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1 | INTRODUCTION

The COVID-19 pandemic has affected all portions of the global population. However,
many factors have been shown to be particularly associated with COVID-19 mortality
including demographic characteristics, behavior, comorbidities, and social conditions.
Kidney transplant candidates may be particularly vulnerable to COVID-19 as many
are dialysis-dependent and have comorbid conditions. We examined factors associ-
ated with COVID-19 mortality among kidney transplant candidates from the National
Scientific Registry of Transplant Recipients from March 1 to December 1, 2020. We
evaluated crude rates and multivariable incident rate ratios (IRR) of COVID-19 mor-
tality. There were 131 659 candidates during the study period with 3534 all-cause
deaths and 384 denoted a COVID-19 cause (5.00/1000 person years). Factors associ-
ated with increased COVID-19 mortality included increased age, males, higher body
mass index, and diabetes. In addition, Blacks (IRR = 1.96, 95% C.l.: 1.43-2.69) and
Hispanics (IRR = 3.38, 95% C.I.: 2.46-4.66) had higher COVID-19 mortality relative to
Whites. Patients with lower educational attainment, high school or less (IRR = 1.93,
95% C.l.: 1.19-3.12, relative to post-graduate), Medicaid insurance (IRR = 1.73, 95%
C.1.: 1.26-2.39, relative to private), residence in most distressed neighborhoods (fifth
quintile IRR = 1.93, 95% C.I.: 1.28-2.90, relative to first quintile), and most urban and
most rural had higher adjusted rates of COVID-19 mortality. Among kidney transplant
candidates in the United States, social determinants of health in addition to demo-

graphic and clinical factors are significantly associated with COVID-19 mortality.
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COVID-19 was the third leading cause of death in 2020. There are

numerous demographic and clinical factors that are associated with
The COVID-19 pandemic has had a profound detrimental health ef-
fect on the general population across the globe. In the United States,

susceptibility to contracting COVID-19 and health consequences of
the virus.2* While evidence continues to emerge regarding factors

Abbreviations: BMI, body mass index; C.I., confidence interval; COVID-19, coronavirus disease 2019; ESKD, end-stage kidney disease; GN, glomerulonephritis; HRSA, health resources
and services administration; IRR, incident rate ratio; OPTN, organ procurement and transplantation network; PKD, polycystic kidney disease; SRTR, scientific registry of transplant
recipients.
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resulting in transmission of COVID-19, the pandemic has dispro-
portionally affected certain populations with known disparities in
access to health care in the United States. This includes racial and
ethnic minorities and patients with increased social risk factors.”®

Patients with end-stage kidney disease (ESKD) are particularly
susceptible to the impact of COVID-19 given increased morbidity
and increased need to interact with individuals for health care in-
terventions. Kidney transplant candidates are a select portion of
the ESKD population, and factors associated with susceptibility and
impact of COVID-19 may be unique from the broader ESKD or gen-
eral population. There are currently more than 90,000 kidney trans-
plant candidates in the United States.” The effect of demographic
characteristics, clinical factors, and social risks on risks of COVID-19
mortality in the United States has not been comprehensively inves-
tigated. Understanding candidates who are at highest risk for the
severe effects of COVID-19 may inform care management, identify
interventions tailored to attenuate patient risks, and provide evi-
dence for potential mechanisms for the effects of COVID-19.

There are a number of reports detailing risks of transmission and
health consequences of COVID-19 among the dialysis and transplant
recipient population. However, most studies are limited to single cen-
ter or regional reports and detail different periods of the COVID-19
pandemic.’®*3 The risks identified in prior studies may be unique to
select regions or during the initial phase of the pandemic. In this study,
our primary aims were to identify rates and independent risk factors
for COVID-19 mortality among kidney transplant candidates in the
United States over the first 9 months of the pandemic. In particular,
our aim was to evaluate factors associated with COVID-19 mortality
comprising demographic characteristics, clinical history, and social
conditions to describe the broad array of risks in the population.

