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Among patients with various levels of health literacy, the effects of collaborative, patient-provider, medication-planning tools on
outcomes relevant to self-management are uncertain. Objective. Among adult patients with type II diabetes mellitus, we tested
the effectiveness of a medication-planning tool (Medtable�) implemented via an electronic medical record to improve patients’
medication knowledge, adherence, and glycemic control compared to usual care. Design. A multicenter, randomized controlled
trial in outpatient primary care clinics. 674 patients received either the Medtable tool or usual care and were followed up for up to
12 months. Results. Patients who receivedMedtable had greater knowledge about indications for medications in their regimens and
were more satisfied with the information about their medications. Patients’ knowledge of drug indication improved with Medtable
regardless of their literacy status. However, Medtable did not improve patients’ demonstrated medication use, regimen adherence,
or glycemic control (HbA1c). Conclusion. The Medtable tool supported provider/patient collaboration related to medication use,
as reflected in patient satisfaction with communication, but had limited impact on patient medication knowledge, adherence, and
HbA1c outcomes. This trial is registered with ClinicalTrials.gov NCT01296633.

1. Introduction

Medication is central to treating and managing type II
diabetes mellitus, a prevalent age-related chronic illness [1].
Effective treatment is often undermined by nonadherence,
with as many as half of patients not taking medications as
prescribed [2, 3].

Nonadherence is traced tomany causes but often involves
a gap between the cognitive demands of adherence and inad-
equate cognitive resources that patients bring to the task,

a problem that is compounded by limited healthcare system
support [4]. For example, to manage complex medication
regimens, patients with type II diabetes must create plans
for taking multiple medications that meet constraints such
as avoiding medication interactions and timing with respect
to meals or other daily events. Planning requires cognitive
resources related to health literacy [5–7], such as processing
capacity (e.g., working memory) and health knowledge [8].
Nonadherence increases with regimen complexity [9], in
part because of inadequate planning [5]. Older adults are
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especially likely to demonstrate nonadherence because they
tend to have more complex medication regimens, yet experi-
ence declines in literacy and cognitive resources needed for
self-care [8].

Healthcare system support for adherence is often inad-
equate [2]. For example, patient-provider collaboration is
crucial for adherence [10, 11]. Education by providers
can increase patient knowledge and self-care skills, and
simplifying regimens and coordinating treatment across
providers reduce adherence demands on patient cognitive
resources. However, effective collaboration requires patients
and providers to work together to ensure information is
mutually understood [12], and providers do not always
collaborate with patients effectively. While providers domost
of the talking during consultations [13], they may skip key
information [14], use non-patient-centered language [15], or
fail to check patients’ comprehension of the information
that they present [16]. Medication review with patients is
sporadic and fragmented [17] and reconciliation, the process
of ensuring accurate, complete, and current patient medica-
tion lists, is often inadequate [2]. As a consequence, patients
leave consultations with deficits in memory for important
information and inadequate plans for self-care [18].

Adults with lower health literacy and cognitive resources
are especially vulnerable to inadequate collaboration with
providers. Patients with diabetes and lower health literacy
report worse communication with providers [19] and have
worse outcomes than do patients with adequate literacy [20,
21]. Adults with complex regimens and multiple self-care
needs are candidates for system support because they are less
likely to develop shared adherence plans with their providers,
leading to nonadherence [2, 22].

Inadequate collaboration reflects barriers such as limited
contact time and lack of support for consistent use of
patient-centered communication strategies [2]. A promis-
ing approach is multimedia support for patient/provider
collaboration. Patient memory for self-care information is
improved when information is provided visually (text and
graphics) as well as verbally during clinic visits, especially
when the presented information is consistent, standardized,
and embedded in structured processes that activate patients
[13, 23]. Well-designed information technology can support
multimedia approaches to patient-centered communication
[4], but this potential has yet to be realized. For example,
comprehensive medication lists printed on cards are rec-
ommended for medication review and reconciliation with
patients, but studies evaluating such cards in pharmacy
[24], hospital discharge [25], and specialized clinic [26]
environments produced inconsistent evidence. This finding
may reflect the fact that the cards were not specifically
designed to support patient-provider collaboration nor were
they linked with health information technology, thus not
integrated with clinical practice.

We developed a patient education tool called the Medta-
ble that is integrated with the electronic medical record
(EMR) in primary care clinics [27]. The purpose of the Med-
table is to improve patient self-management via patient-
provider collaboration. Guided by distributed cognition the-
ory, which suggests that cognitive activity can be effectively

distributed across individuals (such as nurses and patients)
and external artifacts (tools such as computers or paper) to
support collaboration [28], the Medtable was designed to
accomplish three goals: (1) to promote patient knowledge by
clearly conveying accurate and relevant medication informa-
tion; (2) to support collaborative planning wherein a patient,
guided by a nurse, could efficiently organize medications
tailored to his or her daily schedule to support use; (3)
to embed the tool into clinical practice by integrating it
with EMR systems so that it is easily updated, reliable, and
shareable with providers.

