
  

The Effects of a Medication Adherence Mobile Application Among Medically Underserved 

Patients with Chronic Illness 

  
By 

Christa Erika Hartch 

 

Dissertation 

Submitted to the Faculty of the 

Graduate School of Vanderbilt University 

in partial fulfillment of the requirements 

for the degree of 

DOCTOR OF PHILOSOPHY 

in 

Nursing Science 

August 11, 2023 

Nashville, Tennessee 

 

Approved: 

Deonni P. Stolldorf, PhD 

Shelagh A. Mulvaney, PhD 

Mary S. Dietrich, PhD 

B. Jeanette Lancaster, PhD 

  



 
 

ii 

 

 

 

 

Copyright © 2023 by Christa Erika Hartch 

All Rights Reserved 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

iii 

 

 

 

 

 

 

 

DEDICATION 

To my loving husband and my three children who inspire me each and every day. I am so very 

thankful.  



 
 

iv 

ACKNOWLEDGEMENTS 

 First and foremost, I would like to acknowledge my savior and deliverer, Jesus Christ. 

“Trust in the Lord with all your heart and do not lean on your own understanding. In all your 

ways acknowledge him, and he will make straight your paths.” Proverbs 3:5-6 ESV. 

 This study would not have been possible without the support of the nursing faculty at 

Vanderbilt University School of Nursing. I would like to thank my Dissertation Committee for 

their hard work and effort in preparing me during this process. I would particularly like to thank 

my advisor and dissertation committee co-chair, Dr. Deonni Stolldorf, who worked tirelessly to 

direct my progress and support my efforts throughout the program. Her clear communication, 

attention to detail, honesty and integrity is greatly appreciated. 

 I am extremely grateful for the openness to and support of my research by the leadership, 

healthcare providers and staff at the health center where the study took place. I would also like to 

thank the participants who inspire me with their courage and kindness despite facing the 

challenges of chronic illness. I am also grateful for the support for this project given by the 

Medisafe app company. 

 I would also like to acknowledge the financial support I received through the Vanderbilt 

Clinical and Translational Science Award, the Student Achievement Research Award and the 

Russell G. Hamilton and Harold Stirling Award which helped to support me throughout my 

studies at Vanderbilt. 

 To my husband Greg, thank you for your strong and steady presence and encouragement 

in my life. To my children Christian, Annabelle and Caroline, you have brought me 

immeasurable joy. 

  



 
 

v 

TABLE OF CONTENTS 

Page 

LIST OF TABLES………………...…………………………………………………………….vi 

LIST OF FIGURES…………………………………………………………………………….vii 

1 Introduction……………...……………………………………………………………….1 
 

1.1 Statement of the Problem……...….……………………………………………………1 
1.2 Theoretical Framework……….… . ………….…………………………….………….6 
1.3 Critical Analysis of the Relevant Literature……..………………………….………….8 
1.4 Purpose of the Study………….………..……………...……..……………………….19 
1.5 Specific Aims and Hypothesis………………………………………………………..20 
1.6 Relevance to the Field……………….…………………………………….………….21 
 

2      Medication Adherence Mobile App Effects in Underserved Patients with Chronic 
Illness…….………………………………………………………………………………39 

 
 2.1 Introduction……………..……………………………………………………………39 
 2.2 Methods…...………………………………………………………………………….43 
 2.3 Results………………..………………………………………………………………48 
 2.4 Discussion………………...………………………………………………………….49 
 2.5 Appendices…..……………………………………………………………………….59 
 
3 Effects of a Medication Adherence App Among Medically Underserved Adults with 

Chronic Illness: A Randomized Controlled Trial…………………………………….64 
 

3.1 Introduction………..…………………………………………………………………65 
 3.2 Methods………………………………………………………………………………72 
 3.3 Results………..………………………………………………………………………79 
 3.4 Discussion…………..………………………………………………………………..82 

3.5 Appendices……...……………………………………………………………………88 
 

4   The Experience and Perspectives of Medically Underserved Patients with Chronic 
Illness Using a Widely Available Medication Adherence App………..……………104 

 
 4.1 Introduction…………………………………………………………………………106 
 4.2 Methods………………..……………………………………………………………109 
 4.3 Results………………………………………………………………………………114 
 4.4 Discussion………..…………………………………………………………………120 
 4.5 Appendices…….……………………………………………………………………135 

 
5 Conclusion………………….………………………………………………………….140 
 



 
 

vi 

LIST OF TABLES 

Table                Page 

2.1 Participant Study Measures……………...………..………………………………………….61 
 

2.2 Sample Characteristics……………………………………………………………………… 62 
 
3.1 Sociodemographic Characteristics at Baseline………………………………………………88 
 
3.2 Summaries of Study Outcome Measures by Time of Assessment for Control and Intervention  
      Study Groups…………………………………………………………………………...……90 
 
4.1 Sociodemographic Characteristics………………………………………………………….135 
 
4.2 Satisfaction with the App……………………………………………………………………137 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

vii 

 

LIST OF FIGURES 

Figure            Page 

1.1 Theoretical Framework of Social Cognitive Theory………………...………………………23 

1.2 Socio Cognitive Causal Model………………………………………………………………24 

1.3 Conceptual Framework…………………………………...………………………………….25 

2.1 Conceptual Model for the Proposed Study…………………...…………………………...…59 

2.2 Medication Self-efficacy and Medication Adherence Pre-Test and Post-Test………...…….60 

3.1 Flowchart of Study Participants………………………………………………………...……91 

 
 

 
 

 

 

 

 

 

 



 
 

1 

 
Chapter 1 

Introduction 

1.1 Statement of the Problem 

 Medication adherence is vital for those with chronic illness who require long-term 

medication therapies to maintain optimal health. Domestically, the burden of chronic disease is 

increasing. It is estimated that 60% of adults in the United States (US) have one chronic disease 

while 40% have two or more (National Center for Chronic Disease Prevention and Health 

Promotion, 2019; New England Healthcare Institute, 2009; Ward et al., 2014). Generally, poor 

medication adherence in the treatment of chronic conditions can result in worsening disease, 

complications, and death, and therefore lead to a less healthy and productive society (Chisholm-

Burns & Spivey, 2012). For example, medication adherence and persistence with hypertension 

(HTN) medications is known to significantly decrease the risk of both cardiac events and stroke 

(Corrao et al., 2011; Vrijens et al., 2017). In those with diabetes mellitus type 2 (D2M), 

medication adherence with hypoglycemics reduces microvascular complications (Yu et al., 

2010). Additionally, low medication adherence has been associated with higher hospitalization 

rates in patients with HTN, D2M, congestive heart failure (CHF) and hyperlipidemia (HLD) 

(Sokol et al., 2005). Some estimate that 10% of annual hospital admissions (Sokol et al., 2005), 

and 23% of nursing-home admissions, are related to suboptimal medication adherence (Peterson 

et al., 2003). It has been postulated that wide-scale improvements in helping patients adhere to 

treatment would have larger effects on population health than specific treatments aimed at 

chronic diseases (Haynes et al., 2002).   

 Varying methodologies have been used to measure adherence, and few studies have 

captured adherence rates using consistent measurement over a wide range of chronic diseases 
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(New England Healthcare Institute, 2020). Even so, data from a large US prescription benefit 

manager found minimal improvement between 2013 and 2016 in medication adherence rates by 

condition. These data found 72% of patients adhered to HTN and heart disease medication, 74% 

adhered to HLD medications, and 63% of patients were estimated to be adherent to their D2M 

medications  (New England Healthcare Institute, 2020).  

 Additionally, lower rates of medication adherence have been found in lower socio-

economic populations (Bidwal et al., 2017; Osborn et al., 2014), especially those who are 

diagnosed with multiple chronic conditions (Fernandez-Lazaro et al., 2019). Medically 

underserved populations often receive care at Federally Qualified Health Centers (FQHCs), 

which serve communities and populations where there is a demonstrable unmet need for health 

services (Health Resources and Services Administration, 2020). FQHCs are reporting a growth 

in a more complex patient population as their patients have a higher prevalence of chronic 

conditions and are at risk for worse health outcomes because of social risk factors such as 

poverty (National Association of Community Health Centers, 2019). Taken together, these 

findings highlight the need for interventions aimed at affecting medication adherence across 

disease spectrums and also over the lifetime disease progression trajectory (Ward et al., 2014). 

 The result of a worldwide growth of chronic disease burden coupled with the lack of 

medication adherence also includes increased healthcare expenditures (DiMatteo et al., 2002; 

Nieuwlaat et al., 2014). The economic impact of medication nonadherence is estimated to cost 

the US healthcare system between $100 billion to $290 billion dollars annually (New England 

Healthcare Institute, 2009; Osterberg & Blaschke, 2005; Peterson et al., 2003; Viswanathan et 

al., 2012). One systematic review found the annual adjusted disease-specific cost of 

nonadherence was $949.00 to $44,190.00 per person and “all cause” costs, which included co-
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morbidities, ranged from $5271.00 to $52,341.00 per person annually (Cutler et al., 2018). Also, 

additional physician visits due to medication nonadherence were estimated to cost $2000.00 per 

patient annually (Osterberg & Blaschke, 2005). Focusing on improving medication adherence in 

patients is an important aspect of containing healthcare costs and knowledge of patient adherence 

rates is key to understanding the effectiveness of the health system.  

 Medication adherence is a complex, world-wide problem and has been difficult to solve. 

Factors that are implicated in causing decreased medication adherence outlined by the World 

Health Organization (WHO) can be organized into three broad categories: 1) patient-related 

factors, 2) healthcare provider (HCP)-related factors and 3) health system-related factors (Brown 

& Bussell, 2011; World Health Organization, 2003). Patient-related factors that have been found 

to decrease medication adherence include inadequate understanding of the disease and its 

treatment and not being adequately involved in the treatment decision-making process (Haynes 

et al., 2002). The patient’s health beliefs and previous experience with treatments as well as their 

motivation to adhere have also been found to be factors (Osterberg & Blaschke, 2005). HCP and 

health system-related factors include prescribing complex and/or expensive drug regimens, 

communication barriers between providers and patients, time limitations on primary care office 

visits, and limits on access to care. Additional barriers to medication adherence exist for those of 

low socio-economic status and include, for example, the cost of medications, lack of 

transportation, low health-literacy, and access to care (Brown & Bussell, 2011; Kripalani et al., 

2008; Wallston et al., 2014). Health-system related factors are often related to the fragmentation 

of care and lack of coordination (Brown & Bussell, 2011).  

 Innovative, multi-faceted approaches like patient education, involving patients in 

treatment decisions, considering health literacy, and providing audiovisual instructions should be 
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implemented to improve medication adherence (Brown & Bussell, 2011; Kripalani et al., 2007). 

Because financial constraints may affect medication adherence, educating and assisting patients 

in accessing financial assistance programs by pharmaceutical companies, government plans, and 

other avenues, can help overcome the financial barrier to medication adherence (Brown & 

Bussell, 2011).  

 One new approach to enhancing medication adherence is the use of mobile smartphone 

technology, which offers varying and low-cost ways to interact with patients outside of the 

healthcare environment. Despite widely available, low-cost mobile smartphone medication 

adherence applications (apps) with advanced features, a knowledge gap exists between the use of 

this technology and its impact on medication adherence, particularly in medically underserved 

populations with chronic illness. Many apps offer features that encourage patient-centered 

behavioral approaches that can be characterized as educational, behavioral and/or affective 

(Eysenbach et al., 2019). These patient-centered behavioral approaches, delivered through app 

features, have been shown to improve medication adherence (Peng et al., 2020). Further testing 

is required to understand their effects, particularly in medically underserved populations, as there 

have been few studies of the usability of commercially available apps for managing chronic 

illness among primarily low-income populations (Garabedian et al., 2015; Nelson & Zamora-

Kapoor, 2016; Sarkar et al., 2016). Including medically underserved populations, who have been 

underrepresented in studies utilizing mobile health (mHealth) interventions (Hincapie et al., 

2019; Nelson et al., 2016), is a promising opportunity to support this disproportionately affected 

group and work toward narrowing health disparities in the US. This can be done by connecting 

these patients to health information, health promotion, self-care, and healthcare services (Peek, 

2017). Additionally, increases in smartphone ownership in the US and globally have taken place 
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(Peng et al., 2020; Pew Research Center, 2021; Thakkar et al., 2015). According to the Pew 

Research Center (2021), 85% of Americans now own smartphones, which is an increase from 

35% from when the survey was first conducted in 2011 (Pew Research Center, 2021). Currently, 

76% of low-income Americans, defined as those who earn less than $30,000.00 annually, own a 

smartphone. Furthermore, 27% of this population rely on smartphones for their internet service, 

up from 12% in 2013 (Pew Research Center, 2021).  

