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Abstract

Background Age and race-related disparities in technology use

have been well documented, but less is known about how health

literacy influences technology access and use.

Objective To assess the association between patients’ literacy skills

and mobile phone ownership, use of text messaging, Internet

access, and use of the Internet for health-related purposes.

Methods A secondary analysis utilizing data from 1077 primary

care patients enrolled in two, multisite studies from 2011–2013.
Patients were administered an in-person, structured interview.

Results Patients with adequate health literacy were more likely to

own a mobile phone or smartphone in comparison with patients

having marginal or low literacy (mobile phone ownership: 96.8 vs.

95.2 vs. 90.1%, respectively, P < 0.001; smartphone ownership:

70.6 vs. 62.5 vs. 40.1%, P < 0.001) and to report text messaging

(78.6 vs. 75.2 vs. 53.1%, P < 0.001). They were also more likely to

have access to the Internet from their home (92.1 vs. 74.7 vs.

44.9%, P < 0.001) and to report using the Internet for email (93.0

vs. 75.7 vs. 38.5%, P < 0.001), browsing the web (93.9 vs. 80.2

vs. 44.5%, P < 0.001), accessing health information (86.3 vs.

75.5 vs. 40.8%, P < 0.001), and communicating with providers

(54.2 vs. 29.8 vs. 13.0%, P < 0.001). Relationships remained signif-

icant in multivariable analyses controlling for relevant covariates.

Conclusions Results reveal that literacy-related disparities in tech-

nology access and use are widespread, with lower literate patients

being less likely to own smartphones or to access and use the

Internet, particularly for health reasons. Future interventions

should consider these disparities and ensure that health promotion

activities do not further exacerbate disparities.
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Background

The rise in health information technology has

created new avenues for communicating with

patients and delivering care. An increasing

number of patients now have the capability of

electronically accessing their medical records,

contacting their provider, scheduling clinic

appointments and requesting prescription med-

ication refills via patient portals.1,2 Beyond for-

mal health-care settings, patients also have

increased access to health information and sup-

port via the Internet and mobile technologies.

Hundreds of thousands of mobile applications

exist to help patients improve their health,

from self-managing medications to losing

weight.3,4 Similarly, websites and online discus-

sion forums can provide valuable health infor-

mation and emotional support for patients

coping with complex health conditions.5–7

Recent studies suggest that the expanded role

of health technology has positively influenced

health-care quality, efficiency and satisfac-

tion.8,9 However, concerns remain over unequal

access to such technology and its potential to

further exacerbate health disparities. Histori-

cally, studies have shown lower use and access

to health information technology among racial/

ethnic minority groups, the socioeconomically

disadvantaged and the elderly.10–13 Yet, the

rapid rise of mobile technology may reduce

some of these disparities. A recent national

survey conducted by the Pew Research Center

found similar, high rates of mobile phone

ownership between White, Black and Hispanic

adults.14,15 Results also indicated that minor-

ity adults are increasingly using their mobile

phones for Internet access and an ever-

expanding range of activities. Specifically,

Black and Hispanic respondents reported

greater use of mobile phones to send emails,

access the Internet and download mobile

applications in comparison to White adults.

Despite this growing adoption of mobile phone

technology among racial/ethnic minority

groups, other disparities remain, with mobile

phone ownership and use still highest among

younger adults and those of higher socioeco-

nomic status.15 Evidence also suggests that age

and education-related disparities exist in terms

of using smartphone technology and the Inter-

net to access health information and communi-

cate with health-care providers.16,17

While race, socioeconomic and age-related

trends in technology use have been well docu-

mented, less is known about how health literacy

may currently influence adults’ access and use of

the Internet and mobile technology, particularly

for health-related purposes. Health literacy is

commonly defined as an individual’s ability to

obtain, process and understand the health infor-

mation needed to make informed health deci-

sions.18 It differs from basic literacy in that it

focuses specifically on the application of skills

within a health-care context; it is also generally

conceptualized as encompassing a broader range

of competencies than reading ability alone.18

Gaining an understanding of the relationship

between health literacy and the use of various

technologies would help elucidate potential

avenues of intervention and determine optimal

platforms for communicating health-related

information to this at-risk population. This

study sought to take advantage of a unique

opportunity to examine the relationship between

health literacy and technology use among a

large, diverse sample of adults from two geo-

graphically distinct regions of the United States.

Findings can provide valuable guidance on the

future development of health literacy-informed

interventions.