2 | METHODS

This study used data from the Scientific Registry of Transplant
Recipients (SRTR). The SRTR data system includes data on all donor,
wait-listed candidates, and transplant recipients in the United
States, submitted by the members of the Organ Procurement
and Transplantation Network (OPTN). The Health Resources and
Services Administration (HRSA), U.S. Department of Health and
Human Services provides oversight to the activities of the OPTN
and SRTR contractors. This study was exempted from approval by
the Cleveland Clinic Institutional Review Board (IRB# 09-648).

The designation of COVID-19 mortality as a cause of death was
implemented by the United Network for Organ Sharing denoted
“Infection: Viral - COVID-19” on April 1, 2020. The numeric codes
associated with these were 3916 (kidney alone) and 7247 (kidney-
pancreas). We used the code associated with this cause of death as
an indication of COVID-19 death throughout the study. As these
codes we used retrospectively as well (in the weeks prior to April
1), and our study period was March 1-December 1, 2020. We used
this period with consideration for the initiation of the pandemic and
documentation of COVID-19 causes of death and follow-up when

COVID-19 cases were consistently reported. We considered pa-
tients at risk for COVID-19 mortality from March 1, 2020 for preva-
lent patients (those on the waiting list on that date) or from the time
of candidate listing for those placed on the waiting list during the
period. Rates were calculated per 1000 patient year follow-up and
compared between groups using two-sample t-tests and ANOVA.
We evaluated independent factors associated with COVID-19 mor-
tality rates using multivariable Poisson models with time at risk for
death on the waiting list as an offset variable and reported adjusted
incident rate ratios (IRR).

In addition to the SRTR data, we used primary candidate res-
idential zip code information to merge other data sources. We
merged data with the distressed community index generated from
the Economic Innovation Group.'* These data include an index (0%-
100%) of the level of residential distress by zip code in the United
States based on residential education, housing vacancy, employ-
ment, poverty, income, and changes in business establishments.
For the purpose of these analyses, we used the measured quintile
of the residential zip code of candidates to merge with SRTR data.
Candidates without an available zip code were coded as missing
level for the purpose of the analyses. We also merged data from the
Economic Research Service and the United States Department of
Agriculture with rural-urban continuum codes. These data contain
an indicator of the most urban to the most rural (scale of 1-9) coun-
ties in the United States. We merged zip codes within counties and
based on sample size converted the existing codes to four levels
with sufficient event rates to estimate the association of COVID-19
mortality. We also used data available from the Centers for Disease
Control and Prevention (CDC) and US Census to assess the relative
proportion of COVID-related deaths in the kidney transplant can-
didate population with the general population.*>¢ Specifically, we
calculated the relative proportion of deaths by age (limited to 18-
74), race/ethnicity, and gender in the general population and com-
pared these with the candidate population. Of note, the mortality
data in the general population were only available over a broader
time period (through February 27, 2021) and the distribution of
race/ethnicity and gender was for all ages rather than limited to
the 18-74-year-old population. All analyses were conducted in SAS
(v.9.4) and two-sided type-I error probabilities of 0.05 were consid-

ered for statistical significance.

3 | RESULTS

There were 131 659 candidates on the kidney transplant or kidney/
pancreas waiting list between March 1, 2020 and December 1, 2020.
This included 28 065 patients newly listed during the study period and
other prevalent candidates on the list as of March 1, 2020. The mean
age at the time of listing or March 1, 2020 was 53.9 years (s.d. = 12.9).
Candidates were 37% White, 31% Black, and 20% Hispanic. Sixty-two
percent were male and the most common primary diagnosis was diabe-
tes (38%). Patients with a prior transplant comprised 12% of the popu-
lation and 43% had Medicare as primary insurance.
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TABLE 1 Transplant candidate characteristics and COVID-19-related mortality
% COVID-19 All-cause % of Deaths that

Candidate characteristics  Level N deaths p-value®  deaths were COVID p-value

Age 18-34 11765 0.08% <.001 115 8.7% .006
35-49 31332 0.14% 561 7.7%
50-64 56 154 0.36% 1586 12.7%
65+ 32408 0.40% 1272 10.2%

Race/Ethnicity White 49 719 0.14% <.001 1342 5.1% <.001
Black 41105 0.33% 1125 12.0%
Hispanic 26 368 0.49% 732 17.8%
Other 14 467 0.35% 335 15.2%