 One medication adherence mobile app, Medisafe, is commercially available at no-cost, 

and is Health Insurance Portability and Accountability Act (HIPAA) compliant. This app 

incorporates behavioral change approaches to medication adherence interventions and includes 

different features such as educational features targeting adherence by conveying information, 

behavioral features which target, shape, and reinforce certain behavior patterns, and affective 

features, which support adherence by appealing to emotions or social relationships (Ahmed et al., 

2018). The app uses a variety of advanced features, such as daily, timed, specific medication 

reminders, which can be snoozed, rescheduled, and marked as taken or missed, medication 

information in the form of medication cards and/or videos, an interactions checker, customizable 

refill reminders, adherence reports, and the ability to designate a social support person, termed a 

Medfriend, to be notified if a medication is skipped. That person can then easily text the patient 

an additional reminder or call them (Santo et al., 2019). Medisafe has been rated as a high 

quality, advanced medication adherence app in the literature (Parra-Calderón et al., 2016). 

Therefore, gathering the perspectives on the usefulness and satisfaction with the app in a 

medically underserved population is an important consideration when recommending 

interventions. Medisafe can be used by patients with multiple chronic conditions, as opposed to 
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only a specific chronic illness, which has been cited as an important design consideration and an 

area of further study for medication adherence apps (Peng et al., 2020).   

1.2 Theoretical Framework 

 Social cognitive theory (SCT) has often been used in medication adherence intervention 

research (Conn et al., 2016), and was used in this study. The theory posits that human action is 

caused by the interaction of behavior (e.g., actions, habits), personal factors (e.g., cognitive, 

affective) and the external environment (e.g., physical, sociocultural) (Miles, 2012). These three 

factors influence the outcome behavior, in this case medication adherence (Figure 1a). The 

theory includes six constructs: 1) reciprocal determinism: refers to the idea that behavior, 

environmental, and personal factors are reciprocal factors which mutually interact with each 

other; 2) behavioral capability: people must have the knowledge and skills to successfully 

implement a behavior; 3) observational learning: people can reproduce actions by observing 

others; 4) reinforcements: tied to the reciprocal relationship between environment and behavior, 

and affect the likelihood of continuing or discontinuing a behavior; these responses to a person’s 

behavior can be positive or negative, internal or external; 5) expectations: subjective to the 

person, expectations focused on the value placed on the outcome and can influence if the 

behavior is successfully completed, and 6) self-efficacy: the person’s confidence in the ability to 

successfully perform a behavior, which is original to SCT (Bandura, 2004). SCT highlights the 

influence of social relationships and internal and external social reinforcement on the individual 

and their behavior. Furthermore, the theory offers an explanation for the initiation as well as the 

maintenance of behavior, which is a vital part of medication adherence in chronic disease 

(Bandura, 2004).  
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 Grounded in SCT theory, a subsequent causal model outlines the structural paths of 

influence that affect health behaviors (Figure 1b). In the model, self-efficacy, a focal belief of 

motivation and action, affects health habits directly and indirectly through influencing goals, 

outcome expectations and the person’s perception of socio-structural facilitators and 

impediments (Bandura, 2004). 

 Bandura asserts internal influences are necessary to overcome the barriers to maintaining 

health behaviors. One such internal influence are goals. Personal goals provide self-incentives 

and guides for health behaviors and set the path for personal change. Another internal influence 

is outcome expectations, that is the outcomes patients expect their actions to produce. These are 

the expected costs and benefits for different health habits and are the outcomes that people 

believe can be produced by their actions (Bandura, 2004). Physical outcome expectations of the 

behavior, either pleasurable or unwanted effects, can motivate or disincentivize medication 

adherence and is related to the perceived severity and susceptibility of a disease. These positive 

effects include a decrease in disease symptoms and better health outcomes, while unwanted 

effects could include medication side effects. Sociocultural factors (i.e., social approval and 

disapproval) is also an outcome expectation. The third set of internal influences are self-

evaluative outcomes, which refers to the idea that people do things that give them self-

satisfaction and self-worth and don’t do things that cause them to be dissatisfied with themselves 

(Bandura, 2004).   

 The conceptual framework built from SCT and used in this study to depict the effects of 

using Medisafe on medication adherence is shown in Figure 2. The SCT constructs of interest 

included medication knowledge, a precondition for behavior according to SCT, as well as 

reminders and social support, and self-efficacy, which are socio-structural factors that fall within 
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the environmental realm of SCT. The three constructs of medication knowledge, reminders, and 

social support are all operationalized and integrated into the Medisafe app. While the influence 

of the app on medication self-efficacy is unknown, in the conceptual model it is hypothesized 

that medication self-efficacy will have a positive relationship with medication adherence. No 

known studies have used SCT to study the effects of medication adherence mobile apps. Yet, by 

examining these features through the lens of SCT, progress can be made in understanding which 

features of apps are most efficacious. Therefore, the effects of these concepts on the behavioral 

outcome of medication adherence will be explored.   

1.3 Critical Analysis of Relevant Literature 

 1.3.1  Medication adherence. As detailed earlier, medication adherence is an important 

aspect in the treatment of chronic disease. Yet, accurate measurement of medication adherence 

has been a challenge discussed in the literature (Brown & Bussell, 2011). Using multiple forms 

of measurement are preferred in studies (Anglada-Martinez et al., 2016; Brown & Bussell, 

2011). These include: 1) subjective measurements obtained by asking patients about their 

medication use; 2) objective measurements which include pill counts, pharmacy refill date or 

using medication event monitoring systems and 3) biochemical measurement (Brown & Bussell, 

2011). Self-reported levels of medication adherence demonstrate different levels concordance 

with other measures of medication adherence and can be influenced by questionnaire design and 

administration technique (Garber et al., 2004; Kripalani et al., 2009). Despite this, self-report 

measures can effectively measure adherence and are reliable and valid measurement tools 

(Kripalani et al., 2009; Osterberg & Blaschke, 2005).  

 Two mHealth studies used new technologies, such as artificial intelligence and an 

electronic monitor chip integrated into the medication canister to measure adherence (Labovitz et 
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al., 2017; Svendsen et al., 2018). These studies showed similar effect sizes to those using self-

report measures, suggesting they remain an accurate measurement for medication adherence. The 

MMAS-8 was used in a number of studies and is a popular medication self-report measure 

(Chandler et al., 2019; Morawski et al., 2018; Santo et al., 2019). However, concerns remain that 

it may not be the correct instrument to measure the extent of medication adherence nuanced way. 

Additionally, study results may be confounded by the mere act of being in a study measuring 

medication adherence. This may have been the case in Patel et al. (2013), which used a 

sequential one-group study design, where blood pressure decreased in the participants even 

before use of the app was initiated. Using certain study designs, such as randomized controlled 

trials (RCTs), can lessen this threat.   

 1.3.2  Medication knowledge. Three cross-sectional correlational studies researched if 

higher levels of medication knowledge were associated with higher levels of medication 

adherence in a diverse sample of patients with a variety of chronic illnesses (Ahmad et al., 2013; 

Fernandez-Lazaro et al., 2019; Najjar et al., 2015). Fernandez-Lazaro et al. (2019) found a 

correlation between participants who did not receive information about their medications and 

non-adherence (Cohen’s d = 0.56). An association (Cohen’s d = 0.65) was also found between 

non-adherent participants lacking knowledge about the number and dosage schedules of their 

medications compared with adherent participants in a low-income, uninsured group of 

participants with multiple chronic conditions (Fernandez-Lazaro et al., 2019). Najjar et al. (2015) 

found that participants with a higher level of global knowledge were more adherent to their 

medications (Cohen’s d = 0.49). Ahmad et al. (2013) reported that a variable associated with 

medication nonadherence was medication knowledge, but the effect size was minimal (Cohen’s 

d = 0.02). Measurement issues were a concern in these studies due to the use of self-report 
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measures which can lead to overestimating medication adherence and the possible subjectivity of 

interviewers which is difficult to account for in each of these studies. Validity and reliability of 

measures when they were translated is a concern, as only two of the studies reported back 

translation or testing of measures in different languages (Ahmad et al., 2013; Najjar et al., 2015). 

Different operational definitions of medication knowledge also make comparisons across studies 

difficult, although many of the definitions contained similar constructs of medication knowledge.  

 Three Randomized Controlled Trials (RCTs) which used either eHealth (electronic 

health) patient education tools via the internet or videos, found that even though medication 

knowledge improved, medication adherence did not show large improvement (Graumlich et al., 

2016; Hofer et al., 2017; Timmerman et al., 2016). Graumlich et al. (2016) reported that the 

intervention group sustained adherence to medications during the trial, while it declined in the 

control group (Cohen’s d = 0.08). Hofer at al. (2017) reported that improvement in medication 

knowledge was not correlated with increased medication adherence in either the e-health tool or 

the printed material group (Cohen’s d = 0.18) (Hofer et al., 2017). Timmerman et al. (2016) 

found that medication-specific education did increase knowledge of the prescribed therapy but 

did not improve adherence (Cohen’s d = 0.20). There was no association between being in the 

intervention group and adherence (Cohen’s d = 0.04) in the Timmerman et al. (2016) study. 

These findings suggest that improved medication knowledge alone is not sufficient to improve 

medication adherence and that multifactorial interventions are necessary to increase medication 

adherence.   

 Both patient knowledge of medications and their satisfaction with the information 

provided about their medications have been associated with medication adherence (AlHewiti, 

2014). It has been postulated that individuals have different preferences for the amount of 
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information they receive about their medications and the way that information is delivered 

(Horne et al., 2001). This was confirmed by Hofer et al. (2017) who studied a diabetes web-

based educational intervention in low-income Latino and African American adults with D2M. 

Satisfaction with medication information, not medication knowledge, was the only study 

outcome variable that was significantly associated with a change in medication adherence 

(p=0.024) (Hofer et al., 2017). Also, an RCT of a computer-based medication-planning tool 

demonstrated increased satisfaction with information provided about medications with the 

intervention group demonstrating increased knowledge of the indications for the medications 

(Cohen’s d = 0.47), but no improvement in verbal or demonstration measures of use of their 

medication was found (Graumlich et al., 2016). The authors hypothesized this may be because 

the program did not support patients at home when taking their medication (Graumlich et al., 

2016). Both of these eHealth interventions were not offered through mobile devices such as 

smartphones, which allow for knowledge acquisition through timely information sharing using 

push notifications, as well as having information about medications, which can be accessed on 

demand by patients, whenever they have their smartphone within reach. 

 There are a number of gaps in the research regarding the influence of medication 

knowledge on adherence, as well as whether or not medication adherence mobile apps influence 

medication knowledge. Studies that accurately measure changes in medication knowledge 

related to the use of medication adherence apps with an educational component were not found. 

Therefore, it is unclear if generic medication information delivered by medication adherence 

smartphone apps influences patient’s medication knowledge. Furthermore, it is unclear if daily 

push notifications and/or accessing educational materials or videos via the app increases 
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medication knowledge, the best mode for delivery of medication information within the app, and 

if patients will access and find the available information and videos useful.  

 1.3.3  Medication reminders. Studies indicate small, positive correlations between using 

medication adherence apps with reminders and medication adherence in a variety of patients and 

settings (Anglada-Martinez et al., 2016; Chandler et al., 2019; Labovitz et al., 2017; Moorhead et 

al., 2017; Morawski et al., 2018; Patel et al., 2013; Santo et al., 2018; Svendsen et al., 2018). 

