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abstract

PURPOSE eHealth literacy, or the ability to seek, find, understand, and appraise health information from electronic
sources, has become increasingly relevant in the era of COVID-19, when so many aspects of patient care became
dependent on technology. We aimed to understand eHealth literacy among a diverse sample of patients with cancer
and discuss ways for health systems and cancer centers to ensure that all patients have access to high-quality care.

METHODS A cross-sectional survey of patients with cancer and caregivers was conducted at an NCI-designated
cancer center to assess access to the Internet, smartphone ownership, use of mobile apps, willingness to engage
remotely with the health care team, and use of the patient portal. Descriptive statistics and bivariate analyses
were used to assess frequencies and significant differences between variables.

RESULTS Of 363 participants, 55% (n = 201) were female, 71% (n = 241) identified as non-Hispanic White, and
29% (n = 85) reported that their highest level of education was a high school diploma. Most (90%, n = 323)
reported having access to the Internet and most (82%, n = 283) reported owning a smartphone. Younger
patients or those with a college degree were significantly more likely to own a smartphone, access health
information online, know how to download an app on their own, have an interest in communicating with their
health care team remotely, or have an account on the electronic patient portal.

CONCLUSION As cancer centers increasingly engage patients through electronic and mobile applications,
patients with low or limited digital literacy may be excluded, exacerbating current cancer health disparities.
Patient-, provider- and system-level technology barriers must be understood and mitigated.
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BACKGROUND

The COVID-19 pandemic is an unprecedented and
historic event that caused a fundamental shift in how
health care is delivered to and received by patients.
The rapid uptake of telemedicine and patient
portals,1,2 both for continued health care and access to
COVID testing and vaccines, is convenient and effi-
cient for providers but requires resources and digital
health literacy from patients. Research is just begin-
ning to understand how reliance on these technologies
is affecting vulnerable and under-resourced patients.3,4

Here, we describe an assessment at our cancer center
of our patients’ and caregivers’ ability to access and
use common technology platforms and describe the
implications of our findings in the context of health
care in a postpandemic world.

Universal health literacy has been identified as a
public health goal for the 21st century.5 In today’s
digital society, one of the most relevant aspects of
health literacy is electronic health literacy, or eHealth

literacy. eHealth literacy has been defined as the ability
to seek, find, understand, and appraise health infor-
mation from electronic sources and apply the
knowledge gained to addressing or solving a health
problem.6 Although sufficient health literacy has been
associated with positive health outcomes, the impact
of eHealth literacy on health outcomes has been less
explored,7 but is assumed to be equally important. The
pathway from eHealth literacy to health outcomes may
be through patient engagement,8 such that patients
with higher eHealth literacy can more effectively self-
assess symptoms, communicate with providers, digest
electronic information about their health, and manage
biometric measures and medications.

A cancer diagnosis is often accompanied by an on-
slaught of new information and new health care teams.
A recent study found that more than 90% of patients
with cancer turn to the Internet to access information
about cancer before speaking to a health care
professional.9 Research shows that although the in-
terest in using technology to manage cancer care is
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high, the actual adoption of such technology among pa-
tients with cancer is much lower and disparities in use
exist.10,11 Disparities in eHealth literacy and use are most
frequently seen among older patients, those who have
lower socioeconomic status, and those who identify with a
racial or ethnic minority group.12 Finally, patients with lower
health literacy report lower levels of shared decision
making13,14; by extension, it can be assumed that patients
with lower eHealth literacy would also report lower levels of
shared decision making, although this has yet to be
explored.

The purpose of this study was to assess differences in
patient access to and use of digital technology and elec-
tronic health information in their daily lives and in relation to
their cancer care. The study was stimulated by an interest
in using digital health to help our patients. As we began to
consider remote monitoring for patient-reported outcomes,
fundamental questions regarding digital literacy were
raised. We surveyed a diverse sample of patients and
caregivers who received care from a large, urban NCI-
designated cancer center. We expected to see the great-
est disparities in eHealth literacy among our older patients
with cancer, those who have fewer years of education, and
those who identify with a minority racial or ethnic group.
The results of the study can inform best practices for en-
suring that all patients with cancer have access to infor-
mation and their health care providers, as well as informing
future interventions to reduce the digital literacy divide
among medically underserved patients.

