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1 | INTRODUCTION

| Y. Alicia Hong?

Abstract

Objective: Thanks to rapid penetration of mobile tools, more and more cancer survivors have
adopted mobile-based patient-provider communication (MBPPC). The relationship between
MBPPC and patients' health outcomes, however, remains unclear; how health literacy and patient

activation interact with such relationship is unexplored.

Methods:

Trends Survey 4 Cycle 3. A sample of 459 cancer survivors were included in the analysis. Based

Data were drawn from National Cancer Institute's Health Information National

on the 3-stage model of health promotion using interactive media, this study empirically tested a

moderated mediation model.

Results: MBPPC (eg, patient use of email, text message, mobile app, and social media to com-
municate with providers) had no direct effect on cancer survivors' emotional health. Instead,
health literacy completely mediated this path. Patient activation positively moderated the effect
of health literacy on emotional health and further increased the indirect effect of MBPPC on

emotional health.

Conclusions:
health literacy is the key to realize its health benefits; patient activation significantly strengthens

MBPPC alone does not directly result in better emotional health outcomes;

the effects of MBPPC. As we embrace the mHealth movement, innovative programs are needed
to promote MBPPC, and improve health literacy and activation of cancer survivors, particularly in

underserved communities, to reduce health disparities.
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American adults have communicated with health care providers online,

Communication is an essential component of cancer care. Traditionally,
face-to-face communication has been the primary means for patients
to interact with their health care providers. With rapid penetration of
mobile technologies, mobile-based communication (eg, email, mobile
apps, and social media) is emerging as another viable avenue for
patient-provider communication.! Advantages of mobile-based
patient-provider communication (MBPPC) have been widely docu-
mented, such as greater access to health care providers, rapid message
transfer, and reduced cost associated with traveling for consultations.?
The progressive development of mobile technologies is congruent with
the growth in MBPPC in the United States. In 2014, 31.6% of

compared with 3% in 2003.% Cancer survivors who are Internet users
are more likely to use it for health purposes.*

Thanks to the advancement in cancer treatment and screening,
the number of cancer survivors has increased, and their life expectancy
has been prolonged. More than 15.5 million Americans with a history
of cancer were alive in 2016, and this number is projected to reach
more than 20 million by 2026.° In the continuum of cancer care, it's
increasingly important to improve cancer survivors' quality of life
including their emotional health. In the efforts to improve cancer
survivors' emotional well-being, patient-provider communication plays
a critical role. Prior research indicated that when doctors provide
useful health information and respond to patients' emotions, patients
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would have stronger sense of control and hope, which leads to higher
quality of life and better survivorship.68

Despite the growing popularity of MBPPC and its evident
benefits, little is known about the mechanism of how MBPPC affects
quality of life in cancer survivors. A systematic review of patient-
provider communication via patient portals found that the evidence
on the direct effect of MBPPC on patients' health outcomes was
insufficient.” Other empirical studies also showed that social media
and Internet information seeking failed to directly affect emotional
health outcomes.’®!! To investigate how media use can influence
health, Street introduced the 3-stage model of health promotion using
interactive media.*? Street stated that in most cases, media use affects
health through more indirect or mediated route through outcomes of
the interaction with the media. Specifically, stage 1 focuses on factors
influencing use of technologies, which in turn merges into stage 2,
users' experiences within the media environment (eg, when using the
computer, apps). The intermediate outcomes of media use (eg, increase
in knowledge and skills) then can lead to post media use health
improvement at stage 3. Also highlighted in the 3-stage model is the
notion that the effectiveness of interactive media resources depends
on the quality of the user's experience interacting with the media
(eg, activation and ability to use health-related media resources), and
whether this produces desired outcomes.

Therefore, in line with the 3-stage model that suggests an indirect
relationship between MBPPC and health outcomes, we speculate that
a number of potential mediation and moderation effects exist between
MBPPC and health outcomes, depending on the outcome of interest
and the processes affecting health status. Specifically, we propose that
the effect of MBPPC on cancer survivors' emotional well-being is
mediated by health literacy and moderated by patient activation,
reasoned as following.