Our use of EMR-integrated technology to support collab-
orative planning formedication use is unique in the literature
on medication adherence among patients with diabetes. Few
previous studies focus on patient/provider consultation (for
review, see [29]). For example, one study assesses the use
of paper-based tools to support patient/provider planning
aboutmedication taking [30]. Other studies evaluate problem
solving protocols to address barriers to adherence during
face-to-face [30–32] or telephone-based [33] communication.
These studies do not involve the use of EMR-integrated tools
designed to support specific cognitive processes underlying
patient/provider collaboration and learning.

This EMR-enabled Medtable strategy was evaluated to
determine its impact onmedication use and health outcomes
among patients with type II diabetes mellitus. The inter-
vention involved nurses using the tool to support patients’
medication planning. We hypothesized that, compared to
usual care, patients randomized to this intervention will
have greater medication knowledge, adherence, and better
outcomes (as measured by glycosylated hemoglobin HbA1c
levels), as well as being more satisfied with provider com-
munication about medications. A secondary hypothesis was
that intervention benefits would be greater for patients with
lower health literacy than for those with adequate literacy,
because the intervention was designed to address literacy-
related barriers.

2. Methods

The study design was a two-arm, patient-randomized, con-
trolled trial. Details about the trial design have been pub-
lished [27]. The trial settings were outpatient primary care
clinics in Chicago and Peoria, Illinois. All the research
sites used the same electronic medical record and version
(Epic, Verona, Wisconsin). The institutional review boards
of Northwestern University and the University of Illinois
approved the research. A group of experts comprised theData
Safety and Monitoring Board that monitored the trial and
reviewed protocol changes.

2.1. Inclusion and Exclusion Criteria. Criteria for enrollment
were (a) age 40 years and older; (b) native speaker of English;
(c) no physical or cognitive impairments that could limit
participation (e.g., stroke in the last 3 years, current cancer
treatment involving radiation or chemotherapy); (d) score of
4 or higher on the short screen for dementia [34]; (e) no
severe visual impairment (less than 20/50 corrected vision)
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Figure 1: Example of Medtable. The patient and provider collaborate to choose times for each medication in the regimen. Modified and
reprinted from [27] with permission from Elsevier.

or auditory impairment that would limit participation; (f)
diagnosis of type II diabetes mellitus; (g) taking at least
5 prescribed medications; and (h) glycosylated hemoglobin
(HbA1c) level of 7.0% or higher. The inclusion/exclusion
criteria related to language proficiency and physical, sensory,
and cognitive impairment were designed to minimize factors
that might reduce response to the intervention and confound
interpretation of the findings.

2.2. Participant Recruitment. Recruitment occurred from
ambulatory care general internal medicine clinics in Chicago
and Peoria, Illinois, which served as the performance sites
for this study. Primary care physicians gave permission to
screen their patient panels for potential participants who
had the appropriate age, HbA1c, and number of medications.
Then, potential participants received a letter via mail that
described the research and said the patient would be con-
tacted via telephone. Shortly before a scheduled clinic visit
with the primary care clinician, clinical research coordina-
tors contacted potential participants via phone to provide
a questionnaire for inclusion/exclusion criteria, determine
eligibility, and initiate the informed consent process. Partic-
ipants who provided informed consent via telephone were
scheduled for the baseline research visit that coincided
with the next clinic visit with the primary care clinician.
Participants completed the informed consent process at the
baseline research visit and then immediately received the
randomized intervention. Because of slow recruitment, the
Data Safety andMonitoring Board authorized a change in the
inclusion criteria to enroll participants with HbA1c of 6 or
more.

2.3. Intervention: Medtable. Patients who were allocated to
the experimental condition received the Medtable-based
intervention (see Figure 1). A complete description of the
Medtable has been published [27]. In summary, theMedtable
is a structured tool that was implemented within the
electronic medical record (EMR) at the outpatient clinics.
The goal of the Medtable was to organize collaborative,
patient/provider interactions for medication review, recon-
ciliation, and education. Features of the Medtable included
searchable libraries of medication administration instruc-
tions in direct, actionable language, timelines that support
text, and familiar icons that represent key daily events.
Implementation of the tool occurred during routine clinic
visits, and this occurred in three stages. During the setup
stage and prior to the patient visit, the nurse loaded the
patient medication list from the EMR into the Medtable.
At this stage, the nurse used the Medtable to customize
the technical language from the EMR to provide language
appropriate for patients with low health literacy. The second
stage occurred with the patient during the clinic visit. The
patient reviewed the EMR-based medication list, and then
the nurse and patient collaboratively reconciled the list. The
nurse added or deleted information in the EMR in response
to the reconciliation stage. The goal of the second stage was
an accurate and current medication list.

In the final stage, the patient and nurse jointly created a
medication schedule while using the Medtable tool. Patients
described their daily routine so the nurse could set up the
tool around the routine. The Medtable displayed icons and
highlighted columns to which the patient and nurse could
refer while developing the schedule. The nurse and patient
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scheduled each medication by clicking on the cell in the
table corresponding to the medicine (row) and the time
slot (column). In this way, the tool scaffolded collaborative
planning for taking the patient’s medications.The nurses also
discussed how to take each medication with the patients and
used teach-back techniques to ensure patient comprehension.
At the end of the third stage, the patient received a paper copy
of the Medtable-based summary of their daily medication
schedule to take home.