METHODS

Participants

As patients checked in for scheduled appointments in
either Medical Oncology or Radiation Oncology, they were
given a paper-based survey to complete either on their own
or with assistance if they had difficulties or questions. A

smaller sample of patients completed the survey on an
electronic tablet in our Center Support andWelcome Center
and were offered assistance or a paper survey if they
preferred. All patients with cancer and caregivers were
eligible to participate in the survey if they were older than
age 18 years and able to read and speak English. All
participants provided verbal consent before beginning the
survey. Survey data were collected anonymously. Partici-
pants were not compensated for their time. We received
expedited approval from our institution’s institutional review
board to conduct the survey.

Survey

The 24-item survey (Data Supplement) was created by the
research team to meet the needs of the cancer center and
was divided into four content areas: access and use of the
Internet for health information; smartphone ownership; use
of mobile health apps and wearable technology; and use of
technology to interact with health care professionals. For
the first content area, we asked questions about where
patients and caregivers typically access the Internet, the
type of device they typically use to access the Internet,
whether they have ever visited a web site to learn about
cancer, and whether they have ever visited our cancer
center’s web site to learn about resources available to them.
For the second content area, we asked participants
whether they have a cell phone or smartphone, the brand of
the phone, how much time they typically spend on their
phone, and what they do on their phone. For the third
content area, we asked participants how many apps are
currently on their phone or tablet, if any of the apps are
health-related, if they can find and download an app on
their own, if they have ever used an app to help with a
decision related to their cancer care, and if they routinely
use any wearable technology. For the fourth content area,
we asked whether participants would be comfortable
communicating with their provider over their phone in a
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telemedicine visit and whether they use our cancer center’s
electronic portal to manage their cancer care. Finally, we
collected demographic information from each participant
to assess whether they were a patient or a caregiver,
their age, sex, race or ethnicity, zip code, and educa-
tional achievement. The survey took about 10 minutes to
complete.

Data Analysis

Descriptive statistics were computed for all variables. Some
demographic variables were collapsed based on sample
distribution and recoded for bivariate analyses. Age was
categorized as below age 60, between age 60-69, and older
than age 70 years. Race and ethnicity were categorized as
non-Hispanic White or minority race or ethnicity (included
non-Hispanic Black, Hispanic, and Asian participants).
Differences in technology use by sex, ages, race or eth-
nicities, and education levels were tested by chi-square
tests. Statistical significance was defined as P , .05 on a
two-tailed distribution. To evaluate the associations be-
tween (1) find and download an app unassisted, (2) willing
to do telehealth, and (3) use of electronic patient portal and
participants’ characteristics (age, education level, and
race), three separate logistic regression model analyses
were conducted. For characteristics with more than two
categories, type-III P values representing the overall as-
sociation of the characteristic with the digital literacy
measure were calculated as were pairwise comparisons
with a reference category. The significance level of all tests
was set a priori to the .05 level. All analyses were performed
with SAS 9.4. Missing data, which were determined to be
minimal and at random, were excluded from analyses on a
question-by-question basis.

RESULTS

Description of Participants

Four hundred and fifty (n = 450) patients and caregivers
were approached to complete the survey and 363 partic-
ipants completed the survey. Three hundred and forty-
seven (n = 347, 96%) were completed on paper and 16
(4%) were completed on tablet computer. Three hundred
forty-six (n = 346, 96%) were patients, 13 (4%) were
caregivers, and four were unknown. Almost half of the
participants (n = 151, 42%) were younger than age 60
years, whereas an additional one quarter (n = 84, 23%)
were older than age 70 years. Fifty-five percent of partic-
ipants (n = 201) were female, whereas 45% of participants
(n = 160) were male. The majority of participants were non-
Hispanic White (n = 241, 66%), whereas 23% of partici-
pants (n = 85) were non-Hispanic Black. Educational at-
tainment was divided among participants: 27% (n = 99)
had a high school diploma, 17% (n = 60) had a trade or an
associate degree, 23% (n = 85) obtained a bachelor’s
degree, and 15% (n = 53) had an advanced degree.
Characteristics of participants are displayed in Table 1.

Access and Use of the Internet for Health Information

Thirty-seven participants (10%) reported that they do not
use the Internet at all. Among those who do, patients and
caregivers predominantly accessed the Internet at home
(n = 309, 86%), followed by at work (n = 77, 20%) and at a
public place (n = 22, 6%). Participants reported that they
accessed the Internet in multiple ways, using computers
(n = 248, 70%), cell phones (n = 191, 54%), and tablets
(n = 125, 35%). Most participants (n = 252, 69%) reported
that they had visited a web site to learn more about their
cancer. These data are presented in Table 2.

