01b

Age categories, y, N (%) 0.88
65-74 39,459 (93.2) 24,751

(93.2)
1,101
(93.9)

1,095 (93.1) 1,197
(92.8)

1,861
(92.8)

9,454
(93.4)

75-84 2,850 (6.7) 1,796 (6.8) 71 (6.1) 81 (6.9) 91 (7.1) 143 (7.1) 668 (6.6)
≥85 24 (0.1) 15 (0.1) 1 (0.1) 0 (0.0) 2 (0.2) 1 (0.0) 5 (0.0)
Female, N (%) 15,534 (36.7) 9,729

(36.6)
416
(35.5)

412 (35.0) 460
(35.7)

760 (37.9) 3,757
(37.1)

0.44

Race/ethnicity, N (%) 0.02b

White 23,738 (56.1) 14,865
(56.0)

612
(52.2)

678 (57.7) 723
(56.0)

1,118
(55.8)

5,742
(56.7)

Black 9,458 (22.3) 5,915
(22.3)

263
(22.4)

254 (21.6) 291
(22.6)

456
(22.7)

2,279
(22.5)

Hispanic/Latino 5,195 (12.3) 3,330
(12.5)

182
(15.5)

119 (10.1) 155
(12.0)

233
(11.6)

1,176
(11.6)

Other 3,942 (9.3) 2,452 (9.2) 116 (9.9) 125 (10.6) 121 (9.4) 198 (9.9) 930 (9.2)
Body mass index, kg/m2,
mean (SD)

28.8(5.0) 28.8(5.0) 29.0(5.1) 28.7(4.9) 28.8(5.2) 28.6(5.0) 28.9(5.0) 0.27

Body mass index,
categories, N (%)

0.05b

≤25 kg/m2 11,308 (26.7) 7,058
(26.6)

320 (27.3) 314 (26.7) 367
(28.4)

562
(28.0)

2,687
(26.5)

26-30 kg/m2 15,827 (37.4) 9,956
(37.5)

418
(35.6)

460 (39.1) 463
(35.9)

760 (37.9) 3,770
(37.2)

>30 kg/m2 14,991 (35.4) 9,443
(35.6)

429
(36.6)

392 (33.3) 452
(35.0)

669
(33.4)

3,606
(35.6)

Missingc 207 (0.5) 105 (0.4) 6 (0.5) 10 (0.9) 8 (0.6) 14 (0.7) 64 (0.6)
Cause of kidney
failure, N (%)

0.01b

Diabetes mellitus 18,700 (44.2) 11,795
(44.4)

520
(44.3)

497 (42.3) 566
(43.9)

843
(42.0)

4,479
(44.2)

Hypertension 8,912 (21.1) 5,674
(21.4)

237
(20.2)

253 (21.5) 265
(20.5)

443
(22.1)

2,040
(20.1)

Glomerulonephritis 4,305 (10.2) 2,752
(10.4)

124
(10.6)

121 (10.3) 123 (9.5) 199 (9.9) 986 (9.7)

Others 10,416 (24.6) 6,341
(23.9)

292
(24.9)

305 (25.9) 336
(26.0)

520
(25.9)

2,622
(25.9)

Blood group, N (%) 0.28
A 14,698 (34.7) 9,192

(34.6)
431
(36.7)

406 (34.5) 490
(38.0)

687
(34.3)

3,492
(34.5)

B 6,103 (14.4) 3,852
(14.5)

152
(13.0)

160 (13.6) 181
(14.0)

310
(15.5)

1,448
(14.3)

AB 1,724 (4.1) 1,078 (4.1) 41 (3.5) 54 (4.6) 41 (3.2) 93 (4.6) 417 (4.1)
O 19,808 (46.8) 12,440

(46.8)
549
(46.8)

556 (47.3) 578
(44.8)

915
(45.6)

4,770
(47.1)

Abbreviation: SD = standard deviation.
aP values from Kruskal-Wallis (continuous) and Pearson’s χ2 (categorical) tests compare the value for each variable for incidentally waitlisted candidates over the time
eras. Clinical and demographic variables were obtained at the time of listing.
bStatistically significant at a two-sided α of 0.05.
cIndividuals with missing body mass index data at listing were not excluded from subsequent analyses.

