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Abstract Background My Diabetes Care (MDC) is a novel, multifaceted patient portal inter-
vention designed to help patients better understand their diabetes health data and
support self-management. MDC uses infographics to visualize and summarize patients’
diabetes health data, incorporates motivational strategies, and provides literacy level–
appropriate educational resources.
Objectives We aimed to assess the usability, acceptability, perceptions, and potential
impact of MDC.
Methods We recruited 69 participants from four clinics affiliated with Vanderbilt
University Medical Center. Participants were given 1 month of access to MDC and
completed pre- and post-questionnaires including validated measures of usability and
patient activation, and questions about user experience.
Results Sixty participants completed the study. Participants’ mean age was 58, 55%
were females, 68% were Caucasians, and 48% had limited health literacy (HL). Most
participants (80%) visited MDC three or more times and 50% spent a total of
�15minutes on MDC. Participants’ median System Usability Scale (SUS) score was
78.8 [Q1, Q3: 72.5, 87.5] and significantly greater than the threshold value of 68
indicative of “above average” usability (p< 0.001). The median SUS score of patients
with limited HL was similar to those with adequate HL (77.5 [72.5, 85.0] vs. 82.5 [72.5,
92.5]; p¼ 0.41). Participants most commonly reported the literacy level–appropriate
educational links and health data infographics as features that helped them better
understand their diabetes health data (65%). All participants (100%) intended to
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Background and Significance

Diabetes self-management can prevent or delay highly mor-
bid diabetes-related complications including kidney failure,
vision loss, and cardiovascular disease; yet patients struggle
to consistently engage in recommended self-care behav-
iors.1,2 Patient activation (i.e., knowledge, skills, and confi-
dence to manage their own health care) is essential to
optimal diabetes self-management.3,4 Studies have found
that patients with higher activation scores are more likely
to engage in diabetes self-care behaviors.4,5

Patient portals offer a promising platform to increase
patient activation, enhance care, and promote self-manage-
ment while overcoming the limitations of costly, difficult-to-
scale, face-to-face interventions.6,7 Patient portals may
provide an engaging and convenient means for patients to
track and visualize their health data, obtain education and
guidance, and connect with their health care team.8 Howev-
er, despite increasing patients’ access to their health infor-
mation, user interface design and health literacy issues have
led tovaried impact of patient portals onpatient engagement
and clinical outcomes.7,9 Studies examining barriers to por-
tal use highlight the need for improved usability.9,10 Dis-
jointed and complex user interfaces can frustrate and
discourage users who struggle to identify relevant informa-
tion.7 Studies suggest that incorporating user-friendly data
displays and effective self-management strategies may
improve uptake and satisfaction.11 However, little is known
about how to optimize patient portals to improve patients’
understanding of their data and support self-management of
chronic diseases like diabetes.

To leverage the potential of patient portals and overcome
existing limitations, we recently applied user-centered de-
sign sprint methodology and key strategies for patient
engagement to develop a patient portal intervention called
My Diabetes Care (MDC).12 MDC is a multifaceted interven-
tion embedded within an established patient portal, My
Health at Vanderbilt (MHAV), and designed to help patients
better understand their diabetes health data and support
self-management. MDC uses infographics to visualize and
summarize patients’ diabetes health data, incorporates mo-
tivational strategies (e.g., social comparisons), and provides
literacy level–appropriate educational resources.12,13MDC is
grounded in the well-established Chronic Care Model (CCM)
adapted for eHealth (i.e., health care practices supported by
electronic processes and communication; ►Fig. 1).14 By

leveraging elements within the model’s five domains (self-
management support, delivery system design, decision sup-
port, clinical information systems, and eHealth education),
MDC has the potential to createmore informed and activated
patients leading to improved outcomes.

Objectives

We aimed to assess the usability and acceptability of MDC
among patients with type 2 diabetes mellitus (T2DM) and
users’ perceptions of specific features and potential improve-
ments. In addition, we sought to assess the potential impact
of MDC on secondary cognitive and behavioral outcomes
including patient activation.