Gender Female 50137 0.23% .001 1251 9.2% .02
Male 81522 0.33% 2283 11.8%

Body mass index (kg/m?) 13-20 4667 0.11% <.001 133 3.8% <.001
21-25 27 435 0.17% 678 7.1%
26-30 42701 0.30% 1128 11.2%
31-35 35154 0.37% 948 13.7%
36+ 20708 0.34% 617 11.4%
Missing 991 0.50% 30 16.7%

Primary diagnosis GN 23 643 0.15% <.001 373 9.7% .046
Diabetes 50294 0.46% 1921 12.0%
PKD 8915 0.21% 140 13.6%
Hypertension 26 027 0.23% 604 10.1%
Other 22780 0.17% 496 7.7%

Prior transplant No 116 208 0.29% .87 3100 10.9% .98
Yes 15451 0.30% 434 10.8%

Prior malignancies No 121 050 0.29% .57 3219 11.0% .32
Yes 10 609 0.27% 315 9.2%

Peripheral vascular No 119 719 0.27% <.001 3042 10.5% .10

ClisEEe Yes 11940 0.54% 492 13.0%

Primary insurance Private 56783 0.22% <.001 1256 10.1% <.001
Medicaid 13 285 0.48% 372 17.2%
Medicare 56 146 0.33% 1826 10.2%
Other 5445 0.11% 80 7.5%

Pre-listing dialysis time Preemptive 51 658 0.24% .006 1086 11.4% .38
1-12 months 32716 0.27% 951 9.2%
13-24 months 22 650 0.36% 725 11.2%
25-36 months 10 584 0.38% 333 12.0%
37+ months 14 051 0.37% 439 11.9%

Educational attainment High school or 56 266 0.41% <.001 1674 13.6% <.001

Less

Some college 59 284 0.21% 1469 8.4%
Post-graduate 10 515 0.18% 267 7.1%
Unknown 5594 0.23% 124 10.5%

Working for income No or unknown 83 879 0.32% .010 2644 10.2% .02
Yes 47 780 0.24% 890 12.9%

(Continues)
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TABLE 1 (Continued)
% COVID-19 All-cause % of Deaths that
Candidate characteristics  Level N deaths p-value® deaths were COVID p-value
Blood type A 37 655 0.28% .69 976 10.8% 74
B 21269 0.28% 529 11.3%
AB 3619 0.39% 100 14.0%
O 69 116 0.30% 1929 10.6%
Residential distress index 1 (Least 19 412 0.18% <.001 425 8.2% .001
quintile distressed)
2 15845 0.36% 448 12.7%
3 15941 0.33% 467 11.4%
4 16 558 0.36% 487 12.1%
5 (Most 20912 0.45% 662 14.2%
distressed)
Missing 42 991 0.20% 1045 8.2%
Urban-rural continuum 1 (Most urban) 54082 0.40% <.001 1478 14.6% <.001
code? 2 16 644 0.19% 444 7.0%
3 9636 0.24% 300 7.7%
4 (Most rural) 8306 0.34% 267 10.5%
Missing 42991 0.20% 1045 8.2%
Overall 131 659 0.29% 3534 10.9%

Abbreviations: GN, glomerulonephritis; PKD, polycystic kidney disease.

?Original urban-rural continuum categories collapsed to maintain sufficient sample sizes; categories displayed are metropolitan area (population >1
million), metropolitan (population 250 000 < 1 million), urban counties with >20 000 population, and metropolitan areas with <250 000 population

and non-metropolitan counties to rural communities.

Over the study period, there were 3534 all-cause deaths (2.7% of
the study population) and 384 denoted a COVID-19 cause (0.29% of
the study population). The COVID-19 crude mortality rate was 5.00
per 1000 person years of follow-up. The proportion of patients with
COVID-19 mortality varied significantly by patient characteristics
(Table 1). Increasing age, non-Whites, males, candidates with higher
body mass indices, candidates with diabetes as primary diagnosis,
peripheral vascular disease, Medicaid primary insurance, lower edu-
cational attainment, and residing in higher distressed communities
had higher proportion of COVID-19 deaths. Patients placed on the
waiting list after March 1, 2020 had lower COVID-19 mortality rates
(3.31/1000 patient years) relative to prevalent patients (5.22/1000
patient years, p < .01). These associations were largely consistent con-
sidering COVID-19 deaths as a proportion of all-cause deaths (Table 1).
COVID-19 deaths comprised 10.9% of all deaths during the study pe-
riod and this proportion varied significantly by patient characteristics.

