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Abstract

Objective: New pharmacological measures assessing medication adherence, including
longitudinal drug levels in hair, are emerging. Little is known, however, about how best to present
results from such measures to patients and clinicians in comprehensive, easy-to-understand,
acceptable formats. We, therefore, developed three graphical display prototypes of hypothetical
daily drug concentrations measured in hair, and assessed their acceptability among participants.

Methods: We interviewed 30 HIV-positive patients and 29 clinicians to examine perceived
acceptability for each graphical display prototype.

Results: Patients and clinicians generally found the prototypes acceptable for facilitating
understanding of patient adherence; however, areas for optimization were identified. For patients
with lower health literacy, prototypes did not provide sufficient understanding of the link between
medication-taking and drug concentrations in hair. These patients also preferred pictographs over
bar or line graphs. Clinicians largely preferred daily drug concentration data in bar graphs with
information included about the measure’s accuracy. Participants questioned the utility of showing
drug concentrations above a therapeutic range, though they found color-coding results acceptable.

Conclusions: Assessing prototype versions of graphical displays of hypothetical longitudinal
adherence data indicated ways to optimize their acceptability.
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Practice Implications: Acceptable prototype-tested graphical displays of longitudinal patient-
specific drug concentrations may enhance adherence monitoring in clinical settings.

Keywords
medication adherence; data visualization; health communication

1. INTRODUCTION

Suboptimal adherence is a critical problem for individuals receiving long-term, daily
therapies for chronic health problems [1,2], including HIV-positive individuals taking
antiretroviral therapy (ART) [3]. Treatment adherence is important for both the health of
individuals with the disease, and to reduce forward transmission [4].

Several factors make it challenging for providers to monitor and clinically support patients’
medication-taking behavior, including reliance on adherence assessment via patient self-
report [5]. For many patients, difficulty remembering and/or social-desirability bias may
lead to inaccurate adherence reporting [6], particularly when recalling specific days or times
of missed doses. Researchers and clinicians have worked to improve self-reported adherence
validity by using visual analogue scales and daily medication diaries [7], but these
approaches do not always overcome the problem of over-estimating adherence. Innovative
technologies are increasingly being used to provide more objective, real-time, and
longitudinal measures of medication adherence [8-11]. These include: electronic notification
of opening pill bottles or filling prescriptions [5]; ingestible sensors [12,13];
pharmacological measures such as the use of dried blood spots; [14] and monitoring drug
concentrations in patient hair [15-17].

The longitudinal nature of these new technologies necessitates more complex reporting than
the previous single value adherence scores, and such complexities may be difficult for some
patients and clinicians to comprehend and implement in clinical practice. As researchers
work to further refine adherence monitoring technologies, it is important to consider how
such data should be presented to patients and clinicians.

Visual depiction of health information has gained increasing attention as a means for
comprehensibly presenting complex data to patients. Accordingly, visualization of personal
health data, including medication adherence, is a growing research area [13,18-24].
Carefully developed graphical displays are particularly helpful to overcome low levels of
literacy and numeracy that may initially impede patient comprehension of health data [25].
Moreover, presenting health data in understandable formats can help clinicians more
effectively communicate with and counsel patients [26]. This is important as research has
demonstrated the quality of patient-clinician communication affects medication adherence
[27-29]. Yet, evidence-based guidance on how best to present quantitative, longitudinal
health data is lacking. To inform the development of a new longitudinal ART adherence
measure, we sought to address this gap by qualitatively assessing factors that impact patient
and clinician acceptability of graphical display prototypes depicting hypothetical adherence
data.
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2. METHODS
Study Context and Design

Establishing Novel Antiretroviral Imaging for Hair to Elucidate Non-adherence
(ENLIGHTEN) is an on-going NIAID study (R01A1122319) seeking to enhance adherence
monitoring via infra-red matrix-assisted laser desorption electrospray ionization (IR-
MALDESI) technology for mass spectrometry imaging (MSI) [17]. Once validated, this
technology will reveal daily ART drug concentrations, representing weeks to months of
retrospective drug ingestion. It will require about 4-8 strands of a patient’s hair and
approximately 2 hours processing time. In a future study, we will pilot test the use of IR-
MALDESI MSI for generating real-time graphical displays of longitudinal adherence data to
provide objective feedback regarding medication-taking in a clinic setting. In preparation for
the future pilot study, we conducted this cross-sectional, formative study, which included the
development and assessment of graphical display prototypes.