The intervention nurses were trained to use the Medtable
as part of patient-centered care. Education for interven-
tion nurses involved several components. Nurses received
a multimedia manual with project overview, rationale for
the intervention, overview of the Medtable tool and how
it is used, and specific information about Medtable proce-
dures. The education emphasized teach-back and teach-to-
goal strategies to ensure patients understand how to take
their medicines. While training, nurses interacted with the
Medtable as patients as well as providers to optimize under-
standing from multiple perspectives. Nurses participated in
simulated patient encounters to set up the tool and work
with patients to develop schedules for medication regimens
of varying complexity. To ensure fidelity of the intervention to
the research protocol, the research personnel observed inter-
vention nurses while working with several actual patients at
both research sites. Feedback was provided to the nurses to
reinforce initial training and ensure consistent delivery of the
intervention across sites [27].

2.4. Usual Care. Patients allocated to usual care received
medication counseling and communication from clinic
nurses according to the standard of care at the research
sites. Usual care included reconciliation of the patient’s list
of medications. The medication instructions on the list were
comparable to the text commonly found on prescription
labels. Usual care recipients and their providers did not
receive prompts to organize the medication list around the
patient’s daily activities.

2.5. Measurement of Knowledge. The primary prespecified
outcomes were verbal and demonstrated knowledge of the
medication regimen [5, 35]. Research personnel assessed
medication knowledge at baseline, immediately following the
research intervention, and then 3 and 6months later. Patients
received a reminder to bring current prescriptionmedication
bottles or containers to each study visit. Clinical trial coor-
dinators recorded all medications and dose directions from
the label. To assess verbal knowledge of directions for use of
injectable medications like insulin, clinical trial coordinators
recorded the patient’s responses to two questions: “On a usual
day, how many times a day do you take this medicine?” and
“How many units of this medicine do you usually take each
time?” We scored correct verbal knowledge per injectable
medication if the patient answered both questions correctly
when compared to directions on the label. To assess verbal
medication knowledge of directions for use of noninjectable,
prescribed medications, clinical trial coordinators recorded
the patient’s responses to three questions for eachmedication:
“On a usual day, how many times a day do you take this

medicine?” and “How many pills of this medicine do you
take each time?” and “How many pills of this medicine do
you take each day in total?” For noninjectable medications,
we scored correct verbal knowledge per medication if the
patient answered all three questions correctly when com-
pared to directions on the label. For purposes of analysis, we
calculated combined verbal knowledge of the regimen for all
questions: the number ofmedications scored as correct verbal
knowledge divided by the total number of medications in the
regimen.

Another verbal medication knowledge item was indica-
tion for each medicine in the patient’s regimen. Older and
less educated adults are less likely to know the purpose of
their medications [36]. Clinical trial coordinators recorded
the verbatim response to the following question: “What is
the medicine for?” For purposes of analysis, we calculated
combined knowledge of the indication for drugs in the regi-
men: the number of medications scored as correct indication
knowledge divided by the total number of medications in the
regimen.

We also assessed demonstrated medication knowledge
for each noninjectable drug in the regimen. Clinical trial
coordinators asked patients to show how they would take
each of their medicines by placing beads (representing pills)
into a pillbox that was partitioned into 24 slots, each slot
representing an hour of the day [5]. We scored correct
demonstrated knowledge per medication if the patient cor-
rectly demonstrated all 4 of the following: number of pills
per dose, number of doses per day, number of pills each
day in total, and amount of time (spacing) between doses.
Combined demonstration knowledge of the regimen was
the number of medications scored as correct demonstrated
knowledge divided by the total number of medications in the
regimen.

Scoring of the primary outcome was a blinded process.
We employed board-certified internal medicine physicians
who adjudicated the verbal and demonstrated knowledge
items. The adjudicators had no contact with research par-
ticipants, clinical trial coordinators, intervention nurses, or
clinical site nurses. Two adjudicators who were blind to
intervention allocation independently scored each patient
response as correct or incorrect when compared to the
prescription label on the medication container. The initial
scores by each adjudicator were compared and revealed
moderate to very good agreement. For example, Cohen’s
Kappa was 0.87 for two adjudicators who scored patient
responses to the question, “How many pills of this medicine
do you take each day in total?” The Kappa was 0.43 for two
adjudicators who scored responses to the question, “How
many pills of this medicine do you take each time?”The other
verbal and demonstrated knowledge questions had Kappa
values between 0.54 and 0.95. When initial adjudications
were discordant, the adjudicators met and they successfully
resolved all discrepancies.

2.6. Measurement of Adherence. A secondary prespecified
outcomewas adherence.We assessed patient-reported adher-
ence with the Patient Medication Adherence Questionnaire
(PMAQ) [37]. Clinical trial coordinators recorded adherence
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at baseline and then three and six months after randomized
allocation. For each daily prescribedmedication, clinical trial
coordinators asked patients if they missed taking a dose
yesterday, the day before yesterday, 3 days ago, or over the past
weekend. Participants were scored as being adherent to the
medication if they answered “no” to all of the four questions.
For purposes of analysis, we constructed a regimen adherence
score for each patient: the total number of medicines for
which the patient was adherent divided by the total number
of medications in the patient’s regimen.