Smartphone Ownership

Nearly all participants had a cell phone (98%, n = 354); for
283 (80%) of those participants, their phone is a smart-
phone. Among the 283 participants who own a smart-
phone, 55% (n = 160) reported spending less than 2 hours
per day on their phone. Thirty percent reported using their
phones 2-4 hours per day (n = 86) and 15% (n = 44)
reported using their phones for more than 4 hours per day.
Participants reported using their smartphones primarily for
communication (n = 269, 95%), accessing the Internet
(n = 201, 71%), and navigating to places (n = 170, 60%).

TABLE 1. Participant Characteristics (n = 363)
Characteristic Participants, No. (%)

Role

Patient 346 (96)

Caregiver 13 (4)

Missing 4 (1)

Age, years

, 60 151 (42)

60-69 127 (35)

. 70 84 (23)

Missing 1 (, 1)

Sex

Female 201 (55)

Male 160 (45)

Missing 2 (, 1)

Ethnicity

Non-Hispanic White 241 (66)

Non-Hispanic Black 85 (23)

Hispanic 7 (2)

Asian 9 (2)

Missing 21 (6)

Education level

High school or equivalent 99 (27)

Some college or associate degree 60 (17)

Bachelor’s degree 85 (23)

Greater than bachelor’s degree 53 (15)

Missing 66 (18)
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Use of Mobile Health Apps and Wearable Technology

Only about 70% of participants (n = 249) reported that they
can find and download them on their own. Most (62%,
n = 225) did not have a health-related app on their phone or
tablet. Only 10% (n = 35) reported using wearable tech-
nology, including brands like Fitbit and Apple Watch. These
data are presented in Table 2.

Using Technology to Interact with Health

Care Professionals

Sixty-seven percent of participants (n = 244) said that they
would feel comfortable communicating with their doctor or
nurse using a smartphone or tablet (ie, a telehealth visit).
Just under half of the participants (45%, n = 162) said they
use the cancer center’s patient portal fairly often, 14%
(n = 49) said they signed up for access to the patient portal
but do not use it often, and 31% (n = 111) said they do not
use the patient portal. These data are presented in Table 2.

Differences in Technology Use by Age, Educational

Attainment, and Race or Ethnicity

There were significant differences in the use of technology
by age. The most notable were that older participants were
less likely to access the Internet, own a smartphone,
download an app by themselves, or have an interest in
communicating electronically with providers. Almost all
participants, across all educational levels, reported owning
a cell phone (98.6%, n = 355). However, there were sig-
nificant differences in the use of technology by educational
attainment. The largest disparities were that those with only
a high school education were less likely to access the In-
ternet, visit a web site for health purposes, be able to
download an app by themselves, have an interest in
communicating electronically with their providers, or have
any wearable technology. Finally, there were significant
differences by race or ethnicity of the respondent. Partic-
ipants from minority races and ethnicities were significantly
less likely to routinely access the Internet, visit a web site to
look for cancer information, be able to find and download
an app on their own, and use the patient portal. There were
no reported differences in technology use by sex. All these
data can be found in Table 3.

Prediction Models for Important eHealth Skills

We aimed to understand which factors would be predictive
for three key eHealth literacy skills: finding and down-
loading an app unassisted, willingness to do a telehealth
appointment, and using a patient portal. Age and educa-
tional attainment were significantly predictive across all
three models, with those who were younger or had more
education being more likely to use digital technology. In

TABLE 2. eHealth Literacy Among Participants (n = 363)
Characteristic Participants, No. (%)

Own a cell phone

Yes 354 (98)

No 5 (1)

Missing 4 (1)

Own a smartphone

Yes 283 (78)

No 64 (9)

Missing 16 (4)

Routinely access the Internet

Yes 325 (90)

No 37 (10)

Missing 1 (, 1)

Where access the Internet (check all
that apply)

n = 445 responses

At home 309 (86)

At work 77 (20)

In public 22 (6)

No access 37 (10)

Devices used to access the Internet (check all that apply) n = 564 responses

Computers 248 (70)

Cell phones 191 (54)

Tablets 125 (35)

Visited a web site for cancer information

Yes 252 (69)

No 106 (29)

Missing 5 (2)

Find and download a smartphone app unassisted

Yes 249 (69)

No 107 (29)

Missing 7 (2)

Willing to do visit by telehealth

Yes 244 (67)

No 110 (30)

Missing 9 (3)

Use of electronic patient portal

Yes, routinely use 162 (45)

Yes, registered but do not use 49 (14)

No, not registered 111 (31)

Missing 41 (10)

Use wearable technology

Yes 35 (10)

No 260 (72)

Missing 68 (19)

Digital Literacy Disparities Among Patients With Cancer
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TABLE 3. eHealth Literacy by Participant Age, Educational Attainment, and Race