Methods

Study Design, Setting, and Participant Recruitment
Between December 2018 and May 2019, we conducted a
multimethod, pre-post study of MDC’s usability, acceptabil-
ity, and potential impact (Clinicaltrials.gov Identifier:
NCT03786718). Potential participants were identified auto-
matically by querying the electronic health record (EHR) for
patients at four Vanderbilt University Medical Center
(VUMC) affiliated clinics (three primary care and one endo-
crinology) located in Nashville, TN, that met the discrete
inclusion and exclusion criteria. An EHR (Epic Systems Corp.)
stores all clinical data, and patients receive access to their
clinical data via an integrated patient portal, MHAV, run on
Epic’s MyChart platform. At VUMC, over 80% of established
primary care patients with diabetes have an MHAV account.
Patients were eligible if they were age�21 years, had T2DM,
were taking at least one antihyperglycemic medication,
reported reliable access to a computer with internet access,
and had an existing MHAV account. We excluded patients
with known cognitive deficits, severe visual or hearing
impairment, unintelligible speech (e.g., dysarthria), residing
in long-term care facilities, or currently participating in
another diabetes-related research study.

We sent identified patients (n¼1,316) a letter describing
the study. Studyflyerswere also placed at the four clinic sites.
Interested patients (n¼141) completed an online study
eligibility screener. Eligible patients (n¼78) could complete
an electronic consent form and enroll online via REDCap
(Research Electronic Data Capture).15 A research assistant
reviewed the study procedures with participants by phone

continue to use MDC. Median Patient Activation Measure® scores increased post-
intervention (64.3 [55.6, 72.5] vs. 67.8 [60.6, 75.0]; p¼ 0.01).
Conclusion Participants, including those with limited HL, rated the usability of MDC
above average, anticipated continued use, and identified key features that improved
their understanding of diabetes health data. Patient activation improved over the study
period. Our findings suggest MDC may be a beneficial addition to existing patient
portals.
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and confirmed eligibility. To reflect a range of patient expe-
rience with diabetes as well as groups with distinct usability
challenges, we limited enrollment based on patient demo-
graphics to enroll a sample with at least 20% representation
of each of the following characteristics: (1) limited health
literacy and (2) age older than 65 years.9,16 Participants
could have one or more of these characteristics. Health
literacy was assessed using a validated one-item screener
that asked respondents to rate their confidence indepen-
dently filling out medical forms.17 Consistent with prior
studies, we categorized participants noting any lack of
confidence filling out medical forms as having limited health
literacy.9,18 Participants were given access to MDC for
1 month. Of the 78 eligible patients, 69 enrolled and 60
patients ultimately completed the study (i.e., used MDC and
submitted both pre- and poststudy questionnaires).

Intervention
MDC was built using Substitutable Medical Applications,
Reusable Technology on Fast Healthcare Interoperability
Resource (SMART on FHIR) standards and launched from
under the “Resources”menu within MHAV using the SMART
on FHIR launchmethod.19►Fig. 2 shows screenshots of MDC
and highlights several features designed to help patients
better understand their diabetes health data as well as
support self-management:

• Star status indicator: The corresponding starfilled inwhen
the patient’s most recent HbA1C, blood pressure, choles-
terol, or flu vaccine status was at goal (e.g., HbA1C<7).
This corresponds to a value in the green zone on the
individual infographics for each measure.

• Info icons: Hover-over info icons adjacent to the title of
each measure of diabetes health provided a brief literacy
level–appropriate (at or below an eighth grade reading
level) description of the measure and its relevance to the
users’ health.20

• Health data infographic: For the three selected quantita-
tive measures of diabetes health (i.e., A1c, blood pressure,
and cholesterol), an infographic—a ruler with green,
yellow, and red zones depicting goal, caution, and warn-
ing ranges, respectively21—displayed the patient’s value
relative to these ranges. Hovering over the “Me” indicator
icon revealed the patient’s three most recent values for
the measure and their associated dates.