2.7. Measurement of Satisfaction. Satisfaction with informa-
tion about medicines was another secondary, prespecified,
patient-reported outcome. Clinical trial coordinators asked
patients in both intervention groups to rate satisfaction with
the information received from the doctor or nurse about
medicines during the visits immediately after intervention,
at month 3, and at month 6. The response options were “too
much,” “about right,” “too little,” “none received,” or “none
needed.”The five satisfaction items were a subset of the Satis-
factionwith Information aboutMedicines Scales (SIMS) [38]:
“what your medicine is called,” “what your medicine is for,”
“how to use your medicine,” “whether the medicine has any
unwanted effects (side effects),” and “whether the medicine
interferes with other medicines.” Responses of “about right”
or “none needed” were interpreted as satisfaction. We scored
dissatisfaction if the patient reported “too much,” “too little,”
or “none received” or if the value was missing.

2.8. Measurement of Glycemic Control. HbA1c, a common
measure for glycemic control, was another secondary, pre-
specified outcome. HbA1c was collected from a glycosylated
hemoglobin blood test. The blood tests were analyzed at
certified clinical laboratories from patient samples drawn
at baseline and then during subsequent visit windows that
were 3, 6, 9, and 12 months after random allocation. Clinical
trial coordinators abstracted HbA1c results from the patient
record.

2.9. Sample Size. The sample size estimate for the clinical
trial was made with the following assumptions. We assumed
45% of patients in the usual care arm would have correct
knowledge of their multidrug regimens at six months. The
anticipated retention rate at six months was 80%. There were
no planned interim analyses.We needed to recruit a sufficient
number of patients to have 600 evaluable participants at six
months. Under these assumptions, the sample size of 600
(300 per arm) at six months had 82% power to detect a
difference of 12% between study arms with a 5% type I error
rate.

2.10. Randomization Scheme. Research personnel at the clini-
cal trial coordination center generated the random allocation
sequence with computer-generated random numbers. The
allocation ratio was 1 : 1 with stratification by site, Chicago
versus Peoria, and random permuted blocks within site. The
coordination center personnel in Champaign, Illinois, trans-
ferred the allocation sequence to sequentially numbered,
opaque envelopes and then distributed the sealed envelopes
to the clinical sites in Chicago and Peoria. Clinical trial

coordinators in Chicago and Peoria performed telephone
interviews to screen potential participants, confirm eligibility,
and obtain verbal consent.Next, the clinical trial coordinators
obtained the concealed allocation to Medtable or usual care
by opening the sealed envelope. After random allocation,
the participant, the clinical trial coordinator, and the clinic
personnel were not blind to the study intervention.

2.11. Measurement of Covariates. Health literacy was mea-
sured by the Rapid Estimate of Adult Literacy in Medicine
(REALM), a health word recognition test that involves pro-
nouncing 66 medical terms [39]. Performance on REALM
is associated with patient age, medication adherence, and
health outcomes [6, 40]. A patient with limited health literacy
was defined as having a REALM score of less than 61. We
measured fluid mental ability (speed of mental processing)
with the Letter and Pattern Comparison tests. Fluid mental
ability is vulnerable to aging and is associatedwith differences
in health literacy [41, 42]. We measured patient knowledge
about diabetes mellitus with the 24-itemDiabetes Knowledge
Questionnaire [43]. To adjust for patient self-activation,
we assessed the Summary of Diabetes Self-Care Activities
(SDSCA) [44]. We assessed illness experience in years when
we asked the question, “How long have you had diabetes?”
To adjust for health status, wemeasured comorbidity with the
Charlsonmethod and general health status via Short Form-36
[45, 46]. We measured the Medication Regimen Complexity
Index (MRCI), a 65-item toolwith three domains:medication
dosage form, dosing frequency, and additional medication
directions [47]. The variables for patient age, gender, race,
education, employment, and income were measured by a
modified version of the Older Americans Resources and
Services (OARS) instrument [48].

2.12. Analysis Plan. We analyzed all outcome measures
under the principle of intention to treat. To address miss-
ing glycosylated hemoglobin (HbA1c) scores, we used the
last observation carried forward [49]. Missing satisfaction
values were replaced with dissatisfaction values. All other
missing outcome measures and missing baseline covariates
were replaced using the method of maximum likelihood
estimation. Generalized Estimating Equations were used for
correlated response data when testing the intervention effects
over timewith logit link and identity link functions for binary
outcomes and continuous outcomes, respectively. When
examining the intervention effects within each time visit,
we used logistic regression or linear regression models for
binary and continuous responses, respectively. All analyses
were performed with SAS 9.4 (SAS Institute Inc., Cary, NC).
Two-tailed 𝑝 values were calculated for all tests and 𝑝 < 0.05
was the threshold for significance.