Anglada-Martinez et al. (2016) found an effect (Cohen’s d = 0.41) in a single-arm, prospective 

pre-post 6-month intervention study in self-reported medication adherence during the 

intervention period compared to the control period. The app had similar characteristics to the 

Medisafe app and the study enrolled patients with four types of chronic illnesses – HTN and/or 

HLD and/or CHF and/or HIV. Data was sent automatically to HCPs to review  (Anglada-

Martinez et al., 2016). Chandler et al. (2019) found a strong association between greater HTN 

medication adherence and being in the app intervention group (Cohen’s d = 1.96). This 

intervention was culturally tailored for Hispanic adults with uncontrolled HTN and included a 

Bluetooth-enabled blood pressure device and a medication tray that provided a series of reminder 

signals. SMS messages with motivational messages were sent based on the previous day’s 

adherence score. HCP involvement during the study period was significant and participants 

would be contacted if the blood pressure readings fell outside of the predetermined threshold 

range (Chandler et al., 2019). Labovitz et al. (2017) also found a moderately strong positive 

relationship between using the app and medication adherence using pill counts in an RCT 

(Cohen’s d = 1.32). This study was weaker in terms of external validity because the sample size 

was small (n = 28) and was limited to anticoagulation therapy in stroke patients (Labovitz et al., 

2017). Moorhead et al. (2017) studied receiving a push notification through an app and found 
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that taking the ingestible sensor-enabled medication was positively correlated with seeing the 

dose reminder (Cohen’s d = 0.49). This intervention was slightly different because it was 

described as a digital offering that included a wearable sensor and ingestible sensor-enabled 

medications connected to an app reminder system (Moorhead et al., 2017). Morawski et al. 

(2018) studied the Medisafe app using an RCT design in patients with HTN. The study did not 

include HCP involvement and self-reported medication adherence increased over the three-

month period (Cohen’s d = 0.33). Participants signed up over a web portal and received a blue 

tooth enabled blood pressure monitor which did not sync with the app (Morawski et al., 2018). 

Patel et al. (2013) used a one-group sequential study design in a low-income, African American 

urban population with uncontrolled HTN and found an increase in the rates of proportion of days 

covered in the activation phase vs. the post activation phase (Cohen’s d = 0.38). This study also 

included the receipt of a cell phone and service plan (Patel et al., 2013). Santo et al. (2019) found 

a slightly larger increase in medication adherence in a patients with HTN in an urban, large, 

tertiary care center in Australia than Morowski et al. (2018) did in their online study (Cohen’s d 

= 0.45 vs. 0.33). Both studies utilized the Medisafe app for 3 months (Santo et al., 2019). An 

important difference is that in the Santo et al. (2019) study, research personnel assisted 

participants to download and set up the app, while Morawski et al. (2018) did not, and research 

personnel were blinded to participants. Lastly, Svendsen et al. (2018) reported a positive 

association between use of a reminder app and medication adherence of a cutaneous foam to 

treat psoriasis in their RCT (Cohen’s d = 0.60) (Svendsen et al., 2018).   

 Digital reminders were found to especially increase medication adherence in patients 

with lower adherence scores, while some studies using samples of more adherent patients 

attributed smaller effect sizes to a ceiling effect (Anglada-Martinez et al., 2016; Moorhead et al., 
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2017; Morawski et al., 2018). However, another large scale 12-month study of low-cost non-

mobile phone reminding devices in a non-adherent population showed these devices had no 

effect on medication adherence (Choudhry et al., 2017). These findings suggest that mobile 

phone reminders increase medication adherence more than other commonly used non-mobile 

phone reminder systems. 

 The use of RCTs to study the influence of app-based medication reminders control for 

some of the threats to internal validity found in the single group studies. But external validity of 

these findings remains problematic due to sample heterogeneity including sample characteristics, 

diagnosis, medications, reminder systems and app features used, as outlined above. Another 

consideration is that since patients were recruited by advertisement or unspecified methods, these 

studies may have attracted more motivated patients. Only three studies were found that enrolled 

medically underserved, high-risk populations (Chandler et al., 2019; Moorhead et al., 2017; Patel 

et al., 2013). Two focused on patients with uncontrolled HTN (Chandler et al., 2019; Patel et al., 

2013), while one included medications to treat D2M, HTN and statin medications (Moorhead et 

al., 2017). In general, studies that included a variety of chronic diseases were limited.  

 1.3.4  Social support. Social support is a multifaceted construct, that has been shown to 

be a positive influence on medication adherence in chronic illness (Dimatteo, 2004; Scheurer et 

al., 2012). Broadly speaking, it has been defined as the character and structure of a person’s 

relationships and involves support and assistance from family and friends (Dimatteo, 2004). 

There are multiple domains of social support, but in one meta-analysis of various domains of 

social support and patient adherence, the mean correlation across 29 studies of practical social 

support and adherence to treatment bore the highest correlation (Cohen’s d = 0.65) (Dimatteo, 

2004). In this meta-analysis, practical support had a greater effect on adherence than emotional 
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support, suggesting that the concept of practical social support is an important target to improve 

treatment adherence (Dimatteo, 2004). A systematic review which studied the association 

between different types of social support and medication adherence also found that practical 

social support was consistently associated with improved medication adherence (Scheurer et al., 

2012). A study of social support and immunotherapy adherence among adult renal transplant 

recipients found a significant effect (Cohen’s d = 0.44) between social support and medication 

adherence. The social support measure included the domains of emotional/informational support, 

instrumental or practical support, positive social interaction, and affectionate support (Chisholm-

Burns et al., 2010). Yet another study of the relationship of social support and adherence to 

medications after an acute coronary syndrome found that patients with greater practical social 

support were more likely to adhere to their medications (Cohen’s d = 0.37). Again, practical 

social support was found to have a stronger effect on medication adherence than emotional social 

support (Cohen’s d = 0.14) in this study (Molloy et al., 2008).  

 Research is needed to understand the effects of social support features in medication 

adherence apps. No studies found have studied social support as an app feature. This knowledge 

gap has been recognized in a recent systematic review focusing on how behavior change 

strategies are used in medication adherence digital interventions (Etminani et al., 2020). 

 Some work has been done looking at technological ways to increase social support and 

therefore medication adherence. One such study researched if participation in an online 

community designed to foster social support for patients diagnosed with asthma increased 

medication adherence. This RCT found that being part of the online community did not increase 

self-reported medication adherence to asthma preventer therapy compared to a control diary 

(Cohen’s d = 0.10) (Koufopoulos et al., 2016). In a quasi-experimental patient preference trial, a 
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care partner who was a supportive family member or close friend was identified for participants 

in one arm of the study. This care partner was emailed a report after each interactive voice 

response call summarizing the patient’s general health and D2M self-management status. They 

were given detailed suggestions on ways to facilitate the patient’s self-management. Medication 

adherence, measured by self-report, increased between baseline and post intervention, with 

greater improvement in the care provider arm as opposed to those participants who only received 

the automated D2M telemonitoring and self-management program (Cohen’s d = 1.5) (Aikens et 

al., 2015). In another study of an automated text messaging with remote nurse support, in an 

urban, largely African American population, trained nurses provided phone calls and tailored 

education and encouragement if responses to texts indicated difficulty filling prescriptions or 

adhering to medications (Nundy et al., 2014). Effect sizes for social support measures could not 

be calculated due to the fact that no standard deviations were reported, but the amount of and 

satisfaction with the social support received improved at 6 months. Medication adherence also 

improved, but again, effect size could not  be calculated with the information given (Nundy et 

al., 2014). 

  The aforementioned studies highlight the difficulties of accurately measuring the concept 

of social support as well as accurate measurement of medication adherence (Aikens et al., 2015; 

Chisholm-Burns et al., 2010; Koufopoulos et al., 2016; Molloy et al., 2008; Nundy et al., 2014). 

Some studies used various unvalidated self-report measures of medication adherence 

(Koufopoulos et al., 2016; Molloy et al., 2008; Nundy et al., 2014). More research is needed to 

determine the type of mHealth interventions that can facilitate social support (Etminani et al., 

2020). This is particularly true in the case of mobile phone medication adherence apps. The only 

RCT to providing social support through membership in an “online community” for medication 
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adherence found no effect on medication adherence, with the authors citing the lack of patient 

engagement and the need for more multi-modal levels for the website design (Koufopoulos et al., 

2016). Forgetfulness is a major cause of medication non-adherence and might be mitigated by 

social support (Chisholm-Burns et al., 2010). The Medisafe app does include this function, easily 

allowing a support person to remind a patient regarding a forgotten medication. This research 

added new insight into the ability of a medication adherence mobile phone app to translate and 

encourage social support through a technological platform.  

 1.3.5  Medication self-efficacy. As posited in SCT, higher medication self-efficacy 

beliefs are generally associated with higher medication adherence. Studies conducted globally 

over a wide variety of patient populations and with a variety of illnesses, demonstrated patients 

with higher medication self-efficacy were more adherent to their medications. For example, in a 

cross-sectional study of women of African descent with Systemic Lupus Erythematosus who 

received care at a public hospital clinic in Barbados, researchers found that the probability of 

women having high medication adherence scores fell with lower medication self-efficacy scores 

(Cohen’s d = 0.12) (Flower et al., 2016). In another cross-sectional study, researchers found a 

strong positive association of medication self-efficacy with medication adherence in patients 

with D2M (Cohen’s d = 1.25) (Huang et al., 2018). In a third cross sectional study of elderly 

patients in South Korea with chronic illness, a mathematical model found medication self-

efficacy was the strongest predictor of medication adherence. Also, the study found that for 

every unit higher in the medication self-efficacy score, medication adherence rose by 27% (Lee 

et al., 2013). Lastly, in a cluster randomized intervention trial that enrolled hypertensive patients 

of African descent in the Netherlands, researchers also found a positive association of medication 

self-efficacy and medication adherence (Cohen’s d = 1.12) (Meinema et al., 2015).  
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 There has been little research conducted  on whether the use of medication adherence 

mobile apps influenced medication self-efficacy in the user. Only one study, by Kjos et al. 

(2019), measured the concept of medication self-efficacy in relation to using a medication 

adherence app in patients with D2M. This single-group study showed no effect (Cohen’s d = 

0.04) on medication self-efficacy after 6 months (Kjos et al., 2019). Notably, the study found a 

very small improvement in medication adherence (Cohen’s d = 0.20) (Kjos et al., 2019). Upon 

further analysis, differential dropout rates suggested that younger patients with lower medication 

self-efficacy may have benefitted the most from this type of intervention and remained more 

engaged with the app (Kjos et al., 2019). The authors hypothesized that interventions that are 

more individualized and provide feedback and social support may have a greater effect on 

medication self-efficacy (Kjos et al., 2019). The influence of using a medication adherence 

mobile app on medication self-efficacy represented a gap in the literature, which was addressed 

in this research study.  

 1.3.6 Usefulness and satisfaction with medication adherence apps. Generally, mobile 

apps that aid with medication adherence were accepted and found useful by participants (Karla et 

al., 2019; Park et al., 2019; Peng et al., 2020; Shade et al., 2018). Karla et al. (2019) tested the 

Medisafe app on patients with coronary artery disease and found that feedback on the app was 

positive, with participants indicating having their medication list on their phone and receiving 

timed reminders were helpful. Most planned to continue using the app and would recommend it 

to a family member or friend (Karla et al., 2019). In contrast, another medication adherence app 

designed by the researchers suffered from technical glitches with 50% of participants reporting 

problems with reminders (Anglada-Martinez et al., 2016).  
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 It is known that mHealth interventions are understudied in medically underserved, low-

income, and diverse populations in the US (Hincapie et al., 2019; Peek, 2017). One qualitative 

study explored the potential benefits and barriers of mobile app adherence interventions in a 

medically underserved population and found patients were willing to try smartphone apps but 

were concerned about affordability (Hincapie et al., 2019). Other reasons this group listed for not 

wanting to use a mobile app intervention to help with medication adherence included concerns 

about using technology that may be too complicated, not keeping phones with them all of the 

time, and not being able to use all of the features (Hincapie et al., 2019). Although existing 

research has found the Medisafe app usable in a rural aging population (Shade et al., 2018) as 

well as with cardiac patients in Australia (Karla et al., 2019), our research on the usability of and 

satisfaction with the app for patients who received care in an FQHC setting and were medically 

underserved lent additional information to the body of knowledge.   

1.4 Purpose of the Study 

 Studies of medication adherence apps with similar features such as medication 

information, reminders, adherence statistics and ability to share information with HCPs exist, but 

no studies were found that specifically examined the effects of various features of the app and 

their effect on medication adherence. Studies found have not isolated which behavioral concepts, 

such as medication self-efficacy, medication knowledge, and medication social support, were 

influenced by the app in a medically underserved population.  Additionally, no studies were 

found that researched the experiences and perspectives of medically underserved patients. 

