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Abstract. Diabetes mellitus (DM) is a chronic disease affecting more than 285 
people worldwide and the fourth leading cause of death. Increasing evidence 
suggests that many DM patients have poor adherence with prescribed medica-
tion therapies, impacting clinical outcomes. Patients’ barriers to medication ad-
herence and the extent to which barriers contribute to poor outcomes, however, 
are not routinely assessed. We designed a dashboard for an electronic health 
record system to integrate DM disease and medication data, including patient-
reported barriers to adherence. The dashboard was pilot tested at multiple  
ambulatory clinics to examine whether integrated electronic tools can support 
patient-centered decision-making processes involving complex medication re-
gimens for DM and other chronic diseases. During pilot testing, we encountered 
several challenges when engaging patients and clinicians in using the dashboard 
as well as a portal used to gather self-reported psychosocial information directly 
from patients. In this paper we explore those challenges and suggest methods 
for better supporting the adoption and use of e-health technologies to improve 
care delivery processes as well as health outcomes for populations like diabetic 
patients. 
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1 Introduction  

Diabetes mellitus (DM) is a chronic disease affecting more than 285 people world-
wide and the fourth leading cause of death. Globally the prevalence of DM continues 
to rise at nearly epidemic rates, driven by urbanization, growing increases in obesity, 
and aging of populations [1]. Findings from several studies investigating the quality 
of DM care reveal a discrepancy between system-level disease management strategies 
and outcomes [2-6]. In essence, even though there are improved treatment strategies, 
expected outcomes are not occurring at a commensurate level. Therefore greater em-
phases on patient-level factors that may explain DM intervention outcomes are being 
explored. 

One such factor is adherence to complex medication regimens. Increasing evidence 
suggests that patients with diabetes often have poor adherence with prescribed medi-
cation therapies [7, 8]. However, the reasons why patients do not take their medica-
tions as prescribed are poorly understood [9]. Previous studies on adherence have 
relied on patient self-report data on medication use, or they have used more “objec-
tive” measures such as gaps in prescription coverage or technologies to determine if 
patients are taking their medications. An example is electronic MEMS caps, which 
document when a pill bottle is opened [10-12]. All of these approaches have limita-
tions which include accuracy; reporting and response bias; or limited effect size [13]. 

Despite existing evidence and efforts, patient-reported barriers to medication adhe-
rence and the extent to which those barriers contribute to poor DM outcomes are not 
currently assessed routinely in clinical practice [14]. Indeed, few have assessed the 
role of barriers perceived by patients to medications use and how perceived barriers 
may be addressed by intervention. 

To address medication adherence issues facing individuals with complex medica-
tion regimens, we developed a clinical information system to electronically integrate 
the capture and presentation of information regarding DM patients’ disease manage-
ment, medication adherence, and perceived barriers to adherence [15]. The system 
combines objective data regarding medication possession ratios with laboratory and 
point-of-care testing data as well as patient-entered data on perceived barriers to adhe-
rence. By routinely capturing patient-reported barriers and integrating such informa-
tion at the point-of-care with other electronic health data, we seek to better inform 
DM therapy decision-making processes. 

In this paper, we describe the system and our experience pilot testing the system in 
three primary care clinics. During the pilot testing, we encountered several challenges 
when engaging patients and clinicians in using both the dashboard as well as a portal 
designed to gather patient-reported barriers to medication adherence. Here we discuss 
those challenges and suggest methods for better supporting the adoption and use of  
e-health technologies to improve care delivery processes as well as health outcomes 
for populations like DM patients. 
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2 Methods 

2.1 System Description 

The primary system of interest is a dashboard (Figure-1) used by clinicians (e.g., phy-
sicians, nurses, pharmacists) in the context of routine primary care. Clinicians review 
the information on the dashboard either before or during a patient visit to understand 
the patient’s current adherence to their medication regimen for DM2. 

