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Rationale & Objective: During the coronavirus
disease 2019 (COVID-19) pandemic, patients
receiving maintenance dialysis are a highly
vulnerable population due to their comorbidities
and circumstances that limit physical distancing
during treatment. This study sought to
characterize the risk factors for and outcomes
following COVID-19 in this population.

Study Design: Retrospective cohort study.

Setting & Participants: Maintenance dialysis pa-
tients in clinics of a midsize national dialysis provider
that had at least 1 patient who tested positive for
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) from February to June 2020.

Predictors: Demographics, dialysis characteris-
tics, residence in a congregated setting, comor-
bid conditions, measurements of frailty, and use
of selected medications.

Outcomes: COVID-19, defined as having a
positive SARS-CoV-2 test result, and all-cause
mortality among those with COVID-19.

Analytical Approach: Logistic regression ana-
lyses conducted to identify clinical characteristics
associated with COVID-19 and risk factors
48
associated with mortality among patients
following COVID-19.

Results: 438 of 7948 (5.5%) maintenance dial-
ysis patients developed COVID-19. Male sex,
Black race, in-center dialysis (vs home dialysis),
treatment at an urban clinic, residence in a
congregate setting, and greater comorbidity
were associated with contracting COVID-19.
Odds of COVID-19 were 17-fold higher for
those residing in a congregated setting (odds
ratio [OR], 17.10 [95% CI, 13.51-21.54]). Of
the 438 maintenance dialysis patients with
COVID-19, 109 (24.9%) died. Older age, heart
disease, and markers of frailty were associated
with mortality.

Limitations: No distinction was detected be-
tween symptomatic and asymptomatic SARS-
CoV-2 positivity, with asymptomatic screening
limited by testing capacity during this initial
COVID-19 surge period.

Conclusions: COVID-19 is common among pa-
tients receiving maintenance dialysis, particularly
those residing in congregate settings. Among
maintenance dialysis patients with COVID-19,
mortality is high, exceeding 20%.
Patients with kidney failure who receive maintenance
dialysis are particularly vulnerable to coronavirus dis-

ease 2019 (COVID-19), the disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). The
average age of those receiving maintenance dialysis is 65
years old and these patients typically have multiple medical
comorbid conditions, including diabetes, obesity, and
uremia-induced impaired immunity, all of which increase
their risk for poor outcomes should they develop COVID-
19.1-6 As a more socioeconomically disadvantaged group
than the general population, including residence in more
densely populated urban areas, this population is at higher
risk of acquiring SARS-CoV-2.7,8 Additionally, most dial-
ysis patients cannot practice effective physical distancing
due to the need for in-center hemodialysis and associated
transportation, as well as frequent reliance on social sup-
port and caregivers for assistance with daily activities or
medication management. Confluence of these factors po-
tentiates risk in the many who reside in long-term care
facilities.9-12

Studies in China, Italy, the United Kingdom, and the
United States (New York and southern California) showed
that maintenance dialysis patients with COVID-19
experience higher mortality and more severe disease than
the general population.13-19 As of 2017, approximately
524,000 patients in the United States were receiving
dialysis, constituting a large at-risk population.11 By June
of 2020, the Centers for Medicare & Medicaid Services
reported a COVID-19 prevalence of 3.8% in the dialysis
population,20 but further characterization is needed. Given
the lack of national, generalizable data on COVID-19 in the
vulnerable maintenance dialysis population, we charac-
terized risk factors for COVID-19 among dialysis patients
treated by a medium-sized national dialysis organization.
Additionally, among those with COVID-19, we charac-
terized the risk of and risk factors for death.
Methods

Dialysis Clinic Inc. (DCI) is a national not-for-profit dial-
ysis provider caring for more than 15,000 maintenance
dialysis patients at 260 outpatient dialysis clinics in 29
states. All dialysis patients with the diagnosis of COVID-19
in DCI clinics between February 17, 2020, and June 1,
2020, were included in this retrospective cohort study,
with outcomes ascertained through August 31, 2020. This
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PLAIN-LANGUAGE SUMMARY
Maintenance dialysis patients are a vulnerable popula-
tion during the COVID-19 pandemic due to their co-
morbid conditions and limited ability to physically
distance themselves from others. This cohort study of
risk factors for and outcomes from COVID-19 among
patients receiving maintenance dialysis showed a 5.5%
rate of infection in clinics with at least 1 case and that
residence in a congregate setting was the strongest risk
factor for disease. During this initial COVID-19 surge
period, patients receiving maintenance dialysis who
contracted COVID-19 had a mortality rate approaching
25%, far higher than that for the general population.
These data suggest that the maintenance dialysis pop-
ulation requires substantial support during the
pandemic, whether through expanded testing, early
vaccination, or coordination of complex care.
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initial 15-week period reflects the early surge of COVID-19
in the United States. We sought to describe our outpatient
dialysis provider experience and determine risk factors for
COVID-19 as well as for all-cause death within 90 days of a
COVID-19 diagnosis. To mitigate bias from geographic
imbalance of COVID-19 spread, in this analysis we only
included patients from clinics with at least 1 case diag-
nosed with COVID-19. All patients in each of these clinics
were included, but patients being treated with dialysis for
acute kidney injury were excluded.