Methods

A secondary analysis was conducted utilizing

data from a National Institute of Aging study

entitled ‘Health Literacy and Cognitive Fun-

ction among Older Adults’ (R01AG030611,

referred to as ‘LitCog’), and a study on patient

understanding of acetaminophen instructions

funded by an unrestricted research grant from

McNeil Consumer Healthcare. Institutional

Review Boards at Northwestern University,

Emory University, Mercy Hospital (Chicago)

and Grady Hospital (Atlanta) approved these

studies.
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Setting and participants

English-speaking, adult patients were recruited

from five community health centres and one

academic general internal medicine clinic in

Chicago, IL (LitCog and McNeil). In Atlanta,

patients were recruited from general internal

medicine clinics at one academic medical centre

and one public hospital (McNeil only).

Recruitment for LitCog occurred from Novem-

ber 2011 through September 2013 while recruit-

ment for the McNeil study took place between

August 2012 and February 2013. A full

description of the systematic recruitment proce-

dures for each of these studies has been

published elsewhere.19,20

Patients were eligible to participate in the

McNeil study if they: (i) spoke English, (ii)

were ages 18–80 and (iii) lacked any hearing,

visual or cognitive impairment that would pre-

clude informed consent or study participation.

Patients in the LitCog study were eligible if they

met the above criteria, with the exception of a

stricter age requirement (age 55–74 at enrol-

ment). Participants in both studies were engaged

in the informed consent process, then adminis-

tered a structured, in-person interview by a

trained research assistant (RA) in a private area.

Measures

Participants in the LitCog study completed two

study interviews 7–10 days apart; the focus of

the 2-h interviews was to complete a series of

cognitive assessments. For the McNeil study,

patient interviews lasted less than an hour and

primarily assessed patients’ ability to interpret

dosage instructions for ‘as-needed’ medications.

Additional details on the data captured in

both of these studies have been published

previously.19,20

Patient literacy skills were assessed in both

studies using the Newest Vital Sign (NVS), a

6-item numeracy and literacy test that asks

patients to interpret information provided on a

standard nutrition label.21 Based upon the

results of this assessment, patients were

classified as either ‘high likelihood of limited

literacy’, ‘possibility of limited literacy’ or ‘ade-

quate literacy’. For the sake of simplicity, these

groups are referred to as ‘low, marginal and

adequate’ literacy skills, respectively. A series

of structured questions were then administered

in both studies to assess technology use; specifi-

cally, questions inquired about mobile phone

ownership and use, access to and use of the

Internet (at home and/or anywhere), communi-

cation with health-care providers via the Inter-

net and use of the Internet to access health

information. In addition, patients were asked

standardized questions regarding their socio-

demographic characteristics, including house-

hold income, race/ethnicity, age, sex and level

of education.

Analyses

Descriptive statistics were calculated for vari-

ables measuring patients’ socio-demographic

characteristics and technology use. Bivariate

analyses were conducted for all technology

questions by literacy level using chi-squared

tests. Multivariate logistic regression models

were then conducted to examine determinants

of smartphone ownership, Internet access in

the home and using the Internet to access

health information or communicate with a

health-care provider. Age, sex, race and income

were included in all models as covariates. All

analyses were performed using STATA 12.0

(College Station, TX, USA).

Results

Of the 1103 individuals recruited for both

studies, 1077 (97.6%) completed both the NVS

and technology questions and were included

in analyses (n = 441 in LitCog and n = 636

in McNeil). Table 1 describes the socio-

demographic characteristics of the total study

sample. Overall, study patients varied greatly

in regard to education, race/ethnicity and

income. On average, patients were 55 years

old; slightly more than half were African

American, two-thirds were female and 42.4%

had an annual household income below
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$20 000. One-third of patients (31.9%) were

classified as having low literacy according to

NVS criteria.21 Low and marginal literacy

skills were significantly associated with age,

sex, race, education and income (Table 1).

Patients in the LitCog study were predomi-

nately recruited from an academic practice set-

ting; these patients were significantly less likely

to have limited literacy skills than other study

patients.

Bivariate analyses exploring the relationship

between literacy skills and mobile phone own-

ership revealed patients with adequate literacy

were significantly more likely to own a mobile

phone or smartphone in comparison with

patients having marginal or low literacy skills

(mobile phone ownership: 96.8 vs. 95.2 vs.

90.1%, respectively, P < 0.001; smartphone

ownership: 70.6 vs. 62.5 vs. 40.1%, P < 0.001;

Table 2). Individuals with adequate health lit-

eracy were also significantly more likely to

report sending or receiving text messages and

having a text message plan than those with

marginal or low literacy (using text messaging:

78.6 vs. 75.2 vs. 53.1%, respectively, P < 0.001;

text message plan: 79.9 vs. 74.4 vs. 59.7%,

P < 0.001). Among patients who had a text

message plan, there were no significant differ-

ences by literacy skills for enrollment in an

unlimited text message plan.