The primary analyses evaluated whether the Medtable
intervention improved patient outcomes relative to the
usual care group. Generalized Estimating Equations included
group (Medtable versus usual care), time, group × time, and
appropriate covariates. The group × time interaction term
evaluated intervention-related benefits that varied with the
amount of time exposure to the Medtable collaborative tool.
The assumption was that patients might need time to learn
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Assessed for eligibility 
(n = 3644)

Excluded (n = 2970)

(i) Not meeting inclusion criteria (n = 502)

(ii) Declined to participate (n = 2414)

(iii) Other reasons (n = 54)

Randomized (n = 674)

Allocated to Medtable (n = 326) Allocated to usual care (n = 348)

Discontinued intervention at 3 months 

Lost to follow-up at 3 months (n = 25)

Discontinued intervention at 3 months 

Lost to follow-up at 3 months (n = 27)
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(i) Excluded from analysis (n = 0)

Analyzed (n = 326)
(i) Excluded from analysis (n = 0)

=
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(deceased = 2, withdrew consent = 10) = 0, withdrew consent = 7)

Discontinued intervention at 6 months

Lost to follow-up at 6 months (n = 16)

= 0, withdrew consent = 4)

Discontinued intervention at 6 months 

Lost to follow-up at 6 months (n = 24)

= 3, withdrew consent = 3)(deceased =

(deceased =

Figure 2: Trial flow diagram.

to use the tool to structure medication-taking strategies at
home and to communicate with providers during office visits.
Research site was included in all analyses.

3. Results

The researchers performed a clinical trial and screened 3644
outpatients. Clinical trial coordinators recruited participants

between September 2011 and October 2013. The trial flow
diagram (Figure 2) shows the numbers of patients screened,
excluded, randomized, and followed up. The patient-
participants who received the randomized intervention,
Medtable versus usual care, were comparable at baseline
(Table 1) except for years with diabetes mellitus. The
characteristics of the participants included age greater than
65 years for 43.3% (292/674), high school or less education
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for 30.1% (203/674), and limited literacy (as measured by the
REALM) for 22.3% (150/674).

One of the primary outcomes of the clinical trial was
the effect of the intervention, Medtable versus usual care, on
the patients’ verbal knowledge of their medication regimen.
To score the verbal knowledge, we used adjudicators who
were blind to intervention allocation. Adjudicated results
in Table 2 are for noninjectable medications. There was no
difference between the intervention and control group for
“combined verbal knowledge of the regimen for all ques-
tions” (Generalized Estimating Equation parameter group,
adjusted 𝑝 = 0.3035; parameter group × time, adjusted
𝑝 = 0.6280). Separate analyses for each question within
the verbal knowledge score also revealed no consistent effect
of the intervention. The only significant effect was for the
following: “On a usual day, howmany times a day do you take
thismedicine?” (Generalized Estimating Equation parameter
group, adjusted𝑝 = 0.0373; parameter group× time, adjusted
𝑝 = 0.5294).The analysis of verbal knowledge of the regimen
for injectable drugs showed similar results to noninjectable
drugs (data available upon request).

The other primary outcome of the trial was the patient’s
demonstrated knowledge of their medication regimen. The
adjudicators who scored the demonstrated knowledge were
blind to intervention allocation. The results in Table 3 reveal
no difference between the intervention and control group
for “combined demonstration knowledge of the regimen for
all 4 questions” (Generalized Estimating Equation parameter
group, adjusted𝑝 = 0.3916; parameter group× time, adjusted
𝑝 = 0.8227). Separate analyses for each question within the
demonstrated knowledge score exposed no consistent effect
of the intervention.

Some evidence for the impact of the intervention on
medication knowledge was provided by the measure of med-
ication indication. Adjudicators who were blind to interven-
tion allocation scored the patients’ responses to the question,
“What is the medicine for?” The results in Table 4 reveal
significant increases in correct patient knowledge about
indication in the Medtable intervention versus usual care
group immediately after the beginning of the intervention
that persisted for 6months (Generalized Estimating Equation
parameter group, adjusted p less than 0.0001).

Satisfaction with information about medicines was a
prespecified secondary outcome. Patient-reported responses
to five satisfaction questions were recorded by research
personnel who were not blind to the intervention allocation.
The results of the intention-to-treat analysis in Table 5 reveal
that patients reported greater satisfaction with Medtable
versus usual care at all times. The Generalized Estimating
Equation for each satisfaction question included all time
points and confirmed the significant increase with Medtable:
all adjusted 𝑝 values for group were less than 0.0161.

Medication adherence was a prespecified secondary out-
come. Patient-reported adherence was recorded by research
personnel who were not blind to the intervention allocation.
The results for medication adherence appear in Table 6 and
Figure 3. Adherence was greater at baseline in the usual care
group and then adherence decreased monotonically over the
next 6 months. In contrast, adherence in the Medtable group

Table 1: Baseline characteristics of 674 outpatients allocated to
Medtable or usual care.

Medtable
𝑁 = 326

Usual care
𝑁 = 348

Age, years, mean (SD) 63.8 (10.3) 63.5 (10.0)
Gender, 𝑛 (%)
Female 170 (52.1) 202 (58.1)
Male 156 (47.9) 146 (41.9)

Race, 𝑛 (%)
White 228 (69.9) 214 (61.9)
Black 79 (24.2) 118 (33.9)
Other 19 (5.8) 16 (4.6)

Education, 𝑛 (%)
High school or less 89 (27.3) 114 (33.0)
Some college or college graduate 237 (72.7) 231 (67.0)

Annual income, 𝑛 (%)
Less than $20,000 63 (20.0) 79 (24.4)
$20,000–$50,000 109 (34.6) 114 (35.2)
Greater than $50,000 143 (45.4) 131 (40.4)