Menon et al
transplants in older Black candidates was 16%-29% below
expected for all 4 waves of COVID-19, but not the non-
wave period (Table 4). The sharpest decline in deceased-
donor kidney transplants during the initial wave was
noted among older Hispanic candidates (aIRR:

0.330.460.65). The rate of deceased-donor kidney trans-
plants improved over time for older men and women,
4

respectively, after the initial wave, where it was 23% and
36% below expected, respectively (Table S3). For candi-
dates aged 65-74 years, the rate of deceased-donor kidney
transplants was significantly below expected during all but
the initial and omicron waves, while that for candidates
aged ≥75 years was comparable to expected during all but
the initial wave (Table S5).
Kidney Med Vol 6 | Iss 1 | January 2024 | 100756



Table 2. Average Weekly Counts of Waitlist Events During Each Time Era

Average weekly count (SD)

Registrationb
Deceased-donor
kidney transplantc

Living-donor
kidney transplantd Mortalitye Removalf

Time Eraa

Initial 120 (35) 43 (15) 7 (8) 25 (7) 22 (6)
Winter 2020-2021 154 (33) 57 (9) 14 (6) 37 (6) 22 (6)
Delta 166 (20) 57 (4) 16 (5) 23 (2) 28 (6)
Omicron 163 (46) 59 (16) 16 (7) 23 (8) 28 (11)
Nonwave 169 (23) 64 (9) 20 (5) 21 (5) 26 (7)
Reference 146 (28) 44 (10) 17 (6) 18 (5) 28 (7)
Notes: Daily counts of waitlist events were aggregated by calendar week.
Abbreviation: SD = standard deviation.
aReference period: January 1, 2016-December 31, 2019; initial: March 15, 2020-May 31, 2020; winter 2020-2021: December 1, 2020-January 31, 2021; delta:
August 1, 2021-September 30, 2021; omicron: December 1, 2021-February 28, 2022; nonwave: January 1, 2020-March 14, 2020, June 1, 2020-November 30,
2020, February 1, 2021-July 31, 2021, and October 1, 2021-November 30, 2021.
bIncident waitlist registrations.
cDeceased donor kidney transplant.
dLiving donor kidney transplant.
eWaitlist mortality.
fWaitlist removals due to deteriorating condition.

Menon et al
During the initial wave, the rate of living-donor kidney
transplants was significantly below-expected values for all
racial/ethnic groups (Table 4). Living-donor kidney
transplant rates initially increased for all races but declined
to below-expected rates for all except older Hispanic
candidates during the omicron wave (Table 2). Living-
donor kidney transplant rates in older men and women
increased after the decline during the initial wave, but
remained below expected thereafter (Table S3). Living-
donor kidney transplants occurred at lower-than-
expected rates for candidates aged 65-74 years for all 4
waves and during all except the delta wave for candidates
aged ≥75 years (Table S5). Deceased-donor kidney trans-
plants and living-donor kidney transplants remained
significantly below expected among racial/ethnic minor-
ities, older women, and candidates aged ≥75 years relative
to White candidates, older men, and candidates aged 65-
74 years, respectively (Tables S2, S4, and S6, respectively).

Deaths and Waitlist Removals
Mortality rates peaked during the winter 2020-2021 wave
for all racial/ethnic groups (Table 2). Mortality rates in
older men were 56%, 107%, 44%, and 21% higher than
expected during the initial, winter 2020-2021, delta, and
nonwave periods, respectively, while that in older women
was substantially greater than expected only during the
initial and winter 2020-2021 waves (Table S3).

The rate of removals increased over time for all racial/
ethnic groups and was significantly higher than expected
during the omicron wave only for older Black candidates
(Table 2). For both older men and women, the rate of
waitlist removals, despite increasing over time, were
comparable to expected during all waves except the initial
wave (Table S3). For candidates aged 65-74 years, the rate
of waitlist removals was significantly below expected only
during the initial wave (Table S4). Mortality and removals
were consistently higher throughout the COVID-19 waves
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in Black and Hispanic candidates and candidates aged ≥75
years, respectively, compared to White candidates and
those aged 65-74 years (Tables S2 and S6, respectively).
However, mortality rates were lower in older women
compared to older men (Table S4).

