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BACKGROUND—Patients with chronic conditions are often responsible for self-managing 

complex, multi-drug regimens with minimal professional clinical support. While numerous 

interventions to promote and support medication adherence have been tested, most have had 

limited success or have been too resource-intensive for real-world implementation.

OBJECTIVE—To compare the effectiveness of multiple low-cost, technology-enabled strategies, 

alone and in combination, for promoting medication regimen adherence among older adults.

METHODS—Older, English or Spanish-speaking patients on complex drug regimens (N=1,505) 

will be recruited from a community health system in Chicago, IL. Enrolled patients will be 

randomized to one of four study arms, receiving either: 1) enhanced usual care alone; 2) daily 

medication reminders via SMS text messages; 3) medication monitoring via a patient portal-based 

assessment; or 4) both SMS text message reminders and portal-based medication monitoring. The 

primary outcome of the study is medication adherence, which will be assessed via multiple 

measures at baseline, 2 months, and 6 months. The effect of intervention strategies on clinical 

markers (hemoglobin A1c, blood pressure, cholesterol level), as well as intervention fidelity and 

the barriers and costs of implementation will also be evaluated.

CONCLUSIONS—This randomized controlled trial will evaluate the impact of various low-cost 

intervention strategies on adherence to complex medication regimens and will explore barriers to 

implementation. If the studied intervention strategies are shown to be effective, then these 

approaches could be effectively deployed across a diverse range of clinical settings and patient 

populations.
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INTRODUCTION

In outpatient settings, patients with chronic conditions are primarily responsible for 

managing their own prescription (Rx) medication regimen, usually with limited professional 

clinical support and oversight. This can be a complex task, requiring patients to have a 

functional understanding of multiple medication instructions, the ability to integrate an Rx 

regimen into their daily schedule, and the skills needed to problem-solve medication 

challenges as regimen changes and life events occur [1]. Not surprisingly, studies have 

repeatedly shown that many patients, particularly those with low health literacy, have 

problems performing these tasks [2–5]. As the number of patients with multiple chronic 

conditions continues to rise, along with the percentage of US adults taking complex drug 

regimens, effective and practical interventions are needed to provide better adherence 

support for chronic disease self-management [6, 7].

While numerous interventions have been implemented to date to promote medication 

adherence, most have had substantial limitations [8, 9]. A 2014 Cochrane review of 

interventions to enhance medication adherence included 182 RCTs, only 5 of which were 

considered methodologically rigorous and reported an impact on both adherence and clinical 

outcomes [8]. An examination of these RCTs found that most tested multi-faceted, resource-

intensive interventions that were unlikely to be practical for real-world implementation. 
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Authors therefore called for the testing of more feasible, sustainable interventions that 

minimized impact on clinic workflow and costs. This review also highlighted the need for 

future studies to evaluate process outcomes and costs to better understand the costs and 

benefits of various approaches [8].

In response, we are conducting a randomized controlled trial (RCT) to compare the 

effectiveness of multiple low-cost, technology-enabled strategies, alone and in combination, 

for promoting medication regimen adherence in older adults. This trial will also evaluate the 

‘fidelity’ of each tested strategy, or how well each strategy was implemented and delivered 

as intended. It will also explore patient, provider and health system factors influencing 

intervention implementation, and assess and compare the costs required to implement each 

strategy from a health system perspective. Herein we provide an overview of this four-year 

trial, funded by the National Institute on Aging, and describe the methods and rationale for 

our approach.

METHODS

Our four-arm RCT will evaluate the use of text messaging and the patient portal, alone and 

in combination, to promote older patients’ regimen adherence in outpatient settings. The 

Institutional Review Board (IRB) of Northwestern University approved study procedures. 

The RCT is registered on clinicaltrials.gov [NCT02820753].

Study Site

This trial is being conducted at Erie Family Health Center, a Federally Qualified Health 

Center (FQHC) in metropolitan Chicago. This community health center is comprised of 12 

individual clinic sites throughout the city and suburbs that provide medical care for nearly 

70,000 patients [10]. Patients at the community health center are racially, ethnically and 

linguistically diverse and 83% live in low-income households [10]. Erie Family Health 

Center is a member of AllianceChicago, a health information technology user-community 

composed of safety net providers who utilize a common EHR platform (GE Centricity) and 

other technology-related resources [11].

Participants

We will recruit 1,505 primary care patients from eight Erie Family Health Center clinics into 

the study; recruitment began in April 2017 and will continue for approximately three years. 