Bivariate analyses examining the relationship

between literacy skills and Internet use simi-

larly identified key differences (Table 2).

Patients with adequate health literacy skills

were more likely to have access to the Internet

from their home or from anywhere in compari-

son with patients having marginal or low

literacy skills. Individuals with adequate health

literacy skills were also more likely than their

counterparts to report using the Internet for

email (93.0 vs. 75.7 vs. 38.5%, P < 0.001), for

browsing the Web (93.9 vs. 80.2 vs. 44.5%,

P < 0.001), to access health information (86.3

vs. 75.5 vs. 40.8%, P < 0.001) and to commu-

nicate with health-care providers (54.2 vs. 29.8

vs. 13.0%, P < 0.001; Table 2).

In multivariable analyses, low literacy,

older age and lower income levels were all

significant, independent predictors of not

owning a smartphone (Table 3). Additionally,

Table 1 Characteristics of the study sample

Variable

All participants

(N = 1077)

Health literacy

P value

Low

(n = 344)

Marginal

(n = 290)

Adequate

(n = 443)

Age and Mean (SD) 54.7 (15.4) 56.3 (13.4) 53.3 (16.6) 54.8 (15.9) 0.05

Age (%) <0.001

18–30 11.2 5.8 14.9 12.9

31–45 14.8 11.9 16.2 16.0

45–64 44.0 53.5 38.8 40.2

≥65 30.0 28.8 30.1 30.9

Male (%) 34.6 41.3 33.5 30.3 0.005

Race (%) <0.001

Black 55.5 80.2 63.1 31.4

White 34.1 8.5 26.9 58.7

Other 10.4 11.3 10.0 9.9

Education (%) <0.001

High School or less 36.2 67.9 37.9 10.9

Some college 24.3 21.2 28.6 23.8

≥College graduate 39.5 10.9 33.5 65.3

Income (%) <0.001

<$20 000 42.4 72.8 44.9 18.7

$20 000–$50 000 24.8 19.1 29.6 25.8

>$50 000 32.8 8.1 25.5 55.5
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participants who identified themselves as non-

White were more likely to own a smartphone

than White adults. For the outcome of Internet

access at home, low and marginal literacy, ages

65 and older and lower income levels were

independently predictive of not having Internet

access. Similarly, low literacy, older age, male

gender and an income <$20 000 annually were

all significant predictors of not accessing health

information via the Internet. Finally, low or

marginal literacy (low: OR 2.67, 95% CI 1.66–
4.29; marginal: OR 1.62, 95% CI 1.12–2.35),
ages 65 and older (OR 1.77, 95% CI 1.02–
3.06), non-White race (Black: OR: 2.5, 95% CI

1.66–3.76; Other race: OR 2.21, 95% CI 1.28–
3.83) and lower income levels (<$20 000: OR

4.72, 95% CI 2.99–7.43; $20 000–$50,000: OR

1.79, 95% CI 1.21–2.65) were all independently

associated with not communicating with

health-care providers electronically.

Discussion

Study findings reveal that a digital divide exists

among individuals with limited versus adequate

literacy skills, with lower literate patients being

less likely to own smartphones or to access and

use the Internet, particularly for health-related

purposes. As society increasingly relies on these

technologies for rapid communication, individ-

uals with limited literacy skills may become

even further isolated, exacerbating the health

inequities experienced by this group. These

findings highlight that limited literacy, indepen-

dent of age and socioeconomic factors such as

education and household income, poses a sig-

nificant risk for lower access and health-related

use. Therefore, remaining attentive to literacy

disparities in technology access and use is

essential to ensure equal access to health infor-

mation and services.

As recognized in several prior health literacy

studies, it is challenging to untangle the contri-

butions of ageing, socioeconomic status and lit-

eracy skills on various health behaviours and

outcomes.22–24 Generational differences in tech-

nology use could plausibly be explained by

habit and hesitancy to adopt less familiar tools,

such as smartphones or the Internet. Socioeco-

nomic barriers likely reflect poor financial

access and affordability of what are often

expensive devices and service plans. For

literacy, these issues are also likely present, but

in addition, it is possibly that a lack of

proficiency or ‘technology literacy’ explains

differences in access and use. Understanding

Table 2 Bivariate analyses of mobile phone use and Internet use by health literacy

Variable

All participants

(N = 1077)

