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ABSTRACT
Background Patients on dialysis are at increased risk for COVID-19–related complications. However, a substantial fraction of patients on dialysis belong to groups
more likely to be hesitant about vaccination.
Methods With the goal of identifying strategies to increase COVID-19 vaccine uptake among patients on hemodialysis, we conducted a nationwide vaccine acceptability survey, partnering with a dialysis network to distribute an anonymized English
and Spanish language online survey in 150 randomly selected facilities in the United
States. We used logistic regression to evaluate characteristics of vaccine-hesitant
persons.
Results A total of 1515 (14% of eligible) patients responded; 20% of all responders,
29% of patients aged 18–44 years, and 29% of Black responders reported being
hesitant to seek the COVID-19 vaccine, even if the vaccine was considered safe for
the general population. Odds of vaccine hesitancy were higher among patients aged
18–44 years versus those 45–64 years (odds ratio [OR], 1.5; 95% conﬁdence interval
[95% CI], 1.0 to 2.3), Black patients versus non-Hispanic White patients (OR, 1.9;
95% CI, 1.3 to 2.7), Native Americans or Paciﬁc Islanders versus non-Hispanic White
patients (OR, 2.0; 95% CI, 1.1 to 3.7), and women versus men (OR, 1.6; 95% CI, 1.2 to
2.0). About half (53%) of patients who were vaccine hesitant expressed concerns
about side effects. Responders’ main information sources about COVID-19 vaccines
were television news and dialysis staff (68% and 38%, respectively).
Conclusions A substantial proportion of patients receiving in-center hemodialysis in
the United States are hesitant about seeking COVID-19 vaccination. Facilitating
uptake requires outreach to younger patients, women, and Black, Native American,
or Paciﬁc Islander patients, and addressing concerns about side effects.
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On hospitalization, early reported mortality rates exceeded 25%.2
Considering the serious health implications of SARS-CoV-2 infection in patients receiving dialysis, combined with
the potential for increased risk for exposure with travel to, from, and during
the provision of in-center hemodialysis
or crosstrafﬁc between dialysis facilities
and skilled nursing facilities, 3 some
states are prioritizing vaccination to
these patients, almost half of whom are
also over 65 years of age. A substantial
fraction of persons receiving dialysis,
however, belong to racial, ethnic, socioeconomic, cultural, and religious groups
more likely to be vaccine hesitant.4–7
To inform programs and policies
aimed at promoting COVID-19 vaccine
uptake in this vulnerable population, we
offered a nationwide survey to persons
undergoing in-center hemodialysis in
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
results in high rates of hospitalization
and death among patients receiving dialysis. Medicare data tracking coronavirus
JASN 32: ccc–ccc, 2021

disease 2019 (COVID-19) hospitalizations indicate that close to 7000 persons
with ESKD are hospitalized per 100,000
beneﬁciaries, a rate three- to four-fold
higher than in older or disabled persons.1
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150 randomly selected facilities in January 2021. Our goal was to estimate rates
of vaccine hesitancy, and describe the
demographic and clinical characteristics
of vaccine-hesitant persons and elicit
their major concerns.

METHODS

We distributed an anonymized online
survey in facilities of a mid-to-large–sized
dialysis organization from January 8 to
February 11, 2021. The study received
Institutional Review Board approval
from the Stanford Institution Review
Board.
Sampling

Our sampling frame consisted of 331 hemodialysis facilities with $30 patients
managed by US Renal Care. These facilities are located throughout the United
States, and treat a population that is representative of the overall US dialysis population by age, sex, and race/ethnicity,
although underrepresenting the Midwest
(Supplemental Table 1). We randomly
selected 150 facilities using implicit stratiﬁcation by region and zip code, followed
by systematic sampling with fractional
polynomials. 8 We removed from the
sampling frame a single facility where
we piloted the survey.
Survey

We designed a survey with 28 questions,
and four major subheadings: COVID-19
and vaccine, COVID-19 effects, responder
health and family structure, and demographic data (Supplemental Survey). These
subheadings followed the conceptual
framework recommended by the SAGE
Working Group on Vaccine Hesitancy,9
with four questions related to COVID-19
vaccine hesitancy drawn from published surveys in the United States and
worldwide.4,5,9–12 Demographic questions were on the basis of the US Census
or National Health and Nutrition Examination Survey.
Because Spanish is the second most
commonly spoken language in the
United States,13 a native speaker (P.G.)
created a Spanish language version of the
2
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survey. We generated the survey using
Qualtrics software, Version XM (Qualtrics, Provo, UT). We estimated the time
required to complete the survey to be
9 minutes. Before publishing the survey,
we piloted in one facility with English
and native Spanish speakers. We deployed a ﬁnal version with an accompanying instructional video and slide deck
sent to facility managers and social
workers; social workers were designated
survey “champions.” We held several
progress calls with facilities to assist
with survey uptake.
We distributed the surveys to all patients aged $18 years using one of two
methods: (1) facility iPads with a link
to the survey, or (2) quick response codes to access the survey via a smartphone. If participants answered at least
one survey question, we included their
responses.
Statistical Analyses