Health literacy is one's ability to obtain, process, and understand
health information and services.'® The Internet and mobile tools have
offered many opportunities for patients to receive information and
build medical knowledge.’* Most Internet users have searched health
information online, especially in cancer survivors.* But better access
to health information is not equivalent to better health literacy.
When patients have less satisfactory online health information seeking
experiences (eg, information overload, inaccurate information, and
obscure medical jargons), access to Internet health information might
not lead to better health-related outcomes.'® In this case, patients
would turn to direct conversations with doctors for better quality
health-related resources. Timely communication with health care
providers, especially via mobile-based tools, could mitigate the
negative experiences patients encounter while searching health
information online.'® Patients with good level of health literacy are less
likely to encounter difficulty in interpreting online health information
and more capable of utilizing online health resources for optimal health
outcomes, including improving their emotional well-being.?® Thus,
health literacy mediates the effect of MBPPC on patients' health
outcomes.

Patient activation is defined as one's motivation and engagement
in managing health-related needs.'® According to Esptein and Street,'”
patient activation serves as an important intrinsic moderator in the

relationships between patient-provider communication and health

outcomes in cancer care. Literature suggests that when patients are
able to obtain and understand health information by themselves, and
become empowered and actively engaged in the course of care, the
effects of health-related Internet use on health outcomes would be
strengthened.®*® Thus, patient activation moderates the effect of
MBPPC on health outcomes.

In light of the above, we hypothesize that MBPPC does not have
direct effect on patients' emotional health outcomes; its effect only
exists when health literacy is present with positive mediating effect.
The relationship of MBPPC on emotional health is also moderated by
patient activation, with higher level of activation indicating stronger
effect of MBPPC on emotional health (see Figure 1).

2 | METHODS

21 |

The Health Information National Trends Survey (HINTS) 4 Cycle 3 was
used to test the above hypotheses. HINTS was conducted by the

Sample

National Cancer Institute with the aim to examine American adults'
health information use and health behavior. The HINTS 4 Cycle 3
was collected in 2013 with a stratified sampling scheme detailed
elsewhere.'© Briefly, a stratified sample of 12 010 addresses was cho-
sen from a database of random samples of addresses that include areas
with high and low concentration of minority populations. Question-
naires were mailed to the selected participants. A total of 3185
American adults completed the survey, with the completion rate of
26.5%. Given that we focus on cancer survivors, defined as people
who have been diagnosed with cancer, only respondents who reported
“Yes” to the question “Have you ever been diagnosed as having
cancer?” were included into this study. Thus, our final sample consists
of 459 cancer survivors, a sub-sample of the 3185 respondents in the
HINTS. HINTS are approved public datasets and considered as exempt
from institutional review board oversight. Ethical approval was not
required for HINTS, because it was a survey of the general population
that included no vulnerable populations; it obtained no individual
respondents' identifiers; the information collected was not sensitive.'?
Informed written consent was obtained, as respondents signed and

returned consent form before the survey started.

2.2 | Measurement

Mobile-based patient-provider communication (MBPPC) was measured
by 4 items, drawn from prior research of similar measure.? Respon-
dents were asked to identify in the past 12 months whether they have
used the following 4 mobile-based platforms to communicate with
their health care providers: (1) Email; (2) Text message; (3) Mobile apps;
and (4) Social media. Their responses to these 4 dichotomous items
(0 = no, 1 = yes) were summed up to create 1 index for analysis.
Health literacy was assessed with the HINTS Health Literacy
Screening Measure.?%?! Four items were selected for this measure-
ment. The first 2 items asked respondents if they have heard of genetic
tests and HPV shot, respectively. The third item asked if respondents
agreed with Food and Drug Administration's regulation on tobacco

products. Responses to these 3 items were dichotomous (0 = no,
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1 = yes). In the fourth item, respondents were first provided with an ice
cream food label and then asked to calculate the calories from eating
an entire container of ice cream. Correct answer was coded as 1, while
others were scored as 0. An index was created based on the responses
to the above 4 items. The use of the 4 dichotomous items aligns with
the multi-dimensional nature of health literacy as proposed by
Zarcadoolas and colleagues??: scientific literacy (eg, knowledge of
genetic testing and HPV vaccine), civic literacy (eg, knowledge of Food
and Drug Administration), and fundamental literacy (eg, calculation of
calories).

Patient activation was measured by 6 items, drawn from Hibbard
and colleagues' Patient Activation Measure.*® Respondents were
asked how often they (1) asked doctors to explain a test, treatment,
or procedure in detail; (2) read information about a new prescription,
such as side effects and precautions; (3) did research on a health or
medical topic after seeing a doctor; (4) took with them to doctor's visit
a list of questions or concerns they wanted to cover; (5) took a list of all
of their prescribed medicines to doctors; and (6) took with them to
doctor's visit any kind of health information they had found. A 4-point
Likert scale was used, ranging from 1 = never to 4 = always. The
Cronbach's alpha was .73. The mean score of the 6 responses were
calculated.