The rate of COVID-19 mortality was significantly higher for
non-White candidates and increasing age (p-values <.01). The
increased rates by race/ethnic group were consistent in each
age group with the highest mortality rates among Hispanics
(Figure 1). The COVID-19 mortality rate in men was 5.67/1000
patient years versus 3.93/1000 patient years in women. These
rates also varied by primary diagnosis with the highest rates
among diabetics (7.74/1000 patient years). Rates by primary di-
agnosis group and gender are displayed in Figure 2. Higher rates
of COVID-19 deaths among men were present among candidates

with glomerulonephritis and diabetes as primary diagnosis but
not polycystic disease or hypertension. COVID-19 mortality rates
varied significantly by candidate's primary insurance, educa-
tional attainment, and residential distress index. Figure 3 displays
COVID-19 mortality rates for race/ethnic groups by insurance and
education attainment. Candidates with non-private insurance had
higher COVID-19 mortality in each race/ethnic group. COVID-19
mortality rates were also higher among patients with lower educa-
tional attainment in each race/ethnic group. In addition, for both
Blacks and Hispanics, COVID-19 mortality rates increased associ-
ated with increasing distress index (Figure 4). However, COVID-19
mortality did not increase among Whites by residential distress
index. There was also a modest “U-shaped” pattern of COVID-19
mortality by rural-urban designation. Patients in the most urban
counties (>1 million population) and rural counties had the highest
COVID-19 mortality rates relative to candidates in mid-size resi-
dential communities. However, this pattern appeared to vary by
race/ethnic group (Figure 5). In addition, there was significant vari-
ation of COVID-19 mortality rates by UNOS region. As displayed
in Figure 6, COVID-19 mortality rates were highest in region 9, and
non-Whites generally had higher rates in each region.

The multivariate incident rate ratios for COVID-19 mortality are
displayed in Table 2. After adjustment for candidate characteristics,
age, gender, race/ethnicity, body mass index, primary diagnosis, pri-
mary insurance, educational attainment, urban-rural location, and

residential distress index were associated with adjusted COVID-19
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FIGURE 1 Rate of COVID-19 mortality 14
by race/ethnicity and age. *Candidate age
on March 1, 2020 or the date of listing if
after March 1, 2020. “Other” race/ethnic
group not displayed [Color figure can be

12

B White ™ Black

Hispanic
11.9

10.6

viewed at wileyonlinelibrary.com]

Rate of COVID-19 Mortality (per 1000 person years)

18-49

n=13152

n=14686

50-64 65+

n=10445 n=20297 n=18150 n=11436 n=16097 n=8135 n=4429

Candidate Age*

83

EBGN mPKD mHypertension Diabetes

FIGURE 2 Rate of COVID-19 mortality 9
by gender and primary diagnosis.
* “Other” primary diagnosis not 8

displayed [Color figure can be viewed at

wileyonlinelibrary.com]

6.6

Rate of COVID-19 Mortality (per 1000 person years)

n=11019

mortality rates. Notably, Blacks had a 1.96 IRR (95% C.I. 1.43-2.69)
and Hispanics had a 3.38 IRR (95% C.I. 2.46-4.66) relative to Whites.
Patients with Medicaid had a 1.73 IRR (95% C.l. 1.26-2.39) relative
to patients with private insurance. In addition, patients living in the
most distressed residential neighborhoods (Q5) had an IRR of 1.93
(95% C.I. 1.28-2.90) relative to patients living in the least distressed
neighborhoods.