We expressed categorical variables as
counts (percentage). We used logistic regression to calculate odds ratio (OR) and
95% conﬁdence interval (95% CI) for
correlates of vaccine hesitancy. We
linked zip codes to the US census region.
For the purposes of the logistic regression analysis, we deﬁned vaccine hesitancy as answering not sure, probably
not, or deﬁnitely not, to any of the four
COVID-19 vaccine-related questions. In
total, 93% of the responders completed
all questions. Two responders missing
the outcome (vaccine hesitancy) and four
missing regions were removed from the
logistic regression analysis. We assumed
data were missing at random, conditional
on observed variables and used multiple
imputation through chained equations
to generate eight imputed datasets.14,15
The imputation model included all independent variables and the outcome of
vaccine hesitancy. We combined the
estimates and SEMs obtained from the
logistic regression model applied to
each imputed dataset using Rubin’s
rules.16
We used SAS version 9.4 (SAS Institute,
Inc, Cary, NC) and Stata MP version 16.1
(StataCorp, College Station, TX) to perform the analyses.

Signiﬁcance Statement
High uptake of the SARS-COV-2 vaccine among patients on dialysis is critical
to mitigating the devastating rates of
COVID-19–related complications and deaths
observed in the dialysis population. In a
nationwide vaccine acceptability survey involving 150 dialysis facilities in the United
States and broadly representative of this
patient population, the authors found that,
overall, one in ﬁve patients had vaccine hesitancy, as did one in four Black patients or
patients aged 18–44 years. One in three responders identiﬁed dialysis staff as key sources of information about COVID-19 vaccines.
Patients on hemodialysis who were vaccine
hesitant were chieﬂy concerned about side
effects. These ﬁndings highlight the opportunities available to dialysis networks in facilitating vaccine uptake among patients on
dialysis and identify speciﬁc subgroups for
which additional outreach is necessary.

RESULTS AND DISCUSSION

A total of 1515 patients among 10,974
responded to the survey, a response
rate of 14%. Supplemental Figure 1 depicts the locations from which surveys
were returned; no responses were returned from Northwestern facilities,
but otherwise responding zip codes
matched the geographic distribution
of sampled facilities. A majority (98%)
of the responses were returned in January 2021, before widespread roll out of
vaccines. As shown in Supplemental
Table 1, patients responding to the survey matched the distribution of the US
dialysis population by age, sex, and
race/ethnicity. Patients on dialysis from
the Midwest (12% of survey responders)
were slightly underrepresented (19% of
US patients); patients from the US South
and West were slightly overrepresented.
Responders from the Northeast were
older, responders from the West were
more likely to be male and of Hispanic
ethnicity, and responders from the South
were more likely to be Black responders
(Table 1). Of survey responders, 15% had
a family member or close acquaintance
who had died from COVID-19. Only
13% of responders did not receive, or
were not planning to receive, an inﬂuenza vaccine during the 2020–21 season.
JASN 32: ccc–ccc, 2021
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Table 1. Characteristics of survey responders by US Census region of residence
Patient Characteristics