Emotional health outcome was assessed with 3 items, adapted from
the Center for Epidemiologic Studies Depression Scale.?® Respondents
were asked to rate the frequency when they (1) feel anxious, (2) feel
sad, and (3) feel hopeful in the past 30 days with a 5-point Likert scale
ranging from 1 = all of the time to 5 = none of the time. Item (3) was
reverse coded. The Cronbach's alpha of the scale was .75. An average
score was calculated for analysis.

Demographic variables were controlled to reduce confounding
effects. These variables included age, gender (O = female, 1 = male),
education (ranging from 1 = less than 8 years to 7 = postgraduate),
household income (ranging from 1 = less than $10 000 to
9 = $200 000 or more), and race (1 = non-Hispanic White, O = other).

2.3 | Statistical analysis

Structural equation modeling (SEM) was performed to examine the
mediation pathway from MBPPC to health literacy and finally to emo-
tional health (see Figure 1). Sobel test was used to test the mediation
effect of health literacy more closely.

Hierarchical regression was conducted to examine the moderating
effect of patient activation. An interaction term between health liter-
acy and patient activation (after mean centered) was created and
entered into the regression model. The inclusion of this interaction

term provided test for the moderation effect.

. FIGURE 1 Conceptual framework

To further explore the moderated mediation effects, a normal
theory-based approach was adopted.?* This method tested the signif-
icance levels of conditional indirect effects at 3 different values of the
moderator, patient activation: 1 standard deviation above the mean,
the mean, and 1 standard deviation below the mean.

To calculate the statistical power of this study, we conducted a
post-hoc statistical power test. With 8 predictors (3 main predictors
and 5 control variables) in the regression analysis, an observed R? of
0.25, a sample size of 459, and alpha = 0.05, the test results indicated

an observed power of 1.0.

3 | RESULTS

Characteristics of the study participants were illustrated in Table 1. The
mean age was 66.12 years (SD = 13.59); 36.60% were male, and more
than half (54.9%) had at least some college education. Over half
(55.77%) had annual household income over $50 000, and 80.61%
were non-Hispanic White. The mean score of MBPPC was .35.
MBPPC was associated with younger age and higher education.
Among the 459 respondents, 133 have used at least 1 mobile-based
tool to communicate with health care providers. Specifically, the most
common mode of MBPPC was via email with 20.7% participants
having used email to exchange medical information with doctors in
the past 12 months, followed by text message (5.88%), and mobile
apps (4.36%). The least popular form of MBPPC was via social media
(1.96%). The mean score of health literacy was 2.16 (ranged O to 4).
Patient activation had a mean score of 2.74 (ranged 1 to 4). The
average score of self-reported emotional health condition was 3.72
(ranged 1 to 5). Compared with their counterparts, patients who have
used MBPPC were younger, better educated, had higher household
income, and higher level of health literacy.

The initial SEM model was saturated, without a Chi-square value,
which required model modification. With close examination of each
path, 1 path linkihng MBPPC to emotional health was insignificant
(B = -.05, P = .31). According to prior research, non-significant paths
could be pruned to seek more parsimonious explanation for a certain
phenomenon.?®> Therefore, this insignificant path was deleted for
better parsimony. The final SEM model had a satisfactory fit:
x3(1) = 1.049, P = .306; RMSEA = .010 (90% confidence interval,
.000-.125); CFl = 1.000; and SRMR = .007.¢

