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Rationale & Objective: The majority of patients
with kidney failure receiving dialysis own mobile
devices, but the use of mobile health (mHealth)
technologies to conduct surveys in this population
is limited. We assessed the reach and acceptability
of a short message service (SMS) text message-
based survey that assessed coronavirus disease
2019 (COVID-19) vaccine hesitancy among
patients receiving dialysis.

Study Design & Exposure: A cross-sectional
SMS-based survey conducted in January 2021.

Setting & Participants: Patients receiving in-
center hemodialysis, peritoneal dialysis, or home
hemodialysis in a nonprofit dialysis organization in
New York City.

Outcomes: (1) Reach of the SMS survey, (2)
Acceptability using the 4-item Acceptability of
Intervention Measure, and (3) Patient preferences
for modes of survey administration.

Analytical Approach: We used Fisher exact tests
and multivariable logistic regression to assess
sociodemographic and clinical predictors of SMS
survey response. Qualitative methods were used to
analyze open-ended responses capturing patient
preferences.

Results: Among 1,008 patients, 310 responded to
the SMS survey (response rate 31%). In multivari-
able adjusted analyses, participants who were age
80 years and above (aOR, 0.49; 95%CI, 0.25-0.96)
were less likely to respond to the SMS survey
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compared with those aged 18 to 44 years. Non-
Hispanic Black (aOR, 0.58; 95% CI, 0.39-0.86),
Hispanic (aOR, 0.31; 95% CI, 0.19-0.51), and
Asian or Pacific Islander (aOR, 0.46; 95% CI,
0.28-0.74) individuals were less likely to respond
compared with non-Hispanic White participants.
Participants residing in census tracts with higher
Social Vulnerability Index, indicating greater
neighborhood-level social vulnerability, were less
likely to respond to the SMS survey (fifth vs first
quintile aOR, 0.61; 95% CI, 0.37-0.99). Over 80%
of a sample of survey respondents and
nonrespondents completely agreed or agreed with
the Acceptability of Intervention Measure.
Qualitative analysis identified 4 drivers of patient
preferences for survey administration: (1)
convenience (subtopics: efficiency, multitasking,
comfort, and synchronicity); (2) privacy; (3)
interpersonal interaction; and (4) accessibility
(subtopics: vision, language, and fatigue).

Limitations: Generalizability, length of survey.

Conclusions: An SMS text message-based survey
had moderate reach among patients receiving
dialysis and was highly acceptable, but response
rates were lower in older (age ≥ 80), non-White
individuals and those with greater neighborhood-
level social vulnerability. Future research should
examine barriers and facilitators to mHealth
among patients receiving dialysis to ensure
equitable implementation of mHealth-based
technologies.
Mobile health (mHealth) technologies have
numerous applications for patients with kidney

failure receiving dialysis, including collecting patient-
reported outcome measures, delivering patient educa-
tion, and administering interventions to improve self-
management.1,2 Over 80% of patients receiving dialysis
own mobile phones, and 70% have intermediate to
advanced proficiency using mobile technologies.3-6

mHealth-based technologies may be particularly
promising as a mode of survey administration to assess
symptoms, quality of life, and patient experience,
particularly because these surveys have been plagued
by low response rates.7 Furthermore, dialysis facilities
have limited infrastructure and staff bandwidth to
conduct surveys, and mHealth-based surveys may be a
more scalable and low-cost option.8
Short message service (SMS) text messaging is the most
frequently used mHealth technology and is often easier to
use than mHealth mobile applications (“apps”), particu-
larly for older and medically complex patients.3,4,9 SMS
text messaging is also available to anyone with a mobile
phone and does not require a smartphone, which may
reduce disparities in who can participate in mHealth
interventions.

In this study, we assessed the reach, acceptability, and
patient preferences of using a single-item SMS-based sur-
vey to assess coronavirus disease 2019 (COVID-19) vac-
cine hesitancy among patients receiving dialysis. Patients
receiving dialysis suffer high morbidity and mortality from
COVID-19, but reports of the use of mHealth during the
COVID-19 pandemic among patients receiving dialysis
have been limited.10-12 Understanding the implementation
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PLAIN-LANGUAGE SUMMARY
We conducted a short message service (SMS) text
message-based survey that assessed coronavirus disease
2019 (COVID-19) vaccine hesitancy among patients
receiving dialysis in New York City. Overall response
rate was 31%, and those with age ≥ 80, non-White
individuals, and participants with greater
neighborhood-level social vulnerability were less likely
to respond to the survey. Over 80% of participants
found SMS-based surveys to be highly acceptable.
Qualitative analysis showed that participants cared
about the convenience, privacy, interpersonal interac-
tion, and accessibility of surveys. Our results suggest
that SMS text message surveys are a promising strategy
to collect patient-reported data among patients
receiving dialysis.
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of SMS surveys among patients receiving dialysis can
facilitate future efforts to leverage mHealth technologies in
this population.
METHODS

Study Design and Population

We conducted an SMS text message-based single-item
survey in January 2021 among patients with kidney failure
in a nonprofit dialysis organization with 9 dialysis units in
New York City. Methods of this survey have been reported
previously.13 We included patients receiving in-center
hemodialysis, peritoneal dialysis, or home hemodialysis
with listed cell phone numbers in the electronic health
record (EHR). The survey asked “An FDA-authorized
vaccine for COVID-19 (coronavirus) will soon be avail-
able to you for free. Will you get the COVID-19 vaccine?
Reply "1" for Yes or “2” for No.” One reminder was sent
10 days after the initial text message. The SMS survey was
conducted in English or Spanish using Twilio, a Health
Insurance Portability and Accountability Act-compliant
programmable text messaging platform that interfaces
with Research Electronic Data Capture (REDCap, Vander-
bilt University) software. Twilio costs $0.0075 US per SMS
message. Our study was approved by the Weill Cornell
Medicine Institutional Review Board with a full waiver of
informed consent given minimal risk to participants.