 

Fig. 1. Screenshot of clinical dashboard designed to integrate medication adherence informa-
tion from multiple sources into electronic health record (EHR) system 

The clinical dashboard is a Java-based module designed to plug into the Regen-
strief CareWebTM framework, an open-source electronic health record (EHR) platform 
developed by the Regenstrief Institute’s Center for Biomedical Informatics. CareWeb 
is a web-based version of the Regenstrief Medical Record System (RMRS) [16], pro-
viding primary care clinicians in Eskenazi Health facilities access to patients’ medical 
records. The framework provides all plugins with a common data retrieval and display 
interface, which the dashboard uses to access and visualize patient information. The 
framework also allows the dashboard to receive notification of and react to various 
events, including when a patient is selected by the user. 

The dashboard was explicitly designed to be passive, or non-interruptive. When the 
clinician selects a patient, the dashboard refreshes with content from multiple sources: 
the electronic health record (RMRS) providing recent physiological data, pharmacy 
data detailing which medications have been dispensed to the patient, and patient-
entered information on their personal challenges in taking their medication as pre-
scribed. System users have the option to view the dashboard or ignore it. 

When information is displayed, the dashboard uses several visual techniques to 
highlight normal as well as abnormal patient information. When a patient’s blood 
pressure or glycosylated hemoglobin (HbA1c) is elevated, is it highlighted in red; 
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normal values are shown in black. When the patient is believed, based on pharmacy 
claims information, to be non-adherent to a class of DM medications, the information 
is highlighted in red; acceptable levels are highlighted in green; potentially problemat-
ic values are shown in yellow. Such color differentiation enables quick review of the 
dashboard contents by clinician users. 

Electronic Health Record Data. The left panel of the dashboard displays informa-
tion extracted from the patient’s EHR. Three types of EHR data are displayed: blood 
pressure, HbA1c, and cholesterol. These data were targeted because they are relevant 
to DM patient populations. Clinicians routinely measure and analyze HbA1c levels to 
determine how well DM patients keep their disease under control. High blood pres-
sure and poor lipid management are also commonly co-related with DM2, leading to 
medications that treat multiple conditions. Therefore clinicians can conveniently re-
view common physiologic data for DM patients in one location. 

Medication Adherence Data. Adherence to DM medications and cardiovascular risk 
factors is displayed in the middle panel of the dashboard. The information originates 
from the Medication (Med) Hub, an independent web service within the Regenstrief 
technology infrastructure [17]. The Med Hub serves as a central source of medication 
data for all CareWeb applications. Two sources of information currently feed the Med 
Hub: the Wishard Health Services pharmacy system, an internal database of medica-
tions dispensed to Wishard patients many of whom do not have insurance, and  
SureScripts, a national dataset of medications dispensed from independent chain and 
mail-order pharmacies. 

Using the pharmacy data available from the Med Hub, we calculate the proportion 
of days covered (PDC), a ratio representing whether the patient possessed a drug or a 
class of drugs (e.g., all oral DM medications) during a defined measurement period. 
The PDC has been shown in numerous studies to accurately identify patients who fail 
to fill or refill their medications as directed by their physician or pharmacist [18]. We 
use a dichotomized 6-month (180-day) PDC with a cut-off point of 80%, which we 
have found to provide the strongest and most reliable correlation with patient glycem-
ic control [19]. 

Patient Feedback. The right panel of the dashboard displays feedback from patients 
on their challenges in taking their medications. Patients interact with a personal health 
record (PHR) system to answer questions about their medication regimen. The data 
are then available for query by the DM application for display. 

The PHR was developed using the Open Medical Record System (OpenMRS) plat-
form [20], an open-source EHR that originated at Regenstrief but is now implemented 
and supported by a worldwide collaborative involving individuals from numerous 
counties involved in EHR, PHR, and m-Health initiatives [21]. Although OpenMRS 
was selected for our project, the dashboard could be integrated with any other PHR. 

OpenMRS includes a forms module that allows collection of standardized data 
from patients. Using the forms module, we implemented a 5-point Likert style,  



242 B.E. Dixon et al. 

 

validated questionnaire developed by researchers at the Diabetes Translational Re-
search Center affiliated with the Indiana University School of Medicine [22, 23]. The 
questionnaire uses 20 items to assess possible barriers to medication adherence. For 
example, valid responses as to why one may not take his or her prescribed medica-
tions include “I can’t afford them” and “I just forget to take them.” Individual items 
are grouped into categories and ranked based on aggregate scores from patient res-
ponses. The highest ranking three categories are stored for retrieval by the dashboard. 