Based on contemporary practices, SARS-CoV-2 infection
status was assessed by nasopharyngeal or oropharyngeal
swabs sent locally for reverse transcriptase–polymerase
chain reaction (RT-PCR) testing that was approved by
the US Food and Drug Agency under Emergency Use
Authorization or, if unavailable locally, through DCI Labs
contracted vendor beginning in April 2020 (using either
the Hologic Panther Fusion or Cobas SARS-CoV-2 Assay
[Roche Diagnostics]). Although facility and regional
practices differed, positive test results were captured
regardless of whether a patient was assessed in the dialysis
clinic, or at a testing center, or at a hospital. In accordance
with guidance from Centers for Disease Control and Pre-
vention at the time,21 prior to each treatment, patients
were identified for testing by the dialysis staff through
screening for recent exposure to a known COVID-19 pa-
tient, travel history to an endemic area, and/or symptoms
of cough, dyspnea, fever, sore throat, and unexplained
oxygen saturation <92%. Of note, only 1 DCI clinic per-
formed routine RT-PCR testing of dialysis patients
regardless of screening results. All patients with a positive
SARS-CoV-2 test result were defined as having COVID-19.
Patients without a positive SARS-CoV-2 test result were
considered to be without COVID-19. Procedures regarding
isolation varied by center and by whether COVID-19 was
suspected or confirmed, reflecting local resources and
AJKD Vol 77 | Iss 5 | May 2021
availability of isolation rooms. Depending on availability,
many clinics cohorted patients with COVID-19 together,
often on a dedicated COVID-19 shift, either at that facility
or at a nearby clinic, while others treated patients with
suspected or confirmed COVID-19 in isolation rooms with
dedicated staff. Universal masking policies were adopted in
all clinics by the end of March.

Demographic, comorbid, and clinical information
including emergency department and/or hospitalization
events and death reports (Centers for Medicare & Medicaid
Services form 2746) were obtained from DCI’s proprietary
outpatient electronic health record. Patient characteristics
obtained from the electronic health record included age,
sex, race, ethnicity, dialysis vintage, dialysis modality,
treatment at an urban or rural clinic, use of a central
venous catheter, living in a congregate setting at the time
of diagnosis (eg, nursing home, skilled nursing facility, or
rehabilitation facility), body mass index, number of co-
morbid conditions and specific comorbid conditions (eg,
diabetes mellitus, hypertension, congestive heart failure,
atherosclerotic heart disease, cerebrovascular disorders,
other cardiac diseases, chronic obstructive pulmonary
disease, peripheral vascular disease, cancer), history of
limb amputation, use of a wheelchair, need for assistance
to perform activities of daily living (ADL), alcohol abuse,
drug abuse, tobacco use, vaccination for influenza during
the 2019-2020 flu season; documented pneumococcal
vaccination, serum albumin level most proximate to
diagnosis, and use of selected medication groups (eg,
angiotensin-converting enzyme inhibitors [ACEIs] or
angiotensin receptor blockers [ARBs], inhaled respiratory
agents [any anticholinergic, beta-agonist, and/or cortico-
steroid inhaler], or corticosteroids).

Primary outcomes of interest were diagnosis of COVID-
19, and, among those with COVID-19, all-cause death
within 90 days of COVID-19 diagnosis compared to those
without a diagnosis of COVID-19. Among those patients
without COVID-19, all-cause death was defined by death
within 90 days of the first COVID-19 diagnosis at the
source clinic. All available electronic records delineating
potential cause(s) of deaths were reviewed by 2 in-
vestigators (E.C.L. and E.L., Jr.) to determine primary
events leading to death as well as any delineation of the
potential role of COVID-19. Furthermore, although hos-
pitalization records were not routinely available, the time
course of illness and relevant time to events were tracked
through documented dates of COVID-19 diagnosis, hos-
pital admission, hospital discharge, and death. Patients
were followed until death or 90 days, whichever came
sooner, through September 1, 2020.

Two sets of analyses were conducted. The first analysis
explored risk factors for acquiring COVID-19 among
dialysis patients, whereas the second analysis explored risk
factors for death among the subset of dialysis patients with
COVID-19. Factors associated with a COVID-19 diagnosis
were assessed by using univariate logistic regression ana-
lyses, using the list in the previous paragraph. The
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Table 1. Characteristics and Mortality of Patients With and
Without Diagnoses of COVID-19 From DCI Dialysis Facilities
With at Least One Affected Patient From February-June 2020

With COVID-19
Diagnosis

Without COVID-19
Diagnosis

P

No. of patients 438 (5.5%) 7,510 (94.5%)
Age, y 65.2 ± 13.2

(67.0)
62.0 ± 14.9 (63.4) <0.001a

<50 y 54 (12.3%) 1,527 (20.3%)
51-59 y 91 (20.8%) 1,544 (20.6%)
60-69 y 124 (28.3%) 2,023 (26.9%)
70-79 y 114 (26.0%) 1,608 (21.4%)
80+ y 55 (12.6%) 808 (10.8%)