Sensitivity Analysis

Trends in waitlist events among younger adults (age 18-64
years) were similar to those observed in older adults
(Table S7). However, relative to older adults, registrations,
deceased-donor kidney transplants, and living-donor kid-
ney transplants among younger adults were significantly
higher, while deaths and removals were significantly lower
(Table S8).
DISCUSSION

In this national study of 57,222 older waitlisted candi-
dates, the initial COVID-19 wave between March and May
2020 had a considerable impact on waitlist outcomes: a
34% reduction in registrations, 30% reduction in
deceased-donor kidney transplants, 76% reduction in
living-donor kidney transplants, 22% reduction in re-
movals, and 49% increase in mortality. There was also a
7% decline in the average daily count of active older
candidates during the omicron wave relative to the refer-
ence period (calculated using daily counts of active older
candidates on the waitlist during each wave). During the
winter 2020-2021 and delta waves, there were notable
changes in registrations (23% and 22% reduction,
respectively), deceased-donor kidney transplants (8% and
19% reduction, respectively), living-donor kidney trans-
plants (40% and 37% reduction, respectively), and waitlist
mortality (98% and 54% increase, respectively). During
the omicron wave, the rate of registrations and deaths were
19% below and 32% above expected, respectively. In
addition, the rate of deceased-donor kidney transplants
5



Figure 1. Deceased-donor kidney transplants (DDKTs) (A) and living-donor kidney transplants (LDKTs) (B) among older adults
(age ≥ 65 years) from January 2020 to February 2022. Running mean smoother applied to daily counts. Shaded areas depict the
4 COVID-19 waves. Weekends are excluded for living-donor kidney transplants. Source: Scientific Registry of Transplant Recipients,
June 2022.

Menon et al
and living-donor kidney transplants were 10% and 43%
below expected, respectively, and waitlist removals due to
deteriorating condition were 26% above expected. The
decline in deceased-donor kidney transplants was most
pronounced in older Black candidates, who, along with
older men and candidates aged ≥75 years, also experienced
higher-than-expected waitlist mortality rates, especially
6

during the winter 2020-2021 wave. Racial/ethnic mi-
nority candidates, older women, and candidates aged ≥75
years had lower rates of registrations, deceased-donor
kidney transplants, and living-donor kidney transplants.
Notably, older Black and Hispanic candidates also experi-
enced higher rates of waitlist mortality and removals over
the infection waves relative to their White counterparts;
Kidney Med Vol 6 | Iss 1 | January 2024 | 100756



Figure 2. Waitlist deaths (A) and removals (B) among older adults (age ≥ 65 years) from January 2020 to February 2022. Running
mean smoother applied to daily counts. Shaded areas depict COVID-19 waves. Weekends were excluded from waitlist removals.
Source: Scientific Registry of Transplant Recipients, June 2022.
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older women experienced lower rates of mortality and
removals than older men.

To the best of our knowledge, this is the first
comprehensive analysis of waitlist outcomes in this pop-
ulation using national data, with a comparison of out-
comes among younger waitlisted candidates to
contextualize the impact of a pandemic. The trends we
report are consistent with the literature, particularly from
Kidney Med Vol 6 | Iss 1 | January 2024 | 100756
early in the pandemic, and are important in light of the age
disparities in access to kidney transplant.13,17,23-25 There
is limited research on the effect of COVID-19 on kidney
transplant trends in older candidates, but our findings
mirror those from adult candidates. The OPTN/SRTR 2020
Annual Data Report found a decrease in waitlist registra-
tions, active waitlist candidates, kidney transplants, and
removals due to deteriorating condition, and an increase in
7



Table 3. Waitlist Events Among Older (Age ≥ 65 Years) Kidney Transplant Candidates During the COVID-19 Waves (N=57,222)