• Patients Like Me: A “Patients Like Me” indicator icon
showed the average value of the diabetes health measure
among similar patients (i.e., VUMC patients with diabetes
of the same gender, age group, and insulin-use status). For
example, if the user was a 53-year-old woman with
diabetes on insulin, then the “Patients Like Me” indicator
icon indicated the average value among other VUMC
patients who are women in their 50s on insulin. Hovering
over the “Patients Like Me” indicator icon revealed this
information to the user.

• Literacy level–appropriate educational links: For each se-
lected measure of diabetes health, MDC provided links to
patient education resources appropriate for patients with
limited health literacy that were developed at our insti-
tution22 and by Learning About Diabetes, Inc.23 These
resources were specifically designed to be easily under-
stood and provided general information about the impor-
tance of each measure and self-care education for
improving diabetes health.

Fig. 1 The eHealth Enhanced Chronic Care Model (eCCM) with key aspects of the intervention superimposed in italics.
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• Secure messaging: A “Message Your Doctor” button
allowed patients to send a secure message to members
of their health care team. The button called attention to a
standard feature ofMHAV that was also available toMHAV
users outside ofMDCvia the “Messaging” icon at the top of
the screen.

• Diabetes online community: An embedded link provided
users the ability to navigate directly to the American
Diabetes Association (ADA) Support Community designed
to empower and encourage patients with diabetes
through learning and interacting with others.24 To access
the community, patients had to create a separate account

Fig. 2 My Diabetes Care (MDC) screenshot and features.
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with the ADA and log in with their ADA username and
password.

Data Collection
Study participants completed questionnaires electroni-
cally via e-mail using REDCap at two time points:
baseline/preintervention (T0) and 1-month follow-up/-
postintervention (T1). Questionnaires included several
validated scales to assess study outcomes as well as
intervention-specific questions to assess attitudes and
experience with MDC. The baseline questionnaire (T0)
included basic demographic questions, items about com-
puter usage, and validated measures of health literacy25

and eHealth literacy.26

To elicit deeper understanding of participants’ percep-
tions and experience with specific features of MDC, an
experienced interviewer (WM) conducted phone interviews
with a subsample of patients using a semistructured inter-
view guide (►Supplementary Appendix A [available in the
online version]). Subjects were invited to participate in
interviews on a rolling basis until saturation was reached
(i.e., no new usability concerns or suggested improvements
in the preceding two interviews).27

Participants were compensated $40 and $35 for complet-
ing the pre- and postintervention questionnaires, respec-
tively, and an additional $40 if they completed a
semistructured interview. To maximize our ability to uncov-
er opportunities for improvement, we incentivized use of
MDC by providing participants an additional $5 if they used
MDC for a total of �10minutes during the study period.

Outcome Measures
The primary outcomes were usability and user experience at
T1. Usability of MDC was assessed by the 10-item System
Usability Scale (SUS).28 To prevent confusion, the scale was
adapted for the study by replacing theword “system” in each
item with the name of the study intervention. The items
were rated on a 5-point Likert scale; item responses were
summed and then converted to a score ranging from 0
(worst) to 100 (best). Based on prior research, a score above
68 was considered above average.29 Study-specific question-
naire items assessed participants’ perceptions of the content,
layout, and acceptability of MDC. Participant statements
from semistructured interviews provided a deeper under-
standing of user experience.

Secondary outcomes included self-reported system usage
including total number of MDC visits, total duration of MDC
use, and use of embedded educational resources, secure
messaging, and the ADA Online Support Community. In
addition, we assessed the potential impact of the MDC by
examining the pre-post change (T0 to T1) in the
following secondary cognitive and behavioral outcomes
assessed using validated scales: patient activation,30 diabe-
tes self-efficacy,31 diabetes care understanding,32 diabetes
knowledge,33 diabetes self-care,34 and diabetes distress.35

Descriptions of each scale are provided in ►Supplementary

Appendix B (available in the online version).