Male sex 264 (60.3%) 4,281 (57.0%) 0.2
Race <0.001a

White 115 (26.3%) 2,741 (36.5%)
Black 253 (57.8%) 3,426 (45.6%)
Other/not stated 70 (16.0%) 1,343 (17.9%)

Ethnicity 0.6
Hispanic 37 (8.5%) 597 (8.0%)
Non-Hispanic 335 (76.5%) 5,653 (75.3%)
Not stated 66 (15.1%) 1,260 (16.8%)

Dialysis vintage,
mo

56.0 ± 55.4
(39.4)

54.9 ± 58.2 (36.9) 0.2

<3 mo 29 (6.6%) 536 (7.1%)
3-12 mo 51 (11.6%) 1,028 (13.7%)
12-36 mo 120 (27.4%) 2,137 (28.5%)
>36 mo 238 (54.3%) 3,809 (50.7%)

Home dialysis
modality

18 (4.1%) 1,070 (14.3%) <0.001a

Urban clinic 412 (94.1%) 6,613 (88.1%) <0.001a

Central venous
catheter

104 (23.7%) 1,621 (21.6%) 0.3

Congregate
setting

239 (54.6%) 511 (6.8%) <0.001a

Albumin, g/dL 3.8 ± 0.4 (3.8) 3.9 ± 0.4 (3.9) <0.001a

<3.5 g/dL 84 (19.2%) 1,037 (13.8%)
3.5-3.9 g/dL 184 (42.0%) 2,853 (38.0%)
≥4 g/dL 147 (35.8%) 3,365 (44.8%)

Hsu et al
comparator group included all patients without COVID-19
diagnoses treated in the origin clinics of the COVID-19
cases; clinics with no COVID-19 cases through June 1,
2020, were excluded from the comparator group. This
approach was chosen to minimize the influence of
geographic factors in models because COVID-19 preva-
lence varied greatly across the country during the study
period. Quantitative variables were presented as means ±
SD and medians. For simplicity, age was represented as
decades between 50 and 80 years old. For albumin, con-
centrations were categorized as severe hypo-
albuminemia (<3.5 g/dL), mild to moderate
hypoalbuminemia (3.5-3.9 g/dL), and normal (≥ 4.0 g/
dL). In addition to age, sex, and race, of the variables that
were prespecified a priori, only candidate variables sig-
nificant at P < 0.1 were included in multivariable analyses.
Similarly, logistic regression models were constructed
among patients with COVID-19 to assess patient charac-
teristics related to mortality from COVID-19. Subgroup
analyses were performed by stratifying on residence in a
congregate setting. For consistency in comparisons,
multivariable analyses of these subgroups incorporated the
same variables used in the multivariable analysis of
the aggregate. Statistical significance was defined as
P ≤0.05.

This retrospective de-identified evaluation was per-
formed under exemption from informed consent through
the DCI “Chronic Kidney Disease Quality Improvement
and Clinical Outcomes” evaluation process, through the
Western Institutional Review Board (WIRB). All statistical
analyses were performed using SAS version 9.4 software
(SAS Software). We used t-tests, analysis of variance
(ANOVA), and χ2 tests to compare data for most contin-
uous, categorical, and dichotomous variables, respectively,
by COVID-19 status. Exceptions were use of the Kruskal-
Wallis test for dialysis vintage and body mass index and
use of the Fisher exact test for assistance with ADLs.
Body mass index,
kg/m2

29.0 ± 7.5
(27.5)

28.5 ± 7.5 (27.2) 0.1

Tobacco use 72 (16.4%) 1,230 (16.4%) 0.9
ACEI/ARB 141 (32.2%) 2,430 (32.4%) 0.9
Inhaled respiratory
agent