Results of the SEM are shown in Table 2. Several exogenous
variables exerted direct effects on endogenous variables. Older age
was associated with lower levels of MBPPC (8 = -.13, P < .01) and
health literacy (B = -.18, P < .001), but higher level of emotional health
(B = .12, P < .05). Being female was negatively associated with health
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Total (n = 459) M (SD) PPC User (n = 133) M (SD) Non-user (nh = 326) M (SD) P Values
Age 66.12 (13.59) 62.96 (14.03) 67.41 (13.21) .001
Gender .38 (.48) .39 (.48) .37 (48) 421
Education 4.61 (1.65) 5.05 (1.61) 4.43 (1.63) .000
Income 5.12 (2.06) 5.58 (2.04) 4.93 (2.04) .002
Race 74 (44) 77 (42) .73 (.44) .668
Mobile PPC .35 (.69) NA NA NA
Health literacy 2.16 (1.13) 2.55(1.13) 2.01 (1.09) .000
Patient activation 2.74 (.66) 2.81 (.65) 2.71 (.67) 165
Emotional health 3.72 (.67) 3.69 (.67) 3.74 (.66) 417
TABLE 2 Predictors of endogenous variables in SEM
Effect Age Gender Education Income Race Mobile PPC Health Literacy
Mobile PPC Direct =13 -.01 12* -.01 .09
Indirect NA NA NA NA NA
Health literacy Direct -.18*** -11* 24 207 14 .09*
Indirect -.01 -.01 0.1 -.01 .01 NA
Emotional health Direct 12 -.06 .02 16%* -.05 P 12
Indirect -.01* -.02 .03* .02* .02 .01* NA
*P < .05.
**P < .01
***P < .001.

Coefficients are standardized.

NA, not applicable; P, pruned.

literacy (B = -.11, P < .01). Higher level of education had positive
effects on MBPPC (B = .12, P < .05) and health literacy (8 = .25,
P < .001). Higher household income (B = .20, P < .001) and being white
(B = .14, P < .01) both positively predicted health literacy.

As indicted in Table 2, MBPPC was positively related to health
literacy (B = .09, P < .05). In other words, the more cancer survivors
used MBPPC, the higher level of health literacy they had. Meanwhile,
health literacy had positive effects on emotional health outcome
(B = .12, P < .05), indicating that cancer survivors with higher level of

health literacy reported better emotional health outcomes. It's worth

TABLE 3 Regression results for moderated mediation model

Predictor B SE t P

Emotional health
Health literacy (HL) 13 .03 2.84 .005
Patient activation (PA) .08 .05 1.69 .092

Block 1: Main predictors

Block 2: Interaction terms
Health literacy (HL) 12 .03 2.67 .008

noting that the direct effect of MBPPC on emotional health was not
significant, demonstrating the complete mediation of health literacy.
To further test this mediation effect, the Sobel test was used to gener-
ate a z-value. The z value for this indirect path was significant
(z = 2.538, P < .05), supporting the mediating role of health literacy.
Table 3 presents the results of the moderation effect. The interac-
tion term between health literacy and patient activation was positive
and significant (B = .18, P < .001), suggesting that patient activation
enhanced the positive effect of health literacy on emotional health.
That is, a cancer survivor with a higher level of health literacy, when
activated in the course of care, would have better emotional health
outcomes. Table 3 also demonstrates the moderated mediation effect:
patient activation strengthened the indirect effect of MBPPC on
emotional health. Therefore, MBPPC can exert stronger indirect
effects on emotional health, through health literacy when cancer
survivors become more activated in health care. Also, regardless of
the level of patient activation, health literacy remained a significant
mediator in the pathway linking MBPPC to emotional health.

Patient activation (PA .09 .05 1.93 .054
i 4 | CONCLUSIONS

HL x PA .18 .03 3.87 .000
Ganglitfene] lsllestcize: (0 i 12 z P The current study has broken new ground in investigating the social

Emotional health mechanism that underlies the impact of MBPPC on emotional well-
M-15D 10 03 308 .002 being of cancer survivors. Our data revealed that more use of MBPPC
M 13 04 305 002 was associated with higher level of health literacy, which led to better
M+ 1SD .15 .05 3.02 .003

emotional health; patient activation moderated the relationship
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between health literacy and emotional health. The finding of no direct
relationship between MBPPC and emotional health among cancer
survivors was similar to earlier studies.?”?® The positive relationships
between MBPPC and health literacy, health literacy and emotional
health, patient activation, and emotional health also corroborated the
literature.??*° To the best of our knowledge, this study was the first
to examine the mediation effect of health literacy and moderation
effect of patient activation in the pathway linking MBPPC and
emotional health. These findings have important implications.

First, MBPPC alone does not directly lead to improved emotional
health; rather, health literacy is the key to realize the health benefits
of MBPPC. Given the important mediating role of health literacy
between MBPPC and health outcomes, when promoting MBPPC in
the era of eHealth movement, it's essential to educate patients and
enable them to obtain, interpret, and understand health information
online, so they can actually use MBPPC to increase their health
benefits. For example, a number of interventions have trained older
adults to use mobile-based health information seeking and communi-
cation, and these programs included health literacy education as an
important component of the intervention, which led to positive
improvement in health outcomes.®!