Employed status, 𝑛 (%)
Full-time 82 (25.4) 73 (21.1)
Part-time 31 (9.6) 44 (12.7)
Not employed 210 (65.0) 229 (66.2)

REALM, mean (SD) 61.1 (8.8) 61.2 (8.9)
Health literacy, 𝑛 (%)
Limited, REALM less than 61 77 (23.6) 73 (21.0)
Adequate, REALM 61 and above 249 (76.4) 275 (79.0)

Pattern Comparison test, mean (SD) 27.2 (7.1) 26.5 (7.0)
Letter Comparison test, mean (SD) 17.4 (5.1) 16.9 (4.8)
Years with diabetes mellitus, mean
(SD) 13.4 (9.7) 11.7 (9.2)

Diabetes mellitus knowledge, mean
(SD) 18.8 (2.9) 18.6 (2.9)

Diabetes self-care activities
Diet, mean (SD) 4.1 (2.1) 4.3 (2.1)
Exercise, mean (SD) 2.5 (2.1) 2.5 (2.0)
Glucose testing, mean (SD) 4.6 (2.7) 4.6 (2.7)

Comorbidity Index, mean (SD) 2.2 (1.8) 2.3 (1.7)
General health from SF-36, mean
(SD) 51.3 (21.1) 50.4 (22.4)

Number of medications per patient,
mean (SD) 7.3 (2.8) 7.2 (2.9)

Medication Regimen Complexity
Index, mean (SD) 17.7 (7.6) 17.2 (7.7)

Dosage forms, mean (SD) 3.3 (2.5) 3.2 (2.8)
Dosage frequency, mean (SD) 10.9 (4.9) 10.7 (4.7)
Additional directions, mean (SD) 3.5 (2.3) 3.3 (2.4)

REALM: Rapid Estimate of Adult Literacy in Medicine.

remained flat and did not deteriorate over time. Figure 3
shows the difference in slopes for the Medtable group and
usual care group. The Generalized Estimating Equation for
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Table 6: Patients-reported adherence to their medication regimen before and after intervention: Medtable versus usual care.

Time Medtable Usual care Unadjusted intervention effect (ITT) Adjusted intervention effect (ITT)
Mean (SD) Mean (SD) OR (95% CI) 𝑝 value OR (95% CI) 𝑝 value

Regimen
adherence
score

Baseline,
preintervention 0.80 (0.26) 0.84 (0.23) 0.83 (0.72, 0.96) 0.0115 0.78 (0.68, 0.91) 0.001

Month 3 0.82 (0.19) 0.81 (0.20) 1.09 (0.95, 1.25) 0.2028 1.05 (0.92, 1.21) 0.4636
Month 6 0.80 (0.20) 0.75 (0.21) 1.17 (1.03, 1.32) 0.0156 1.13 (0.999, 1.29) 0.0526

ITT: intention-to-treat analysis. Covariates used for adjustment were health literacy (REALM), Letter Comparison test, Pattern Comparison test, diabetes
mellitus knowledge, diabetes self-care: diet, diabetes self-care: exercise, diabetes self-care: glucose testing, years with diabetes mellitus, Comorbidity Index,
general health, age, gender, race, patient education, research site, and Medication Regimen Complexity Index.

Table 7: Glycosylated hemoglobin (HbA1c) before and after intervention: Medtable versus usual care.

Time Medtable Usual care Unadjusted intervention effect (ITT) Adjusted intervention effect (ITT)
Mean (SD) Mean (SD) Coefficient (95% CI) 𝑝 value Coefficient (95% CI) 𝑝 value

Baseline, preintervention 8.06 (1.55) 8.05 (1.63) 0.01 (−0.23, 0.25) 0.9506 0.04 (−0.19, 0.27) 0.7164
Month 3 7.80 (1.37) 7.92 (1.61) −0.09 (−0.33, 0.14) 0.4508 −0.09 (−0.32, 0.13) 0.4090
Month 6 7.75 (1.41) 7.91 (1.61) −0.14 (−0.37, 0.10) 0.2535 −0.15 (−0.38, 0.07) 0.1823
Month 9 7.82 (1.46) 8.0 (1.69) −0.14 (−0.40, 0.11) 0.2680 −0.16 (−0.39, 0.07) 0.1811
Month 12 7.75 (1.33) 7.93 (1.64) −0.12 (−0.35, 0.11) 0.3130 −0.15 (−0.37, 0.07) 0.1904
ITT: intention-to-treat analysis. Covariates used for adjustment were health literacy (REALM), Letter Comparison test, Pattern Comparison test, diabetes
mellitus knowledge, diabetes self-care: diet, diabetes self-care: exercise, diabetes self-care: glucose testing, years with diabetes mellitus, Comorbidity Index,
general health, age, gender, race, patient education, research site, and Medication Regimen Complexity Index.
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Figure 3: Medication adherence and glycosylated hemoglobin
(HbA1c) before and after intervention: Medtable versus usual care.

adherence reflects the difference in slopes in the group ×
time interaction: adjusted 𝑝 = 0.0268. However, the GEE
for adherence did not reveal a significant overall effect of
Medtable: group adjusted 𝑝 value = 0.7423.