Predictors and Covariates

We examined whether participant sociodemographics
and dialysis-related medical history were predictors of
SMS survey response. Sociodemographics were ascer-
tained from structured data fields in the dialysis organi-
zation EHR and included age, sex (male or female), race/
ethnicity (non-Hispanic White, non-Hispanic Black,
Hispanic, Asian or Pacific Islander, or other/unknown/
missing), employment status (full-time or part-time,
2

retired because of age, retired because of disability, un-
employed, or homemaker/medical leave/student),
marital status (married, divorced or separated, widowed,
or single), and census tract-level Social Vulnerability In-
dex (SVI) classified into quintiles. SVIs were obtained by
geocoding participant addresses using the United States
Census Bureau website and linking them to census tract-
level SVIs for New York State calculated from the 2014-
2018 American Community Survey 5-year estimates.14,15

The SVI is a composite of 15 census indicators organized
into 4 themes: (1) socioeconomic status (% of persons
below poverty, % unemployed, percentile per capita in-
come, % with no high school diploma), (2) household
composition & disability (% aged 65 or older, % aged 17
or younger, % with a disability, % single parent house-
holds), (3) minority status and language (% minority, %
who speak English “less than well”), and (4) housing
type and transportation (% in multiunit housing, % in
mobile homes, % households with more people than
rooms [housing crowding], % households with no
vehicle, % in group quarters). Employment, marital sta-
tus, and SVI had a high prevalence of missingness (31%,
21%, and 11%, respectively). A missing indicator cate-
gory was used for missing variables; multiple imputation
was not employed because covariates were thought to be
missing not at random because of facility-level variation
in missingness. Dialysis-related medical history was
captured from the EHR and included modality (in-center
hemodialysis, peritoneal dialysis, or home hemodialysis)
and primary cause of kidney failure by physician report
and International Classification of Diseases-10 codes
(diabetes, hypertension, glomerulonephritis, cystic kid-
ney disease, human immunodeficiency virus, malig-
nancy, post-transplant, or other/unknown).

Implementation Outcomes

We examined the implementation outcomes of reach and
acceptability as key indicators of process and imple-
mentation success.16 Reach, defined as the “absolute
number, proportion, and representativeness of individuals
who are willing to participate,” was assessed using the SMS
survey response rate.17,18 As a measure of representative-
ness, we assessed the sociodemographic and clinical pre-
dictors of survey response. Acceptability, defined as “the
perception among implementation stakeholders that a
given treatment, service, practice, or innovation is agree-
able, palatable, or satisfactory,” was evaluated by
surveying a random sample of 30 mHealth-based survey
respondents and 30 survey nonrespondents.16 One inves-
tigator (SLT) contacted these participants by telephone in
February 2021 to collect the 4-item Acceptability of
Intervention Measure (AIM).19 AIM is a valid and reliable
measure that assesses whether participants find an inter-
vention appealing, likeable, and meeting their approval.
We also transcribed verbatim qualitative responses to the
question, “How would you prefer to do surveys – during
dialysis, over the phone, or using text messaging?”
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Table 1. COVID-19 Vaccine Hesitancy Mobile Health Survey Respondent and Nonrespondent Characteristics (n = 1,008).

Overall
n = 1,008

Respondents
n = 310

Nonrespondents
n = 698

P
Value

Sociodemographics

Age (y)
18-44 136 (13%) 37 (12%) 99 (14%) 0.3
45-64 428 (42%) 138 (45%) 290 (42%)
65-79 345 (34%) 111 (36%) 234 (34%)
80 and above 99 (10%) 24 (8%) 75 (11%)

Sex
Male 597 (59%) 188 (61%) 409 (59%) 0.6
Female 411 (41%) 122 (39%) 289 (41%)

Race/Ethnicity
Non-Hispanic White 222 (22%) 95 (31%) 127 (18%) <0.001
Non-Hispanic Black 427 (42%) 128 (41%) 299 (43%)
Hispanic 173 (17%) 33 (11%) 140 (20%)
Asian or Pacific Islander 146 (14%) 41 (13%) 105 (15%)
Other, unknown, or missing 40 (4%) 13 (4%) 27 (4%)

Employment
Full-time or part-time 179 (18%) 65 (21%) 114 (16%) 0.7
Retired (age) 164 (16%) 50 (16%) 114 (16%)
Retired (disabled) 193 (19%) 55 (18%) 138 (20%)
Unemployed 114 (11%) 33 (11%) 81 (12%)
Homemaker, medical leave, or
student

49 (5%) 14 (5%) 35 (5%)