The 20 items in the patient survey are factor analyzed with varimax rotation and 
correlated with perceived health status as well as satisfaction measures.  Five factors 
or subscales can be identified and displayed to clinical users: poor access to medica-
tions; poor communication with providers; poor understanding of medications and/or 
difficulty in taking them; presence of side effects; and system-level barriers to use. 
Previous analysis suggests that persons with poor CVD risk factor control have more 
reported barriers that may inhibit medication adherence than do persons with good 
risk factor control [23]. 

2.2 Information Flow 

Physiologic and medication adherence data are captured routinely from health care 
delivery processes and electronically sent to the RMRS. Patient feedback on medica-
tion adherence requires manual completion of the questionnaire within the PHR. Pa-
tients are asked every 2-3 months to complete a survey as previous studies found 
adherence to be fairly consistent over time. 

The information needed for the dashboard is queried in parallel with other Care-
Web processes when a clinician opens the electronic medical record for a patient 
(Figure-2). First, the CareWeb server notifies the DM2 module that a patient record 
has been selected. The module then, in parallel, requests the three sets of data from 
the EHR, PHR, and CDS web service. The EHR returns physiologic data for the se-
lected patient. The PHR returns the highest ranking categories identified by the  
patient from their responses to the questionnaire. The CDS service retrieves the phar-
macy data from the Med Hub service and calculates the PDC. The PDC is returned to 
the DM module. All three data sets are stored in the server’s cache until the clinician 
selects the DM tab within the CareWeb application. Upon selection, the data sets are 
rendered into their respective columns for review by the clinician. 

2.3 System Pilot 

We completed development and implementation of the dashboard, DM module, and 
PHR in late 2012. In early 2013, we enrolled 15 primary care clinicians (Medical 
Doctors and Nurse Practitioners) at three community health centers part of Eskenazi 
Health, a publically funded health system that serves primarily the uninsured and 
underinsured population of the Indianapolis metropolitan area. Following enrollment 
of physicians, we enrolled 96 diabetic patients under the care of one participating 
clinicians. The pilot ran through the end of 2013. 
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Fig. 2. Information flow diagram depicting the architecture of the DM clinical information 
system module and its integration with existing electronic health record, clinical decision  
support, and personal health record system components 

2.4 Study Design 

We collected baseline perceptions of providers regarding medication adherence dis-
cussions between them and their patients. Baseline perceptions of patients regarding 
current conversations occurring about medication adherence were also captured. In 
addition, we collected demographic information about patients and providers to ena-
ble comparison across health center locations and socioeconomic data, which has 
been shown to effect patient access to the Internet impacting PHR usage [24, 25]. 

Following enrollment, a research assistant created PHR user accounts for each of 
the enrolled patients. Account information was emailed to the patients, and they were 
asked to complete a baseline questionnaire regarding medication adherence. Patients 
who did not complete a baseline questionnaire were reminded via email or text  
message, based on patient preferences. Patients were then asked to complete a ques-
tionnaire every 2-3 months after baseline. Reminders were sent to unresponsive par-
ticipants. After successful completion of each questionnaire, patients were mailed a 
$10 gift card to a local grocery store, gas station, or restaurant. 
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3 Results 

Primary care clinicians were eager to enroll in the study. Of the 20 total clinicians 
who practiced across the three clinic sites, 15 (75%) consented to participate in the 
study. Reasons for not consenting included pending retirement (N=2), too busy 
(N=1), too few diabetic patients (N=1), and unknown (N=1). Clinicians largely per-
ceived their diabetic populations as needing more attention with respect to medication 
adherence, so they elected to try out the clinical dashboard in their practice. 

Patients were less eager to enroll and engage. Out of 906 patients approached for 
recruitment, only 203 (22%) patients completed screening (92; 10% refused screen-
ing). Of those who completed screening, 108 (53%) were both eligible (defined as 
having access to a computer and able to provide informed consent) and interested in 
the study. Of those patients who did not participate, 72 (35%) were found to be inelig-
ible and 27 (13%) refused to participate after the screening. Lack of routine access to 
a computer or the Internet was the primary reason ineligibility. 