The distribution of the general population and COVID-19 deaths in
the general population and the kidney transplant candidate population
is displayed in Figure 7. In the general population, there were slightly
more deaths among Whites and Blacks as compared to the distribution

n=4110 n=8507

Female Male

n=17043 n=12565 n=4789 n=17495 n=33206

Candidate Gender

of individuals in the population. In contrast, there were fewer deaths
among Hispanics than the proportion of individuals in the population.
There was a substantially higher proportion of deaths with increas-
ing age than the distribution of the population and a higher number
of deaths among males. In contrast, among the candidate population,
there was a lower relative COVID-19 mortality proportion among
Whites and a higher proportion of deaths among Hispanics relative to
the distribution in the population. Increasing age was also associated
with increased COVID-19 mortality but not as elevated in older groups
as in the general population. Males had a higher relative proportion of
deaths which was also evident in the general population.
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12

B White ®Black = Hispanic

9.9

10

FIGURE 3 Rate of COVID-19 mortality
by race/ethnicity, primary insurance, and
educational attainment. * “Other” race/
ethnicity, “other” insurance, and missing

0

distress index not displayed [Color figure
can be viewed at wileyonlinelibrary.com]

IS

Rate of COVID-19 Mortality (per 1000 person years)
o

Private Medicaid Medicare
n=24605 n=15352 n=9590 n=2740 n=3872 n=4718 n=20113 n=19765 n=11302

Primary Insurance

Some college
n=30141 n=22597 n=8106 n=16918 n=16784 n=17447

High school or less

Educational Attainment

14

FIGURE 4 Rate of COVID-19 mortality
by race/ethnicity and residential distress
index. *Other race and missing residential

12.8 12.8
Hispanic

distress index not shown [Color figure can
be viewed at wileyonlinelibrary.com]

Rate of COVID-19 Mortality (per 1000 person years)

Q1 Q2 Q3 Q4 Qs Q1 Q2 Q3 Q4 Qs

[ I T e e — Most distressed

Residential Distress Index Quintile*

4 | DISCUSSION

The primary findings of the study indicate that in the first 9 months
of the pandemic, there were a significant number of deaths at-
tributed to COVID-19 among kidney transplant candidates.
Approximately 11% of all deaths among candidates were coded with
COVID-19 cause of death. COVID-19 mortality rates were highly
variable within the candidate population based on patients’ demo-
graphic characteristics, clinical, and social conditions. Increased age,
males, higher body mass index and diabetic status, and rates were
significantly associated with higher COVID-19 mortality rates. In

Least distressed -------—-----------ev Most distressed  Least dit

addition, COVID-19 mortality rates were higher among candidates
with public insurance, lower educational attainment, and residing in
highest quintile distressed communities. Cumulatively, these results
affirm that the risks of COVID-19 mortality are related to a complex
combination of demographic, clinical, and social factors, and efforts
to attenuate risk and improve care in this population should incorpo-
rate both medical and social conditions of patients.

There is substantial evidence to date regarding factors associ-
ated with mortality associated with COVID-19 in the general popula-
tion. Factors associated with COVID-19 mortality include increasing

age, higher body mass index, and various comorbid conditions.?**’
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FIGURE 5 Rate of COVID-19 mortality

Hispanic

by race/ethnicity and urban-rural
residential continuum. *Other race not
shown; original urban-rural continuum

11

categories collapsed to maintain sufficient
sample sizes; categories displayed
are metropolitan area (population

>1 million), metropolitan (population
250 000 = 1 million), urban counties with
>20 000 population, and metropolitan

areas with <250 000 population and
non-metropolitan counties to rural
communities. [Color figure can be viewed

at wileyonlinelibrary.com]

Rate of COVID-19 Mortality (per 1000 person years)

Urban-Rural Residential Continuum*

FIGURE 6 Rate of COVID-19 mortality 23
by UNOS region and race/ethnic groups.
Race/ethnic groups consolidated to White
and non-White (which include Hispanic
ethnicity) [Color figure can be viewed at
wileyonlinelibrary.com]

COVID-19 Mortality Rate (per 1000 patient years)

0
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& R

These characteristics are highly represented in the kidney transplant
candidate population and render patients particularly vulnerable to
the impact of COVID-19. In addition, the risks for patients treated
with maintenance dialysis are particularly elevated related to both
health status and frequent need for interaction with health-care
providers and patients.!**82! This study provided evidence that
many of the risk factors in the general and dialysis populations are
salient in the transplant candidate population in the United States.
Among transplant candidates, increasing age, male gender, diabe-
tes as primary diagnosis, and obesity are risk factors for COVID-19

& & & & & & S N
3 4 5 6 7 8 9 10 11
UNOS Region

mortality. Interestingly, duration of dialysis nor blood type was asso-
ciated with increased COVID-19 causes of death relative to all other
deaths despite some reports to the contrary.zz'24 Type of dialysis
was unknown for the majority of the current study population, but
the impact of patients who are treated with in-center hemodialysis
versus other forms of maintenance dialysis is important to under-
stand in future studies.