Participant
Characteristic

Age (years) Educational Attainment Race

< 60 60-69 > 70 X2 P

High School
Graduate or

Less
Trade School or
Some College

Bachelor’s
Degree

Advanced
Degree X2,P White

Other Races
Combined X2,P

Own a cell phone, No.
(% yes)

149 (99.3) 125 (99.2) 80 (96.4) 3.89 (.143) 99 (100.0) 60 (100.0) 84 (98.9) 51 (96.2) 5.69 (.127) 237 (99.2) 99 (98.0) 0.798 (. .05)

Own a smartphone,
No. (% yes)

135 (90.6) 97 (80.2) 50 (65.8) 20.77 (, .01) 68 (73.1) 46 (79.3) 78 (95.1) 46 (88.5) 27.05 (, .01) 189 (90.6) 79 (80.2) 9.14 (, .05)

Routinely access the
Internet, No.
(% yes)

146 (96.7) 112 (88.2) 67 (79.8) 17.39 (, .01) 76 (76.8) 55 (91.7) 84 (98.8) 52 (98.1) 30.39 (, .01) 224 (92.9) 85 (84.2) 6.30 (, .05)

Visited a web site for
cancer info, No.
(% yes)

111 (73.5) 91 (72.8) 50 (61) 4.54 (.10) 48 (49.5) 45 (75.0) 75 (88.2) 47 (86.8) 41.99 (, .01) 181 (75.1) 56 (57.7) 9.96 (, .05)

Find and download an
app unassisted, No.
(% yes)

126 (83.4) 84 (66.7) 39 (49.4) 33.70 (, .01) 53 (54.1) 44 (73.3) 74 (88.1) 42 (80.8) 30.20 (, .01) 176 (74.3) 63 (63.0) 8.74 (, .05)

Willing to do visit by
telehealth, No.
(% yes)

122 (81.9) 85 (68.5) 37 (45.7) 32.12 (, .01) 51 (53.7) 42 (70.0) 70 (83.3) 41 (77.4) 20.46 (, .01) 169 (71.3) 65 (65.7) 1.10 (. .05)

Use of electronic
patient portal, No.
(% yes)

71 (52.6) 62 (54.9) 29 (39.2) 4.88 (.087) 30 (35.3) 28 (50.0) 46 (61.3) 31 (64.6) 24.16 (, .01) 127 (59.3) 28 (30.4) 24.81 (, .01)

Use wearable
technology, No.
(% yes)

24 (19.7) 8 (7.5) 3 (4.5) 12.50 (, .01) 2 (2.4) 5 (9.6) 16 (22.2) 6 (13.3) 15.02 (, .01) 25 (13.0) 7 (8.1) 1.36 (. .05)
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one model, using a patient portal, those who were not White
were significantly less likely to use a patient portal for their

health care needs. The results of the three models are

found in Table 4.

DISCUSSION

Our study aimed to document eHealth literacy among a
diverse sample of patients with cancer and caregivers at an
urban, academically based cancer center. We found that

TABLE 4. Logistic Regression Model Analyses for Select eHealth Literacy Skills
Effect OR (95% CI) P

Estimated OR of being able to find and download an app unassisted

Age, years

, 60 Ref , .001

60-69 0.48 (0.24 to 0.95) .035

. 70 0.18 (0.08 to 0.38) , .001

Educational attainment

HS graduate or less Ref , .001

Some college or tech school 2.17 (1.02 to 4.61) .044

Bachelor’s degree 5.98 (2.65 to 13.46) , .001

Advanced degree 3.67 (1.54 to 8.73) .003

Race

White Ref

Other races combined 0.55 (0.29 to 1.06) .074

Estimated OR of willing to do telehealth

Age, years

, 60 Ref , .001

60-69 0.64 (0.33 to 1.22) .174

. 70 0.19 (0.09 to 0.40) , .001

Educational attainment

HS graduate or less Ref , .001

Some college or tech school 1.96 (0.94 to 4.09) .074

Bachelor’s degree 4.44 (2.11 to 9.35) , .001

Advanced degree 3.50 (1.50 to 8.13) .004

Race

White Ref

Other races combined 0.68 (0.36 to 1.28) .235

Estimated OR of using electronic patient portal

Age, years

, 60 Ref .013

60-69 1.08 (0.59 to 1.98) .798

. 70 0.38 (0.18 to 0.79) .009

Educational attainment

HS grad or less Ref .006

Some college or tech school 1.26 (0.60 to 2.65) .544

Bachelor’s degree 2.60 (1.31 to 5.15) .006

Advanced degree 3.21 (1.44 to 7.14) .004

Race

White Ref

Other races combined 0.26 (0.13 to 0.48) , .001

Abbreviations: OR, odds ratio; ref, reference.
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although access to the Internet and smartphone use was
relatively high among our patients and caregivers, dis-
parities in access and use of the technology exist among
our most vulnerable patients with cancer, most notably
those who are older and of lower educational attainment.
Although this has been documented previously,15,16 it re-
mains worrisome as it is evidence that we are expanding,
rather than closing, the digital divide among patients and
caregivers who need access to information and technology
to manage their disease and interact with their care team.