A total of 96 patients were enrolled. The research assistant was able to create ac-
counts for 92 enrolled patients. By the end of the pilot, just 24 (26%) patients success-
fully logged onto the portal and completed a questionnaire regarding their barriers to 
medication adherence. Many enrolled patients struggled due to computer or Internet 
access issues. For example, one patient repeatedly stated she was waiting for her 
daughter to come over to help her. Other patients’ email addresses bounced less than 
1-2 weeks after they provided them during the enrollment process. Text messaging 
and phone calls were helpful in reaching some of these patients, but access challenges 
remained for a significant number of study subjects. 

4 Discussion 

To fully realize the potential of health information technologies to impact population 
health outcomes, information and systems need to be integrated. Prior studies to im-
prove adherence have focused on singular modalities to change provider or patient 
behavior. For example, in Vollmer et al [26] an interactive voice response system 
called patients who appeared to have gaps in refilling their asthma medication. The 
system was statistically significant in changing adherence, but the mean change was 
not clinically meaningful. Similarly, a recent systematic review of patient portals 
identified just one study that demonstrated an effect on diabetes care delivery [27]. 
However, in the one identified study, the portal was found to be associated with a 
change in medication regimen but had no impact on clinical outcomes as measured by 
HbA1c and blood pressure [28]. Our DM module integrates multiple information 
tools to address medication adherence in a coordinated fashion. While our approach 
may not be the only method to stimulate better adherence for patients with chronic 
illness, we believe that future approaches need to draw upon the power of EHR, PHR, 
and CDS systems to make adherence easier in the context of routine clinical care. 

To be effective, ‘routine clinical care’ must include environments where patients 
exist (e.g., home, work, bus stop). Integrated informations solutions therefore must 
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incorporate technologies that can be integrated into daily routines of people. Our ef-
forts were hampered by system barriers that remain a challenge for many people, 
especially those who are elderly or of low socioeconomic status [29]. Therefore a 
digital divide still exists, even if it may be shrinking in populations burdened by mul-
tiple co-morbid diseases requiring complex drug regimens. 

Finally, it is possible that patients may be resistant to describing barriers they expe-
rience to taking medications as prescribed by their providers. These may include  
embarrassment over non-compliance, their economic status, or failure to disclose 
secondary problems such as side effects. Resistance may also reflect a fear that  
disclosing issues may result in having to take additional medications. Furthermore, 
resistance could suggest there is simply a lack of interest in logging onto a portal to 
communicate. Future research will need to explore the factors that impact patients’ 
willingness to use a portal to communicate with their providers about medication 
adherence. 

Some of the challenges we describe, however, might be overcome with a smart 
phone app that integrates better into daily routine over an Internet-based app that must 
be used on a computer. Yet singular mobile apps that focus on just one aspect of 
health or wellness may not be usable in large populations. Multi-functional apps may 
be, or at least apps that cover multiple aspects of a chronic disease. For example, 
management of DM involves not only medication adherence but also changes to diet, 
exercise, and co-morbid conditions such as hypertension. Therefore technologies that 
engage patients will likely be those which can address multiple concerns in an inte-
grated fashion (e.g., one-stop shop) rather than require multiple apps or interfaces. In 
addition, it will become critical that future applications include appropriate education 
that emphasizes the importance of patient-provider communication to enable shared 
decision making that will achieve optimal therapeutic outcomes. 

5 Conclusions 

We engaged a small number of physicians and patients in using novel e-health tech-
nologies to improve medication adherence by combining patient medication history 
data from a combination of electronic data sources with patient-reported barriers. 
Engagement of providers and patients was challenging. While providers were eager to 
enroll and try out the clinical dashboard, many patients experienced challenges in 
gaining routine access to the Internet to use a portal designed for patient engagement. 
Limited usage prevents integrated e-health technologies from impacting outcomes as 
providers continue to only see a partial picture of health. Further, digital divide issues 
remain important to address so that all patients can access and use e-health technolo-
gies, especially those who are vulnerable and at risk of serious complications from 
poor medication management. 
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