COVID-19 waveb

Adjusted Incidence Rate Ratio (aIRR)a

Registrationc
Deceased-donor
kidney transplant

Living-donor
kidney transplantc Mortalityd Removalc,d

Initial 0.620.660.70
e

0.630.700.77
e

0.190.240.32
e

1.291.491.73
e

0.680.780.91
e

Winter 2020-21 0.720.770.82
e

0.820.921.02 0.490.600.73
e

1.701.982.30
e

0.770.911.07

Delta 0.730.780.84
e

0.720.810.90
e

0.510.630.77
e

1.281.541.85
e

0.971.141.34

Omicron 0.760.810.86
e

0.810.900.99
e

0.470.570.68
e

1.121.321.57
e

1.091.261.46
e

Nonwave 0.800.820.85
e

0.961.021.08 0.710.780.86
e

1.141.261.39
e

0.941.021.11

P valuef <0.001e <0.001e <0.001e <0.001e <0.001e

Notes: Registration: incident waitlist registrations; removal: waitlist removals due to deteriorating condition. Source: Scientific Registry of Transplant Recipients,
June 2022.
aReference period: January 1, 2016-December 31, 2019.
bInitial: March 15, 2020-May 31, 2020, winter 2020-2021: December 1, 2020-January 31, 2021; delta: August 1, 2021-September 30, 2021; omicron: December 1,
2021-February 28, 2022; nonwave: January 1, 2020-March 14, 2020, June 1, 2020-November 30, 2020, February 1, 2021-July 31, 2021, and October 1, 2021-
November 30, 2021.
cModel excludes weekends.
dPoisson models offset by waitlist size.
eMeasures of association and 95% confidence intervals (CIs) indicate statistically significant at α=0.05.
fP value for Wald test to determine whether the coefficients during the 4 waves are equal.
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waitlist deaths in 2020, in line with our findings.26 The
decline in registrations during the initial wave may reflect
the disruption in kidney transplant evaluations during the
pandemic, restrictions in transplant center practices, and a
shortage of resources.17 Researchers also noted a decrease
in the US adult kidney transplant waitlist size during the
pandemic and increasing waitlist removals due to death
during the initial and winter 2020-2021 waves.27 This is
consistent with our findings and with early trends
reporting a higher mortality rate among adult kidney-only
waitlisted candidates.12,15,28,29

Another study reported that 11% of the deaths in 2020
in adult waitlisted candidates were attributed to COVID-
19, and they were more likely to be male, obese, and
belong to racial/ethnic minority groups.26,28,30,31 This is
consistent with our findings of elevated mortality rates
among older Black and Hispanic candidates relative to
White candidates, which may be in part due to the
disproportionate COVID-19-related mortality rates among
Black and Hispanic candidates.32 The pandemic likely
exacerbated persistent structural inequalities in health care
(and consequently, transplant) access, which in conjunc-
tion with differences in socioeconomic status and vacci-
nation uptake, may have contributed to decreased kidney
transplant rates and increased mortality observed among
racial/ethnic minority candidates relative to White candi-
dates.33-39 Lower mortality rates among older women
relative to older men could be attributed to sex-based
immunologic differences, behavioral variations, or a
higher burden of comorbidities among men.40-44 Overall,
the reduction in waitlist size for older adults may be due to
delays in obtaining appropriate health care due to COVID-
19 restrictions, or, on a somber note, elevated mortality
among waitlisted candidates.15,45 COVID-19 exerts a
disproportionate burden of disease on older adults, espe-
cially those with kidney failure, consistent with our find-
ings of heightened mortality among older adults relative to
younger adults.17,46-48 Furthermore, individuals receiving
8

dialysis are at an elevated risk of SARS-CoV-2 exposure and
severe COVID-19-related outcomes due to their frequent
visits to health care facilities.48,49