Totala n51515

Northeast n5177

Age, yrs, n (%)
18–44
149 (10)
9 (5)
45–64
608 (40)
62 (35)
65–79
557 (37)
80 (45)
$80
158 (10)
24 (13)
Missing
43 (3)
4 (2)
Sex, n (%)
Male
806 (53)
85 (48)
Female
647 (43)
88 (50)
Missing
62 (4)
4 (2)
Race and ethnicity, n (%)
Hispanic
372 (24)
12 (7)
Non-Hispanic White
448 (30)
94 (53)
Non-Hispanic Black
456 (30)
57 (32)
Asian
119 (8)
8 (5)
Otherb
77 (5)
4 (2)
Missing
43 (3)
2 (1)
ZCTA poverty, n (%)
,10%
431 (29)
35 (20)
10% to ,20%
549 (36)
137 (77)
20%to ,30%
259 (17)
4 (2)
$30%
239 (16)
0 (0)
Missing
37 (3)
1 (1)
Level of education, n (%)
,9th grade
144 (10)
10 (6)
9–11th grade
154 (10)
22 (12)
High school
548 (36)
62 (35)
College
626 (41)
81 (46)
Missing
43 (3)
2 (1)
Family member or close acquaintancec with COVID-19, n (%)
Yes
576 (38)
68 (39)
No
893 (59)
105 (59)
Missing
46 (3)
4 (2)
Family member or close acquaintancec died from COVID-19, n (%)
Yes
229 (15)
26 (14)
No
1246 (82)
150 (85)
Missing
40 (3)
1 (1)
Multigenerational household, n (%)
Yes
506 (33)
49 (28)
No
971 (64)
125 (71)
Missing
38 (3)
3 (1)
Got the inﬂuenza vaccine or planning to get the inﬂuenza vaccine, n (%)
Yes
1285 (85)
137 (77)
Nod
191 (13)
39 (22)
Missing
39 (2)
1 (1)

South n5733

Midwest n5185

West n5418

77 (11)
325 (44)
243 (33)
64 (9)
24 (3)

15 (8)
65 (35)
71 (39)
32 (17)
2 (1)

48 (12)
156 (37)
163 (39)
38 (9)
13 (3)

386 (53)
312 (42)
35 (5)

96 (52)
85 (46)
4 (2)

239 (57)
162 (39)
17 (4)

183 (25)
179 (24)
304 (42)
15 (2)
28 (4)
24 (3)

11 (6)
113 (61)
50 (27)
2 (1)
6 (3)
3 (2)

166 (40)
62 (15)
45 (11)
94 (22)
39 (9)
12 (3)

188 (26)
216 (30)
183 (25)
113 (15)
33 (5)

65 (35)
25 (14)
59 (32)
36 (19)
0 (0)

143 (34)
171 (41)
13 (3)
90 (22)
0 (0)

68 (9)
78 (11)
282 (39)
281 (38)
24 (3)

10 (5)
21 (11)
89 (48)
63 (34)
2 (1)

56 (13)
33 (8)
115 (28)
201 (48)
13 (3)

292 (40)
420 (57)
21 (3)

84 (45)
97 (52)
4 (2)

132 (31)
271 (65)
15 (4)

114 (16)
597 (81)
22 (3)

37 (20)
146 (79)
2 (1)

51 (12)
353 (85)
14 (3)

242 (33)
471 (64)
20 (3)

62 (34)
121 (65)
2 (1)

152 (36)
254 (61)
12 (3)

626 (85)
86 (12)
21 (3)

152 (82)
31 (17)
2 (1)

369 (88)
35 (8)
14 (4)

ZCTA, zip code tabulation area.
a
Including those from an unknown location.
b
A majority (64%) were Native Americans or Paciﬁc Islanders.
c
Close acquaintance deﬁned as someone who the respondent interacts with weekly.
d
Includes those who said “Have not decided.”

In total, 65% of responders had at least one
additional comorbid condition, including
14% with a history of a kidney transplant
or on immunosuppressant medications.
Among responders, 20% were reluctant to seek the COVID-19 vaccine even
JASN 32: ccc–ccc, 2021

if the vaccine was considered safe for the
general population (Figure 1), with younger age groups and Black responders more
likely to indicate hesitancy (29% in responders aged 18%–44% and 29% in Black
responders). If the vaccine was offered at

the dialysis facility, vaccine hesitancy was
slightly lower overall (18%) and in both
groups (25% in responders aged 18%–
44% and 26% in Black responders).
Correlates of vaccine hesitancy included age, sex, race and ethnicity, level

Vaccine Acceptability in Patients on Hemodialysis

3

RAPID COMMUNICATION

www.jasn.org

If a COVID 19 vaccine is proven safe and effective for the
general population, I would seek to get it
Total
t80
65-79
45-64
18-44

If a COVID 19 vaccine is proven safe and effective for the
general population, I would seek to get it
79%
87%
82%
77%
71%

20%
13%
18%
23%
29%

Total
Hispanic
White
Black
Asian
Other

If a COVID 19 vaccine is proven safe and effective for people
on dialysis, I would seek to get it

If a COVID 19 vaccine is proven safe and effective for people
on dialysis, I would seek to get it

Total
t80
65-79
45-64
18-44

19%
11%
17%
20%
26%

Total
t80
65-79
45-64
18-44

I would accept a vaccine if it were recommended and provided by my
dialysis facility, and was approved safe and effective by the government
18%
82%
13%
87%
16%
84%
19%
81%
25%
75%