Glycosylated hemoglobin (HbA1c) was a prespecified
secondary outcome that was abstracted from the patient
record. HbA1c results are in Table 7 and Figure 3. Regardless
of the intervention group, patients had significant decreases
(improvements) in their HbA1c during their time in the trial:
the adjusted parameter estimate for time in the Generalized
Estimating Equation had 𝑝 less than 0.0001. There were no
significant differences in HbA1c between the intervention

groups. In the Generalized Estimating Equation for HbA1c,
the parameter for group had adjusted 𝑝 = 0.3639 and the
parameter for group × time had adjusted 𝑝 = 0.6079.

Table 8 has knowledge and adherence outcomes within
strata defined by limited or adequate literacy. For verbal and
demonstrated knowledge of the regimen, there was no appar-
ent effect of Medtable in either stratum. Patients’ knowledge
of drug indication improvedwithMedtable regardless of their
literacy status. For regimen adherence, the improvements
caused by Medtable were seen in patients with adequate
literacy and were only demonstrable at the sixth month.

4. Discussion

The Medtable intervention increased patient satisfaction
with communication about medications during clinic visits.
However, therewas onlymixed evidence that the intervention
also improved patients’ knowledge about their medications.
Knowledge about medication indication improved in the
Medtable group. In contrast, the Medtable did not improve
verbal or demonstration measures of knowledge about direc-
tions for use. The intervention also sustained adherence
to medications during the trial while adherence declined
in the control group, but the overall difference with the
usual care control group was not significant. Finally, the
intervention did not influence HbA1c levels, which declined
(better glycemic control) equally for the two groups during
the trial.

The study results are partially consistent with the process-
knowledge model of health literacy [8]. According to this
model, improving health knowledge (medication knowledge
in our study) should improve self-care behaviors (adherence
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Table 8: Stratified analysis by patients’ literacy status for knowledge of and adherence to the noninjectable medication regimen before and
after intervention: Medtable versus usual care.

Time Health literacy Medtable Usual care Unadjusted intervention effect (ITT)
Mean (SD) Mean (SD) OR (95% CI) 𝑝 value

Combined verbal knowledge
of the regimen for all
questions

Baseline,
preintervention

Limited 0.81 (0.17) 0.82 (0.17) 0.89 (0.66, 1.20) 0.4457
Adequate 0.81 (0.18) 0.80 (0.18) 1.07 (0.91, 1.25) 0.4332

Immediate,
postintervention

Limited 0.82 (0.15) 0.82 (0.16) 0.92 (0.68, 1.24) 0.5775
Adequate 0.81 (0.18) 0.79 (0.18) 1.13 (0.96, 1.32) 0.1341

Month 3 Limited 0.82 (0.16) 0.81 (0.17) 1.06 (0.78, 1.44) 0.6997
Adequate 0.80 (0.19) 0.80 (0.17) 1.06 (0.90, 1.25) 0.4644

Month 6 Limited 0.80 (0.17) 0.83 (0.19) 0.94 (0.69, 1.28) 0.6845
Adequate 0.81 (0.19) 0.79 (0.18) 1.14 (0.97, 1.34) 0.1061

Combined demonstration
knowledge of the regimen for
all 4 questions

Baseline,
preintervention

Limited 0.86 (0.15) 0.87 (0.16) 0.83 (0.59, 1.17) 0.2828
Adequate 0.85 (0.15) 0.84 (0.16) 1.08 (0.91, 1.29) 0.3790

Immediate,
postintervention

Limited 0.87 (0.14) 0.88 (0.14) 0.77 (0.54, 1.09) 0.1399
Adequate 0.86 (0.15) 0.84 (0.16) 1.17 (0.98, 1.40) 0.0838

Month 3 Limited 0.86 (0.15) 0.86 (0.16) 1.01 (0.72, 1.43) 0.9444
Adequate 0.86 (0.15) 0.85 (0.14) 1.09 (0.91, 1.30) 0.3630

Month 6 Limited 0.86 (0.15) 0.89 (0.13) 0.88 (0.62, 1.25) 0.4740
Adequate 0.87 (0.14) 0.86 (0.14) 1.14 (0.95, 1.37) 0.1711

Combined knowledge of the
indication for drugs in the
regimen, “what is the
medicine for?”

Baseline,
preintervention

Limited 0.83 (0.26) 0.83 (0.24) 1.09 (0.79, 1.50) 0.6025
Adequate 0.89 (0.19) 0.88 (0.19) 1.04 (0.85, 1.27) 0.6921

Immediate,
postintervention

Limited 0.93 (0.14) 0.84 (0.23) 2.44 (1.66, 3.59) <0.0001
Adequate 0.95 (0.12) 0.89 (0.18) 2.20 (1.72, 2.82) <0.0001

Month 3 Limited 0.94 (0.13) 0.83 (0.24) 2.56 (1.73, 3.80) <0.0001
Adequate 0.96 (0.11) 0.90 (0.17) 2.33 (1.79, 3.04) <0.0001

Month 6 Limited 0.94 (0.11) 0.85 (0.23) 2.29 (1.53, 3.44) <0.0001
Adequate 0.97 (0.09) 0.92 (0.16) 2.51 (1.87, 3.37) <0.0001