Development of Graphical Display Prototypes

We used a multipronged approach to develop graphical display prototypes of hypothetical
data. First, we based prototypes on initial proof-of-concept for Efavirenz response in hair.
Second, we consulted empirical and theoretical literature on health care decision making,
risk communication, and health literacy [25,30,31]. Third we met with experts, including:
health communication experts; infectious diseases clinicians; and patients from the
Community Advisory Board of the AIDS Clinical Trials Group. Based on input from these
steps, we developed initial prototypes which were then reviewed, discussed, refined, and
approved by the full study team. The three final versions of the prototypes included a bar
graph, a line graph, and a test-tube pictograph. All three presented “number of days ago”on
the x-axis, with “foday”’represented on the far right and the maximum number of days IR-
MALDESI MSI detected drug concentrations displayed on the far left. The y-axis depicted
the drug concentration. A problem area, shown in red, revealed sub-optimal medication
concentrations, while a horizontal shaded area represented an optimal range of
concentrations (Figure 1).

Participant Recruitment and Enroliment

Patients and clinicians were recruited at a university-based infectious disease (ID) clinic.
Patients were recruited on a convenience basis by a clinic screener and were eligible if they
were HIV-positive, 18 years or older, had been prescribed ART for =3 months, had =1
centimeter of scalp hair, and had a recorded viral load test at the ID clinic within the last 12
months. We purposefully recruited patients to: A) achieve proportional recruitment across
three viral load (HIV RNA) strata: 1) all HIV viral loads <50 copies(c)/mL within the past
12 months; 2) at least one between 50-1,000 c/mL; 3) at least one HIV viral load >1,000
c/mL; and B) reflect the sex and racial/ethnic demographics of the HIV-positive patient
population at the clinic. As this was a small formative study, we did not track refusal rates.
We enrolled a total of 30 eligible patients.
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Clinicians (physicians, advanced practice clinicians, pharmacists, nurses and social workers)
at the ID clinic were recruited by email and informational flyers. We enrolled all 29
clinicians who provided patient care in the ID clinic at the time of the study.

Data Collection

Analysis

Acceptability is an implementation science outcome that can be assessed by asking
participants’ their opinions of the content or complexity of a particular “treatment, service,
practice, or innovation” [32]. We developed semi-structured interview guides (separately for
patients and providers), based on implementation science theory, to explore participant
acceptability of our graphical display prototypes [32]. Specifically, the guides explored
participants’: 1) opinions of and preferences for the prototypes; 2) feedback on how well
they understood them; and 3) suggestions for improvement. Qualitative researchers used
these guides to conduct in-depth (45-90 minute) interviews with HIV-positive patients and
ID clinicians. At the conclusion of each interview, patients and clinicians completed brief
demographic questionnaires; patients also completed the Newest Vital Sign, a validated
measure assessing health literacy, as health literacy affects how individuals make decisions
about their care and treatment [33,34]. All interviews were digitally recorded and transcribed
(except one for which the interviewer took detailed notes at the participant’s request).

To conduct this analysis, we largely used a deductive approach within the Framework
Method [35]. We began by reading transcripts for familiarity and content, writing memos
and summaries of the interviews. We then used our interview guides to develop a list of a
priori codes for patient and clinician transcripts, separately. We piloted these codebooks with
a subset of initial interviews, iteratively editing the codebooks to refine codes and code
definitions, and to facilitate their consistent application. Once final codebooks were
established, each transcript was coded twice (once each by two separate authors) using
ATLAS.ti Version 8.0 software. Two authors coded patient transcripts while two others
coded clinician transcripts. Differences in coding were reconciled between coding pairs for
each transcript until agreement was achieved. Once coding was completed, we created
detailed matrices for patients and clinicians, separately, in Excel. Each row represented a
single participant, while each column represented a separate code. We summarized content
relevant to each code by and across participants [35,36]. Because the goal of this analysis
was to examine prototype acceptability, we were specifically interested in the a prioritopics
outlined in our interview guides: participants’: 1) opinions of and preferences for the
prototypes; 2) feedback on how well they understood them; and 3) suggestions for
improvement. Emphasis was also given to identifying whether opinions on these topics
differed by patient health literacy levels.