Eligibility criteria for the study are: 1) age 50 years and older, 2) English or Spanish 

speaking, 3) currently prescribed three or more medications used on a regular basis, 4) 

primary responsibility for administering one’s own medication, 5) a private cell phone, 6) 

internet access at home, 7) a personal email account, and 8) basic familiarity with text 

messaging and using the internet for email. Adults with severe, uncorrectable vision, 

hearing, or cognitive impairments, or who are unable to consent, are excluded from this 

research.
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Recruitment

To recruit participants, the study was described to providers at participating clinics and their 

approval obtained to generate lists of potentially eligible patients (by age, English/Spanish 

language, and number of medications). Patient lists will be generated on a rolling basis and 

will include patients seen at clinic sites within the last three months. Providers will be 

alerted to review these patient lists by an email within the EHR; they will indicate if any 

patients should not be contacted for medical or personal reasons. A letter will then be mailed 

to patients remaining on the list, notifying them that a research assistant (RA) will be 

telephoning to invite them to participate in a study. If patients would prefer not to be 

contacted, they may call a phone number and leave a message to opt-out of receiving any 

further communication.

Approximately two weeks after the initial mailing, the RA will contact patients who have 

not opted out to ask whether they would be interested in participating. If the patient is 

interested, the RA will ask questions to determine eligibility (i.e. patient responsible for 

administering their medications; have cell phone and internet access, no severe cognitive, 

hearing or visual impairments). If eligible, the RA will schedule a time to meet in-person to 

obtain written informed consent and enroll the patient, then conduct the baseline interview. 

Patients will be asked to bring all their medications with them to the baseline visit.

Randomization

Patients will be randomized to one of the four study arms (1:2:2:2) after enrollment. To 

achieve group comparability and balance, the randomization will be stratified by clinic and 

language spoken (English/Spanish) with random block sizes of 7 and 14.

Study Arms

The four study arms are the result of a 2×2 factorial design, where SMS text message 

reminders and a patient portal questionnaire are the intervention factors, with all four arms 

receiving enhanced usual care (see Figure 1). Each arm is described in detail below:

1. Enhanced Usual Care. Patients in the enhanced usual care arm will receive 

standard care at the study site. However, this community health center is unique 

in that its ‘usual care’ includes the use of EHR-based tools that support patient 

understanding and use of medications. Specifically, the EHR has been 

programmed to print low-literacy medication information summaries and a 

medication list along with the After Visit Summary. Both were developed by our 

research team and a previous study among 1003 patients found that the 

summaries significantly improved patients’ ability to retrieve and apply 

medication information [12]. These tools now serve as standard of care for Erie 

Family Health clinics providing primary care for adult patients.

2. SMS Text-Messaging (Text): In addition to the EHR-based tools described in 

Enhanced Usual Care, patients randomized to the SMS text-messaging arm will 

be sent daily text messages, at morning and at night, to remind them to take their 

medicine. Text messages will consist of a uniform, generic message (e.g. “Good 

morning! Please remember to take your medicine today”) to support adherence. 
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These text messages will be programmed to send for six weeks. However, 

patients may opt out of receiving the reminders at any time or can also elect to 

continue receiving reminders after six weeks, if desired.

3. Patient Portal Questionnaire (Portal): In addition to the EHR-based tools 

described in Enhanced Usual Care, patients randomized to the patient portal 

questionnaire arm will be emailed a request to log on to their patient portal to 

complete a brief survey regarding their medication use. The questionnaire 

consists of 10 items, asking patients to report problems understanding 

medication instructions, managing and consolidating daily regimens, and paying 

for medicines. Items also assess if patients have decided to discontinue a 

medication or have had difficulties remembering to take medications during the 

past three days. Results from the questionnaire are recorded in the patients’ EHR 

and are sent as an inbox message to a common user desktop in the clinic. A nurse 

or other clinical staff on the clinic’s care management team will monitor reports 

and respond to any identified concerns according to their established clinical care 

protocols. Patients in this arm will be asked to complete this survey at 2 weeks, 

1-, 2-, 3-, 4-, and 5-months post-enrollment.

4. SMS Text-Messaging + Patient Portal Questionnaire (Text + Portal). The final 

arm is a combination of the SMS Text-Messaging and Patient Portal 

Questionnaire arms. Participants randomized to this arm will receive both the 

daily SMS text reminders and requests to complete the patient portal assessment 

along with the EHR tools, as described above.