Data Analysis

Quantitative
We used descriptive statistics to characterize the study
participants and survey responses. Due to non-normality,
we used nonparametric tests to analyze the data. We used a
one sample median test to compare the median SUS score at
T1 to the threshold score of 68 indicative of “above average”
usability29 and Wilcoxon signed-rank sum test to assess
whether there was a significant improvement in the
continuous secondary cognitive/behavioral outcomes from
baseline to end of study (T0 to T1). We performed the
Wilcoxon–Mann–Whitney test to compare the distributions
of two independent groups, McNemar’s test for paired
proportions, and Fischer’s exact test for independent pro-
portions. All analyses were completed using SAS Enterprise
7.15 (SAS Institute Inc., Cary, NC). In the context of the
primary outcome, SUS score, and assuming a standard devi-
ation of 12 based on prior studies,36 with a sample size of at
least 50, a one-sample t-test would detect an absolute
difference in mean SUS scores of at least 5 points above
the threshold score of 68 with 82% power.

Qualitative
We transcribed participants’ semistructured interviews for
coding. Similar to other health app usability studies12,37 and
consistent with grounded theory,38we used selective coding
to identify participants’ statements addressing six estab-
lished elements of user experience39 (i.e., the core category):
(1) useful—fulfilling a need; (2) usable—ease of use; (3)
accessible—easy to access and comprehend; (4) desirable—
design elements that evoke emotion or appreciation; (5)
findable—easy to navigate; and (6) credible—trustworthy
and believable. Two trained coders, a medical student author
(TK) and an undergraduate research assistant independently
coded all interviews and then resolved any differences by
consensus. We reviewed participant statements in each
category to inform potential revisions of MDC that could
improve user experience.

Results

Participants
Of the 69 patients that enrolled, 60 (87%) completed the
study (i.e., usedMDC and submitted both pre- and poststudy
questionnaires).►Table 1 shows the baseline characteristics
of the 60 participantswho completed the study. Participants’
mean age was 58 years, 55% were females, 68% were Cau-
casians, 40% were taking insulin, and the average hemoglo-
bin A1c level was 7.5% (range: 4.9–12.5). Regarding
characteristics associated with unique usability challenges,
33% of participants were aged�65 years and 48% had limited
health literacy. Compared to participantswho completed the
study, noncompleters were significantlymore likely to have a
most recent A1c �9 (8/58 [14%] vs. 5/9 [56%]; p¼0.01; see
comparison of completers vs. noncompleters contained in
►Supplementary Table S1 [available in the online version]).
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Self-reported System Usage
Most participants (80%) reported visitingMDC three or more
times and half (50%) of them reported spending a total of
�15minutes on MDC during the 1-month study period.

Literacy level–appropriate educational links and info icons
with explanations of the healthmeasures were the twomost
reported features used (85 and 82%, respectively). Additional
details on system usage are available in ►Supplementary

Table S2 (available in the online version).

Usability
Participants’median SUS score was 78.8 [ 72.5, 87.5], signifi-
cantly greater than the threshold value of 68 indicative of
“above average” usability (p<0.001). The median SUS score
of patients with limited health literacy was not significantly
different from those with adequate health literacy (77.5
[72.5, 85.0] vs. 82.5 [72.5, 92.5]; p¼0.41). Participants
aged �65 years had lower median SUS scores than younger
participants (73.8 [53.8, 85.0] vs. 82.5 [75.0, 91.3]; p¼0.01).
When compared with younger participants, those aged �65
years were less likely to report MDC was “easy to use” (85%,
34/40 vs. 55%, 11/20; p¼0.004), had “well-integrated func-
tionality” (80%, 32/40 vs. 45%, 9/20; p¼0.009), and “wanted
to use the [MDC] frequently” (85%, 34/40 vs. 55%, 11/20;
p¼0.02). eHealth literacy was not significantly lower among
participants aged �65 years compared with those younger
than 65 years (median eHEALS score, 31.0 [30.0, 33.0] vs. 31.5
[29.0, 34.0]; p¼0.80).

User Experience and Acceptability

Questionnaire
►Fig. 3 shows the MDC features that participants reported
were useful to managing their diabetes as well as those they
felt should be removed. More than half of the participants
reported the health data infographic (i.e., ruler), patients like
me, and literacy level–appropriate educational links were
useful for managing their diabetes. Whereas few patients
desired any of the seven features to be removed, the two
features participantsmost reported should be removedwere
patients like me and star status (7%).