109 (24.9%) 1,503 (20.0%) 0.01a

Corticosteroid 27 (6.2%) 557 (7.4%) 0.3
Pneumococcal
vaccination

385 (87.9%) 6,531 (87.0%) 0.6

2019 Influenza
vaccination

362 (82.7%) 6,072 (80.9%) 0.4

No. of
comorbidities

3.3 ± 1.9 (3.0) 3.0 ± 1.8 (3.0) 0.003a

Comorbidity
Diabetes
mellitus

306 (69.9%) 4,367 (58.2%) <0.001a

Hypertension 346 (79.0%) 6,208 (82.7%) 0.05a

CHF 104 (23.7 %) 1,580 (21.0%) 0.2
Atherosclerotic
heart disease

118 (26.9%) 1,650 (22.0%) 0.02a

(Continued)
Results

A total of 438 maintenance dialysis patients had diagnoses
of COVID-19 during the 15-week study period, repre-
senting approximately 3% of 15,200 patients treated in
260 DCI clinics. Not all states and DCI clinics were exposed
to COVID-19 during this early surge; the true denominator
included patients from 96 clinics from 22 states with at
least 1 affected patient, making up 52% of all DCI patients
(Fig S1). Therefore, these patients represented 438 of
7,948 (5.5%) of the dialysis population in impacted
clinics. Compared to patients without COVID-19 in these
clinics, dialysis patients with COVID-19 were older, more
likely to be of Black race, more likely to be treated with in-
center hemodialysis, more likely to be treated at an urban
clinic, more likely to use respiratory inhalers, and more
likely to reside in a congregate setting (eg, a nursing
home). Additionally, those with COVID-19 had a higher
burden of comorbidity, with higher prevalence of
750 AJKD Vol 77 | Iss 5 | May 2021



Table 1 (Cont'd). Characteristics and Mortality of Patients With
and Without Diagnoses of COVID-19 From DCI Dialysis Facil-
ities With at Least One Affected Patient From February-June
2020

With COVID-19
Diagnosis

Without COVID-19
Diagnosis

P

Stroke 51 (11.6%) 665 (8.9%) 0.05a

Other
cardiovascular

162 (37.0%) 2,550 (34.0%) 0.2

COPD 66 (15.1%) 1,053 (14.0%) 0.5
PVD 68 (15.5%) 1,115 (14.9%) 0.7
Amputation
history

14 (3.2%) 182 (2.4%) 0.3

Assistance with
ADL

4 (0.9%) 25 (0.3%) 0.07

Cancer history 36 (8.2%) 6161 (8.2%) 0.9
Alcohol abuse
history

56 (12.8%) 907 (12.1%) 0.7

Drug abuse
history

29 (6.6%) 427 (5.7%) 0.4

Wheelchair use 15 (3.4%) 147 (2.0%) 0.03a

Death 109 (24.9%) 275 (3.7%) <0.001a

Days to death 16.7 ± 17.1
(11.0)

43.4 ± 26.7
(45.0)

<0.001a

Data are mean ± SD (median) or number (%). Race and ethnicity are independent
of each other. We used t-test, ANOVA, and χ2 tests to compare data for most
continuous, categorical, and dichotomous variables, respectively, by COVID-19
status. Exceptions are the use of the Kruskal-Wallis test for dialysis vintage and
body mass index and use of the Fisher exact test for assistance with ADL.
Abbreviations: ADL, activities of daily living; ANOVA, analysis of variance; ARB,
angiotensin receptor blocker; CHF, congestive heart failure; COPD, chronic
obstructive pulmonary disease; PVD, peripheral vascular disease.
aStatistically significant.

Table 2. Association Between Clinical Characteristics and
COVID-19 Diagnoses Among Dialysis Patients

OR (95% CI) P
Age
60-69 y 1.14 (0.80-1.64) 0.5
70-79 y 1.14 (0.78-1.65) 0.5
≥80 y 1.16 (0.75-1.78) 0.5

Male sex 1.35 (1.09-1.68) 0.01a

Black vs White race 1.95 (1.51-2.50) <0.001a

Other race vs White race 1.27 (0.91-1.77) 0.2
Home dialysis 0.51 (0.31-0.82) 0.01a

Urban clinic 2.30 (1.50-3.52) 0.001a

Congregate setting 17.10 (13.51-21.54) <0.001a

Albumin <3.5 g/dL 0.88 (0.66-1.17) 0.3
Inhaled respiratory agents 1.15 (0.89-1.49) 0.3
No. of comorbiditiesb 0.89 (0.81-0.97) 0.01a

Diabetes mellitus 1.36 (1.06-1.75) 0.02a

Hypertension 0.91 (0.67-1.22) 0.5
Atherosclerotic heart disease 1.42 (1.04-1.94) 0.03a

Stroke 1.03 (0.72-1.47) 0.9
Assistance with ADL 1.33 (0.39-4.48) 0.7
Wheelchair use 0.89 (0.48-1.66) 0.7
Entry in the logistic model requires P < 0.1 in univariate analysis, except for sex,
which was forced in. N = 7,948. Abbreviation: ADL, activities of daily living.
aStatistically significant.
bRelative risk per additional comorbid illness category among comorbidities listed in
Table 1.
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cardiovascular diseases, diabetes, and requirement for
assistance with ADLs and/or use of a wheelchair (Table 1).

In multivariable models, risk factors associated with
COVID-19 infection in maintenance dialysis included male
sex, Black race, treatment at an urban clinic, residence in a
congregate setting, comorbid conditions, and carrying a
diagnosis of atherosclerotic heart disease and diabetes. By
contrast, individuals treated with home dialysis were less
likely to have COVID-19 infection (Table 2).