Health literacy

P value

Low

(n = 344)

Marginal

(n = 290)

Adequate

(n = 443)

Mobile phone ownership and use

Owns a mobile phone (%) 94.3 90.1 95.2 96.8 <0.001

Owns a smart phone (%) 59.2 40.1 62.5 70.6 <0.001

Texts (%) 69.9 53.1 75.2 78.6 <0.001

Has a text message plan (%) 72.4 59.7 74.4 79.9 <0.001

Has an unlimited text plan1 (%) 81.8 83.0 83.9 79.9 0.471

Internet access and use

Access to Internet in home (%) 72.6 44.9 74.7 92.1 <0.001

Access to Internet anywhere (%) 86.8 68.2 90.6 98.2 <0.001

Use Internet for Email (%) 71.3 38.5 75.7 93.0 <0.001

Use Internet for browsing the Web (%) 74.8 44.5 80.2 93.9 <0.001

Use Internet to access health information (%) 70.3 40.8 75.5 86.3 <0.001

Use Internet to communicate with

health care providers (%)

35.7 13.0 29.8 54.2 <0.001

1Among those with a text plan.
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the root cause(s) of lower access and use

among limited literate patients is paramount to

design effective health promotion interventions.

These interactive communication and informa-

tion tools may not be the best modalities in the

near future for health communication for

patients that do not already use them or have

chosen against adoption. It also may be cost

prohibitive or of limited benefit from a health

system perspective to rely upon mobile technol-

ogies and/or portal use to communicate with,

or support the health needs of, a predomi-

nately low-literate patient population. How-

ever, it is also possible that something as

straightforward as offering a clear orientation

to mobile and portal technology and its specific

functions could help close the gap on literacy

inequities. Additional research is needed to

determine how to address these disparities in

the most effective manner.

Study findings, while highlighting the literacy

disparities, also offer insight on how some

health information technology may potentially

be leveraged to promote positive health-care

engagement among adults with limited literacy

skills. According to study results, mobile phone

ownership is pervasive in this population, with

more than 90% of individuals with low or mar-

ginal literacy reporting that they own a mobile

phone and over half (53.1%) stating that they

send or receive text messages. This suggests that

interventions using text messaging may be

appropriate for some members of this popula-

tion, although older adults with limited literacy

may still need to be oriented to the process. Fur-

thermore, as 72.4% of adults in this study had a

text message plan (which was often unlimited),

utilizing text messaging for health promotion

purposes is unlikely to pose a financial burden

for many patients. In contrast, smartphone-

based interventions (i.e. mobile applications) or

those which require Internet access, particularly

in the privacy of a home (i.e. patient portal-

based interventions), are unlikely to be as

well-suited to lower literate patients.

There are limitations to this study that should

be noted. First, findings are based upon patient

self-report; technology use was not verified by

research staff, nor were staff able to ascertain

whether patients shared mobile phones with

others, a finding from other studies among

underserved populations.25 Second, data are

from two study cohorts and were collected at

different times, while within a 2-year span, and

with different eligibility criteria (by age) for par-

ticipants. Despite this being recent data collec-

tion, estimates may still be low given the steady

rise in technology access and use that has been

recorded longitudinally. Only English-speaking

patients were included in the study; it is possible

that results would differ among groups speaking

a language other than English. Finally, one’s

complete health information-seeking behaviour,

beyond these technologies, was not investigated,

nor was their actual knowledge of their personal

health. Therefore, it was impossible to examine

whether lower access and utilization of Internet

and mobile technologies had a negative impact

on patients’ acquisition of health information or

health outcomes; investigators also could not

tease apart the individual impact of various

types of technology on outcomes.

There seems to be sufficient evidence to

warrant the concerns by many health-care

researchers and professionals of literacy-related

technology disparities. With the increasing

uptake of health technologies and correspond-

ing greater expectations that patients interact

with the Internet and mobile devices, patients

with limited literacy may not get a propor-

tional benefit compared to those with adequate

literacy skills. As the mobile health field is

increasingly seeking to utilize technology to

improve health behaviour and outcomes,

health literacy-related disparities in mobile

phone and Internet use could have major rami-

fications. Moving forward, while generational

and financial barriers may not be as easily

remediated, health literacy best practices for

the design of multimedia information and

interventions should be incorporated in the

design of websites, portals and mobile applica-

tions.26 Additionally, training and technical

support resources have recently been developed

and found to benefit both older and lower

literate patients.26–28 Health systems should
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consider these to be a requisite part of any new

patient-designed technology toolkit to minimize

potential literacy differences.
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