In addition, participants most frequently reported the
literacy level–appropriate educational links and health
data infographics were features that helped them better
understand their diabetes health data (65%). Participants
most frequently indicated the ability to upload blood sugar
readings as a functionality that would make MDC more
useful if added (73%). All participants (100%) reported they
would continue to use MDC going forward.

Semistructured Interviews
►Table 2 shows illustrative quotes from the semistruc-
tured interviews reflecting core categories of user
experience. Saturation was reached after 14 participants
were interviewed. The quotes highlight some suggested
areas for improvement including the following: integrat-
ing MDC into the patient portal mobile app, creating a
walkthrough for MDC to orient new users, refining the
ruler infographic, updating information as new therapies
emerge, adding more diet information including recipes,
and depicting improvement or worsening of values (e.g.,
A1C) over time.

Table 1 Characteristics of the study participants at baseline
(n¼60)

Characteristic

Gender, n (%)

Female 33 (55)

Male 27 (45)

Age

Age, mean� SD (range) 57.5�13.0

Under 65 40 (67%)

65 and over 20 (33%)

Race/ethnicity, n (%)

Black 13 (22%)

White 41 (68%)

Other 6 (10%)

Education, n (%)

High school/general educational
development (GED)

5 (8)

Some college/technical school 24 (40)

College degree 19 (32)

Graduate or professional degree 12 (20)

Health literacy, n (%)

Adequate 31 (52)

Limited 29 (48)

eHealth Literacy

eHEALS, mean� SD (range) 31.5�5.2 (11–40)

Patient portal usage at baseline, n (%)

Weekly 26 (43)

Monthly 29 (48)

Other 5 (8)

Device usage, n (%)a

Desktop 50 (83)

Tablet 40 (67)

Smartphone 52 (87)

Medical history

A1c, mean� SD (range)b 7.5�1.6 (4.9–12.5)

A1c � 9, n (%)b 8 (14)

Use insulin, n (%) 24 (40)

Years with diabetes, mean� SD
(range)

13.1�10.0 (1–54)

Hyperlipidemia, n (%) 47 (78)

Hypertension, n (%) 51 (85)

aParticipants could select more than one so totals may exceed 100%.
bTwo participants had no available A1C value.
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Fig. 3 Participants’ attitudes regarding My Diabetes Care (MDC) features. �Participants’ responses to separate survey items querying the MDC
features they found useful to managing their diabetes as well as those they felt should be removed. Secure message was not presented as a
response option for removal because it is a standard feature of the underlying MyChart platform.

Table 2 Illustrative quotes of suggested improvements from semi-structured interviews

User experience category Illustrative quote

Accessible

Mobile app integration It would be best for me or for a lot of people to be smartphone or iPhone or iPad accessible or whatever

Findable

Locating features [Other patients] are not going to know much about even how to navigate around it without
instructions

Usable

Orientation of values
on ruler infographic

[Values on the ruler] they’re horizontal. For me, to understand, […] so I turnedmy head sideways to kind
of see what I’m reading, you know for the [ruler]. And I’m kind of sideways reading, and I’m like, “Nah, I
don’t really like how long I had my head cocked to the side to read that,” you know?

Useful

Educational links There’s nothing here about, let’s say drugs for diabetes. What’s new, what you should worry about,
because some drugs do start having some very strange side effects […] There are new drugs [...] here’s
some interesting information, you may want to discuss it with your doctor kind of thing. I don’t mean it
should go beyond and suggest you switch
More […] nutrition information [and] recipes would be good

Infographic Where was it the last time[…] If it was right on that [infographic], it might be easier […] you don’t have
to say the eight is better or worse [than your last A1C], you could just see where it was on the
[infographic], in one picture
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Secondary Cognitive and Behavioral Outcomes
►Table 3 shows pre-post changes in cognitive and behavioral
outcomes. Patient activation, diabetes self-efficacy, and self-
reported adherence to a healthy diet improved, whereas no
change was observed in other elements of self-reported
diabetes self-care, diabetes care understanding, or diabetes
knowledge. Similarly, there was no change in diabetes dis-
tress. A subgroup analysis of patients with limited health
literacy showed postintervention improvement in both dia-
betes self-efficacy and diabetes care understanding (see
►Supplementary Table S3 [available in the online version]).