Study Aims and Hypotheses

The three specific aims of this study are to: 1) compare the effectiveness of the SMS text 

messaging and patient portal questionnaire interventions, alone and in combination, to 

enhanced usual care; 2) evaluate the ‘fidelity’ of each strategy and explore patient, staff, 

physician, and health system factors influencing the delivery of the interventions; and 3) 

assess the costs required to deliver each of the interventions from a health system 

perspective. Our hypotheses are that, compared to enhanced usual care, patients receiving 

text messages or the portal questionnaire will have greater adherence to their Rx regimen. 

We also hypothesize that patients receiving both the portal questionnaire and the text 

messaging will have better adherence than those receiving usual care or one intervention 

strategy alone.

Data Collection

Enrolled patients will participate in three interviews: a baseline in-person interview, a two-

month telephone interview and a 6-month in-person interview. Interviews will be 

administered by trained, bilingual RAs and study data collected and managed using 

REDCap data capture tools hosted at Northwestern University [13]. Additionally, relevant 

patient clinical measures and fidelity outcomes will be abstracted from electronic medical 

records. Patients will also sign a release allowing us to obtain fill information from 

pharmacies.

Bailey et al. Page 5

Contemp Clin Trials. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Patient Outcomes

The main study outcome is medication adherence, which will be assessed via multiple 

methods [14, 15]. First, trained RAs will conduct a pill count for all chronic, pill form 

medications. This will be done using an electronic pill counter at baseline and 6 months. The 

proportion of pills taken over pills prescribed (PT/PP) will be calculated for each medication 

at each time point. Pills taken will be calculated by subtracting the number of pills from the 

total quantity prescribed. Pills prescribed will be calculated by multiplying the number of 

pills prescribed each day by the number of days since the medication was filled. Second, 

proportion days covered (PDC) will be calculated for each medication by summing the 

number of days’ supply obtained by a patient during a given time period and dividing that by 

the number of days for which the medication was prescribed [14]. For each of these 

measures, we will assess adherence within drug class per patient. If a patient fills a 

prescription and switches to another drug within the same class, all prescriptions will be 

summed in the numerator. Adherence will be treated both continuously (PDC, PT/PP) and 

dichotomously (yes/no; PDC≥80%, PT/PP≥80%).

To get a more detailed understanding of medication taking behaviors, we will administer the 

ASK-12 questionnaire, a brief measure of adherence that covers three key domains: 

inconvenience/forgetfulness, treatment beliefs and behavior at all interviews [15]. The 

ASK-12 is scored by summing the selected responses (with scores ranging from 12–60) with 

higher scores indicating greater barriers to adherence. We will also ask patients to participate 

in a 24 hour recall of medication use. Specifically, RAs will review patients’ medications 

and ask patients to report, one by one, how they took each of their medications over the past 

24 hours. Patients will be asked to specify the amount taken (i.e. dose) and when taken (to 

determine frequency and interval between doses). Adherence to each medication (yes/no) 

will be determined by examining whether the patient took the medication as prescribed. 

Patients who are non-adherent (either not taking a medication or taking incorrectly) will be 

questioned to determine the reason (e.g. forgetfulness, inconvenience, misunderstanding of 

instructions). Data from this exercise will also be used to calculate regimen consolidation, or 

the total number of time points throughout the 24-hour period that a patient reported taking 

one or more medicines (count variable, range: 1–24) and patient understanding of 

medication instructions for use (yes/no).

Clinical measures will also be collected during in-person interviews and from EHR 

abstractions. Trained RAs will follow established procedures to measure patients’ systolic 

and diastolic blood pressure during the baseline and 6 month interviews. Multiple 

measurements will be taken during each interview and averaged to account for fluctuations. 

Additionally, other relevant clinical measures, such as Hemoglobin A1C (HbA1c) for 

patients with diabetes or LDL cholesterol for patients with high cholesterol, will be obtained 

from patients’ EHR for exploratory analyses.

Covariates

We will collect data on a number of relevant covariates via the use of validated measures and 

items utilized in prior research by this study team. This includes, but is not limited to, social 

support, [16] technology use, cognition, [17, 18] consumer health activation, health literacy, 
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[19–22] socio-demographic characteristics, medication regimen complexity, [23] depression 

and anxiety [24].

Fidelity Outcomes

In addition to investigating the effect of the various intervention strategies on patient 

outcomes, we will evaluate the fidelity of the approaches and their implementation. Patients 

in intervention arms will be asked to report (yes/no) receipt of intervention components (e.g. 

the patient portal questionnaire, SMS text messages) and to qualitatively describe any 

barriers to their use (e.g. difficulty logging on to the portal, challenges receiving/viewing 

text messages). We will record data on how many patients opted out of receiving text 

messages from the text message provider as well as how often the patient portal 

questionnaire was completed via EHR review.