Ethical Approval

This study was conducted in accordance with ICH Good Clinical Practice standards and
with the Declaration of Helsinki. It is registered at ClinicalTrials.gov (clinicaltrials.gov
NCT03218592) and ethical approval was granted by the Institutional Review Board at the
University of North Carolina at Chapel Hill (protocol no. 15-2933). All participants
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provided written informed consent prior to being interviewed, and all were compensated for
their time.

3. RESULTS

We have organized the results by based on our theory-driven research questions. First, we
present results regarding participants’ (patients’ and clinicians’) opinions of, and preferences
for, the three graphical displays of hypothetical adherence data. This included participants’
overall impressions of the graphs and whether they preferred the bar, line, or pictograph.
Second, we highlight factors participants noted to be integral to comprehension of the graphs
and we identify suggestions made by patients and clinicians regarding ways to maximize
comprehension for both patients and clinicians. Table 1 summarizes participant
demographics.

Overall Opinions and Preferences for Graphical Displays

1. Opinions—Participants generally found the prototypes acceptable. In particular, most
participants noted that the v/isual depiction of longitudinal personal adherence data was
appealing. Specifically, patients of varying health literacy levels found the image of the
pictograph appealing. One patient stated: “/f you had shown it to somebody who couldn’t
read, or spoke a different language, that picture Is the most explanatory, | think...” (Female
patient, VL 50-100c/mL, adequate literacy). Another noted: “Data is hard, math is hard but
If they see this, they could just stop and say, “What does that mean?” (Male patient, VL <50,
low literacy). Clinicians also liked the idea of having a visual depiction of the information,
regardless of the type of graph: “Showing people and having a visual, or having objective
aata, | think is very useful as an adjunct to the counseling piece.” (1D clinician)

Participants also generally liked the /ongitudinal aspect of the graphical displays, noting that
it might help identify adherence patterns and challenges. One patient explained: “/t’s cool
that it can tell you that far back... 1 think it would give you a better idea of how good you do
at taking your medicine and help you keep it in check.” (Male patient, VL >1000c/mL,
adequate literacy). And another questioned: “/ would be curious to know like on the 18th
and the 17th, what did | do? Was it a day that | took my medication at night and then | tried
to get back on track and take it that morning? Is that why it’s high?” (Male patient, VL
<50c/mL, adequate literacy). Clinicians perceived the longitudinal nature of the prototypes
as a potentially useful adherence reinforcement tool they could use during adherence
counseling sessions with patients:

“I think it’s probably an incredibly nice way to have it so that you could show it to

your patient. 1 think this is something that a patient can understand... [You] could
be like, “What was going on the week of such and such and such?” or, “What was
going on here?” (1D clinician).

2. Preferences—Among all patients, a slight majority preferred the bar graph. However,
when we examined preferences by health literacy level, there were clear differences. Nearly
all patients with low literacy preferred the pictograph, whereas patients with possibly low
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literacy had mixed preferences, and patients with adequate literacy largely preferred the line
or bar graphs.

Most patient preferences seemed tied to the type of graph they could best “relate to” from
previous experiences. For example, one patient noted her preference for the line graph by
stating: “/ guess I just remember this one more from school. | can understand it a little
better.” (Female patient, VL >1000c/mL, adequate literacy). Likewise, another explained his
preference for the bar graph by stating: “/ just always preferred a bar graph over anything.”
(Male patient, VL <50c/mL, adequate literacy). Patients explained preferences for the
pictograph in a similar manner: “/t just reminds me of the tube that [they use] when they
draw the blood,” (Male patient, VL 50-1000 ¢/mL, low literacy).

In contrast, clinicians almost exclusively preferred the bar or line graph to the pictograph.
Yet, clinicians too based their preferences largely on familiarity, finding similarities between
the more traditional graphs and those used in clinical practice. In discussing the line graph,
for example, one clinician described:

“In a way, that’s a little bit how we’ve represented viral load and CD4 count
tracking across time to patients... This line graph is what we use in the back of our
patient’s summary reports in clinic, and how we present our viral load and CD4
aata, so I think that would be a match to that. 1’d prefer this one.” (1D clinician).