►Table 4 shows the pre-post changes in knowledge of
diabetes health measures. Participants’ likelihood of correct-
ly identifying the goal range for systolic blood pressure (SBP)
and low-density lipoprotein (LDL) cholesterol improved over
the study period (28 vs. 47%, p¼0.02 and 26 vs. 53%,
p<0.001, respectively). Participants’ likelihood of identify-
ing the correct definition of A1c, SBP, LDL cholesterol, flu
vaccine, and the goal range for A1c and the recommended
frequency of flu vaccination did not change over the study
period.

Discussion

Our study showed that participants, including those with
limited health literacy, highly rated the usability of MDC and
all participants anticipated continuing to use it. Our data on
user experience showed the majority of participants found
that a ruler infographic depicting goal, caution, and warning
ranges for diabetes health data and links to literacy level–
appropriate diabetes health information helped them to
better understand their diabetes health data. This study
also identified areas for improvement including adding
information about diabetes medications and periodic news
about new discoveries, medicines, lifestyle recommenda-
tions, and recipes. It is hoped that these enhancements
may help promote and sustain engagement with MDC over
time. Consistent with the eHealth CCM,14we found a 4-point
increase in patient activation scores among study partici-
pants after 1month of access toMDC. Changes of 3 to 4 points
in the Patient Activation Measure® are associated with a
change from not engaging to engaging in particular diabetes
self-care behaviors.5 Although a larger randomized

Table 3 Pre-post intervention change in cognitive and behavioral outcomes

Preintervention Postintervention

Outcome n mean� SD median [Q1, Q3] mean� SD median [Q1, Q3] p-valuea

Patient activation30 60 64.3� 11.9 64.3 [55.6, 72.5] 68.2� 12.6 67.8 [60.6, 75.0] 0.01

Diabetes self-efficacy31 59 26.6� 5.3 26.0 [23.0, 30.0] 28.1� 5.2 29.0 [25.0, 32.0] 0.001

Diabetes care understanding32 59 3.6�0.7 3.4 [3.0, 4.0] 3.6� 0.6 3.7 [3.0, 4.0] 0.15

Diabetes knowledge33 59 10.7� 1.2 11.0 [10, 12] 10.7� 1.4 11.0 [10, 12] 0.77

Diabetes distress35 59 6.1�5.1 5.0 [2.0, 9.0] 6.1� 5.3 5.0 [2.0, 9.0] 0.86

Diabetes self-care34

General diet 60 3.7�1.9 4.0 [2.8, 5.0] 4.1� 1.6 4.0 [3.5, 5.0] 0.02

Specific diet 60 3.5�1.6 3.5 [2.0, 5.0] 3.8� 1.5 4.0 [2.5, 5.0] 0.13

Exercise 60 2.5�2.1 2.5 [0.5, 3.8] 2.6� 2.0 2.3 [1.3, 4.0] 0.35

Foot care 60 3.2�2.4 3.5 [1.0, 4.8] 3.1� 2.3 3.0 [1.0, 5.0] 0.65

Glucose testing 50b 4.9�2.2 5.3 [3.0, 7.0] 5.0� 2.1 6.0 [3.0, 7.0] 0.67

aWilcoxon signed-rank sum test.
bTen participants reported they do not test their blood sugar.

Table 4 Pre- and postintervention change in knowledge of diabetes health measures

Identify the correct n Preintervention, N (%) Postintervention, N (%) p-valuea

Definition of A1c 58 40 (69) 45 (78) 0.30

Goal range for A1c 59 50 (85) 50 (85) 1.00

Definition of systolic blood pressure 59 43 (73) 46 (78) 0.63

Goal range for systolic blood pressure 59 17 (28) 28 (47) 0.02

Definition of LDL cholesterol 59 22 (37) 25 (42) 0.55

Goal range for LDL cholesterol 58 15 (26) 31 (53) <0.001

Definition of flu vaccine 60 58 (97) 59 (98) 1.00

Recommended frequency of flu vaccination 60 58 (97) 59 (98) 1.00

Abbreviation: LDL, low-density lipoprotein.
aMcNemar’s test.
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controlled trial is needed to more definitively assess the
impact MDC on patient activation, the fact that diabetes self-
efficacy scores also improved suggests that using MDC may
positively affect diabetes patients’ cognitions.