Missing 309 (31%) 93 (30%) 216 (31%)
Marital Status
Married 357 (35%) 121 (39%) 236 (34%) 0.6
Divorced or separated 92 (9%) 27 (9%) 65 (9%)
Widowed 55 (5%) 17 (5%) 38 (5%)
Single 288 (29%) 82 (26%) 206 (30%)
Missing 216 (21%) 63 (20%) 153 (22%)

Census Tract-Level Social Vulnerability Index (SVI)a

Quintile 1 179 (18%) 73 (24%) 106 (15%) 0.004
Quintile 2 180 (18%) 61 (20%) 119 (17%)
Quintile 3 179 (18%) 47 (15%) 132 (19%)
Quintile 4 179 (18%) 44 (14%) 135 (19%)
Quintile 5 177 (18%) 45 (15%) 132 (21%)
Missing 114 (11%) 40 (13%) 74 (11%)

Dialysis-Related Medical History

Modality
In-center hemodialysis 815 (81%) 242 (78%) 573 (82%) 0.3
Peritoneal dialysis 145 (14%) 51 (16%) 94 (13%)
Home hemodialysis 48 (5%) 17 (5%) 31 (4%)

Primary kidney failure cause
Diabetes 362 (36%) 102 (33%) 260 (37%) 0.4
Hypertension 276 (27%) 84 (27%) 192 (28%)
Glomerulonephritis 126 (13%) 37 (12%) 89 (13%)
Cystic kidney disease 31 (3%) 13 (4%) 18 (3%)
HIV 16 (2%) 4 (1%) 12 (2%)
Malignancy 16 (2%) 7 (2%) 9 (1%)
Post-transplant 69 (7%) 27 (9%) 42 (6%)
Other or unknown 112 (11%) 36 (12%) 76 (11%)
Notes: Percentages may not add to 100% because of rounding. P values presented for Fisher exact tests for categorical variables.
Abbreviations: HIV, human immunodeficiency virus; SVI, Social Vulnerability Index.
aAmong patients with non-missing SVI. Higher quintile of SVI indicates greater neighborhood social vulnerability.
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18 to 44 (ref.)
45 to 64
65 to 79
80 and above^

Female (ref.)
Male

Non-Hispanic white (ref.)
Non-Hispanic Black
Hispanic
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Not married (ref.)
Married
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Quintile 1 (ref.)
Quintile 2
Quintile 3
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In-Center HD (ref.)
Peritoneal Dialysis
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Hypertension
Glomerulonephritis
Other or Unknown

Age
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Race/ethnicity

Employed

Marital Status

Social Vulnerability Index

Modality

Primary Cause of ESRD

0.0 0.5 1.0 1.5 2.0

Less likely to respond           More likely to respond

Figure 1. Predictors of response to mobile health survey, multivariable model (n = 1,008).
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Telephone calls were conducted in English and were not
audio-recorded.

Statistical Analysis

We compared characteristics of participants who did
versus did not respond to the SMS survey using Fisher
exact tests. A multivariable logistic regression model was
used to assess predictors of survey response, independent
of other participant characteristics. AIM responses and
survey preferences were reported descriptively. Data ana-
lyses were performed using Stata/IC, version 15.1 (Stata-
Corp), and an α < 0.05 was considered statistically
significant.

Qualitative Analysis

Three authors (SLT, NCB, MRT), who are formally trained
in qualitative inquiry, inductively categorized qualitative
comments about survey preferences into 4 mutually
exclusive categories: (1) Prefers text (SMS), (2) Prefers
phone, (3) Prefers in-person during dialysis, and (4) No
strong preference. Six responses could not be categorized
given a lack of detail and were excluded. These authors
performed a topical survey of the qualitative responses, as
described by Sandelowski and Barroso, to identify drivers
of survey administration preferences.20 The 3 authors
4

(SLT, NCB, MRT) met as a group and inductively coded
(labeled) concepts and iteratively identified topics and
subtopics describing participant perspectives.20,21 Illustra-
tive quotations were selected for each subtopic.
RESULTS

Survey Reach

A total of 1,055 patients receiving dialysis with listed cell
phone numbers in the EHR were sent the SMS text
message-based survey (Fig S1); 47 returned with errors
(eg, unreachable or landline number). Of the remaining
1,008 patients, 310 responded to the survey (response rate
31%). Respondents were a median age of 61 years, ma-
jority male (61%), and receiving in-center hemodialysis
(78%).

In unadjusted analyses, race/ethnicity and census tract-
level SVI were associated with survey response versus
nonresponse (Table 1). In multivariable adjusted analyses,
participants who were age 80 years and above (adjusted
odds ratio [aOR], 0.49; 95% confidence interval [CI],
0.25-0.96) were less likely to respond to the SMS survey
compared with those aged 18 to 44 years (Fig 1). Non-
Hispanic Black (aOR, 0.58; 95% CI, 0.39-0.86), Hispan-
ic (aOR, 0.31; 95% CI, 0.19-0.51), and Asian or Pacific
Kidney Med Vol 6 | Iss 7 | July 2024 | 100847



Figure 2. Mobile health survey acceptability among survey respondents and nonrespondents.
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Islander (aOR, 0.46; 95% CI, 0.28-0.74) individuals were
less likely to respond compared with non-Hispanic White
participants. Participants residing in census tracts with
higher SVI, indicating greater neighborhood social
vulnerability, were less likely to respond to the SMS survey
in adjusted analyses (fifth vs first SVI quintile aOR, 0.61;
95% CI, 0.37-0.99). Likelihood of survey response did not
statistically differ by sex, employment status, marital sta-
tus, dialysis modality, or cause of kidney failure in unad-
justed or multivariable adjusted analyses.