 Thus, the purpose of this study was to assess if using the Medisafe app effected patient 

medication self-efficacy, medication adherence, medication knowledge, and medication social 

support. Rather than sampling from a specific disease population, this study enrolled patients 
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with a variety of chronic illnesses from a medically underserved population. The study explored 

patient perceptions on the usefulness and satisfaction with the app features with a specific focus 

on the Medfriend (social support) and the educational features. 

1.5 Specific Aims and Hypothesis 

Specific Aim 1: Using an RCT design, investigate the efficacy of using the Medisafe app and its 

features on patient medication self-efficacy and medication adherence.  

 Hypothesis 1: Patients in the intervention group will report increased medication self-

efficacy and medication adherence with use of the mobile phone app. 

Specific Aim 2: To investigate if using the Medisafe app influences medication knowledge and 

medication social support.  

 Hypothesis 2: App users will report increased medication knowledge and medication 

social support compared to those in the control group.  

Exploratory Aim 2a: To explore if participants who accessed educational materials within the 

app report greater medication knowledge than those who do not.  

 Exploratory Aim Hypothesis 2a: Those who access the educational materials will report 

greater gains in medication knowledge compared to those who do not access the education 

materials. 

Exploratory Aim 2b: To explore if participants who choose to use the additional Medfriend 

feature within the app report greater medication social support than those who do not.  

 Exploratory Aim Hypothesis 2b: Those who use the Medfriend option will report greater 

gains in medication social support compared to those who do not use the Medfriend option.  

Specific Aim 3: To explore patients’ perceptions on the usefulness of and satisfaction with the 

app features.  
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 Hypothesis 3: Patients will report high levels of usefulness and satisfaction with the app 

features.  

1.6 Relevance to the Field 
 
 With approximately 8 billion mobile subscriptions worldwide, mobile technology is far-

reaching and offers the opportunity to access a substantial range of patients to assist them in 

adhering to their medications (Peng et al., 2020). With the wide accessibility to and promise of 

medication adherence apps, it is important for HCPs to understand the implications of this 

technology and base their recommendations on sound research (Eysenbach et al., 2019).   

 If medication adherence could be improved in medically underserved populations seeking 

care in an FQHC setting via the use of a medication adherence app, then this technology could be 

offered as a standard of care to patients. Widespread adoption has the potential to improve 

individual and population health. Medication adherence has been shown to positively affect 

health outcomes, decrease hospitalizations, and lessen healthcare expenditures. Providing tools 

accessible outside of the healthcare facility to support patients to adhere to their medication 

regimen is becoming increasingly important as the prevalence of chronic diseases are rising. 

Mobile phone medication adherence app technology provides the ability to design features that 

have the potential to educate patients about their medications, remind them to take their 

medications and/or refill prescriptions, document medication intake, share data with HCPs and 

family or friends and monitor their medication adherence accurately (Peng et al., 2020). As 

healthcare technology evolves and becomes more acceptable and accessible, the Medisafe app 

has the potential to be integrated with the electronic health record. This can serve as a conduit for 

HCPs to evaluate their patient’s medication adherence quickly. With increasing numbers of 

people being diagnosed with chronic disease, particularly those in medically underserved 
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populations, HCPs should become familiar with available, implementable apps, and recommend 

these tools to help patients adhere to medications. 
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Figure 1.1 Theoretical Framework of Social Cognitive Theory (Phipps et al., 2013). 
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Figure 1.2  Socio cognitive causal model of structural paths of influence on health behavior 
both directly and by their impact on goals, outcome expectations, and perceived facilitators 
and impediments (Bandura, 2004). 
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Figure 1.3  Conceptual framework illustrating the constructs of interest and their 
relationships   
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Abstract 

The aim of this pilot study was to evaluate the effects and feasibility of the medication adherence 

application, Medisafe. Methods. Participants in this single-arm pre-post intervention pilot study 

(N=10) completed a baseline survey, used the app for two weeks and completed an end-of-study 

survey. The primary outcome measures were medication adherence and medication self-efficacy. 

Feedback on use of the app was also gathered. Results. A statistically significant median 

increase of 8 points on the Self-efficacy for Adherence to Medications Scale (SEAMS) was 

observed (p=.03, Cohen’s d=0.69). Though not significant, the Adherence to Refills and 

Medications Scale (ARMS) demonstrated a median change of 2.5 points in the direction of 

increased medication adherence (p=.21, Cohen’s d=0.41). Feedback about the app was positive. 

Conclusions. Use of the Medisafe app is a viable option to improve medication self-efficacy and 

medication adherence in medically underserved patients in an outpatient setting with a variety of 

chronic illnesses.  

 

2.1  Introduction 

Medication adherence is vital in the treatment of patients with chronic illness who require 

long-term medication therapies to maintain optimal health. Medication adherence, a complex and 
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widespread problem, has been difficult to solve and requires innovative, multi-faceted approaches 

to do so (Kripalani, Yao, & Haynes, 2007). Providing effective patient education, involving 

patients in treatment decisions, considering health literacy, and providing audiovisual instructions 

as opposed to reading material have been proposed to help patients adhere to their medication 

regimens (Brown & Bussell, 2011). Medication adherence also improves when drug regimens are 

simplified and medication costs, transportation needs and available social support are considered 

(Brown & Bussell, 2011).  

2.1.1  Understanding Medication Adherence Mobile Phone App Effects 

 According to the Centers for Disease Control, four in ten adults in the United States have 

two or more chronic diseases, highlighting the need for interventions to improve medication 

adherence across disease spectrums and the lifetime disease progression trajectory (Chronic 

Diseases in America, 2019; Zhu, Heng, & Teow, 2018). Medication adherence is particularly 

important in medically underserved populations who experience higher rates of chronic 

conditions. Additionally, lower rates of medication adherence are reported in minority 

populations, patients with lower socio-economic status and patients who have multiple 

conditions (Rolnick, Pawloski, Hedblom, Asche, & Bruzek, 2013). 

 One approach to enhancing medication adherence is the use of mobile smartphone 

technology, which offers new, different, and low-cost ways to interact with patients outside of 

the healthcare environment. Despite widely available, low-cost mobile smartphone medication 

adherence apps (Peng et al., 2020), a knowledge gaps exists on the use of this technology and its 

impact on medication self-efficacy and medication adherence in medically underserved 

populations with a variety of chronic illnesses.  
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 Medication adherence apps increasingly offer more interactive and customizable features, 

but the main function that can improve medication adherence, or if these interactive features 

contribute to user engagement over longer periods of time is still not known (Peng et al., 2020). 

Many of these apps offer features that encourage patient-centered behavioral approaches in an 

attempt to enhance user adherence to prescribed medication regimens (Eysenbach et al., 2019). 

Yet, their effects on medication adherence remains unclear, particularly in medically 

underserved populations where there is potential to reduce health disparities (Peek, 2017; 

Garabedian, Ross-Degnan, & Wharam, 2015; Nelson & Zamora-Kapoor, 2016; Sarkar et al., 

2016). Using a theory guided approach, discovering which behavioral concepts are impacted by 

the use of commercially available medication adherence mobile apps, and understanding the 

uptake of these features by patients represents a gap in the literature (Peng et al., 2020). In 

medication adherence research, the use of theory and conceptual frameworks has been 

underutilized with one meta-analysis finding that less than 20% of the studies used theory to 

develop the intervention (Conn, Enriquez, Ruppar, & Chan, 2016). This seems to be even more 

true of interventions using medication adherence mobile phone applications (Kjos, Vaughan, & 

Bhargava, 2019). A conceptual model that links the intervention inputs to the ultimate outcome, 

in this case medication adherence, is necessary to conduct valuable research (Blalock, 2011).  

2.1.2  Purpose 

 A pilot study was conducted to investigate if a publicly available high-quality medication 

reminder app (Medisafe) improved medication adherence and medication adherence self-efficacy 

in a population of medically underserved patients with chronic illness at a Federally Qualified 

Health Center (FQHC) in the Northeast. The study also evaluated the procedures for a future 
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dissertation study and assessed recruitment and the feasibility and acceptability of the 

intervention. 

2.1.3 Conceptual Model 

 The conceptual model of this study (see Figure 1) is based on social cognitive theory 

which is often used in medication adherence intervention research (Conn et al., 2016). Social 

cognitive theory posits that human action is caused by the interaction of behavior, cognitive and 

additional personal factors, and the external environment (Miles, 2012). Self-efficacy, a focal 

belief of motivation and action, is posited to affect health habits directly (Bandura, 2004). 

Bandura asserts that interactive technology, which mobile health (mHealth) falls under, may 

increase the impact of health promotion programs. Long-term adherence is facilitated by social 

support during early periods of personal change and maintenance (Bandura, 2004). Many of the 

constructs of the theory, for example, knowledge and socio-structural facilitators such as 

reminders and social support are integrated in some of the features of the Medisafe app. Based 

on this work, we hypothesize that medication knowledge, medication reminders, and medication 

social support will affect medication adherence. We will also look at self-efficacy as a secondary 

outcome.  

 Medication knowledge is defined as patient-perceived knowledge about their medications 

(Okere, Renier, & Morse, 2014). Reminders are defined as automatically sent reminders without 

personal contact between the healthcare provider and patient (Vervloet et al., 2012). Social 

support is broadly defined as the character and structure of a person’s relationships and involves 

support or assistance from family and friends (DiMatteo, Patrick, Heidi, & Thomas, 2002). We 

defined medication adherence as the extent to which a person’s behavior such as taking 

medication corresponds with agreed recommendations from a healthcare provider (World Health 
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Organization, 2003) Lastly, medication self-efficacy is defined as the confidence the participant 

has in their ability to take their medications correctly in various situations (Risser, Jacobson, & 

Kripalani, 2007). 

2.2  Methods 

2.2.1  Study Design 

 The study was an observational single-arm pre-post intervention pilot study. 

2.2.2  Setting and Recruitment 

 Participants were recruited from an FQHC in the Northeast United States. The FQHC 

serves patients who are either insured by Medicaid, Medicare or are not insured. Some patients 

carry private insurance. Participants were recruited through healthcare provider referral for this 

study.  

 Inclusion criteria included were: 1) adults aged 18 years and older 2) speak and 

understand English 3) have access to an Android or iOS smartphone and 4) take at least one 

medication for a chronic illness based on their computerized medical record at the health center. 

Exclusion criteria included 1) already using a medication reminder app or other electronic 

reminder system such as phone alarms 2) owning smartphones that are not capable of 

downloading the app 3) patients with severe dementia or serious mental illness, and 4) inability 

to use a mobile phone or the medication reminder software either physically or cognitively. 

2.2.3  Intervention 

 The medication adherence mobile app, Medisafe, is a publicly available, Health 

Insurance Portability and Accountability Act (HIPAA) compliant, no-cost medication adherence 

app. The app integrates the concepts of increasing medication knowledge, providing reminders 

and offering an optional social support feature. HIPAA compliance is an important aspect of the 
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app because some studies report smartphone users fear a compromise of their personal health 

information (Anglada-Martinez et al., 2016; Peng et al., 2020). Additionally, this app can be used 

with patients with multiple chronic conditions, as opposed to only a specific chronic illness, 

which has been cited as an important design consideration and an area for further study and 

development for medication adherence apps (Peng et al., 2020).  

 The Medisafe app includes adherence tracking capabilities and the ability to 

communicate adherence reports with the healthcare provider (HCP). This smartphone app has 

been used in studies relating to hypertension (Morawski et al., 2018) and coronary artery disease 

(Santo et al., 2019) and demonstrated improved medication adherence. The Medisafe app has not 

been studied in a medically underserved population with a variety of chronic illnesses in the 

United States. Yet, medically underserved populations who receive care at FQHCs experience 

higher rates of chronic conditions, and FQHCs are reporting growth in rates of treating complex 

conditions over time (National Association of Community Health Centers, 2019).  

2.2.4  Data collection 

 Data were collected using web-based surveys and secondary usage data from the 

Medisafe app. The participants completed a baseline survey and a follow-up survey after 2 

weeks of app usage. Study data were collected and managed using REDCap electronic data 

capture tools. REDCap is a secure, web-based software platform designed to support data 

capture for research studies (Harris et al., 2019). The baseline survey consisted of the Self-

efficacy for Appropriate Medication Use Scale (SEAMS) and the Adherence to Refills and 

Medications Scale (ARMS) as well as the Brief Health Literacy Scale (BHLS) and patient 

demographic information. Based on patient preference, it was  administered either in-person, via 

email, or in hard-copy form. The follow-up survey included the SEAMS and ARMS, questions 
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asking for feedback regarding the Medisafe app, and one open-ended question  for participant 

comments. If a hard copy was used, the responses were double entered into REDCap to ensure 

accuracy. If the participant was unable to meet initially, contact information was collected and a 

date to come to the health center and complete consent and the baseline questionnaire and set up 

of the app was scheduled.  