Beyond MDC, our study has important implications for
patient portals more broadly. First, whereas patient portals
allow patients to access their health data, patients may have
difficulty understanding the data and their implications for
their health. Complex data displayswithmultiple test results
in a small format and without clearly defined normal values
or information on the clinical significance of abnormal
results can make it challenging to locate and determine
the meaning of a particular test result.7 Patients in our study
reported that a simplified visual representation of normal,
moderately abnormal, and more severely abnormal ranges
and associated literacy level–appropriate materials im-
proved their understanding of their diabetes health data.
In addition, participants’ ability to identify the goal range for
SBP and LDL cholesterol improved over the 1-month study
period. To get the most out of viewing their test results on
patient portals, patients need to understand (1)what the test
is for, (2) how to interpret the test, and (3) what to do in
response.40,41 Further research is needed to directly assess
the impact of different data displays and user interface
designs on patients’ ability to achieve this level of
understanding.41

Second, among patients with diabetes, limited health
literacy is typically associated with worse health outcomes
and can be a barrier to patient portal use.9,42 Tieu et al have
shown that despite expressing enthusiasm for patient portal
use, patient portal users with limited health literacy struggle
with medical terminology and a lack of literary level–appro-
priate health information.9,18 By addressing these issues in
the user-centered design of MDC, we found that patients
with both adequate and limited health literacy rated the
usability of MDC high. Whereas patient portals have the
potential toworsen health disparities by further advantaging
well-educated patients with greater resources, if designed
and implemented appropriately, patient portals also have
the potential to lower health literacy demands by ensuring
that patients are presented with the health information and
resources in a format that is convenient and easy to navigate
and understand.43 Further attention to the use of audio,
video, and graphics within patient portals, offering portals
in patients’ preferred language, and improving computer and
smartphone access and training may lead to additional
improvements in the ability of vulnerable groups to realize
the full benefits of patient portals.10

Third, prior research indicates that older adults are less
likely to be able to use patient portals for health-related
tasks.16 Price-Haywood et al observed that older adults with
hypertension or diabetes found accessing patient portals
cumbersome, expressed concerns about the level computer
literacy required, and desired technical support.44 Similarly,
we found that patients aged �65 years rated the usability of
the intervention lower than those younger than 65 years.
However, older patients in our study did not report lower
eHealth literacy. Wildenbos et al noted that older patient

portal users not only experienced more user interactions
problems but also had higher expectations of portal con-
tent.45 To ensure that thebenefits of patient portals reach the
greatest number of patients, health care organizations
should provide and promote the availability of technical
support and training and enable patients to delegate proxy
users.46

Several other studies have examined the usability of
technology-delivered diabetes self-management interven-
tions using the SUS. Georgsson et al examined the usability
of Care4Life, an interactive short messaging service (SMS)
with an accompanied diabetes patient web portal.47 Unlike
MDC, Care4Life was not tethered to an EHR; rather, patients
input their data (e.g., blood glucose, weight, etc.) and then
visualize the data via a web service. Like MDC, Care4Life uses
infographics with a red–yellow–green color scheme to help
patients interpret their data. Among the 10 patients studied,
the average SUS score (80.5) closely matched the SUS score
for MDC. Notably both SUS scores were considerably higher
than the published SUS scores of some commercially avail-
able diabetes apps.48,49

Limitations

Our study has important limitations. Whereas our sample
size was modest and represented a convenience sample that
may limit its generalizability, the sample was larger than
other studies of this type37,50 and provided sufficient power
to determine if the usability of MDC was above a threshold
value for “above average” usability on the SUS. We purpo-
sively sampled patients aged �65 years and those with
limited health literacy to help ensure MDC is satisfying to
patients who may have unique usability challenges.9,16