Second, considering that patient activation significantly
strengthens the relationship between health literacy and emotional
health, future patient education program needs to empower patients
so they can be actively involved in their medical decision making, so
as to enhance the effects of MBPPC and health literacy on emotional
health outcomes of cancer survivors. For example, an intervention to
enhance patient activation led to patients' better engagement in health
communication and other positive health outcomes.>> We need to
design and evaluate more mobile-based programs to engage patients
and facilitate their communication with providers.®

Third, data suggested that cancer survivors of older age and lower-
level of education were less likely to have MBPPC, indicating a
significant digital divide. They also had lower level of health literacy,
patient activation, and emotional well-being, suggesting significant
health disparities. Literature has documented the reciprocal rela-
tionship of digital divide and health disparities.®® Health literacy is
critical for patients to navigate the health care system, especially
in the eHealth era. Also, technological literacy has a significant effect
on whether an eHealth application would be used when made
accessible.®* Thus, as we embrace the eHealth movement, targeted
intervention is needed for underserved populations, especially older
and less-educated cancer survivors. On the one hand, we need innova-
tive programs to promote MBPPC for patients with low level eHealth
literacy, so they can also benefit from the technology development
and have open and efficient communication with their health care
providers. On the other hand, when designing eHealth programs, we
must be cognizant of the challenges faced by vulnerable social groups
of low-level health literacy, so they won't be left out in the eHealth

movement.

4.1 | Clinical implications

Our findings have the following clinical implications. First, approxi-

mately 30% of participants in this study have used MBPPC. We expect

the percentage will continue to rise given the high penetration rate of
mobile technologies and growing popularity of telemedicine. Clinicians
need to adopt and utilize mobile resources for more efficient patient-
provider communication. However, simply throwing this interactive
mobile technology at health concerns may not be sufficient to improve
health and well-being. Therefore, clinicians should think about what
intermediate outcomes might be accomplished with MBPPC (in this
case, health literacy), which in turn can have more direct influences
on health outcomes. Second, recognizing the importance of health
literacy in realizing the benefits of MBPPC for cancer survivors, patient
education with focus on improving health literacy is critically needed,
especially for patients of low socio-economic status. Third, patient
activation amplifies the beneficial effect of MBPPC on health out-
comes. Thus, clinicians should encourage patients to be more actively
involved in their medical decision making. We call for stronger partner-
ship between medical, community, and academic entities to empower
cancer survivors with better health literacy and activation, so they
can utilize MBPPC for optimal health outcomes. Finally, even when
more patients opt for MBPPC, we should make extra efforts to
mitigate impediments underserved populations are facing and provide

targeted and culturally sensitive programs to reduce health disparities.

4.2 | Study limitations

Our study has the following limitations. First, the cross-sectional
nature of the survey precludes interpreting association as causal rela-
tionship. Longitudinal studies are needed to confirm the predictive
relationship illustrated in the pathway model. Second, the measure of
MBPPC is limited with only 4 communication tools. The big variety
of mobile-based communication channels were not captured, espe-
cially the increasingly popular areas of health information technology.
Also, MBPPC is measured by a summed index of the 4 communication
channels. It has limitations such as arbitrary assigning same weight to
each channel. We call for more studies on better measurement of
MBPPC for cancer survivors. Third, the scales for health literacy,
patient activation, and emotional well-being were not cancer specific.
It is desirable for future research to use scales that are standardized
objective measures and validated in psycho-oncology. Fourth, we only
include emotional well-being as the outcome variable in the model.
We call for future research that examines other health outcomes as
benefits of MBPPC, such as quality of life.

To conclude, effective patient-provider communication remains
the corner stone for cancer survivors' health outcomes. The increas-
ingly popular MBPPC provides additional communication channels
but does not guarantee better health outcomes unless patients are
enabled with health literacy. As access to Internet and mobile tools
becomes ubiquitous, and more people enjoy the convenience of
mobile-based communication, we should not assume that MBPPC is
a quick remedy for patient-centered care; instead, we should design
more innovative programs to promote health literacy so as to realize
the benefits of MBPPC on health outcomes and to empower patients
so that these benefits can be maximized. We should also pay special
attention to the underserved populations with low level of health
literacy; innovative and culturally appropriate programs are needed
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to alleviate their barriers to eHealth adoption and to reduce health

disparities.
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