When asked what type of graph their patients might prefer, many clinicians suggested the
pictograph: “/t’s hard for me to answer about what I think someone else would like better,
but it’s possible that the patient might like the test tube better because they might be able to
say, “Oh, there wasn’t much in these samples at this time.” (1D clinician). A few clinicians
thought “ fower-educated patients’ might prefer the pictograph because it’s “catchy” and
potentially “more immediately obvious.” Moreover, these clinicians perceived some patients
with low literacy might find the bar and line graphs challenging to interpret.

Features Affecting Comprehension and Suggestions for Optimization

We identified four key areas affecting comprehensibility of the prototypes: 1) insufficient
background and orientation for some patients; 2) insufficient detail for clinicians; 3)
depiction of the therapeutic range; and 4) the use of colors. Details and suggestions for
optimization are described below.

1. Insufficent background and orientation for some patients—Some patients,
particularly those with lower health literacy levels, had difficulty understanding the way that
medication is processed in the body--that oral medication, once ingested, can be similarly
detected in the body andin hair-- and, thus, struggled to interpret the graph. For example,
one patient stated: “That’s just in my hair. That doesn’t mean in my boady that it’s that way.
It just may be in my hair, because you know;, of course, you would like to think that when |
take the medication, that it starts—it works on the body. The hair really isn’t important.”
(Male patient, VL >1000c/mL, possibly low literacy). Researchers spent extra time with
these patients, ensuring they understood the link between medication-taking and drug
concentrations in hair, before discussing the prototypes in more detail.
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When discussing the prototypes, patients across health literacy levels, questioned why drug
concentrations might fluctuate over time, specifically asking why the drug concentration is
“higher, then it goes lower, then lower, then higher” (Male patient, VL <50c/mL, possibly
low literacy). Another wondered: “ Why would there be more on one day than another? Does
it build up over time?” (Female patient, VL 50-1000c/mL, adequate literacy). These patients
appeared to expect drug concentrations to remain stable over time.

Some patients also perceived the display of “number of days ago”going right to left as time
“going backwards”. One patient explained: “Probably I can comprehend this. When you
showed me this is todgay, | thought it should be going that way instead of backwards.” (Male
patient, VL <50, adequate literacy). Patients who noted this as a potential source of
confusion suggested the addition of dates might help them better identify the timing of
missed doses.” “You could have the dates on here...if you could put whatever date day 24
was on this end, and put today'’s date over here, and then—yeah.” (Male patient, VL 50—
1000, adequate literacy). This patient thought dates would be helpful for understanding
longitudinal results.

Several patients offered further suggestions, such as including detailed legends or narrative
summaries. One patient proposed: “/f you give them some kind of explanation, like... an
actual written explanation of... what they’re reading, I think they will understand it from
that point” (Male patient, VL <50c/mL, possibly low literacy). A few clinicians echoed this
recommendation as a way to help patients more fully understand the graphs.

2. Insufficient Detail for Clinicians—Some clinicians also suggested they would like
to see more detail than what was depicted on the prototypes. For example, in addition to
expressing interest in seeing units and dates on the graphs, some clinicians asked about the
accuracy of the test. For example:

“Well, I think one thing that will definitely come up is how confident are you in
these things? If you’re going to challenge a patient, they’re telling you that they ’re
taking their meds, and then you see this, and you tell them, “I’m not sure you are.”
Then they’re going to be like, “Well, how do you know?” Of course, | would want
to be super confident. When you get this report, Is there anything that tells you
about the confidence or the quality of the data?” (1D clinician)

This clinician insinuated the test would likely only be used in clinical practice if the
accuracy was high and the graphical display contained sufficient detail to inform adherence
counseling.