Survey Acceptability

A total of 21 SMS survey respondents and 13 non-
respondents were reached by telephone for acceptability
surveys. Characteristics of acceptability survey participants
were similar to the overall sample (Table S1). The SMS
survey was highly acceptable among both survey re-
spondents and nonrespondents (Fig 2). Across the 34
participants surveyed about acceptability, 28 (82%)
completely agreed or agreed that responding to surveys
using text messaging met their approval, 29 (85%)
completely agreed or agreed it was appealing, 29 (85%)
completely agreed or agreed they liked it, and 28 (82%)
completely agreed or agreed they welcomed responding to
surveys using text messaging. The proportion who
completely agreed or agreed with each question was not
statistically different between survey respondents and
nonrespondents using Fisher exact tests.

Patient Preferences for Survey Administration

Thirty-six percent of participants preferred responding to
surveys by text message, whereas 11% preferred phone,
25% preferred in-person during dialysis, and 29% did not
have a strong preference (Table 2). Qualitative analysis
identified 4 drivers of patient preferences for survey
Kidney Med Vol 6 | Iss 7 | July 2024 | 100847
administration: (1) convenience, (2) privacy, (3) inter-
personal interaction, and (4) accessibility. Drivers of pa-
tient preferences, subtopics, and illustrative quotations are
presented in Table 3. Convenience was the most frequently
reported driver of survey preferences. Some participants
thought that text messaging was the most efficient (“I do it
at my leisure”), whereas others thought that in-person at the
dialysis unit was more convenient. Multitasking was a
benefit of completing surveys at the dialysis unit, whereas
comfort was a benefit of text and phone administration
(“comfort in their own home”). Two participants preferred the
asynchronicity of text messages (“you can think about it and have
time to respond”).

Privacy was viewed as a benefit of text messages and
phone (“Dialysis you’re not alone, you don’t have privacy”).
Although 3 participants preferred the in-person interaction
at the dialysis unit (“I would prefer in person because I like to see the
person I’m talking to”), another participant viewed the inter-
personal interaction as a deterrent (“Text is way better. I’d
rather not speak to people.”). Accessibility of surveys was
important to several participants. Two individuals reported
vision impairment and stated that responding to text
messages was easier than paper surveys (“I’m completely blind
and my phone actually talks to me”; “My phone I can open it up wider”).
Limited English proficiency and fatigue were noted as
barriers to completing surveys (“…if I have dialysis that day,
who knows how I am going to feel.”).

Additional topics elicited included altruism and survey
hesitancy. Although one participant reported willingness
to respond to surveys (“If it helps the institute…”), 6 partici-
pants endorsed survey hesitancy (“I’m really not interested in
surveys, I have too much going on in my life, I have kids, my phone is
constantly ringing, I don’t have time for all that.”; “I really don’t like
responding to surveys. I’m always in a rush when I’m at dialysis.”; “I get
a lot of junk mail.”)
5



Table 2. Patient Preferences for the Mode of Survey Administration

Total (n = 28)

Respondents to
COVID-19 Vaccine
Hesitancy mHealth
Survey (n = 17)

Nonrespondents to
COVID-19 Vaccine
Hesitancy mHealth
Survey (n = 11) P Value

Prefers text (SMS) 10 (36%) 6 (35%) 4 (36%) 0.2
Prefers phone 3 (11%) 1 (6%) 2 (18%)
Prefers in-person during dialysis 7 (25%) 3 (18%) 4 (36%)
No strong preference 8 (29%) 7 (41%) 1 (9%)
Notes: A total of 6 (18%) of respondents had missing or unclear responses and were excluded. Percentages may not add to 100% because of rounding.
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DISCUSSION

In this cross-sectional study of patients receiving dialysis,
an single-item SMS text message-based survey had mod-
erate reach and was a highly acceptable mode of survey
administration. Approximately one-third of patients
preferred responding to surveys by text message, one-
quarter preferred in-person during dialysis, and one-
third did not have a strong preference. Patients consid-
ered convenience, privacy, interpersonal interaction, and
accessibility when deciding how they would prefer to
respond to surveys. Our results are promising to improve
the speed, scalability, and costs of survey administration
among chronically ill populations with multiple comorbid
conditions, particularly during the COVID-19 pandemic.
However, SMS survey response rates were lower in older
individuals (age ≥ 80 years), racial and ethnic minorities,
and patients residing in socially vulnerable neighborhoods.

Our study adds to the growing body of evidence sur-
rounding the use of mHealth technologies in the dialysis
population.2,22-27 Our findings suggest that SMS text
messaging may be a feasible and acceptable method to
collect patient-reported data, including symptom, quality
of life, and patient experience data. Although mHealth
interventions have become increasingly sophisticated over
the last decade, our results suggest that SMS text message
remains an important modality with unique benefits,
including increased simplicity, scalability, and accessibility
compared to more complex mHealth interventions. It is
important to recognize that our survey’s context, namely,
its relation to COVID-19, may have positively influenced
its response rate. There was heightened attention sur-
rounding the COVID-19 vaccine, and surveys that are part
of routine care, are of longer length, or are repeated may
elicit lower response rates.