Secondary data collected by Medisafe were provided to the PI in Excel spreadsheet 

format through Medisafe’s secure Google Drive platform.  

2.2.5  Study Measures 

 Several existing measures with established validity and reliability were used in the study. 

Each of these measures are discussed next. See Table 1 for more details. 

2.2.5.1  Self-efficacy for Appropriate Medication Use. The Self-efficacy for 

Appropriate Medication Use Scale (SEAMS) measures self-efficacy for medication adherence. It 

has been reported to be a valid and reliable global (continuous) 13-item scale, with a possible 

score of 13-39 (Cronbach’s alpha = 0.89, Risser, Jacobson, & Kripalani, 2007). Higher scores 

indicate higher levels of self-efficacy for medication adherence. It has been reported to be valid 

and reliable in low-literacy chronic disease populations (Risser et al., 2007). Participants are 

asked their level of confidence about taking medications correctly. Response options were 1 (not 

confident) to 3 (very confident). Total scores were  generated by summing responses to all items. 

Those scores  in our study had a Cronbach’s alpha of 0.94.  

2.2.5.2  Medication and Refill Adherence. Participants completed the Adherence to 

Refills and Medications Scale (ARMS) to measure both medication and refill adherence. The 

ARMS is a valid and reliable global (continuous) 12-item scale and a possible score of 12-48 

with low ARMS scores indicate better adherence. It has been tested in a low-literacy chronic 
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disease population (Kripalani, Risser, Gatti, & Jacobson, 2009). Subscales include taking 

medications as prescribed (8 items) and refilling medications on schedule (4 items). Responses 

options were measured on a 4-point response scale with a score of 1 (none) to 4 (all of the time). 

Item responses were summed to generate a total score for this measure. Prior internal consistency 

of the measure scores have been reported to be  0.81 (Cronbach’s alpha, Kripalani, Risser, Gatti, 

& Jacobson, 2009). The scores in this study had a Cronbach’s alpha of 0.84.  

2.2.5.3  Intervention process. Satisfaction and open-ended questions were used to 

ascertain opportunities and challenges of using the smartphone app and aspects of the app 

participants found most and least helpful. Participants were also asked if they plan to continue 

using the app after study completion. 

2.2.6  Study procedures 

Clinic staff referred patients who met eligibility criteria to the Principal Investigator (PI) 

who met with patients to discuss the study and obtain informed consent. Following consent, the 

participant completed the baseline questionnaire either as a hard copy survey or web-based 

survey using an iPad, depending on participant preference. The PI then assisted the participant to 

download and set up the free Medisafe app on their smartphone at the clinic. Once the app was 

downloaded, the medications were entered into the Medisafe app using the most recent 

medication list, which was obtained from the electronic medical record and reviewed with the 

participant. If any medication discrepancies existed, the clinic staff was asked to review the 

medication list to resolve the discrepancy prior to entering the medication into the Medisafe app. 

Educational materials developed by the PI was used to educate participants on the use of the app. 

If participants were having difficulty entering their medications, the process was 

demonstrated by entering one of their prescribed medications. The PI showed the participants 
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how to access their list of medications in the app,  edit a medication that was already in their list 

(e.g., change the medication dosage) and access information about their medications in the app. 

Participants were then shown how to  indicate that the medication was taken, skipped, or 

rescheduled once they received a reminder alarm to take their medication. Participants were also 

introduced to additional app features such as the weekly adherence report and how to invite a 

family member or friend to be a Medfriend in the app.  

At the end of the meeting, the participant was given the PI’s contact information and was 

shown a Medisafe email address they could access if they experience any technical problems. 

Participants were encouraged to set up a Medfriend to receive reminders of missed medications 

as well as refill and morning reminders. Participant follow-up occurred within the first week 

after implementation by telephone or text to ensure the app was working properly and to answer 

any questions. Participants were again contacted after two weeks either by phone, by a web link 

or in-person to complete the final questionnaire, depending on participant preference. 

2.2.7  Data Analysis 

 Statistical software (IBM SPSS Statistics) was used for the quantitative summarization of 

the preliminary effects of the use of the app on the change in medication adherence (ARMS 

scores) and on self-efficacy (SEAMS scores) from baseline to two weeks. Descriptive statistical 

and graphical methods were used to summarize sample characteristics and study measures at 

each time of assessment, as well as evaluate observed data distributions for appropriate analysis 

approaches. Frequency distributions summarized nominal/ordinal data and used median (IQR) 

due to the small sample size. Wilcoxon Signed Ranks Tests were  used to test for changes in the 

ARMS and SEAMS scores from baseline to two weeks. An alpha of .05 was used for statistical 

significance. Results were transformed to Cohen’s d effect size statistics.  
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2.3  Results 

Sample Characteristics 

 The median age of the sample was 49 (range 34 to 64) and men and women were equally 

represented (n=5 each). The majority of participants were non-Hispanic (60%), married (60%), 

employed for wages (50%), and half had either some high school education or a high school 

diploma. Reported household income was low, with 40% of the sample reporting an income of  

less than $25,000.00 annually. Eighty percent of participants were either employed for wages or 

self-employed. The median Brief Health Literacy score was 11.5 (min = 3, max = 15)(IQR = 5.5) 

indicating higher subjective health literacy (Walliston et al., 2014).  

Medication Self-Efficacy and Adherence 

 Median self-efficacy (SEAMS) score at baseline was 30.00 with a range of 17.00 to 

39.00. As shown in Figure 2, most of the participants reported an increase in self-efficacy after 

using the app for two weeks (median= 38.0, range = 30.00-39.00). This change was statistically 

significant (p = .030) and represented an effect size of 0.69 (Cohen’s d).  

 A similar positive effect of app use in this study, although not as strong, was observed for 

medication adherence (ARMS). Recalling that lower scores on the ARMS are indicative of better 

adherence, as shown in Figure 2, there was a general trend for increasing adherence – 

particularly for those participants with initial lower levels of adherence (higher ARMS scores). 

Median score at baseline was 17.5 (range=12.0 to 27.00) and after 2 weeks of app use was 15.00 

(range=12.0 to 18, p = .21, Cohen’s d = 0.41).  

Participant Feedback 

 Feedback of the app was positive. Ninety percent of participants strongly agreed that they 

liked the app design, 90% strongly agreed it was useful to have a medication list on their 
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smartphone, 100% found it useful to set medication reminders, while only 40% strongly agreed 

that tracking measurements was useful. None of the participants had difficulty with visualizing 

the app or a problem with dexterity. There were two instances where participants needed to be 

corrected when entering medications. Ninety percent strongly agreed that the reminders helped 

them to remember to take their medications at the correct time each day and found it easy to use 

the app, while 80% found it convenient to have the app. Only one participant received three or 

more reminders per day, while the others received a once or twice a day reminder. Two of the 

participants used the app in Spanish once it had been set up in English. Sixty percent strongly 

agreed that having additional information about their medication in the app was useful and 90% 

would recommend the app to family or friends, surpassing the original aim of 70%. Only one 

person reported technical issues and only 20% reported using the refill reminder, with only one 

of them reporting the refill reminder helpful. Only one participant reported using a Medfriend 

and somewhat agreed it was useful, only one reported using the interaction checker and they 

found it useful. One participant used the app to report an accurate list of medications to an 

Emergency Department physician and stated: “I would like to set my father up with it.”  

  At baseline, most participants preferred that the PI read the questions aloud and entered 

their responses into the tablet while they looked at a paper copy and either pointed to their 

response or gave their response verbally. However, some participants preferred to complete the 

follow-up survey using the email link. 

2.4  Discussion 

2.4.1  Medication Self-Efficacy 

 This study was the first to examine the influence of a widely available free medication 

adherence mobile app on medication self-efficacy in medically underserved patients with a 
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variety of chronic illnesses. Findings showed the intervention was efficacious in increasing 

participants medication self-efficacy from pre-test to post-test. A statistically significant increase 

in SEAMS scores was observed (Cohen’s d = 0.69, r = .33). This study found that using the app 

did significantly increase medication self-efficacy. This finding aligns with the current literature 

indicating  a positive association between medication self-efficacy and medication adherence 

(Flower, Hambleton, & Campbell, 2016; Huang, Shiyanbola, & Smith, 2018; Lee, Kang, Kim, & 

Son, 2013; Meinema et al., 2015). Kjos et al. (2019) measured the concept of medication self-

efficacy in relation to using a diabetes-specific medication adherence app. This single-group 

study showed no effect (r=0.02) on medication self-efficacy after 6 months in a group of 

privately insured outpatients with diabetes (Kjos et al., 2019). Notably, the study found a very 

small improvement in medication adherence (r=0.10, Cohen’s d = 0.20) (Kjos et al., 2019). 

Upon further analysis, differential dropout rates suggested that younger patients with lower 

medication self-efficacy may have benefitted the most from this type of intervention and 

remained more engaged with the app (Kjos et al., 2019). The authors hypothesize that 

interventions that are more individualized and provide feedback and social support may have a 

greater effect on medication self-efficacy, although this remains unknown (Kjos et al., 2019).  

2.4.2  Medication Adherence 

 The current study did show an improvement in medication adherence, although results 

were not statistically significant. Compared to the SEAMS scores, a slightly lower effect size 

was observed for the ARMS scores (Cohen’s d = 0.41, r = 0.20). The results of the effect of the 

app on medication adherence are similar to the average of other studies that researched 

medication adherence apps for specific conditions. There is quantitative evidence that there are 

generally small, positive correlations between using medication adherence apps with reminders 
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and medication adherence in a variety of patients and settings The Cohen’s d of the ARMS is 

similar to other studies measuring adherence using mobile phone reminders (Anglada-Martinez 

et al., 2016; Moorhead, Zavala, Kim, & Virdi, 2017; Santo et al., 2019). Additionally, this effect 

size was found to be larger than some previously presented studies (Kjos, Vaughan, & Bhargava, 

2019; Morawski et al., 2018; Patel et al., 2013). Some studies found higher effect sizes (Chandler 

et al., 2019; Labovitz, Shafner, Reyes Gil, Virmani, & Hanina, 2017; Svendsen et al., 2018). 

These variations may be attributable to multiple factors including measurement and various 

interventions. 

 Digital reminders were found to especially increase medication adherence in patients 

with lower adherence scores, while some studies using samples of more adherent patients 

attributed smaller effect sizes to a ceiling effect, which may have been the case in this study 

(Anglada-Martinez et al., 2016; Moorhead et al., 2017; Morawski et al., 2018).  

 Studies that were conducted in medically underserved populations included (Moorhead et 

al., 2017) and determined the probability for the entire subject sample taking the medication after 

“seeing” or “not seeing” the reminder (r=0.24) (Moorhead et al., 2017). The highest effect size 

was (r=0.70) but the intervention was multi-faceted with more intense provider involvement 

(Chandler et al., 2019). Two studies that looked at the effect of Medisafe on medication 

adherence in HTN reported effect sizes of (r=0.16) (Morawski et al., 2018) and (r=0.22) (Santo 

et al., 2019). However, these studies were not conducted with medically underserved 

populations. The current study indicates that the Medisafe app can likely be used in the 

medically underserved to improve medication adherence and medication-self-efficacy.  

 Studies that assessed patient satisfaction and usability with the Medisafe mobile app 

intervention received high scores, with 75% of participants indicating they would continue to use 
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the app (Santo et al., 2019). Participants in this study similarly reported positive satisfaction and 

usability scores. Specifically, the original hypothesis of 70% of participants strongly agreeing 

that they will continue using the app were surpassed with 90% of participants indicating they 

will continue to use the app. Results indicate that the reminders to take their medications were 

the most helpful and used aspect of the app. Only two participants used the refill reminder and 

only one of them found it helpful. This may have been due to the duration of the study. While 

some participants reported using the Medfriend option, Medisafe data did not confirm this. It is 

possible that the person who was invited to be a Medfriend did not accept the invitation.  