Patients who receive the portal questionnaire will be asked to report how often clinic staff 

contacted them regarding survey responses and the quality of this follow-up. The EHR notes 

will be analyzed as needed to verify information and provide further context. Finally, 

patients will be asked to report on their satisfaction with the intervention strategies and 

perceptions of their usefulness based on a scale of 1–10.

Post-trial Investigations

To investigate patient, healthcare provider, and/or healthcare system-level barriers to 

implementation, we will conduct semi-structured interviews with a subsample of patients 

from each intervention arm. The interview will explore patients’ personal challenges with 

regimen adherence, perceived value of the relevant intervention strategy/ies, and unmet 

needs and acceptability of other tools and approaches to support medication use. We will 

also conduct brief interviews and/or focus groups (n~25) with clinic providers and staff to 

explore barriers and facilitators to implementing the various intervention strategies.

Finally, we will compare the cost-effectiveness of each strategy. Specifically, we will 

estimate the incremental cost of interventions over the cost of usual care from the 

perspective of the Alliance and Erie. The primary operational costs of the intervention 

strategies include texting related costs and the programming and maintenance costs of the 

GE Centricity EHR and the patient portal. We will separately track development costs of the 

interventions, conditional on having an EHR and portal, which are primarily comprised of 

software generation and other programming requirements based on programmer hours. 

Staff/programmer costs will be measured using tracked time spent on developing and 

running the intervention and converted to dollars using current wages.

Data Analysis Plan

The proposed trial uses patient 1:2:2:2 randomization with random block size to achieve 

group comparability and balance. Stratified by clinic and language spoken, each participant 

will be randomized to one of the four arms described above. We conservatively anticipate at 

least 80% retention for follow-up at six months. This will result in 1,505 participants 

recruited to the study with an anticipated minimum of 1,204 patients (172 participants in 
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enhanced usual care and 344 per the other arms) available after six months, available for 

primary data analysis.

To assess adequate balance across treatment arms, baseline outcomes and potential 

confounders including socio-demographic characteristics, comorbidities, regimen 

complexity, health literacy, and language will be examined across groups using ANOVA 

models and χ2 tests, as appropriate. Variables found to have prognostic strength, or which 

are noted to have chance imbalances across treatment groups, will be entered as covariates in 

the generalized linear mixed models (GLMMs) used for formal analyses as described below.

Prescription medication adherence at 6 months is the primary outcome of interest. We will 

use generalized linear mixed-effects models (GLMMs) to test for the effects of SMS text 

reminders and the portal questionnaire, specifying the proper link functions based on the 

distribution of the outcome variable. Analyses will be performed using PROC GENMOD in 

SAS (v.9.4). Binary variables indicating the two intervention factors (SMS text messaging 

(yes/no) and the patient portal questionnaire (yes/no) along with an interaction term will be 

included in the model to denote the four study arms. Since adherence will be assessed for 

each medication, 2-level GLMM will be used with medications nested in participants. We 

will test for differences in the adherence between each of the intervention groups and the 

enhanced usual care arm to determine benefits of SMS texting or the portal questionnaire, or 

both by constructing contrasts.

We will determine the fidelity of the intervention strategies, or the extent to which the 

interventions were implemented as planned (a process evaluation), across each site and for 

all four study arms. We will also compare the costs of developing and running each 

intervention, alone and in combination. Specifically, we will estimate the incremental cost of 

the interventions relative to usual care and to each other. These costs will include the 

monthly costs of SMS texting, EHR programming and maintenance and clinical staff effort. 

Staff/programmer costs will be measured using tracked time spent on the intervention and 

current wage estimates. We will test the sensitivity of operational costs to different 

assumptions about the potential use of variable staff using different internal salaries but 

assuming the same proficiency in terms of time required. Further, we will assess the 

sensitivity of the estimates to different estimated proficiency levels that could arise from 

learning by doing.

Exploratory Analyses—We will repeat all GLMM analyses described above to explore 

whether differences in interventions vary by relevant covariates representing patient and 

regimen characteristics known to impact adherence. Interaction terms will be included in 

models accordingly. Statistical significance for a tested interaction (p<0.05) will indicate 

that intervention groups differ in outcomes by the studied variable (i.e. age, literacy level, 

regimen complexity, drug class, language, etc.). Exploratory analyses will examine HbA1c 

and blood pressure from baseline to 6 months, although power will be limited.