Patients receiving dialysis respond to several surveys as
part of regulatory requirements through the Centers for
Medicare & Medicaid Services, including the Kidney Dis-
ease Quality of Life Instrument (KDQOL), In-Center He-
modialysis Consumer Assessment of Healthcare Providers
and Systems (ICH CAHPS), and depression questionnaires.
The Kidney Care Choices payment model requires Patient
Activation Measure and Patient Health Questionnaire
(PHQ)-2/9 administration.28 Text messaging could be
explored as a potential option to collect depression surveys
like the PHQ-2/9 either by SMS or a link to a web-based
6

portal, but further research is necessary to ascertain the
feasibility of using SMS text messaging for longer surveys.
KDQOL and depression surveys are typically administered
in-person, whereas ICH CAHPS is administered through a
third-party vendor by telephone or mail. In our study,
telephone was the least preferred option to complete sur-
veys, and text messaging was about equally preferred to in-
person administration. Notably, one-quarter of partici-
pants preferred in-person data collection, indicating that
online-only collections of measures in this population may
not be appropriate, particularly given the frequent (thrice
weekly) visits for in-center hemodialysis.

Given the increasing emphasis on patient-reported
outcome measure collection, our qualitative analysis sug-
gests that administering surveys in ways that respect pa-
tient preferences for convenience, privacy, interpersonal
interaction, and accessibility will become increasingly
important. Multimodal methods of survey administration
could overcome privacy issues in the dialysis unit, which
are of concern to patients but remain largely unad-
dressed.29 Dialysis units will be incentivized to collect
social needs information through the ESRD Quality
Incentive Program starting in 2025, which may pose pri-
vacy concerns for patients.30 Text messaging could be
explored as a way of performing social needs screening as
well as to engage patients for navigation services, as was
done in the Accountable Health Communities Model.31

Dialysis facilities and federal agencies should also be
cognizant that survey responses often differ based on the
mode of survey administration.32

Our findings that patients with social risk factors were
less likely to respond to the SMS survey has important
equity implications. The sociodemographic variables we
investigated capture all 5 dimensions of social risk factors,
as outlined in a conceptual framework by the National
Academies of Sciences, Engineering, and Medicine: (1)
socioeconomic position, (2) race, ethnicity, and cultural
context, (3) gender, (4) social relationships, and (5) res-
idential and community context.33 Our findings are
concordant with Hussein et al,5 who found that older
adults and racial/ethnic minorities had lower mHealth
proficiency.5 These populations may face increased bar-
riers to text messaging that deserve further investigation,
including physical or cognitive limitations, reduced health
literacy, specific phone plans/phone types owned by these
Kidney Med Vol 6 | Iss 7 | July 2024 | 100847



Table 3. Drivers of Survey Preferences Reported by Patients Receiving Dialysis

Drivers Subtopics

Number of
Participants
Reporting Topic or
Subtopic (n = 34) Example Quotations

Convenience Efficiency 6 “Text is easiest, seems easy and faster.” (75 y/o male,
in-center hemodialysis)
“Text is more convenient, I do it at my leisure.” (52 y/o
male, in-center hemodialysis)
“The most efficient would be at the center, it’s face-to-
face with somebody.” (65 y/o male, in-center
hemodialysis)

Multitasking 1 “Maybe in dialysis unit because I’m there anyway,
otherwise I’m at work.” (62 y/o male, peritoneal
dialysis)

Comfort 3 “Talking to me on the phone is best, I think when
you’re in dialysis and you’re doing a survey, I don’t
think you’re getting the right answer rather than in the
comfort in their own home.” (42 y/o male, in-center
hemodialysis)

Synchronicity 3 “I’m always in a rush when I’m at dialysis. On the
phone you get distracted. Over text you can think
about it and have time to respond.” (48 y/o female, in-
center hemodialysis)

Privacy N/A 4 “Dialysis you’re not alone, you don’t have privacy.”
(68 y/o female, in-center hemodialysis)
“Text message, I think it’s more private.” (72 y/o
female, in-center hemodialysis)
“Over the phone, it’s between who is asking me the
questions, I feel comfortable in my home speaking on
the phone to the person, instead of being at the
center.” (58 y/o female, in-center hemodialysis)

Interpersonal interaction N/A 4 “In person is much better, when I’m in person I can
explain much more.” (51 y/o Spanish-speaking female,
in-center hemodialysis)
“I would prefer in person because I like to see the
person I’m talking to.” (77 y/o female, in-center
hemodialysis)
“Text is way better. I’d rather not speak to people.
That’s just my preference.” (47 y/o female, in-center
hemodialysis)

Accessibility Vision 2 “I can’t see the papers because I’m completely blind
and my phone actually talks to me. I would prefer the
text.” (33 y/o female, in-center hemodialysis)
“I just prefer text message, I can’t see it really good,
the writing, on surveys. My phone I can open it up
wider.” (57 y/o female, in-center hemodialysis)