All 438 dialysis patients with diagnoses of COVID-19
were either followed until death or censored at 90 days.
Death occurred in 109 of 438 COVID-19 patients (24.9%),
compared to 275 of 7,510 (3.7%) of the non–COVID-19
cohort (Table 1, Fig 1). Among the 438 patients diagnosed
with COVID-19, 296 patients (67.6%) received emergency
department (ED) and/or inpatient hospital care either at
the time of diagnosis or within 30 days following diag-
nosis (Fig 1). Of those 296 patients, 95 (32.1%) died. Of
those 95 deaths, 86 deaths occurred during hospitaliza-
tion, and 9 deaths occurred after initial hospital discharge.
The remaining 201 patients (67.9%) with a hospital
encounter were considered recovered by the end of
follow-up. Among the 142 patients (32.4%) who were not
initially hospitalized, 14 died within 30 days of diagnosis
(8 in nursing homes, 2 in hospice, 2 with unknown site of
death, and 2 at home), and another 9 patients were hos-
pitalized 30 days or more after diagnosis. Three of those 9
AJKD Vol 77 | Iss 5 | May 2021
patients were admitted due to COVID-19, whereas the
other 6 received inpatient care for various medical con-
ditions including vascular access issues. All 128 surviving
outpatients were considered recovered from COVID-19 as
of the end of follow-up.

Among the 296 patients who went to the ED or hos-
pital, including 25 patients who received diagnoses while
hospitalized, more than half the patients were tested upon
arrival to the ED or on the day of inpatient admission, with
diagnosis based on results of that test. Thus, although the
average time from COVID-19 diagnosis to hospitalization
was 2.8 ± 5.9 days (range, 1-28 days), the median time
corresponded to the first day. The overall length of stay
after COVID-19 diagnosis for all hospitalized patients was
10.8 ± 10.7 days, with a median length of stay of 8
(interquartile range [IQR], 4-14) days. Among patients
who survived until discharge, length of stay was 11.1 ±
11.7 days, with a median length of stay of 8 [IQR, 4-13]
days.

Among the 109 patients who died, the mean time to
death was 16.7 ± 17.1 days, with the median being 11
[IQR, 5.5-22] days. One patient died in the ED. Approx-
imately half of the deaths had COVID-19 mentioned spe-
cifically as the primary or secondary cause of death, with
additional notes in the electronic health records for all but
6 patients indicating that COVID-19 may have contributed
to death. Of those 6 patients, one-half had a death date
with no documented information surrounding the death.
Immediate cause of death was most often attributed to
pulmonary causes (51.9%), followed by cardiac (9.3%),
751



438 COVID+ Maintenance HD 
Pa�ents Feb 17, 2020 – Jun 1, 2020 

142 Not Hospitalized* (32.4%)296 ED/Hospitalized (67.6%)

128 Outpa�ents 
(90.1%)

14 Deaths Within 
90 Days of COVID+ 

(9.9%)

201 Discharges  
(67.9%)

95 Deaths Within 
90 Days of COVID+ 

(32.1%) 

Overall Death Rate: 24.9% 
(109 Deaths/438 Infected Pa�ents)

Figure 1. The patient flowchart tracks the clinical course of maintenance dialysis patients with SARS-CoV-2 infection (diagnosed
COVID-19) treated in DCI clinics. ED, emergency department; DCI, Dialysis Clinic Inc; HD, hemodiaysis. *Hospitalization was
defined as being in the ED or hospital on the date of COVID-19 diagnosis or within 30 days thereafter.
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and a combination of cardiac and pulmonary causes
(7.4%). There were 8.3% of cases that specifically
mentioned infection/sepsis and 2.8% due to hemorrhage.
There were 20 deaths (18.5%) with the primary cause
described only as cardiopulmonary arrest without further
information or no information surrounding death cir-
cumstances recorded at all. Overall, 10 patients withdrew
from dialysis (6 residing in a nursing home, 3 while in the
hospital, and 1 at home), 9 of whom received hospice care
prior to death.

Characteristics of patients who died compared to those
who survived are shown in Table 3. Older patients had
higher mortality, particularly those over 80 years old.
Comorbidity related to chronic heart failure, hypertension,
and other cardiovascular diseases as well as peripheral
vascular disease, low albumin level, and use of a wheel-
chair were more prevalent in patients who died. In
multivariable models, older age became strongly associated
with death, with increased risk in each decade after age 50,
along with peripheral vascular disease, chronic heart fail-
ure, hypertension, and wheelchair use remaining signifi-
cantly associated with mortality risk (Table 4).

In subgroup analysis with stratification by residence in a
congregate setting, 199 of 7,198 patients (2.8%) in non-
congregate settings had COVID-19, compared to 239 of
750 patients (31.9%) among residents of congregate set-
tings. Of those with COVID-19, noncongregate mortality
was 22.1% and congregate mortality was 27.2%
(Tables S1-S2). Multivariable analysis of the subgroups
showed risk factors for COVID-19 to be similar to risk
factors identified in aggregate analysis (Tables S3-S4).
Discussion

Maintenance dialysis patients were found to be at risk of
developing COVID-19, and among those with COVID-19,
90-day mortality approached 25%. Of note, the current
study extended outcome follow-up to 90 days, compared
to most initial reports that covered only early and short-
term outcomes. Among dialysis patients, key risk factors
752
for COVID-19 included residence in a long-term care fa-
cility, Black race, male sex, diabetes, receipt of in-center
compared to home dialysis, and treatment at an urban
dialysis center. In dialysis patients who developed COVID-
19, older age, hypertension, congestive heart failure, pe-
ripheral vascular disease, and wheelchair use were associ-
ated with higher risk of death.