3. Depiction of the Therapeutic Range—On each of the graphs, a horizontal shaded
region represented the range of drug concentrations sufficient to reach viral suppression.
Some data points were depicted above this range, and many participants questioned the
utility of this. Patients across health literacy levels wondered what might contribute to such
high concentrations, for example: “Did the person just take too much?” (Male patient, VL
<50c/mL, adequate literacy). Clinicians similarly thought: “Patients might ask: ‘Well, is this
bad to have that much medicine in my system?’” (1D clinician). Some clinicians also
anticipated their patients might conclude: “Oh, /’m taking too much...” (1D clinician). These
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clinicians perceived patients’ reactions to such information had the potential to adversely
affect their future adherence. As one clinician insinuated, this could be justification for
taking fewer doses: “/ have some patients that are convinced they don’t need medicine every
aay. If they see that *... wait, I’'m above it’... ” (ID clinician). A few other clinicians
questioned the general utility of showing results above the therapeutic range unless there is
potential for those results to reveal concentrations of drug “toxicity”: “Unless you knew for
sure that these levels above “X” were actually dangerous, 1 wouldn’t—you could almost
argue that if you’re above a line, you don’t even need the second line.” (1D clinician). This
clinician, along with a couple of others, suggested not displaying an upper limit for
sufficient drug concentration.

4. The Use of Colors—The colors (green for optimal drug concentrations and red for
sub-optimal concentrations) were considered comprehensible by most patients of varying
literacy levels. For example, a patient with low literacy noted: “/n this case red, for me, is
appropriate because this means that there is a problem. Green, that means that you are

good.” (Male patient, VL <50, low literacy). A patient with adequate literacy likewise
explained: “/ guess it’s pretty basic, where it’s almost like green-go, and red-stop, or red-
aanger.” (Female patient, VL 50-1000, adequate literacy). A few clinicians made
remarkably similar comments regarding use of colors: “Generally, I think, most patients just
want see green is go, red is stop, and that’s it” (1D clinician). These clinicians thought color-
coded dichotomous results (illustrating optimal or sub-optimal adherence) might be
preferred by patients.

4.1 DISCUSSION

Our formative study of reactions to graphical display prototypes using hypothetical
longitudinal adherence data from drug concentrations in hair suggests patients and clinicians
found these visual depictions of adherence data generally acceptable, comprehensible, and
potentially useful. Our findings are consistent with other studies showing data presented
visually rather than numerically may improve health understanding among patients [37].
Though, overall, patients did not express a clear preference for graph type, a slight majority
preferred the bar graph, as did nearly all clinicians. Nayak et al. (2016) similarly found
patients preferred bar graphs to a line graph or a tabular format of longitudinal health data
[38], although the authors did not assess preferences for pictographs. Our results suggest
lower health literacy patients may prefer pictographs over bar graphs. These findings are
consistent with work by Kalichman et al., demonstrating the validity of pictographic scales
to assess self-efficacy among populations with low literacy [39]. This preference, coupled
with research demonstrating a negative relationship between low health literacy and
adherence [40], suggest the need for further examining the usefulness of pictographs for
patients with low health literacy [26].

Moreover, as previous data visualization and health communication research indicates, it is
important to assess how well patients understand graphical representations of personal
health risk, regardless of what type of graph they prefer [38,41]. As noted above, researchers
in our study needed to provide additional background to some patients, particularly those
with lower health literacy. Therefore, it may be useful to first ensure patients understand the
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concept underlying the graphical display, as this will affect their ability to understand it in
more detail. This could be done through additional counseling and/ or a short educational
video. Moreover, for clinicians operating within time constraints, graphical displays should
have sufficient detail to quickly interpret and explain to patients.

Results from this analysis also suggest a number of ways in which graphical displays of
longitudinal pharmacological adherence measures can be optimized. In Figure 2, we show
examples of alternative displays that could be used in the future. First it may be helpful to
have two separate versions: a simple, color-coded dichotomized calendar version (optimal/
sub-optimal adherence) for patients, such as that provided by MEMS® Caps (AARDEX
Group), and a more detailed version depicting specific drug concentrations over time and
test accuracy information for clinicians. Both versions should: 1) include legends detailing
key components of the graphs; 2) avoid including a ceiling for the therapeutic range of drugs
that are not toxic at high concentrations; and, 3) if possible, they should include dates to
facilitate recall and improve understanding of adherence patterns.

A calendar with daily, color-coded dichotomized results would potentially address several of
the concerns and opinions patients expressed. It would avoid depicting variation in drug
concentrations over time and counting “backwards in time,” both of which were questioned
by some patients. It would also leverage patients’ seemingly intuitive recognition that “green
is good and red is bad”. Finally, as other studies have suggested, a short narrative explaining
the results may also enhance comprehensibility among patients [42]. Our results suggest that
these features would enhance acceptability of graphical displays for patients across health
literacy levels.