Language 1 “On the paper is ok because my English not good so
sometimes I have to look up in the dictionary.” (71 y/o
Cantonese-speaking female, in-center hemodialysis)

Fatigue 1 “Text message, normally they do surveys during the
day, and if I have dialysis that day, who knows how I am
going to feel.” (54 y/o female, in-center hemodialysis)

Abbreviations: N/A, not applicable as none were identified; y/o, year old.
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patients, or the need for culturally tailored text messages and
translations to multiple languages.34,35 Further engaging
these participants to better understand preferred modes of
survey administration and address modifiable barriers could
increase response rates and patient-centeredness and miti-
gate the risk of exacerbating disparities.36

Our results have several limitations. Our study was
conducted in a single geographic area, which may limit
generalizability. Certain variables in the SVI, such as
Kidney Med Vol 6 | Iss 7 | July 2024 | 100847
multiunit housing, mobile homes, and vehicle ownership,
may not be relevant in New York City or associate
differently with social vulnerability. A small sample size
was used to determine acceptability, and we had a higher
number of respondents versus nonrespondents who
contributed acceptability and patient preference data. We
did not assess preferences for mail- or e-mail-based sur-
veys. Misclassification of race/ethnicity data may have
occurred if race/ethnicity was not entered based on patient
7
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self-report. The SMS survey was conducted in English and
Spanish only, which may have contributed to lower
response rates particularly among non-English-speaking
Asian and Pacific Islander patients.

In summary, our single-item SMS text message-based
survey had moderate reach and was highly acceptable
among patients receiving dialysis. Text messaging is a
promising strategy to collect patient-reported data in this
medically complex population, but further interventions
are needed to engage older individuals, racial and ethnic
minorities, and patients residing in socially vulnerable
neighborhoods.
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Participants (n = 1,008).

ARTICLE INFORMATION

Authors’ Full Names and Academic Degrees: Sri Lekha
Tummalapalli, MD, MBA, Natalie C. Benda, PhD, Daniel Cukor,
PhD, Daniel M. Levine, PhD, Jeffrey Silberzweig, MD, and Meghan
Reading Turchioe, PhD, RN

Authors’ Affiliations: Division of Healthcare Delivery Science and
Innovation, Department of Population Health Sciences, Weill
Cornell Medicine, New York, NY (SLT); The Rogosin Institute, New
York, NY (SLT, DC, DML, JS); Division of Nephrology and
Hypertension, Department of Medicine, Weill Cornell Medicine,
New York, NY (SLT, JS); Columbia University School of Nursing,
New York, NY (NCB, MRT); and the Department of Biochemistry,
Weill Cornell Medicine, New York, NY (DML).

Address for Correspondence: Sri Lekha Tummalapalli, MD, MBA,
Division of Healthcare Delivery Science and Innovation,
Department of Population Health Sciences, Weill Cornell
Medicine, 402 East 67th Street, New York, NY 10065. Email:
lct4001@med.cornell.edu

Authors’ Contributions: SLT and MRT conceptualized the study;
DML performed data queries; SLT performed statistical analysis;
all authors interpreted the results; MRT and JS provided
supervision. Each author contributed important intellectual content
during article drafting or revision and accepts accountability for
the overall work by ensuring that questions pertaining to the
accuracy or integrity of any portion of the work are appropriately
investigated and resolved.

Support: Dr Tummalapalli was supported by funding from the Weill
Cornell Medicine Dean’s Diversity and Healthcare Disparity
Research Award and the Agency for Healthcare Research and
Quality (K08HS028684). The funders had no role in the study
design, article preparation, or decision to submit the article for
publication.

Financial Disclosure: Dr Tummalapalli reports research funding
from Scanwell Health and SAIGroup, unrelated to the submitted
work. Dr Turchioe reports equity in Iris OB Health and consulting
with Boston Scientific. Dr Silberzweig reports consulting fees from
Alkahest, Bayer AG, and Kaneka unrelated to this work and co-
chairs the American Society of Nephrology COVID-19 Response
Team and Emergency Partnership Initiative. The remaining authors
have nothing to disclose.

Peer Review: Received July 13, 2023. Evaluated by 2 external peer
reviewers, with direct editorial input from the Statistical Editor, an
8

Associate Editor, and the Editor-in-Chief. Accepted in revised form
February 12, 2024.
REFERENCES
1. Iribarren SJ, Cato K, Falzon L, Stone PW. What is the economic

evidence for mHealth? A systematic review of economic eval-
uations of mHealth solutions. PLOS ONE. 2017;12(2):
e0170581.

2. Yang Y, Chen H, Qazi H, Morita PP. Intervention and evaluation
of mobile health technologies in management of patients un-
dergoing chronic dialysis: Scoping review. JMIR mHealth and
uHealth. 2020;8(4):e15549.

3. Mejia C, Libby BA, Bracken ML, et al. Interest in digital dietary
support among adults with kidney failure receiving hemodialy-
sis. J Ren Nut. 2021;31(3):327-332.

4. Bonner A, Gillespie K, Campbell KL, et al. Evaluating the
prevalence and opportunity for technology use in chronic kid-
ney disease patients: a cross-sectional study. BMC Nephrol.
2018;19(1):1-8.

5. Hussein WF, Bennett PN, Pace S, et al. The mobile health
readiness of people receiving in-center hemodialysis and home
dialysis. Clin J Am Soc Nephrol. 2020;16(1):98-106.