Our results also indicated a substantial increase in the rate
of waitlist removals of older adults due to deteriorating
condition over time, which was not observed in younger
waitlisted candidates who had a higher burden of SARS-
CoV-2 infections.50 This discrepancy could be due to the
early mortality of older and high-risk adults early in the
pandemic, while comparatively healthier individuals were
able to survive longer on dialysis despite the COVID-19-
related restrictions and guideline changes. Older adults
with kidney failure also have comorbidities impacting their
health; the effect of delaying vital health care visits com-
pounded with COVID-19 sequelae may have contributed to
the increasing rates of removals in this population, consis-
tent with our findings.51-53 Racial/ethnic minorities may
face delayed health care access relative to their White
counterparts due structural and societal factors.54 This,
combined with a higher burden of COVID-19 and comor-
bidities, may have contributed to the observed increase in
waitlist removals among older Black and Hispanic candi-
dates. Lastly, the decline in active older candidates
throughout the pandemic despite the relatively stable
waitlist size may be attributed to a combination of candidate
safety concerns, restrictions in transplant center practices,
and resource shortages (including testing capacity).55

Living-donor kidney transplants drove the decline in
transplants among older adults, mirroring the trend among
adult kidney transplant recipients, where the lowest rate of
living-donor kidney transplants occurred in states with the
highest COVID-19 rates early in the pandemic.17 A registry
study noted a substantial decline in kidney transplant in
candidates aged ≥50 years relative to younger candidates
during the winter 2020-2021 wave.27 The reduction in
living-donor kidney transplants may be due to the risk of
SARS-CoV-2 infections, deferrals of elective procedures due
to patient concerns, elective case restrictions, disruptions in
Kidney Med Vol 6 | Iss 1 | January 2024 | 100756



Table 4. Waitlist Events During COVID-19 Waves Among Older (Age ≥ 65 Years) Kidney Transplant Candidates, Stratified by
Candidate Race/Ethnicity (N=57,222)