Sample Size and Power

Study sample size was based on logistic regression models of the primary outcome of 

medication adherence at six months with an interaction of text and portal, and assuming 

Bailey et al. Page 8

Contemp Clin Trials. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1:2:2:2 randomization to the Enhanced Usual Care, Text, Portal, and Text + Portal arms. We 

expect 69% of enhanced usual care participants to be adherent at six months. Enrolling 

1,505 participants and conservatively estimating 80% retention at six months (n=1,204; 172 

enhanced usual care and 344 per other arms), we will have 80% power to detect a minimum 

absolute difference between study arms of 12% (increase from 69% to 81%) using a Type 1 

error rate of 2.5% to adjust for multiple comparisons. With this sample size, if there were an 

interaction such that both interventions increased adherence 14% compared to each alone, 

then we would have 83% power to detect that interaction at a type I error rate of 5% 

(assuming responses of 69% for Enhanced Usual Care, 81% for Text, 69% for Portal and 

95% for Text + Portal arms). The rationale for unequal randomization (1:2:2:2) is that we 

strongly believe that the text messaging or patient portal interventions compared to usual 

care will significantly impact outcomes, so the impact on power for those comparisons will 

be negligible. However, by increasing sample sizes in the intervention arms we have more 

additional power to detect any potential interactions as well as detect any potential 

differences between the interventions.

DISCUSSION

Our four-arm, randomized controlled trial will evaluate the use of text messaging and the 

patient portal, alone and in combination, to promote older patients’ regimen adherence in 

outpatient settings. Prior studies evaluating these technologies independently indicate that 

they might support medication adherence [8, 25, 26]. Thakkar and colleagues’ meta-analysis 

of data from 16 randomized controlled trials concluded that text messaging nearly doubled 

the odds of medication adherence among patients with a chronic disease [25]. However, 

many of the studies included in the review relied upon self-reported adherence and minimal 

evidence was provided on the effects of text messaging on clinical outcomes.

While unidirectional text messages may support adherence by helping patients remember 

when to take a medication, it is unlikely to help with other common medication concerns, 

such as difficulty understanding medication instructions, problems paying for a medication 

or challenges organizing a multi-drug regimen. To address these more complex issues, 

patients are likely to need direct assistance from the clinical care team. Using a portal-based 

questionnaire like the one tested in this trial could help identify those patients in need of 

further resources and provide a clear target for clinical intervention. While prior studies have 

shown that many patients are willing to use the patient portal and that certain portal 

functions (e.g. prescription refill, provider messaging) can positively impact patient 

behaviors, [26–28] to our knowledge, no studies have developed and evaluated a portal-

based strategy for identifying and intervening with older patients to improve medication 

adherence.

This randomized controlled trial will address many of the criticisms posed by prior 

systematic reviews of interventions to promote medication adherence [8, 9]. Specifically, 

this study will include multiple measures of adherence and will not rely solely upon self-

report; it will also examine adherence longitudinally and will assess the impact of the 

various intervention strategies on key clinical measures (e.g. hemoglobin A1c, blood 

pressure). Finally, the trial will evaluate multiple low cost, practical approaches that would 
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be feasible to implement across diverse clinic settings; the cost-effectiveness analyses will 

also provide further information on the utility of the various strategies.

Despite these strengths, there are limitations to this study that should be noted. First, this 

trial is being conducted among older English and Spanish-speaking patients affiliated with a 

community health center in Chicago, IL. Results may not be generalizable to younger 

patients or those living outside a metropolitan area such as Chicago. Secondly, the 

intervention strategies tested may not be suitable for all patients, as enrollment requires 

access to a personal cell phone and the internet. While recent national survey data indicates 

that the vast majority of US adults owns a cell phone (95%) and use the internet (88%), age-

related disparities persist and patients are likely to vary in terms of their computer skills and 

comfort with technology [29, 30].

Overall, this randomized controlled trial should offer valuable insight on the utility and 

effectiveness of various low-cost strategies to promote medication adherence and safe use of 

prescribed drugs among older adults. As the number of patients managing complex drug 

regimens in the United States continues to rise, developing a better understanding of the 

tools and methods available to help support safe and consistent prescription medication use 

will become increasingly essential [6, 7]. Findings from this trial will hopefully deepen our 

understanding of the problem of medication non-adherence and identify potential solutions 

to address this public health and patient safety concern.
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Figure 1. 
Study Design
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