Some study limitations should be noted. While the effect sizes for the SEAMS and the ARMS 

could have been due to simply regression toward the mean in this one-sample study, the patterns 

observed for the majority of participants and the feedback receive provide sufficient evidence to 

conduct a larger-scale randomized controlled trial. Such a trial will enable further understanding 

of and a much more rigorous test of the efficacy of a widely available medication adherence 

mobile app in populations of medically underserved adults with chronic illness. 

2.4.3  Conclusion 

 This study demonstrated that an existing, widely available, and free medication 

adherence mobile app can be used to improve medication adherence and medication self-efficacy 

in medically underserved populations with chronic illness. Patients rated the app positively, were 

satisfied with the app and planned to continue using it in the future. The study findings suggest 

that the use of a mobile app might be feasible to address and improve medication self-efficacy 

and medication adherence in medically underserved populations.  
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2.5 Appendices 

 

Figure 1. 
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Figure 2. Medication Self-efficacy and Medication Adherence Pre-Test and Post-Test 
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Table 1. Participant Study Measures 

 

Note. T1=baseline survey T2= end of study survey (2 weeks from baseline)  

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Measurement Time 
Measured 

Research 
Aim 

Items and 
subscales 

Demographics  Gender, sex, race, 
etc. T1   

Self-efficacy for 
Appropriate Medication 

Use 

Self-efficacy for 
Appropriate 

Medication Use 
(SEAMS) 

T1(baseline), 
T2 2 

 

13 

Medication Adherence 

Adherence to Refills 
and Medications 
Scale (ARMS) 

Adherence 
Component 

T1,T2 1 

 

12 

Intervention process  T2 3 Varies 
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Table 2. Sample Characteristics (N=10) 

Variable n(%) 

Gender  

 Male 5(50) 

 Female 5(50) 

Hispanic/Latino  

 Yes 4(40) 

 No 6(60) 

Race  

 White 3(30) 

 Black or African American 2(20) 

 Asian 1(10) 

 Other (Columbian(1),Hispanic (3)) 4(40) 

Chronic Illnesses   

Hypertension 5(50) 

Diabetes Mellitus 2(20) 

Two or more chronic illnesses reported 4(40) 

Marital Status  

 Married 6(60) 

 Separated 1(10) 

 Divorced 1(10) 

 Single/Never married 1(10) 

 A member of an unmarried couple    1(10) 
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Employment Status  

 Employed for wages 5(50) 

 Self-employed 3(30) 

 Unable to work (disabled) 1(10) 

 I would rather not answer 1(10) 

Education  

 Some high school 3(30) 

 High school graduate, diploma 2(20) 

 Some college credit, no degree 2(20) 

 Bachelor’s degree 2(20) 

 Master’s degree 1(10) 

Household Income  

 $10,000 to < $25,000/year 4(40) 

 $25,000 to < $50,000/year 1(10) 

 $50,000 to < $75,000/year 2(20) 

 I don’t know/not sure 3(30) 

Type of Health Insurance  

 Sliding Scale 2(20) 

 Medicaid 3(30) 

 Private 1(10) 

 Other 1(10) 
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Abstract 

For individuals living with a chronic illness who require use of long-term medications, adherence 

is a vital aspect of successful symptom management and outcomes. This study investigated the 

effect of a smartphone app on adherence, self-efficacy, knowledge, and medication social 

support in a medically underserved adult population with various chronic illnesses. Participants 

were randomized to a group who used the app for one month or a control group provided with a 

printed medication list. Compared to the control group, participants receiving the intervention 

had significantly greater medication adherence (Cohen’s d = -0.52, p = .014) and medication 

self-efficacy (Cohen’s d = 0.43, p = .035). No significant effects were observed related to 

knowledge or social support. The findings suggest use of the app could positively impact chronic 

disease management in a medically underserved population in the United States. 

Keywords: Medication adherence, medication self-efficacy, mobile phone applications, 

medically underserved populations 
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3.1 Introduction 

 Inadequate adherence to medications in patients who require long-term medication 

treatment of chronic diseases is a global concern (Brown & Bussell, 2011; Naderi et al., 2012). 

Inadequate medication adherence results in worsening symptoms, disease, complications, and 

death, resulting in a less healthy and productive society throughout the world (Chisholm-Burns 

& Spivey, 2012). Domestically, the prevalence of chronic diseases such as heart disease and 

diabetes are increasing. It is estimated 60% of adults in the United States (US) have one chronic 

disease while 40% have two or more (National Center for Chronic Disease Prevention and 

Health Promotion, 2019). Furthermore, the lifetime disease progression trajectory, where a 

person progresses from a single chronic disease to comorbidity and requires more complex 

treatment, adds to the utilization of greater healthcare resources (Zhu et al., 2018).  

 Methods to improve medication adherence for patients with chronic illnesses are 

multifaceted and intervention approaches have been organized into informational, behavioral, 

and family/social interventions (Kripalani et al., 2007). Informational interventions include 

cognitive strategies to educate and motivate patients, behavioral interventions may influence 

behavior through shaping, reminding, and reinforcing desired behaviors and social interventions 

typically involve social support strategies (Kripalani et al., 2007). Successful interventions often 

include more than one approach which can be resource intensive from a healthcare perspective 

(Thakkar et al., 2016). For example, a review of medication adherence interventions in chronic 

care concluded the most effective interventions were complex and included tailored ongoing 

support from health care providers (HCPs), with intense education, counseling and/or daily 

treatment support, and some included support from family and/or peers. Even these did not show 
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large improvements in adherence or clinical outcomes over a wide variety of chronic illnesses 

(Nieuwlaat et al., 2014).  

 Technological tools, such as mobile phone applications (apps), have shown promise as a 

tool to help patients adhere to medications (Peng et al., 2020). Most apps focused on chronic 

illness adherence use behavioral approaches such as tracking and alerts to take a medication and 

contain information about the medication (Eysenbach et al., 2019). The Medisafe app, a 

commercially available medication adherence app, incorporates informational, behavioral, and 

social support components, and is highly rated in both a quality assessment and content analysis 

of user reviews (Eysenbach et al., 2019; Parra-Calderón et al., 2016). Few studies specifically 

isolate features of apps and their effect on medication adherence. A recent study which included 

the use of the Medisafe app, compared usual care, the use of the multi-dimensional Medisafe 

app, and a simple app, which was not interactive and only provided daily timed medication-

taking reminders in patients with coronary artery disease (Santo et al., 2019). Researchers did not 

find a difference in medication adherence between the multi-dimensional Medisafe app and the 

simple app, but both apps were associated with higher medication adherence compared to usual 

care (Santo et al., 2019). That study did not measure self-efficacy, and medication knowledge 

was measured but did not use a validated scale and showed no improvement. It was also not 

conducted in a medically underserved population in the US (Santo et al., 2019).  

 Lower income, medically underserved communities have higher rates of inadequate 

adherence to oral medications (Bidwal et al., 2017; Bowry et al., 2011; Fernandez-Lazaro et al., 

2019; Osborn et al., 2014). The reasons for this are multifaceted and are influenced by social 

determinants of health (SDOH) which contribute to health disparities (Office of Disease 

Prevention and Health Promotion, 2023). SDOH refer to the material and social conditions in 
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which people live (Reutter & Kushner, 2010), and adverse SDOH are associated with lower 

medication adherence (Wilder et al., 2021). Lacking health insurance coverage has been shown 

to negatively impact medication adherence (Agarwal et al., 2018), and specific factors that are 

correlated with poor medication adherence include food insecurity and housing instability 

(Wilder et al., 2021). Barriers to medication adherence in the uninsured with multiple chronic 

conditions include forgetting and not having enough information about their current medications, 

both of which may be influenced by a medication adherence app (Fernandez-Lazaro et al., 2019). 

Mobile apps have been cited as a promising way to reach underserved populations by increasing 

healthcare access and quality and improving social support (Anderson-Lewis et al., 2018; Peek, 

2017). Smartphone ownership among lower-income Americans is increasing and is currently 

estimated to be 76% (Pew Research Center, 2021). However, medically underserved, low-

income populations have been underrepresented in studies utilizing mobile health (mHealth) 

interventions (Hincapie et al., 2019; Nelson et al., 2016). Including medically underserved 

individuals in mHealth studies provides opportunities to support this disproportionately affected 

group, work toward reducing health disparities in access to healthcare, and understand barriers to 

mHealth uptake (Anderson-Lewis et al., 2018; Peek, 2017).  

 Additionally, there is a high prevalence of multiple chronic conditions among medically 

underserved populations (Fernandez-Lazaro et al., 2019), many of whom receive care at 

Federally Qualified Health Centers (FQHCs). When compared to the overall US population, 

community health center patients have higher rates of hypertension (HTN) (32% vs 45%), high 

cholesterol (36% vs 42%), asthma (14% vs 21%) and diabetes (11% vs 21%) (National 

Association of Community Health Centers, 2019a). FQHCs are reporting a growth in the 

treatment of complex chronic conditions, many of which overlap, and patients have been found 
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to have higher rates of chronic conditions at FQHCs than those seen by private practice providers 

(Corallo et al., 2020; National Association of Community Health Centers, 2019b). This points to 

the need to research medication adherence within medically underserved populations with 

multiple chronic illnesses (Fernandez-Lazaro et al., 2019). 

 Social cognitive theory posits that self-efficacy beliefs play an important role in the 

adoption and continuation of health behaviors. Medication self-efficacy is the confidence in 

one’s ability to take one’s medications and is an important determinant of medication adherence 

(Risser et al., 2007). Generally, higher medication self-efficacy beliefs are associated with higher 

medication adherence (Bandura, 2004; Flower et al., 2016; Huang et al., 2018; Lee et al., 2013; 

Meinema et al., 2015). In a population of women of African descent with lupus in Barbados, 

where only 8% of patients had private insurance and 2/3 received care at a public clinic, there 

was a strong association noted between feelings of medication self-efficacy and adherence 

(Flower et al., 2016). Surprisingly, very few studies have researched whether the use of a 

medication adherence mobile app increases medication self-efficacy. One study conducted in a 

predominantly White educated population with type 2 diabetes (T2D) has measured medication 

self-efficacy in relation to using an app and showed no effect (r=0.02) (Kjos et al., 2019). Given 

the importance of self-efficacy in health behavior change, it is important to incorporate this 

construct in the design and evaluation of mobile apps.  

 Medication knowledge as a concept can be operationalized in a number of ways, but for 

this study we assessed this concept using a self-report survey which assessed if the participant 

could describe how and when to use all of their prescribed medications, medication interactions 

with other medications and food and beverages, and understanding the possible side effects of 

medications (Okere et al., 2014). Studies generally show that interventions that attempt to 
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improve medication knowledge in chronic illnesses such as T2D (Muhammad Haskani et al., 

2022) and HTN (Tan et al., 2019) do not lead to higher medication adherence. Two randomized 

control trials (RCTs) in T2D, one which used a structured tool within the electronic health record 

(EHR) to organize patient/provider interventions (Graumlich et al., 2016) and one which used an 

interactive tailored iPad decision aid (Hofer et al., 2017), suggest improved medication 

knowledge alone is not sufficient to improve medication adherence. An RCT was conducted to 

assess if medication knowledge affected medication adherence in patients with chronic pain. The 

intervention group watched a video of a physician discussing the medication name, common 

frequencies, the type of medication, mode, speed of action and common side effects and received 

medication-specific written information and were compared to a standard care group.  

Researchers found that even though medication knowledge increased in the intervention group, 

adherence did not (Timmerman et al., 2016). It is currently unclear if the passive provision of 

medication information through medication adherence smartphone apps in the form of written 

information or video influences patient’s perceived medication knowledge because no studies 

were found which measured this with a validated measure. Examples of more interactive 

learning about medications through apps were not found. 

 Tracking and reminders are a relatively common form of behavioral intervention within 

mobile health apps, including the Medisafe app. The use of trackers and reminders show 

generally small, positive associations with medication adherence (Peng et al., 2020). Two studies 

looked at the Medisafe app, both were focused on coronary artery disease/HTN and both found 

improvement in medication adherence but were not conducted in a medically underserved 

population (Morawski et al., 2018; Santo et al., 2019). Another similar app was used across 

several chronic illnesses outside of the US. In contrast to the Medisafe app, this app had 
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technical issues, with 50% of respondents saying they had problems with the reminders. Even so, 

medication adherence improved (Anglada-Martinez et al., 2016). 