Studies have shown a close interrelationship between
socioeconomic status and health outcomes, further
exacerbated by systemic racial biases.22 The ability to
maintain physical distancing through low household
density, working from home, or accepting a loss of in-
come, is a matter of privilege and more often the terri-
tory of more affluent communities. In contrast, urban
areas of high density, which tend to have a greater non-
White population, reflect communities in which a
pandemic is more likely to take hold,8 highlighted by a
higher prevalence of medical comorbid conditions. That
our study shows worse outcomes with non-White race,
more comorbid conditions, and treatment at urban dial-
ysis centers reflects this tangle of many factors. Of note,
unlike in the general population, Hispanic ethnicity was
not associated with either risk of acquiring COVID-19 or
risk of mortality in patients with COVID-19. It is possible
that the locations of DCI clinics with COVID-19 patients
generally had a lower proportion of people who identify
as Hispanic or that missing ethnicity data impacted
results.

Among dialysis patients, those residing in a congregate
setting had more than a 17-fold higher rate of COVID-19
than those residing independently, a pattern that, although
commented on, has not been well quantified in national
studies.23,24 In congregate residences such as group homes
and nursing facilities, the capacity to isolate COVID-
positive patients is often limited, staffing may be
stretched as employees fall ill, and staff members carry
infectious risk to the community when they leave the fa-
cility. There may be a role for universal screening in such
congregate settings, particularly when at least 1 case is
identified.25 Moreover, patients living in congregate
AJKD Vol 77 | Iss 5 | May 2021



Table 3. Characteristics of Patients With Documented COVID-
19 by Vital Status

Died Survived
No. of patients 109 (24.9%) 329 (75.1%)
Age, y 70.8 ± 10.3

(70.5)
63.3 ± 13.6
(64.2)

<50 y 2 (1.8%) 52 (15.8%)
51-59 y 17 (15.6%) 74 (22.5%)
60-69 y 34 (31.2%) 90 (27.4%)
70-79 y 33 (30.3%) 81 (24.6%)
80+ y 23 (21.1%) 32 (9.7%)

Male sex 70 (64.2%) 194 (59.0%)
Race
White 36 (33.0%) 79 (24.0%)
Black 56 (51.4%) 197 (60.0%)
Other/not stated 17(15.6%) 53(16.1%)

Ethnicity
Hispanic 10 (9.2%) 27 (8.2%)
Non-Hispanic 87 (79.8%) 248 (75.4%)
Not stated 12 (11.0%) 54 (16.4%)

Dialysis vintage, mo 63.4 ± 61.6
(43.6)

53.6 ± 53.0
(39.3)

<3 mo 5 (4.6%) 24 (7.3%)
3-12 mo 10 (9.2%) 41 (12.5%)
12-36 mo 28(25.7%) 92(28.0%)
>36 mo 66(60.6%) 172(52.3%)

Home dialysis modality 3(2.8%) 15(4.6%)
Central venous catheter 30(27.5%) 74(22.5%)
Congregate setting 65(59.6%) 174(52.9%)
Urban clinic 103(94.5%) 309(93.9%)
Albumin, g/dL 3.7 ± 0.5 (3.7) 3.8 ± 0.4 (3.9)
<3.5 g/dL 28 (25.7%) 56 (17.0%)
3.5-3.9 g/dL 45 (41.3%) 139 (42.3%)
≥4 g/dL 36 (33.0%) 121 (36.8%)

Body mass
index, kg/m2

28.9 ± 6.9
(26.9)

29.1 ± 7.7
(27.5)

Tobacco use 19 (17.4%) 53 (16.1%)
ACEI/ARBs 28 (25.7%) 113 (34.4%)
Inhaled respiratory agent 35 (32.4%) 74 (22.5%)
Corticosteroid 12 (11.0%) 15 (4.6%)
Pneumococcal vaccination 94 (86.2%) 291 (88.5%)
2019 Influenza vaccination 88 (80.7%) 274 (83.3%)
No. of comorbidities 3.7 ± 2.2 (3.0) 3.2 ± 1.8 (3.0)
Comorbidity
Diabetes mellitus 75 (68.8%) 231 (70.2%)
Hypertension 79 (72.5%) 267 (81.2%)
CHF 37 (33.9%) 67 (20.4%)
Atherosclerotic heart
disease

33 (30.3%) 84 (25.8%)

Stroke 13 (11.9%) 38 (11.6%)
Other Cardiovascular 53 (48.6%) 109 (33.1)

(Continued)

Table 3 (Cont'd). Characteristics of Patients With Documented
COVID-19 by Vital Status