Given these findings, the question of how to provide the
same level of access to health information and health care
to all patients, regardless of eHealth literacy level, is an
important one. Patient navigators, which are deployed by
many health systems to provide an extra level of patient
support, may be able to overcome some of the technical
barriers of cancer care.17 Whether it is teaching them how
to download and use a health app to track their cancer care
or create an account on the patient portal, patient navi-
gators or support personnel may be one answer to ensuring
equal access for all. Our cancer center is currently offering
classes to teach patients and caregivers how to sign up and
access their electronic health records. We created a tele-
health task force to walk patients through the process of
conducting a telehealth visit. Other suggestions include
linking patients to community resources that provide free or
low-cost home or publicly available Internet access.18

Recently, many of these recommendations were in-
cluded in an 18-point Digital Universal Precautions for
health care organizations that want to make digital health
accessible and meaningful for all patients, regardless of
digital health literacy.3

Because of the COVID-19 pandemic, providers and health
systems were forced to reimagine health care, much of it
transitioning to virtual platforms. In our study, we found that
patients who are older and have lower educational at-
tainment are less willing to participate in telehealth visits;
patients of racial and ethnic minority heritages are less
likely to use our patient portal to manage their care.
Knowing these patients with cancer are already at in-
creased risk for poor cancer outcomes and now are at
increased risk of poor outcomes from the pandemic,19

leaving these patients behind with our continued use of
technology could have a disastrous impact. To ensure that
the expansion of telemedicine does not exacerbate health
disparities, four key actions were recently proposed: (1)
proactively exploring disparities in telemedicine access; (2)
developing solutions to mitigate barriers; (3) removing
health system–created barriers to access; and (4) advo-
cating for policies and infrastructure that facilitate equitable
access.20 This encompasses the need for health systems to

create and use technology that patients want to adopt to
manage their health care needs.21

The research described here can be used as a starting
point toward developing a tool to identify those with low
eHealth literacy, to be able to deploy resources and support
to those who need assistance in navigating health care in a
digital world. Although a few digital literacy screening tools
exist or are in development,22-25 none have the ability to
screen for skills that we feel are essential in this post-
pandemic era such as downloading an app, conducting a
telehealth visit, or logging into a patient portal. While we
acknowledge that screening tools should not replace efforts
to provide universal access to literacy-appropriate health
care,26 identifying and assisting those at greatest risk of not
being able to access care remains an important aspect of
supportive cancer care.

There are limitations to our study. While comprising a large
sample of patients with cancer and caregivers, it was a
convenience sample of patients and the results may not be
generalizable to the overall cancer patient population. We
limited our sample to English-speaking patients and were
not able to capture eHealth and digital literacy disparities
that are known to exist in the Hispanic and Latino
population.27 These data are self-reported and do not ex-
plore why some participants are not using certain tech-
nologies. The survey that participants completed was
created by the research team to provide data on questions
and concerns that were most pressing to the cancer center
and deviated from using known scales of eHealth literacy
that, although validated,22-25 were not as relevant to our
needs.

Going forward, as health systems and cancer centers unveil
new programs and options for patients, they must be
cognizant that not all patients have access to these tech-
nologies nor the capabilities or knowledge to use them to
their full capacity. Unfortunately, there are few evidence-
based approaches to increasing eHealth literacy in socially
disadvantaged groups.28 As more appointments are
scheduled and occur online and through telehealth, as
more cancer centers rely on patient-generated health data
to track symptoms and evaluate quality of care,29 and as
more information is posted exclusively on web sites and
through social media platforms, there is a segment of the
patient population that will not be privy to these services.
Leadership must remain cognizant of disparities in eHealth
literacy and ensure that until every patient can fully par-
ticipate, a low-tech option must be available. Directing all
patient traffic to a web site, a portal, or an appmay be easier
and more cost effective for the health system but it does so
at a cost to vulnerable patients.

Leader et al
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