However, patients with very low literacy levels are less
likely to have e-mail and internet access and to be patient
portal users.18 Therefore, the limited health literacy
patients in our study are unlikely to include patients with
the very lowest literacy levels. We limited our study to adult
patients given that T2DM is rare (prevalence <0.01%) in
adolescents and few adolescents have autonomous patient
portal accounts.2 As patient portal use grows, more re-
search is needed to determine if patient portal interven-
tions would work for adolescents including those with joint
(child and guardian) access accounts.51 Approximately 11%
of individuals sent a recruitment letter responded. Whereas
this response rate is similar to other studies,52 it is relatively
low and respondents—patients interested in participating in
a study of a patient portal intervention for diabetes—may
differ from the overall population in their attitudes,
baseline levels of activation, and enthusiasm for technolo-
gy-delivered interventions; therefore, our results may be
subject to self-selection bias. Participants in our study used
the intervention for a relatively short duration and there-
fore user experience may not represent user experience
over longer periods. Notably, participants with an A1C
above 9% were less likely to complete the study, highlighting
the challenge of sustaining engagement among some
patients at high risk.
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The compensation paid to study participants may have
also inflated system usage; however, promoting usage was
important to gather feedback from users at this formative
stage. Due to a programming issue identified after the start of
the study, wewere not able to reliably capture user analytics.
Therefore, our system usage data are limited to self-report
and subject to recall bias. Identifying this issue in the context
of this study, allowed us to correct the issue prior to a
planned randomized controlled trial and underscores the
importance of usability studies in advance of larger outcome
trials.Whereaswe encouraged honest feedback to improving
the design MDC, social desirability bias may have influenced
participants’ evaluations. Our study lacked a control group
and was not designed nor powered to definitely assess the
impact of MDC on cognitive or behavioral outcomes; there-
fore, the observed pre-post changes in patient activation and
other secondary outcomes should only be viewed as explor-
atory and need to be confirmed in future studies. For this
reason, we chose not to adjust for multiple comparisons.53

Finally, whereas these cognitive and behavioral outcomes are
important, we plan to assess more objective clinical out-
comes such as change in glycemic control (HbA1c) in future
studies.

Conclusion

Our findings suggest MDC may be a beneficial addition to
existing patient portals for patients with diabetes. Partic-
ipants in our study also provided feedback on the interven-
tion that may create additional value for patients. The
results support continued efforts to further refine the
intervention and more definitively assess its impact of
cognitive, behavioral, and clinical outcomes. By making
use of existing health information technology (HIT) infra-
structure and resources, patient portal interventions like
MDC are more sustainable than costly and difficult to scale
face-to-face interventions. By using SMART on FHIR stand-
ards and integrating MDC into Epic’s MyChart platformwith
more than 127 million patient health records,54 the inter-
vention is also highly scalable. Finally, we hope that by
attending to the unique needs of patients with limited
health literacy, our intervention will be useful to the great-
est number of patients.

Clinical Relevance Statement

This study advances knowledge in HIT and chronic disease
self-management and education in important ways: (1) it
furthers our understanding of effective patient-facing health
data displays and health educational content for patients
including those with limited health literacy; (2) it provides a
model to assist in the creation of patient portal interventions
that are effective and satisfying for patients to use; and (3) it
introduces a specific, highly scalable patient portal interven-
tion for patients with diabetes that demonstrates high
usability and the potential to increase patient activation
and knowledge while being integrated into a common EHR
platform used by millions of patients.

Multiple Choice Questions

1. The My Diabetes Care patient portal intervention was
designed to:
a. Provide patients with summary of their diabetes treat-

ment plan.
b. Help patients better understand their diabetes health

data as well as support self-management.
c. Prevent hypoglycemic episodes.

Correct Answer: The correct answer is option b.

2. The objective of this study was to:
a. Assess the usability, acceptability, perceptions, and

potential impact of My Diabetes Care.
b. Measure the impact of My Diabetes Care onmedication

adherence.
c. Evaluate the effect of My Diabetes Care on glycemic

control.

Correct Answer: The correct answer is option a.
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