81%
89%
82%
80%
74%

Total
Hispanic
White
Black
Asian
Other

80%
87%
81%
78%
71%

20%
13%
19%
22%
29%
Definitely not

Probably not

Not sure

Missing

Probably yes

Definitely yes

19%
13%
14%
27%
16%
26%

81%
86%
85%
73%
84%
73%

I would accept a vaccine if it were recommended and provided by my
dialysis facility, and was approved safe and effective by the government
Total
Hispanic
White
Black
Asian
Other

I would accept a vaccine if it were required by my school, employer or
residential area, and was approved safe and effective by the government
Total
t80
65-79
45-64
18-44

79%
85%
84%
70%
82%
71%

20%
14%
15%
29%
18%
27%

18%
12%
13%
26%
16%
27%

82%
87%
87%
74%
84%
73%

I would accept a vaccine if it were required by my school, employer or
residential area, and was approved safe and effective by the government
Total
Hispanic
White
Black
Asian
Other

20%
15%
15%
29%
16%
30%

80%
85%
85%
71%
84%
70%

Figure 1. Responses to four vaccine acceptability questions by age and race/ethnicity. Responders in the age group 18–44 years had the
lowest likelihood of vaccine acceptancy. Overall rates of vaccine hesitancy improved if vaccine was offered at dialysis facilities. Rates of
deﬁnitive “no” were low ranging from 6% to 7.5% in the four vaccine acceptability questions.

of education, death of a family member
from COVID-19, and whether the patient had received or was planning to receive the inﬂuenza vaccine. The odds of
vaccine hesitancy were higher among
patients aged 18–44 years (OR, 1.5;
95% CI, 1.0 to 2.3), women (OR, 1.6;
95% CI, 1.2 to 2.0), Black patients
(OR, 1.9; 95% CI, 1.3 to 2.7), and patients identifying as “other” race or ethnicity (OR, 2.0; 95% CI, 1.1 to 3.7). The
last category was comprised largely of
patients identifying as Native Americans
or Paciﬁc Islanders. The odds of vaccine
hesitancy were lower among patients
aged $80 years (OR, 0.4; 95% CI, 0.3
to 0.7), among those with some college
education (OR, 0.4; 95% CI, 0.2 to 0.6),
and among those who received or were
planning to receive the inﬂuenza vaccine
(OR, 0.2; 95% CI, 0.1 to 0.3) (Figure 2,
Supplemental Table 2). The overriding
concern of patients who were vaccine
hesitant related to side effects, followed
by doubts on the efﬁcacy of the vaccine,
and being uncomfortable with vaccines
in general (Figure 3). The main sources
4
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of information about the COVID-19
vaccines were television news (68%), followed by dialysis staff (38%). Younger
responders were more likely to use social
media as a source of information than
older responders (Supplemental Figure 2).
In summary, in our vaccine acceptability survey broadly representative of
the US dialysis population, we found
that approximately one in ﬁve patients
on in-center hemodialysis was reluctant
to receive the COVID-19 vaccine. Overall vaccine hesitancy rates were nearly
half that of the most recently reported
rates for the general US population.5,11
Characteristics of patients who were vaccine hesitant, however, were similar to
those described for the general population4,5,7,12 and for the dialysis6 population: younger age, Black race, and lack of
a college education. In contrast to results
from the general population, however,
we found that women receiving hemodialysis had a higher rate of vaccine hesitancy than men.
Surveys have described a change in
vaccine acceptance over time in the

United States, with one reporting an increasing acceptance,5 whereas a serial
survey of the same population reported
increasing hesitancy.11 Both report overall rates of vaccine hesitancy around 40%
in early December, despite the release of
data that two tested vaccines were likely
to be highly efﬁcacious. Higher rates of
vaccine acceptance in patients on hemodialysis may indicate a greater level of
trust or comfort with medical care in general, or an awareness of the population’s
vulnerability to COVID-19. The higher
rates of COVID-19 vaccine acceptance in
our surveyed population compared with
the general population are also compatible
with 85% of our responders receiving or
planning inﬂuenza vaccination, a proportion similar to available data on inﬂuenza
vaccine coverage in the Dialysis Facility Report.17 Routine provision of inﬂuenza and
hepatitis B vaccine in hemodialysis facilities
may have encouraged higher vaccination
acceptance overall.
The strengths of our survey include
its broad and timely reach, including to
Hispanic populations via the use of a
JASN 32: ccc–ccc, 2021
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Region
Northeast
South
Midwest
West
Age
18 to 44
45 to 64
65 to 79
t80
Gender
Male
Female
Race and ethnicity
Hispanic
Non-Hispanic White
Non-Hispanic Black
Non-HispanicAsian
Non-Hispanic Other
ZCTA poverty level
<10%
10% to <20%
20% to <30%
t30%
Level of education
Less than 9th grade
9-12th grade
High school graduate or equivalent
Any college education
Family member with COVID-19
No
Yes
Family member died from COVID-19
No
Yes
Multigeneratlonal household
No
Yes
Got or planning to get the flu shot
No
Yes