 Studies of medication adherence apps with reminders that have focused on low-income 

medically underserved populations have had promising results relating to medication adherence. 

Chandler et al. (2019) studied a culturally tailored app intervention for Hispanic individuals with 

uncontrolled HTN and found improvement in medication adherence. It incorporated tailored, 

culturally, and patient relevant motivational messages based on medication adherence scores 

from the previous day. The app interfaced with a blood pressure monitor and a medication tray 

which provided reminders in the form of blinking lights, chimes, and short message service 

(SMS) reminders and phone calls. There was significant involvement of HCPs and was not 

scalable over multiple chronic illnesses (Chandler et al., 2019). Another app used entitled Pill 

Phone had similar attributes to the Medisafe app in terms of reminders, tracking and medication 

information and improved medication adherence in a high-risk urban population with HTN. The 

study did not mention a social support feature. This study provided phones for patients, which 

may have influenced results by improving medication adherence as a result of being given a cell 

phone and contract at a time where cell phones were not as readily available as they are today 

(Patel et al., 2013). Another study using reminders to increase medication adherence in a largely 

low-income, diverse sample of patients with uncontrolled HTN and T2D showed that a reminder 

system, which used an app, with a wearable patch and ingestible sensor-enabled medications, 

increased medication adherence (Moorhead et al., 2017).  Scalability and feasibility of this 

digital offering due to the wearable sensor is unknown as participants were not asked about their 

satisfaction with this aspect. As there is a cost associated with this digital offering, health care 

centers may be less likely to implement it. Two other studies where an app used artificial 
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intelligence to confirm medication use and reminded participants to take their medications had 

positive results on anticoagulation in stroke patients (Labovitz et al., 2017) and psoriasis 

(Svendsen et al., 2018). Again, these studies focused on specific illnesses and the question of 

feasibility and cost remains if implemented on a larger scale. The samples did not focus on 

medically underserved populations. 

 Social support, particularly in the form of practical social support in chronic illness has 

been shown to be a positive influence on medication adherence (Dimatteo, 2004; Scheurer et al., 

2012). Practical social support is defined as instrumental support, assistance, reminders from a 

social support person, organization, or support for a specific behavior (Dimatteo, 2004). A recent 

study among low socio-economic status tuberculosis patients in India found that instrumental 

support from family was associated with medication adherence (Nursasi et al., 2022). A 

systematic review concluded there are significant positive associations between social support of 

family and medication adherence in hypertensive patients, but no studies in the review included 

ethnic minority groups (Shahin et al., 2021). Yet in a cross-sectional study of young African 

American women with HTN, no association between social support and medication adherence 

was found (Spikes et al., 2020). This is in contrast to a texting intervention in non-Hispanic 

Black adults with uncontrolled HTN which found practical social support positively influenced 

medication adherence (Ferdinand et al., 2023). Levahot et al (2011) found that medication 

specific social support, but not general social support, moderated the negative association 

between alcohol and other drug use and adherence to HIV medications (Lehavot et al., 2011). 

There is a need to study the effects of social support features within medication adherence apps 

(Etminani et al., 2020). 
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 Commercially available medication adherence apps have not been widely studied in 

medically underserved populations, nor have they been studied across multiple disease states. To 

address these gaps, this RCT evaluated medication self-efficacy, medication knowledge, 

medication adherence and medication specific social support in medically underserved patients 

with chronic illness who used a mobile app which included access to medication information, 

reminders and tracking, and an optional social support feature. 

3.2 Methods 

 The study protocol was approved by the Vanderbilt University Institutional Review 

Board and is registered with clinicaltrials.gov (NCT05098743). 

3.2.1  Setting and Participants 

Participants were recruited from an FQHC. Recruitment took place from November 2021 

through June 2022. Inclusion criteria were: (1) adults aged 18 years and older; (2) ability to 

speak and understand English; (3) personally own and use an Android (version 5.0 and up and at 

least 88M of phone space) or Apple smartphone (iOS v13 or later and at least 165 MB of iPhone 

space) and (4) take at least 1 medication for a chronic illness. Patients were excluded if they: (1) 

were already using a medication reminder app or other electronic reminder system such as phone 

alarms; (2) owned a smartphone which was not capable of downloading the app; (3) had a 

diagnosis of severe dementia or serious mental illness, or (4) were otherwise unable to use a 

mobile phone or the medication reminder software either physically or cognitively.  

Recruitment was conducted via an informational flyer, clinical referral form and in-

person recruitment. The flyer/referral forms were available to clinicians, staff, and patients in the 

FQHC clinician offices and at the reception desk. The form contained study information, the 

principal investigator (PI)'s contact information, and a place for patients interested in 
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participation to provide their contact information. The form also allowed the referring HCPs 

signature verifying the patient's medications listed in the EHR were correct and up to date. 

Patients who did not obtain their HCP signature were not able to participate in the research. The 

PI conducted in-person recruitment at the FQHC multiple days per week and worked closely 

with clinic staff to identify potentially eligible patients. The PI approached potentially eligible 

patients at the end of the health center (HC) visit.   

3.2.2  Data Collection  

All study data were collected and managed using REDCap electronic data capture tools 

hosted at Vanderbilt University. REDCap is a secure, web-based software platform designed to 

support data capture for research studies (Harris et al., 2019; Harris et al., 2009). 

The PI confirmed participant eligibility before commencing with the study procedures. 

The PI discussed the study with and obtained informed consent from eligible patients who 

expressed interest with a signed referral form. Participants completed consent as either an IRB-

approved e-consent form or a hard copy. All participants received a copy of the consent form.   

Following consent, participants completed the baseline survey on an iPad. All patients 

received a copy of their medication list from the EHR from their HCP or HC staff and reviewed 

the confirmed medication list with study personnel. If discrepancies were identified between 

perceived current medications and the EHR-generated list, the research staff resolved the 

discrepancy with the HCP and participant. Following baseline procedures, participants were 

randomized to either a control or an app intervention group by REDCap.  The intervention group 

used the medication adherence app for one month and the control group received a printed out 

copy of their medication list that the PI reviewed with them. The one-month time frame was 

chosen as previous app studies have shown significant change in this timeframe (Svendsen et al., 
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2018). Also, Morawski et al. (2018) measured adherence and blood pressures while using the 

Medisafe app at 4, 8 and 12 weeks and blood pressures decreased and then leveled out at 4 

weeks, indicating initial effects are seen within this period (Morawski et al., 2018). All 

participants were contacted by phone or text within the first week of enrolling in the study to 

address potential questions regarding the app (intervention group) or their medications (control 

group).  

To reduce the likelihood of missing data, participants were provided three options for 

completion of the one-month follow-up survey: a web-based survey, by phone, or in-person at 

the HC. Those who preferred the web-based survey received the survey link via REDCap. Those 

who preferred a telephone call received a hard copy of the follow-up survey during the initial 

visit. During the telephone call the questions were read to participants and their answers were 

recorded in the REDCap database. Participants who did not complete the follow-up survey 

within 10 days of the one-month follow-up date, received two reminders via phone, email, or text 

messaging based on their communication preference. Participants received a $25.00 gift card 

following completion of the baseline survey and a $35.00 gift card after completion of the 

follow-up survey. 

3.2.3  Medisafe App 

The Medisafe app is a Health Insurance Portability and Accountability Act (HIPAA) 

compliant medication adherence app that is commercially available at no cost in the iTunes and 

Google app stores. The language mode of the app can be switched, if desired. The Medisafe app 

provides interactive and customizable daily, timed reminders to reinforce medication taking at a 

set time every day through a push notification, equivalent to an alarm or text message. These 

reminders can be snoozed, rescheduled and/or marked as taken or skipped. Scheduled reminders 
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occur three times every ten minutes. Additional functionality features include the ability to 

snooze or delay the reminder for a preset amount of time, and a medication database which 

includes written and video content. The app also incorporates features that support retrospective 

memory such as being able to track medications based on responses to the reminders, view 

adherence statistics, share data and offer multiple user support (Parra-Calderón et al., 2016). 

Refill reminders are set by entering the number of pills left. If using the Medfriend feature, the 

app will alert the designated Medfriend through a push notification on their phone, who can 

provide peer support and additional reminders through text messages, email, or a telephone call 

if the patient misses a dose. Medfriends also have access to the medication list of the patient. 

3.2.4  Study Conditions 

3.2.4.1  App intervention.  

Research staff assisted the patient with downloading and setting up the Medisafe app on 

their smartphone at the HC.  Participants were shown how to use the app using written 

educational materials. Participants entered their medication list into the app and were shown how 

to choose their desired language for using the app. Medications entered into the app were 

confirmed against the printed medication list from the EHR using read-back technique. 

Participants were shown 1) how to enter the medication name, dosage, medication appearance 

(color and format of pill), frequency (every day, every other day, specific days of the week, etc.), 

the time the medication was regularly taken, and the number of pills left for the refill reminder (if 

the patient wanted this option) 2) how to access their medications in the app, how to access 

information (e.g., side effects, medication interactions) about the specific medication, how to edit 

a medication, if necessary, and how to indicate when a medication was taken, skipped or 

rescheduled when they received a reminder alarm to take their medication 3) the adherence 
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reports and the Medfriend feature. 4) Finally, participants were shown how to access the help 

and support section. After completing the follow-up questionnaire, participants were reminded 

they were welcome to continue using the app if they wanted to, but the research study was 

completed. 

3.2.4.2  Control. 

 The control group participants received a printed copy of their medication list from the 

EHR from their HCP or HC staff and were guided through the same medication review 

procedures as the app intervention group by research personnel. At follow-up, participants in the 

control group were asked for feedback on the usefulness of the printed medication list and to 

describe how or if they used it to facilitate medication management. After completing the follow-

up questionnaire, participants were informed about their option to download the mobile app. If 

participants were interested, they were assisted with setting up the app, as described above. 

3.2.5  Measures 

The primary outcomes for this study were medication adherence, medication self-

efficacy, medication knowledge and medication social support. 

  3.2.5.1  Medication Adherence.  

The Adherence to Refills and Medications Scale (ARMS) assesses both medication and 

refill adherence. It is a 12-item scale with total scores ranging from 12 to 48 and has been 

validated for low-literacy chronic disease populations. Lower scores are indicative of better 

adherence. Internal reliability of the scores in this study were consistent with previously reported 

reliabilities (Cronbach’s alpha: baseline = 0.88, follow-up = 0.74) (Kripalani et al., 2009). Two 

participants did not complete one of the 12 items in this measure. Their 11-item total score was 

prorated to the scale of total scores based on 12-items.  
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3.2.5.2  Medication Self-efficacy.  

The Self-efficacy for Appropriate Medication Use Scale (SEAMS) was used to measure 

self-efficacy for medication adherence. The measure has been validated and is reliable in low-

literacy chronic disease populations (Risser et al., 2007). Responses to the 13 items are summed 

to generate possible total scores ranging from 13 to 39. Higher scores indicate higher levels of 

self-efficacy for medication adherence. Reliabities of the scores generated in this study at 

baseline and follow-up were both 0.92 (Cronbach’s alpha). One participant did not complete one 

of the 13 items in this measure. Their 12-item total score was prorated to the scale of total scores 

based on 13-items. 

3.2.5.3  Medication Knowledge. 

 Patient-perceived medication knowledge was assessed using the Okere-Renier Survey 

(Okere et al., 2014). The knowledge scale is comprised of five, 5-point Likert scales with 

response options of “strongly disagree” to “strongly agree.” The questions relate to general 

knowledge (how and when to take medications) and understanding of drug interactions and side 

effects (Okere et al., 2014). Scores in this study had a reliability of 0.81 at baseline and 0.77 at 

follow-up, which are consistent with previously reported reliabilities (Okere et al., 2014). 

 3.2.5.4  Medication Social Support. 

 Medication specific social support was assessed using a measure originally developed to 

identify perceptions of social support in persons living with HIV (Lehavot et al., 2011). 