Results of this study indicated substantially increased rates of
COVID-19 mortality among Blacks and Hispanics. These were dis-
proportionate with rates of all-cause mortality among candidates
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TABLE 2 Multivariable incident rate ratios of COVID-19 death

Candidate
characteristics

Age (reference:
18-34)

Race/Ethnicity
(reference:
White)

Gender (reference:
female)

Body mass index
(reference:
21-25 kg/m?)

Primary diagnosis
(reference: GN)

Prior transplant
(reference: no)

Prior malignancies
(reference: no)

Peripheral vascular
disease
(reference: no)

Primary insurance
(reference:
private)

Pre-listing dialysis
time (reference:
preemptive)

Educational
attainment
(reference:
post-graduate)

Working for income
(reference: no or
unknown)

Blood type
(reference: A)

Residential distress
index quintile
(reference:

1 = lowest risk)

Level
35-49
50-64
65+
Black
Hispanic
Other
Male

13-20 kg/m?
26-30 kg/m?
31-35 kg/m?
36+ kg/m?
Missing
Diabetes
PKD
Hypertension
Other

Yes

Yes

Yes

Medicaid
Medicare
Other

1-12 months
13-24 months
25-36 months
37+ months

High school or
less

Some college
Unknown

Yes

4
5 (highest risk)
Missing

IRR

1.34
3.82
4.90
1.96
3.38
2.82
1.45

0.83
1.65
2.05
1.92
2.92
2.07
1.37
1.01
1.07
1.47

0.90

1.73
117
0.39
0.96
1.16
1.07
112
1.93

1.26
1.41
1.15

0.85
117
1.07
1.77
1.50
1.50
1.93
3.28

95% C.1.

0.67-2.70
1.99-7.31

2.52-9.53
1.43-2.69
2.46-4.66
1.92-4.14
1.16-1.81

0.33-2.09
1.18-2.30
1.47-2.88

1.32-2.80
1.16-7.36

1.43-3.00
0.78-2.40
0.66-1.54
0.67-1.69

1.06-2.02

0.61-1.33

0.87-1.52

1.26-2.39
0.91-1.50
0.17-0.89
0.72-1.27
0.87-1.55
0.74-1.54
0.80-1.58
1.19-3.12

0.78-2.05
0.68-2.88
0.90-1.46

0.62-1.18
0.67-2.06
0.85-1.36
1.16-2.70
0.97-2.31
0.97-2.30
1.28-2.90
0.44-24.4

(Continues)

TABLE 2 (Continued)

Candidate
characteristics Level IRR 95% C.I.
Urban-rural Metro (>1 million 2.25 1.53-3.28
continuum code pop.)
(metropolitan Urban (<250,000  1.40 0.81-2.40
[population pop. /
250000=1 non-metro)
million])
Small Urban/ 2.05 1.21-3.45
Rural

Note: Residential distress index and urban-rural continuum based on zip
code of primary residence.

Abbreviations: GN, glomerulonephritis; PKD, polycystic kidney disease.