RAPID COMMUNICATION

1 (ref)
0.9 (0.6-1.4)
0.9 (0.5-1.6)
0.7 (0.4-1.2)
1.5 (1.0-2.3)
1 (ref)
0.8 (0.6-1.0)
0.4 (0.3-0.7)
1 (ref)
1.6 (1.2-2.0)
0.7 (0.5-1.1)
1 (ref)
1.9 (1.3-2.7)
1.4 (0.8-2.5)
2.0 (1.1-3.7)
1 (ref)
0.8 (0.6-1.1)
0.9 (0.6-1.3)
1.1 (0.7-1.6)
1 (ref)
1.0 (0.6-1.7)
0.9 (0.6-1.5)
0.4 (0.2-0.6)
1 (ref)
0.9 (0.7-1.2)
1 (ref)
0.7 (0.5-1.0)
1 (ref)
1.0 (0.8-1.3)
1 (ref)
0.2 (0.1-0.3)
0.1

0.5
1
1.5
Multivariable-adjusted OR (95%CI, log scale)

2

2.5

3.5

Figure 2. Correlates of vaccine hesitancy. The likelihood of vaccine hesitancy on one of four questions was lower among older, non-Black,
and college-educated responders. Men, responders living in the West, responders in whose family or close circle someone had died from
COVID-19, and responders who had received an inﬂuenza vaccine also had lower levels of vaccine hesitancy.

Spanish language version and broadly
representative sample.
The study’s limitations are the requirement of the interface with an online platform, which may be more challenging
for older patients, patients with lower
levels of education, and those with visual
impairment.18 The ﬁrst two categories
were nonetheless well represented in our
responders. Our response rate, although
similar to another vaccine acceptability
survey,4 was relatively low, possibly implying that a subpopulation with higher
levels of health and technology literacy
may have more likely engaged as responders.
Some vaccine hesitancy questions that
were adapted from a widely distributed
international survey10 embedded complex concepts. In our pragmatic approach,
responders did not have opportunities
to ask for clariﬁcation. Another limitation
is the absence of responses from the
JASN 32: ccc–ccc, 2021

Northwestern region, and that the survey
is a single time-point snapshot—vaccine
acceptance may increase or decrease as data
on efﬁcacy and safety accrue over time.
Our results highlight opportunities
for improving SARS-CoV-2 vaccine uptake through dialysis facilities. On the
basis of these survey results, we would
advise dialysis organizations and patient
advocacy groups to focus vaccine promotion efforts among younger age groups,
women, and Black, Native American,
and Paciﬁc Islander patients, and to develop patient-friendly educational material describing the rates and nature of
vaccine-related adverse effects. The caveats that side effects and efﬁcacy have
not been speciﬁcally evaluated in patients
on dialysis complicate outreach efforts.
Dialysis care providers and public health
agencies should capture data on safety
(adverse effects) and provisional efﬁcacy

(seroconversion) in the dialysis population, and rapidly disseminate these data
to facilitate vaccine uptake.
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I am concerned about the side effects of the COVID19 vaccine
I don't feel comfortable with vaccines in general
I am concerned that the vaccine will not work
I don't think I need it
I heard or read news that COVID19 vaccine is dangerous
I have had a bad prior reaction to a vaccine
I already had COVID19
I believe it is better to get natural infection than a vaccine
I don't believe COVID19 is a real problem
The vaccine is a conspiracy
If lots of other people get the vaccine, I won't need it
Other
0%

10%

20%

30%

40%

50%

60%

Figure 3. Reasons for vaccine hesitancy. In total, 53% of participants who were hesitant to receive the COVID-19 vaccine were concerned
about its side effects; 12% believed it was dangerous; 19% were concerned about its efﬁcacy, but a sizeable fraction was inﬂuenced by
their general beliefs (19%) about or prior reaction to (9%) vaccines.
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