6. Lew SQ, Sikka N. Telehealth awareness in a US urban peri-
toneal dialysis clinic: from 2018 to 2019. Perit Dial Int.
2020;40(2):227-229.

7. Dad T, Tighiouart H, Fenton JJ, et al. Evaluation of non-response
to the in-center hemodialysis consumer assessment of health-
care providers and systems (ICH CAHPS) survey. BMC
Health Serv Res. 2018;18(1):1-10.

8. Flythe JE, Narendra JH, Dorough A, et al. Perspectives on
research participation and facilitation among dialysis patients,
clinic personnel, and medical providers: A focus group study.
Am J Kidney Dis. 2018;72(1):93-103.

9. Marcolino MS, Oliveira JAQ, D’Agostino M, Ribeiro AL,
Alkmim MBM, Novillo-Ortiz D. The impact of mHealth in-
terventions: systematic review of systematic reviews. JMIR
mHealth and uHealth. 2018;6(1):e23.

10. United States Renal Data System. 2020 USRDS Annual Data
Report: Epidemiology of kidney disease in the United States.
National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases, Bethesda, MD, 2020.

11. Office of the Assistant Secretary for Planning and Evaluation.
Advancing American Kidney Health: 2020 Progress Report.
Accessed February 1, 2021. https://aspe.hhs.gov/pdf-report/
advancing-american-kidney-health-2020-progress-report

12. Ziemba R, Campbell KN, Yang T-H, et al. Excess death esti-
mates in patients with end-stage renal disease—United
States, February–August 2020. Morb Mortal Wkly Rep.
2021;70(22):825.

13. Tummalapalli SL, Cukor D, Bohmart A, et al. A mobile
health–based survey to assess COVID-19 vaccine intent and
uptake among patients on dialysis. Kidney Int Rep.
2022;7(3):633.

14. United States Census Bureau. Accessed February 1, 2021.
https://geocoding.geo.census.gov/geocoder/geographies/address
batch?form

15. Centers for Disease Control and Prevention. Accessed
February 1, 2021. https://www.atsdr.cdc.gov/placeandhealth/
svi/data_documentation_download.html

16. Proctor E, Silmere H, Raghavan R, et al. Outcomes for imple-
mentation research: conceptual distinctions, measurement
challenges, and research agenda. Adm Policy Ment Health.
2011;38(2):65-76.
Kidney Med Vol 6 | Iss 7 | July 2024 | 100847

https://doi.org/10.1016/j.xkme.2024.100847
mailto:lct4001@med.cornell.edu
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref1
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref1
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref1
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref1
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref2
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref2
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref2
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref2
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref3
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref3
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref3
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref4
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref4
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref4
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref4
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref5
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref5
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref5
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref6
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref6
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref6
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref7
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref7
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref7
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref7
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref8
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref8
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref8
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref8
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref9
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref9
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref9
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref9
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref10
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref10
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref10
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref10
https://aspe.hhs.gov/pdf-report/advancing-american-kidney-health-2020-progress-report
https://aspe.hhs.gov/pdf-report/advancing-american-kidney-health-2020-progress-report
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref12
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref12
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref12
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref12
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref12
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref12
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref13
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref13
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref13
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref13
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref13
https://geocoding.geo.census.gov/geocoder/geographies/addressbatch?form
https://geocoding.geo.census.gov/geocoder/geographies/addressbatch?form
https://www.atsdr.cdc.gov/placeandhealth/svi/data_documentation_download.html
https://www.atsdr.cdc.gov/placeandhealth/svi/data_documentation_download.html
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref16
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref16
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref16
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref16


Tummalapalli et al
17. Gaglio B, Shoup JA, Glasgow RE. The RE-AIM framework: a
systematic review of use over time. Am J Public Health.
2013;103(6):e38-e46.

18. Glasgow RE, Vogt TM, Boles SM. Evaluating the public health
impact of health promotion interventions: the RE-AIM frame-
work. Am J Public Health. 1999;89(9):1322-1327.

19. Weiner BJ, Lewis CC, Stanick C, et al. Psychometric assess-
ment of three newly developed implementation outcome mea-
sures. Implement Sci. 2017;12(1):1-12.

20. Sandelowski M, Barroso J. Classifying the findings in qualitative
studies. Qual Health Res. 2003;13(7):905-923.

21. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using
the framework method for the analysis of qualitative data in
multi-disciplinary health research. BMC Med Res Method.
2013;13(1):1-8.

22. Som A, Groenendyk J, An T, et al. Improving dialysis adherence
for high risk patients using automated messaging: proof of
concept. Sci Rep. 2017;7(1):1-7.

23. Stevenson J, Campbell KL, Brown M, et al. Targeted, structured
text messaging to improve dietary and lifestyle behaviours for
people on maintenance haemodialysis (KIDNEYTEXT): study
protocol for a randomised controlled trial. BMJ Open.
2019;9(5):e023545.

24. Lukkanalikitkul E, Kongpetch S, Chotmongkol W, et al. Opti-
mization of the chronic kidney disease–peritoneal dialysis app
to improve care for patients on peritoneal dialysis in northeast
Thailand: user-centered design study. JMIR Form Res.
2022;6(7):e37291.