Died Survived
COPD 19 (17.4%) 47 (14.3%)
PVD 29 (26.6%) 39 (11.9%)
Amputation history 5 (4.6%) 9 (2.7%)
Assistance with ADL 2 (1.8%) 2 (0.6%)
Cancer history 11 (10.1%) 25 (7.6%)
Alcohol abuse history 13 (11.9%) 43 (13.1%)
Drug abuse history 5 (4.6%) 24 (7.3%)
Wheelchair use 8 (7.3%) 7 (2.1%)

Data are mean ± SD (median) or number (%). Age is reported in years and dialysis
duration (vintage) in months. Race and ethnicity are independent of each other.
Abbreviations: ADL, activities of daily living; ARB, angiotensin receptor blocker;
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease;
PVD, peripheral vasculardisease.

Table 4. Association Between Clinical Characteristics and All-
Cause Death Among Dialysis Patients With COVID-19

OR (95% CI) P
Age category
<50 y 1.00 (reference)
50-59 y 5.57 (1.18-26.39) 0.03a

60-69 y 8.52 (1.87-38.80) 0.01a

70-79 y 9.48 (2.07-43.37) 0.004a

80+ y 15.55 (3.25-74.34) 0.001a

Male sex 1.25 (0.75-2.08) 0.4
Black vs White race 0.69 (0.40-1.20) 0.2
Other race vs White race 0.68 (0.32-1.43) 0.3
Congregate setting 0.91 (0.55-1.52) 0.7
Albumin <3.5 g/dL 1.37 (0.77-2.46) 0.3
ACEI/ARB 0.78 (0.45-1.33) 0.4
Inhaled respiratory agent 1.33 (0.75-2.36) 0.3
Corticosteroid 2.19 (0.89-5.37) 0.09
No. of comorbidities 0.86 (0.68-1.09) 0.2
Hypertension 0.50 (0.26-0.96) 0.04a

Congestive heart failure 1.95 (1.04-3.65) 0.04a

Other cardiovascular 1.74 (0.88-3.43) 0.1
Peripheral vascular disease 3.12 (1.59-6.14) 0.001a

Wheelchair use 3.36 (1.05-10.78) 0.04a

Entry in logistic model requires P < 0.1 in univariate analysis, except for sex and
race, which were forced in. N = 438.
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker.
aStatistically significant.

Hsu et al
settings are often older and more likely to be frail; the
association between mortality and markers of frailty such
as age, peripheral vascular disease, and decreased mobility
shows that COVID-19 in the congregate setting is all the
more damaging.
AJKD Vol 77 | Iss 5 | May 2021
Reflecting those factors, communities with dense urban
populations, Black and Hispanic neighborhoods, and high
numbers of nursing home residents have the greatest need
for support during this pandemic. Measures such as
expanded testing, community education, promoting ca-
pacity for telemedicine, and financial support to facilitate
physical distancing would reduce transmission. Because a
large proportion of dialysis patients derive from these
communities, nephrologists have a responsibility to
advocate better disease containment and greater relief for
these communities. Furthermore, compared to other
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disadvantaged groups, dialysis patients almost constantly
interface with the health care system; accordingly, public
health departments can and should coordinate with dialysis
providers to provide interventions such as expanded
testing and possibly vaccination prioritization.

The mandatory congregate settings and the associated
commutes can create additional exposure risk for the
majority of dialysis patients, as demonstrated by the
increased risk associated with in-center dialysis relative to
home dialysis. Patients performing home dialysis tend to
be younger and healthier than patients treated by in-center
hemodialysis.11 For in-center hemodialysis patients,
enhanced and universal sanitation protocols are a necessity,
including for the transportation services involved, and
dialysis facilities have taken steps to protect patients,
including emptying waiting rooms, screening patients for
symptoms, and isolating those who screen positive,
increasing spacing within dialysis facilities, and imple-
menting universal masking for patients and staff.9,26

Indeed, while transmission of COVID-19 has been
demonstrated to occur in congregate settings such as in
nursing homes, it has seldom been reported to occur
within the outpatient dialysis clinic where infection
control precautions are closer to those in the hospital
setting than those of nursing homes. Our experience
underscores the very high risk of infection in dialysis pa-
tients residing in congregate facilities, emphasizing the
need to view these patients as being at high risk and po-
tential candidates for enhanced screening, including
asymptomatic testing, and highlighting the critical need
for improved communication between long-term care fa-
cilities and dialysis facilities. Critically, the COVID-19
pandemic has emphasized the need to increase the use of
home dialysis and kidney transplantation for treatment of
kidney failure.