Regimen adherence score

Baseline,
preintervention

Limited 0.76 (0.28) 0.80 (0.24) 0.68 (0.51, 0.90) 0.0077
Adequate 0.81 (0.25) 0.83 (0.22) 0.91 (0.77, 1.07) 0.2438

Month 3 Limited 0.80 (0.21) 0.80 (0.19) 0.97 (0.74, 1.27) 0.8269
Adequate 0.83 (0.19) 0.81 (0.20) 1.15 (0.98, 1.34) 0.0858

Month 6 Limited 0.78 (0.22) 0.76 (0.18) 0.99 (0.77, 1.28) 0.9656
Adequate 0.81 (0.19) 0.75 (0.21) 1.23 (1.07, 1.42) 0.0040

REALM: Rapid Estimate of Adult Literacy in Medicine. Patients with limited literacy had REALM scores less than 61. Adequate literacy was a REALM score
of 61 and above. ITT: intention-to-treat analysis.

in this case), which in turn should influence outcomes such
as HbA1c. While use of the Medtable by nurses and patients
in the clinics influenced collaboration (reflected by improved
patient satisfaction) and improved some aspects of patients’
medication knowledge (knowledge about indication but not
directions for use), the intervention had only limited impact
on adherence. Moreover, the intervention did not improve
health outcomes as measured by HbA1c. Our results are sim-
ilar to a recent trial in which a computer-based decision aid
designed to support self-care planning among patients with
diabetes improved patient perceptions of information clarity
and helpfulness, but not health knowledge or outcomes [31].

The finding that the Medtable intervention improved
patient satisfaction with provider communication might be
important because patient satisfaction is linked to quality
and reimbursement [50]. The Medicare Shared Savings

Program and other Pay-for-Performance Programs rely
on patient satisfaction measures, specifically the Clinician
and Group Survey, Consumer Assessment of Healthcare
Providers and Systems (CG-CAHPS) [51]. A limitation of
our study is the unknown correlation between Satisfaction
with Information aboutMedicines Scales (SIMS) and broader
measures of satisfaction, like CG-CAHPS, which are used
for value-based purchasing. Future studies should include
measures like CG-CAHPS to assess patient satisfaction with
the Medtable.

The intervention may have had an attenuated impact
on medication knowledge for several reasons. First, perfor-
mance on both the verbal and the demonstration measures
approached ceiling, perhaps reducing the ability of the mea-
sures to detect differences between conditions. Second, taking
the results at face value, they suggest that usual care practices
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related to patient education and medication reconciliation at
the research site clinics were effective in supporting patients’
knowledge about medication.

The limited impact of the intervention on medication
adherence may reflect the fact that adherence was self-
reported in this study, which can overestimate adherence
[52]. More objective measures of adherence might have
been more sensitive to potential intervention effects. The
intervention may also have had a limited effect on adherence
because of its selective effect on participants’ medication
knowledge. While it is important for patients to know what
medications are used for, it is equally if not more important
to know how to take the medication, and both groups
of participants in the study demonstrated good knowledge
about directions for use. In addition, adherence is a complex
behavior that is influenced by many factors in addition to
medication knowledge, such as patient self-efficacy and cost
of the medication. It is also possible that the intervention
improved planning for taking medication when working
with providers at the clinics, but patients had difficulty
implementing these plans at home due to either cost, health,
unmeasured socioeconomic factors, or prioritization.

The intervention did not improve HbA1c, which tended
to improve equally in both groups. This may well reflect the
limited impact of the intervention on medication knowledge
and adherence. Also, like medication adherence, HbA1c is
influenced by a range of patient factors [53]. Therefore, an
intervention designed to improve knowledge and planning
for how to take medication might have a limited impact on
this outcome, even if it had had a large impact on knowledge.
For example, only four of 15 studies investigating impact of
communication interventions on patients with cardiovascu-
lar disease showed improved clinical outcomes [54]. It is also
possible that 6 months was too short for the intervention to
produce detectable effects on health outcomes.

One of the limitations of our trial design was the
unmasked intervention. For participants assigned to usual
care, their clinic nurses may have changed communication
and collaborative planning after observation of colleagues
who used the Medtable. This phenomenon is encountered in
unmasked trials and is called contamination. We attempted
to minimize contamination when we blocked the Medtable
display in the electronic medical records of participants
assigned to usual care. However, some contamination was
inevitable. When contamination occurred, there was bias
toward the null (increased type II error).

Another limitation of the study is the generalizability of
the results. Only 18% (674/3644) of the patients in the screen-
ing population provided consent to participate in our trial.
The results of our study are most applicable to ambulatory
clinic populations that resemble the characteristics reported
in Table 1.

The Medtable tool supported provider/patient collab-
oration related to medication use, as reflected in patient
satisfaction with communication, but had limited impact on
patient medication knowledge, adherence, and outcomes. A
possible reason for this pattern is that the tool as implemented
in this study was designed to support collaboration in the

clinic but did not support patients at home when taking
their medication. Integrating the tool into smartphones or
other patient-centered technologies used at home, especially
if integratedwith provider information technology (e.g., elec-
tronic health record patient portal), may support distributed
collaboration between providers and patients at home, so that
patients canmore easily implement plans and update them as
medication regimens change.
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