25. Teong L-F, Khor B-H, Radion Purba K, et al. A mobile app for
triangulating strategies in phosphate education targeting pa-
tients with chronic kidney disease in Malaysia: development,
validation, and patient acceptance. Healthcare. 2022:535.

26. St-Jules DE, Woolf K, Goldfarb DS, et al. Feasibility and
acceptability of mHealth interventions for managing hyper-
phosphatemia in patients undergoing hemodialysis. J Ren Nutr.
2021;31(4):403-410.

27. Hernandez R, Burrows B, Wilund K, Cohn M, Xu S,
Moskowitz JT. Feasibility of an Internet-based positive
Kidney Med Vol 6 | Iss 7 | July 2024 | 100847
psychological intervention for hemodialysis patients with
symptoms of depression. Soc Work Health Care.
2018;57(10):864-879.

28. Centers for Medicare & Medicaid Services. Kidney Care
Choices (KCC) Model. Accessed May 16, 2023. https://
innovation.cms.gov/innovation-models/kidney-care-choices-kcc-
model

29. Mitchell B, Mitchell J, Disney A. User adoption issues in renal
telemedicine. J Telemed Telecare. 1996;2(2):81-86.

30. Centers for Medicare & Medicaid Services. Calendar Year
2023 end-stage renal disease (ESRD) prospective payment
system (PPS) proposed rule (CMS-1768-P) fact sheet.
Accessed May 16, 2023. https://www.cms.gov/newsroom/
fact-sheets/calendar-year-2023-end-stage-renal-disease-esrd-
prospective-payment-system-pps-proposed-rule-cms

31. RTI International. Accountable health communities (AHC)
model evaluation first evaluation report December 2020.
Accessed May 16, 2023. https://innovation.cms.gov/data-and-
reports/2020/ahc-first-eval-rpt

32. Li C, Ford ES, Zhao G, Tsai J, Balluz LS. A comparison of
depression prevalence estimates measured by the Patient
Health Questionnaire with two administration modes:
computer-assisted telephone interviewing versus computer-
assisted personal interviewing. Int J Public Health. 2012;57:
225-233.

33. National Academies of Sciences, Engineering, and Medicine.
Accounting for social risk factors in Medicare payment. Na-
tional Academies Press; 2017.

34. Kreps GL. The relevance of health literacy to mHealth. Stud
Health Technol Inform. 2017;37(2):123-130.

35. Anderson-Lewis C, Darville G, Mercado RE, Howell S, Di
Maggio S. mHealth technology use and implications in histori-
cally underserved and minority populations in the United
States: systematic literature review. JMIR mHealth and
uHealth. 2018;6(6):e8383.

36. Veinot TC, Mitchell H, Ancker JS. Good intentions are not
enough: how informatics interventions can worsen inequality.
J Am Med Inform Assoc. 2018;25(8):1080-1088.
9

http://refhub.elsevier.com/S2590-0595(24)00058-X/sref17
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref17
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref17
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref18
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref18
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref18
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref19
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref19
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref19
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref20
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref20
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref21
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref21
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref21
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref21
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref22
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref22
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref22
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref23
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref23
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref23
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref23
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref23
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref24
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref24
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref24
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref24
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref24
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref24
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref25
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref25
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref25
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref25
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref26
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref26
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref26
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref26
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref27
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref27
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref27
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref27
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref27
https://innovation.cms.gov/innovation-models/kidney-care-choices-kcc-model
https://innovation.cms.gov/innovation-models/kidney-care-choices-kcc-model
https://innovation.cms.gov/innovation-models/kidney-care-choices-kcc-model
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref29
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref29
https://www.cms.gov/newsroom/fact-sheets/calendar-year-2023-end-stage-renal-disease-esrd-prospective-payment-system-pps-proposed-rule-cms
https://www.cms.gov/newsroom/fact-sheets/calendar-year-2023-end-stage-renal-disease-esrd-prospective-payment-system-pps-proposed-rule-cms
https://www.cms.gov/newsroom/fact-sheets/calendar-year-2023-end-stage-renal-disease-esrd-prospective-payment-system-pps-proposed-rule-cms
https://innovation.cms.gov/data-and-reports/2020/ahc-first-eval-rpt
https://innovation.cms.gov/data-and-reports/2020/ahc-first-eval-rpt
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref32
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref32
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref32
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref32
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref32
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref32
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref33
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref33
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref33
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref34
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref34
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref35
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref35
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref35
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref35
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref35
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref36
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref36
http://refhub.elsevier.com/S2590-0595(24)00058-X/sref36

	Reach, Acceptability, and Patient Preferences of a Mobile Health-Based Survey to Assess COVID-19 Vaccine Hesitancy Among Pa ...
	Methods
	Study Design and Population
	Predictors and Covariates
	Implementation Outcomes
	Statistical Analysis
	Qualitative Analysis

	Results
	Survey Reach
	Survey Acceptability
	Patient Preferences for Survey Administration

	Discussion
	Supplementary Materials
	References