For clinicians, our results suggest optimal graphs might look similar to a bar graph, or
possibly a line graph, with the addition of drug-specific units and information about the
pharmacological measure’s accuracy to detect a missing dose.

This study has several limitations. First, prototypes depicted hypothetical data which were
difficult for some patients to comment on. If actual patient data are not available, future
efforts to prototype-test graphical displays of adherence data should consider including
vignettes to help patients understand the context behind hypothetical data, as these have
successfully been used to elicit patients’ and clinicians’ views on a variety of health topics
[43]. Also, an order effect may have contributed to perceived preferences for the bar graph,
as has occured in previous data display studies [41]. Moreover, because members of our
research team are currently validating the accuracy of IR-MALDESI-MSI to detect missing
doses, this information was not presented to participants. Finally, results may not be
generalizable to other clinic populations or patients on other chronic medication regimens as
this study was conducted in a single clinic and among patients living with HIV and taking
ART.
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4.2 CONCLUSION

New pharmacological measures are in development for objectively quantifying longitudinal
medication adherence, including measures evaluating drug concentrations in hair [17].
Assessing patient and clinician reactions to graphical display prototypes of ART data
generated by IR-MALDESI MSI provided an opportunity to identify how such data should
be communicated to patients and clinicians. The prototypes were generally acceptable,
though we identified methods for optimization.

4.3 PRACTICE IMPLICATIONS

Key considerations to enhance acceptability of longitudinal graphical displays for
medication adherence include: avoiding the depiction of drug concentrations above
therapeutic ranges for nontoxic drugs; depicting color-coded dichotomous results in a
calendar format for patients; and providing detailed bar or line graphs for clinicians with
information about the accuracy of the lab assay. Though ENLIGHTEN focuses on ART
adherence, lessons learned may also apply to longitudinal displays of adherence data for
other medications and disease states.
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HIGHLIGHTS
1. Participants generally found longitudinal graphical display prototypes
acceptable.
2. Pictographs with narratives may enhance acceptability among patients.
3. More detail and test accuracy data may enhance acceptability among
clinicians.
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Figure 1:
Prototype Graphical Displays (Bar, Line and Pictograph) of Hypothetical Personal

Adherence Data Tested During Formative Interviews
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EXAMPLE GRAPHICAL DISPLAY FOR PATIENTS

January 2018 Key:
Tuesday | Wednesday | Thursday i Saturday Green: Your body had ENOUGH medicine. Excellent! When
your body has enough medicine, it can help your virus be
undetectable. It can also greatly lower your risk of transmitting
the virus to other people.
Red: Your body did NOT have enough medicine. Talk with your
provider about how to make sure you get the right amount.

Results Summary:

Your test was conducted on February 3, 2018.

The test detected medicine in your hair from January 1, 2018
to January 31, 2018.

The amount of medicine detected in your hair was enough
most of the time.

There were some days when not enough medicine was
detected. These days most often occurred at the beginning of
the week.

Talk with your provider about how to make sure your body is
getting the right amount of medicine every day.

EXAMPLE GRAPHICAL DISPLAY FOR CLINICIANS

Medication in Hair Over Time
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January 2018 Dates
Blue Line: Optimal threshold ~ Green Bars: Optimal concentrations Red: Bars: Suboptimal concentrations Gray Lines: Measurment uncertainty

Summary Statistics: Narrative Summary:

e Date of Test: February 3, 2018 e Patient appears to have a pattern of suboptimal drug concentrations during the
e  Test Accuracy: 0.2 ug/g hair first part of each week.

e Drug Tested: Efavirenz e High concentrations precede low concentrations which may indicate patient is
e Drug Concentration Detected: Jan 1-31, 2018 routinely mistiming doses.

e Average Concentration: 1.48 ng/g hair e Patient has an average of two days in row of suboptimal concentrations.

e Days with Optimal Concentration: 20/31 (65%) e  Patient would benefit from improved adherence.

e Average Number of Contiguous Days Below Threshold: 2

Figure 2:
Examples (Based on Formative Interview Results) of Alternative Graphical Displays That

Could Be Used in the Future
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