Improving outcomes in patients with COVID-19 re-
quires particular attention in the dialysis population,
focusing on prevention of SARS-CoV-2 infection as well as
evaluation of vaccines and novel treatments in the
vulnerable dialysis population. Although COVID-19 care in
dialysis patients remains largely supportive, practices
implemented at the systems level can have a meaningful
impact. Similar to other studies,17,19 we observed that
approximately 60% of COVID-positive dialysis patients
were hospitalized, translating to a need for adequate
resource planning for in-hospital dialysis equipment,
consumables, and staffing to minimize strain, particularly
given the associated system strain with the high incidence
of acute kidney injury requiring dialysis among critically ill
COVID-19 patients. With admissions averaging 11 days’
duration in an already frail population, a number of pa-
tients may be expected to need rehabilitation; therefore,
coordination among hospitals, dialysis centers, rehabilita-
tion facilities, and long-term care facilities is critical to
avoid medical errors and readmissions. In early studies,
COVID-19 survivors presented a spectrum of persistent
pulmonary dysfunction, and they are expected to have a
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high prevalence of post–intensive care syndrome, which
encompasses reduced physical, cognitive, and mental
health after critical illness.27 Therefore, maintenance dial-
ysis patients who survive COVID-19 may benefit from
interdisciplinary posthospitalization care. Also, this study
and others demonstrate that mortality exceeds 20% among
maintenance dialysis patients.17-19,28,29 Therefore, discus-
sions around advance care planning should be considered
to avoid aggressive medical therapy when it is incongruent
with the patient’s life goals and values; this is particularly
true of those with advanced age and with other indicators
of frailty, which were associated with mortality in our
study. The appropriate planning for and implementation of
palliative care and hospice is critical in this population,
particularly with the devastating impact of acute illnesses
like COVID-19.

Our study of the COVID-19 pandemic in the outpatient
dialysis setting uses a large population derived from a
national dialysis provider with longitudinal patient follow-
up for outcomes. We nevertheless acknowledge the study’s
limitations. It focuses on observational data acquired from
the dialysis provider, rendering specific details surround-
ing in-hospital events less available. Second, very limited
testing availability, particularly in March through June
2020, may have resulted in underestimation of COVID-19
cases and misclassification of deaths. Third, given the
extensive comorbid condition burden in dialysis patients
with COVID-19, determining the cause of death in this
population remains somewhat subjective, and we have
restricted analyses to all-cause death. Fourth, we excluded
dialysis clinics with no COVID-19 cases to facilitate com-
parison between COVID-19 and non–COVID-19 patients.
This may result in other biases being introduced into
models, and this restriction prevents comparisons with
geographic regions where the incidence of COVID-19 was
very low during this early pandemic surge (ie, where
COVID-19 cases were unlikely in the dialysis clinic). Fifth,
because our study defined all patients with a positive SARS-
CoV-2 test result as having COVID-19, we did not
distinguish asymptomatic carriers from those with symp-
tomatic disease; currently, the impact of SARS-CoV-2
vaccines on asymptomatic carriage and transmission is
unknown, so this distinction will need greater investiga-
tion and scrutiny as vaccinations occur. Sixth, we found
very few home dialysis patients diagnosed during this
period, which may be due in part to more frequent op-
portunities for screening and testing for the in-center he-
modialysis population. However, we note that there are far
fewer home dialysis patients living in congregate settings
and overall testing capacity was very limited during this
time frame, so symptomatic patients were likely to be
brought to the ED and/or be hospitalized, potentially
mitigating this issue.

In conclusion, dialysis patients are at high risk of
COVID-19, with 5.5% of patients with a diagnosis of
COVID-19 in facilities with at least 1 COVID-19 case
during the first 3 months of the pandemic in the United
AJKD Vol 77 | Iss 5 | May 2021
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States. In-center dialysis, residence in a long-term care
facility, and Black race are all major risk factors associated
with COVID-19, suggesting that the ability to maintain
physical distance is critical to controlling COVID-19.
Mortality among dialysis patients with COVID-19 ex-
ceeds 20%. To address COVID-19 while awaiting avail-
ability of safe and effective vaccines and therapeutics,
dialysis facilities should recognize risk factors, maximize
utility of telemedicine, promote home dialysis, encourage
transplantation where appropriate, and optimize socio-
culturally adapted education regarding physical distancing
and universal precautions including masking, not limited
to the dialysis clinic but relevant to all other at-risk
settings.
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COVID-19 Infection Among US Dialysis Patients:  
Risk Factors and Outcomes From a National Dialysis Provider 

Cohort study 

CON CONCLUSION:  COVID-19 is common among maintenance dialysis patients; 
those who develop it have high mortality. 

Setting & Participants Findings 

COVID-19 Prevalence 5.5% (438 / 7,948) 

Predictor OR (95% CI) 

Congregate setting 17.10 (13.51-21.54) 

Male sex 1.35 (1.09-1.68) 

Black race 1.95 (1.51-2.50) 

Home dialysis 0.51 (0.31-0.82) 

Urban clinic 2.30 (1.50-3.52) 

Findings 

COVID-19 Mortality 24.9% (109 / 438) 

Predictor OR (95% CI) 

Older age (varies by decade 
>50y) 

CHF 1.95 (1.04-3.65) 

PVD 3.12 (1.59-6.14) 

Wheelchair use 3.36 (1.05-10.78) 

26 facilities in 29 US states 
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