and suggest particular susceptibility to transmission and/or severity
of COVID-19 in these populations. The increased rate among Blacks
and Hispanics was consistent by age group, insurance type, educa-
tional attainment, and residential location. Certainly, these results
are concerning in a context in which health disparities by race/eth-
nic group have been longstanding and suggest additional barriers to
transplantation related to higher prevalence of COVID-19.2>% These
disparities were also evident for patients based on indicators of so-
cial determinants of health including residential income and location,
insurance, and education. Interestingly, the effects of residential
distress were evident among Blacks and Hispanics but not Whites.
These results may suggest a synergistic association of race and disad-
vantaged residential communities. Certainly, the association of race/
ethnicity with increased mortality may have multiple etiologies, and
understanding the specific mechanisms and nuanced etiologies of
these associations is critical for prospective investigations. Further
understanding the degree to which results are based on the preva-
lence of COVID-19 in the respective groups, the health consequences
from COVID-19, and the impact of access and quality of care is criti-
cally important. COVID-19 mortality rates also varied by urban-rural
location of candidates. The effects of COVID-19 were largely cen-
tered in urban areas initially but transitioned to rural communities.
Findings highlight the important observation that social risks are criti-
cally important to address with the impact of COVID-19 and the need
to develop interventions for modifiable factors.>”??

Without question, the COVID-19 pandemic has affected all
aspects of the transplantation process including donor procure-
ment, living donor transplantation, and care and management
of transplant candidates and recipients.>®** For transplant can-
didates and caregivers, shared decision-making regarding organ
acceptance often accounts for the balance of risks for respec-
tive treatment modalities. In this context, transplant candidates,
and, in particular, candidates with certain risk factors may have
an imperative to access transplantation expeditiously during the
pandemic. Management of current transplant candidates should
also incorporate the risk profile of patients and consider both clin-
ical as well as social risk factors to enhance care. As compared
to the general population, Whites had a lower relative proportion
of COVID-19 deaths and Black and particularly Hispanics had a
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FIGURE 7 Distribution of COVID-19 80
mortality in the general population and 70
kidney transplant candidate population 60
by demographic characteristics. Deaths in -
the general population derived from CDC
data through (February 27, 2021) and
population demographic characteristics
from the US Census (2019). Mortality in 2 13"
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data; mortality by age only displayed
between ages 18-74 for comparison to
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figure can be viewed at wileyonlinelibrary.
com]
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much higher proportion of deaths among transplant candidates.
This suggests that the kidney transplant candidate population may
have unique sources of risk, and particular focus on interventions
to mitigate risks among the Black and Hispanic candidate popu-
lations is needed. Increased age among candidates did not have
the same relative mortality distribution as the general population
which may in some part reflect selection criteria of older trans-
plant candidates. Overall, results highlight that a multifactorial
approach may be needed to guide effective health-care deliv-
ery to transplant candidates including potential prioritization of
COVID-19 vaccine deployment to the most vulnerable groups.

There are several limitations of the study that are important
to acknowledge and incorporate for inferences about the findings.
COVID-19 death reporting is likely not comprehensive and there
may be lagged data that affect the estimation of incidence rates as
reported in this study. While missing causes of death may not be
systematically different by patient characteristics, the total number
of deaths related to COVID-19 is likely higher and may often be a
contributory factor if not listed as primary cause of death. As the
UNOS coding for COVID-19 deaths is based on death as a cause of
waitlist removal, deaths after removal that may have been attributed
to COVID-19 are not known. Over the study period, there were 48
total deaths after waitlist removal, some of which may have been
attributed to COVID-19. In addition, as there is no information about
COVID-19 positivity available in these data, mortality rates reflect
both vulnerability to contractive COVID-19 as well as severity of
the effects if contracted. These data are retrospective observa-
tional data and are subject to residual confounding and associations
may be affected by underlying factors. Moreover, as the pandemic
evolves, risk factors for susceptibility and the health consequences
of COVID-19 are certain to change.

Hispanic Other 18-39 40-49 50-64 65-74 Female Male

General population W COVID-19 deaths in general population

Hispanic Other 18-39 40-49 50-64 65-74 Female Male

COVID-19 Deaths in Kidney Transplant Candidate Population

In summary, the study demonstrated significant rates of
COVID-19 mortality among kidney transplant candidates in the
United States. COVID-19 mortality was disproportionally repre-
sented in the population and patients who were older, diabetic,
higher body mass index, and male were significantly more likely to
have a COVID-19 death during the study period. In addition, social
determinants of health including education, insurance, residential
distress, geographic location, and racial/ethnic background were
strongly associated COVID-19 mortality. These social factors in con-
junction with clinical factors should be strongly considered for risk
assessment and care management in the kidney transplant candi-

date population.
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