COVID-19 waveb

Adjusted Incidence Rate Ratio (aIRR)a

Registrationc
Deceased-donor
kidney transplant

Living-donor
kidney transplantc Mortalityc Removalc,d

Whitee Initial 0.580.640.69
f

0.630.720.84
f

0.200.270.36
f

1.131.391.72
f

0.630.770.94
f

Winter 2020-2021 0.750.810.88
f

0.921.071.24 0.520.650.81
f

1.331.652.04
f

0.770.971.20

Delta 0.740.800.88
f

0.700.820.96
f

0.520.660.83
f

1.181.521.95
f

0.871.091.35

Omicron 0.760.830.90
f

0.871.001.15 0.470.580.71
f

1.071.341.59
f

0.921.121.38

Nonwave 0.810.840.88
f

0.971.051.15 0.690.780.87
f

1.161.321.51
f

0.901.011.13

Blacke Initial 0.550.630.72
f

0.570.710.88
f

0.130.280.63
f

1.491.982.62
f

0.600.801.07

Winter 2020-2021 0.620.710.82
f

0.680.851.06 0.190.410.85
f

1.772.393.23
f

0.560.781.08

Delta 0.720.820.95
f

0.590.750.96
f

0.260.521.04 1.051.532.20
f

0.700.961.32

Omicron 0.690.780.89
f

0.680.841.04 0.200.390.75
f

0.741.061.73 0.881.171.54

Nonwave 0.760.820.89
f

0.951.071.20 0.510.710.99
f

0.851.061.31 0.760.901.07

Hispanic/Latino Initial 0.650.770.91
f

0.330.460.65
f

0.010.040.32
f

0.961.432.12
f

0.640.941.38

Winter 2020-2021 0.500.610.75
f

0.530.720.98
f

0.200.461.05 1.542.243.28
f

0.470.771.26

Delta 0.610.740.89
f

0.490.851.16 0.300.611.25 0.771.262.08 0.620.991.58

Omicron 0.630.760.90
f

0.740.660.89
f

0.490.901.65 0.701.101.72 0.921.372.04

Nonwave 0.700.770.85
f

0.740.881.04 0.640.891.26 0.791.041.38 0.991.241.57

Othere,g Initial 0.590.720.87
f

0.610.841.15 0.040.170.70
f

0.560.921.51 0.330.530.92
f

Winter 2020-2021 0.680.821.02 0.440.640.94
f

0.180.431.02 0.921.502.43 0.430.751.24

Delta 0.520.650.80
f

0.540.781.11 0.180.431.06 0.480.931.78 0.671.101.82

Omicron 0.670.810.99
f

0.620.861.20 0.160.350.81
f

0.480.841.45 0.430.711.16

Nonwave 0.700.780.87
f

0.730.891.08 0.540.811.24 0.871.181.60 0.530.710.93
f

Notes: Registration: incident waitlist registrations; removal: waitlist removals due to deteriorating condition. Source: Scientific Registry of Transplant Recipients,
June 2022.
aReference period: January 1, 2016-December 31, 2020. Expected event rates were determined for each racial/ethnic group during the reference period.
bInitial: March 15, 2020-May 31, 2020; winter 2020-21: December 1, 2020-January 31, 2021; delta: August 1, 2021-September 30, 2021; omicron: December 1,
2021-February 28, 2022, and nonwave: January 1, 2020-March 14, 2020, June 1, 2020-November 30, 2020, February 1, 2021-July 31, 2021, and October 1, 2021-
November 30, 2021.
cModel excludes weekends.
dPoisson models offset by waitlist size.
enon-Hispanic.
fMeasures of association and 95% confidence intervals (CIs) indicate statistically significant at α=0.05.
gAsian American, Native Hawaiian and Pacific Islander, American Indian and Alaska Native, and multiracial.
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referrals and evaluations, and the diversion of institutional
resources to address the burden of COVID-19.17,24,56-58

Living-donor kidney transplants pose a risk of SARS-CoV-2
infection to recipients and donors, especially those of
advanced age and with comorbidities increasing their sus-
ceptibility to poor health outcomes.28,29 Racial/ethnic dis-
parities in living-donor kidney transplant likely worsened
during the pandemic, and differential living-donor kidney
transplant rates among older women compared to older
men require further investigation.59,60 Over time,
increasing knowledge about the nature of SARS-CoV-2
transmission has contributed to the modification of trans-
plant center practices to better align with public health
guidelines and ensure the safety of older candidates.
Although improvements have been made at the institutional
level, the rate of transplants in older adults had not returned
to prepandemic levels as of the omicron wave.

A key strength of our study is that it provides a national-
level perspective on the impact of COVID-19 on older
waitlisted adults, a population that has been understudied in
this area of research. While our insights could inform policy
and clinical practice, several limitations affect the general-
izability of our results. Our study is limited to kidney-only
Kidney Med Vol 6 | Iss 1 | January 2024 | 100756
candidates aged ≥65 years, potentially missing the impact
on younger candidates with longer waitlist durations.
Additionally, our study did not adjust for the impact of
geography, which would have affected local guidelines and
policies leading to differences in COVID-19 timeline and
disease burden, health care access, and utilization. Further-
more, we were unable to characterize removals and deaths
caused due to COVID-19, which would provide greater
nuance to this analysis. Moreover, relative rates in the
comparison of subgroups should be interpreted with
caution as they are sensitive to minor variations due to small
event counts. Lastly, a limitation of this waitlist event
analysis is the absence of an offset for the national dialysis
census, as SRTR does not include data on kidney failure
populations.

In summary, our study highlights the resiliency of the
US national transplant system despite the initial impact of
the pandemic. It quickly adapted and continued to provide
necessary services to an at-risk group at levels similar to
prepandemic times. Despite a near-complete restoration of
transplantation services, the gap in care in the initial phase
of the pandemic had a deleterious effect on the health of
older adults with kidney failure, potentially manifesting as
9



Menon et al
excess mortality and removals during subsequent COVID-
19 waves. With the ending of the public health emergency
in May 2023, it may be challenging to determine the
prevalence of SARS-COV-2 infections on a broader scale.
Nonetheless, continued research into the recognition of
disproportionately affected communities during the
pandemic is imperative to ensure improved health care
outcomes among older adults. Monitoring older adults
who experienced higher mortality, removals, and health
care deferrals is vital to understanding the long-term ef-
fects of COVID-19. Such research will inform operational
strategies and guidelines to protect vulnerable populations
during future public health emergencies, ensuring the
continuity of care, informed decision making, and timely
interventions for all demographics.
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