Response options for the 8-items range from 0 (never) to 4 (very often). Items were averaged to 

form mean total score ranging from 0-4, with higher scores reflecting more social support. In this 

study, the reliability of scores were Cronbach alphas of 0.87 (baseline) and 0.92 (follow-up), 

both consistent with previously reported reliabilities (Lehavot et al., 2011). 
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3.2.6  Data analysis  

An intent-to-treat analysis was conducted using IBM SPSS Statistics (v. 28). Based on a 

pilot study for this research we anticipated that Cohen’s d effect sizes would range from 0.41 

(ARMS) to 0.69 (SEAMS) (Hartch et al., 2022). Assuming similar distributions of baseline 

scores to those observed in the pilot study and a similar correlation of ~ .30 between the baseline 

and follow-up scores, a total sample of 60 participants was estimated to enable detection of 

differences between the groups as small as Cohen’s d values of 0.6-0.7 (80% power, alpha = 

0.05).  

Frequency distributions were used to summarize nominal/ordinal data. Due to skewed 

continuous data distributions, median (IQR) were used for those summaries. Study group 

differences in characteristics at baseline were assessed using Chi-Square (nominal/ordinal data) 

and Mann-Whitney (continuous) tests. Effects of the Medisafe app on the study outcome 

measures were tested using multiple linear regression models. Each model included an outcome 

measure as the dependent variable and the study group as the critical independent variable. To 

control for individual differences in baseline values, those models included the respective 

outcome variable baseline value as a covariate. Skewed distributions were transformed to normal 

prior to conducting regression analyses. The adjusted study group beta-coefficients were 

transformed to Cohen’s d effect statistics. The criteria for statistical significance used a 

maximum alpha of .05 (p < .05). 

Given measurement error inherent in self-report measures and the desire to assess change 

beyond what could be due to simple measurement error, a reliable change index (RCI) criterion 

was generated for each outcome (Christensen & Mendoza, 1986; Jacobson et al., 1984). A 

separate 95% confidence change criterion value was generated for each outcome measure using 
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the respective scores’ reliability coefficient (Cronbach’s alpha) and the variability of the scores 

at baseline (see referenced work for specific formula).  Each patient’s raw change value was 

evaluated against that criterion to determine whether the amount of change was greater than the 

criterion value for reliable change in that measure’s scores and the direction of that change. The 

evaluations resulted in three categories of scores: 1) those that decreased between the times of 

assessment more than could be expected given baseline variability and reliability of the scores 

with 95% confidence,  2) those that increased between the times of assessment more than could 

be expected given baseline variability and reliability of the scores with 95% confidence, and 3) 

those that did not change beyond what would be expected given baseline variability and 

reliability of the scores. Chi-square tests of independence were used to test for differences in 

proportions of reliable change in the hypothesized direction between the two groups.  

3.3 Results 

3.3.1  Participant Characteristics 

Originally, 65 consented participants were randomized (32 app, 33 control). One 

participant had no data because they were unable to download the app despite multiple attempts 

and one participant was lost to follow-up. Two participants were lost to follow-up in the control 

group. Thus, the analysis sample was comprised of 30 participants in the intervention (app) 

group and 31 in the control. A CONSORT flow diagram is shown in Figure 1.  

 Table 1 summarizes the characteristics of the participants. The characteristics were very 

similar for both groups with no differences being statistically significant (p > .09).  The majority 

of the sample was non-White (84.7%), with government insurance (75.4%) while 11.5% were 

uninsured. Of those who responded (n=24), 50% made less than $25,000/year. The median Brief 

Health Literacy Summary score for the participants was 12.0 [IQR=7.5, 15.0] with a range of 3 
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and 15, which is generally high and did not differ between groups (p=.514). The most common 

chronic illnesses were HTN (70.5%) followed by D2M (49.2%) and hyperlipidemia (63.9%).  

 Summaries of the study outcome measures scores at baseline are summarized in Table 2. 

While there was considerable variability in all of the measures scores, values for the ARMS 

(medication adherence) were generally low, indicating higher levels of medication adherence and 

the SEAMS scores tended to be in the higher levels of medication self-efficacy. Medication 

knowledge also tended to be in the higher levels of knowledge, yet medication social support 

was very low. Scores for all of the measures for both groups were quite similar and no 

statistically significant differences at baseline were observed (p>.30). 

3.3.2  Primary Outcomes  

3.3.2.1  Medication Adherence. 

As shown in Table 2, compared to the wait list control group, the app group had a 

significantly greater decrease in the ARMS (median = -4.0 vs. -1.0, p = .014, Cohen’s d = -0.52), 

indicating greater medication adherence. Given the reliability of the medication adherence scores 

and the variability of the scores at baseline, a reliable change criteria for the scores in this study 

was ±5.98. Almost half of patients in the intervention group (43.3%, n=13) exceeded that criteria 

for demonstrating a reliable increase in adherence compared to only 9.7% (n=3) in the control 

group (p=.003). 

3.3.2.2  Medication Self-Efficacy. 

In general, there was no change in SEAMS scores for the control group (median = 0.0, 

IQR= -3, 3), while participants given the app had a median increase of 3.5 points (IQR=0, 8, p = 

.035, Cohen’s d = 0.43). Given the reliability of the SEAMS scores and the variability of the 

scores at baseline, RCI criteria for those scores in this study was ±5.45. As noted above, self-
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efficacy for taking medications was generally high for both groups at baseline yet 36.7% (n=11) 

of participants in the intervention group exceeded the criteria for reliable change in the direction 

of increasing self-efficacy compared to only 12.9% (n=4) in the control group (p=.065). 

3.3.2.3  Medication Knowledge. 

Forty percent (n=12) of the participants stated that they accessed educational information, 

however data from the Medisafe app did not confirm this. Those records indicated that three 

participants accessed the supplemental education information on a total of fourteen different 

medications. As shown in Table 2, no significant effect of the app on knowledge was observed in 

this study (p = .863, Cohen’s d = 0.20). The RCI criteria for the medication knowledge scores in 

this study was ±6.10. Approximately 13% (n=4) of participants in the intervention group 

exceeded that criteria for an increase in knowledge compared to 16.1% (n=5) in the control 

group (p=.337). 

3.3.2.4  Medication Social Support. 

Usage of the Medfriend option was low. Medisafe data confirmed that only one 

participant set up this feature. The other participant who reported using the feature stated her 

husband set up the app and designated her as a Medfriend, which explains why Medisafe did not 

report this second user. No statistically significant effect of the app was observed on medication 

social support (p = .560, Cohen’s d = 0.11). The RCI criteria for the medication social support 

scores in this study was ±1.01. Approximately 13.3% (n=4) of participants in the intervention 

group exceeded that criterion for an increase in medication social support compared to 3.2% 

(n=1) in the control group (p=.347). 
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3.4 Discussion 

We hypothesized participants randomized to the mobile phone app condition would report 

increased medication adherence and medication self-efficacy compared to participants in the 

control condition after one month. Our results supported that hypothesis. Our second hypothesis 

was that participants randomized to the mobile phone app condition would report increased 

patient-perceived medication knowledge and medication social support compared to participants 

in the control condition. Our analysis did not demonstrate those hypothesized effects. The results 

did indicate positive impact in several areas including that the Medisafe app improved 

medication adherence and medication self-efficacy and is feasible for delivery in a diverse 

sample of patients with chronic illness in an FQHC setting. Additionally, there was a very low 

rate of attrition, strengthening the case for implementation of this intervention. 

Regarding medication adherence, those using the Medisafe app demonstrated significant 

improvement compared to the controls. A higher percentage of the participants using the app 

demonstrated an increase in medication adherence above and beyond what could be expected 

given measurement error compared to those in the control group (43% vs. 10%). No group 

differences were found in medication knowledge nor medication social support, despite the 

integration of app features designed to support those outcomes. To our knowledge, this is the 

first study to test the impact of specific app features on medication adherence, self-efficacy, 

knowledge, and social support separately in a medically underserved population across a range 

of chronic illnesses. 

All app users received audible and visual reminders tailored to their medications and 

schedule which may have had a significant positive association with medication adherence. Apps 

that include reminders have been found to increase medication adherence particularly in patients 
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with lower adherence scores at baseline (Moorhead et al., 2017; Morawski et al., 2018). Some 

studies postulate that their effect size may have been influenced by a ceiling effect in samples of 

more adherent patients (Anglada-Martinez et al., 2016; Santo et al., 2019).  Comparison with 

prior studies is constrained, as none have studied medically underserved within a grouping of 

chronic illnesses. Inclusion of a variety of chronic illnesses limits generalizability to specific 

diseases but provides greater generalizability to research on chronic illnesses as a whole. The 

implications of these findings point towards a possible large-scale benefit of using this 

commercially available, free medication adherence app in medically underserved populations. 

 Much research based on Social Cognitive Theory (SCT) has identified self-efficacy as 

important for understanding adherence (Bandura, 2004; Flower et al., 2016; Huang et al., 2018; 

Lee et al., 2013; Meinema et al., 2015). However, little evidence exists to replicate those findings 

using mobile apps or technologies. That dearth of evidence points to self-efficacy as potentially a 

valuable consideration in app design and improvement of adherence in mHealth research. 

Notably, the small (n=10) pilot study for this RCT also indicated an increase in self-efficacy with 

a 2-week duration of app use (d = 0.69) (Hartch et al., 2022). Our findings contrast to those 

observed from an D2M app study which found no effect on medication self-efficacy (Kjos et al., 

2019). Although SEAMS scores in this study were generally high, the intervention group’s 

increase in medication self-efficacy and adherence is supported by the conceptual framework 

using SCT. The framework posits that self-efficacy is influenced by individual factors as well as 

barriers and facilitators in the environment (LaMorte, 2019). Our finding is particularly salient 

for the medically underserved population who, in general, have many barriers to medication 

adherence related to SDOH. It is possible that by adding an audible and visual reminder into the 

participant’s daily living environment, increased feelings of self-efficacy were facilitated. 
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 Use of the app did not have a significant impact on participant’s self-reported medication 

knowledge. This could possibly be due to ceiling effects, as scores were generally high. The 

knowledge that participants could have gained by using the app included how and when to use 

their medications, food and beverage interactions with their medications, as well as side effects 

of medications. According to Medisafe data, few participants accessed the medication 

information card and/or videos available to them over the study period, but participants self-

reported accessing these features at a greater rate. Some cross-sectional correlational studies 

have found higher levels of medication knowledge associated with higher levels of medication 

adherence in diverse samples of patients with a variety of chronic illnesses (Fernandez-Lazaro et 

al., 2019; Najjar et al., 2015). No studies were found that showed app use positively influenced 

medication knowledge. Our study supports prior research suggesting that knowledge alone does 

not improve adherence, and that mechanisms other than knowledge influence adherence.  

 Medication social support was not influenced by Medisafe app use. Feelings of 

medication social support, which were low at baseline, showed no improvement. Our study was 

the first of its kind to assess the impact of a social support feature operationalized in the app. An 

important consideration was that Medisafe data showed that only one participant downloaded the 

social support feature, although one participant stated her husband downloaded the app and made 

her his Medfriend. The very low usage of Medfriend feature prevented an assessment of an 

impact of that feature, app usage alone did not increase feelings of social support.  

 The lack of uptake of the social support feature may have resulted from participants not 

wanting to burden family and friends with reminders, or not wanting to share their medication 

list with others. Patients with chronic illness have expressed not wanting to bore or annoy people 

in their surroundings but rather appreciated sharing experiences in online communities (Kraan et 
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al., 2008). Research indicates that online peer-to-peer communities provide supportive space for 

daily self-care in chronic illness and strengthen social ties and alleviate strains on relationships 

with family and friends (Kingod et al., 2017). Additional research supports that relationships 

with family and friends were actually strengthened for those who participated in online social 

support groups (Chung, 2013). Modifications to the Medfriend feature, which currently targets 

family and friends, may need to be made to increase uptake of this feature. 

3.4.1.1  Additional future directions 

 The results of our study create a foundation for future research. Future research on 

medication social support could be further enhanced to include caregivers. For example, 

implementing the app in adolescents who designate a parent as a Medfriend to ascertain if there 

is greater uptake of the feature and if it influences medication adherence is an avenue to explore. 

Additionally, caregiver burden in adults who serve as caregivers for other adult or elderly 

patients with chronic illness could be measured in those using the Medfriend feature. Formative 

research is needed to understand how to design mobile technologies to improve practical social 

support and improve user uptake. There may be other methods for operationalizing social 

support into a feature that will be more palatable to a chronically ill population. Instead of 

designating specific Medfriends, which were identified as family members in this study, an 

online support group of app users could be designed to facilitate greater usage of a similar 

feature.  Instead of the social support person having access to the person’s medication list, 

perhaps a more general adherence text reminder when the patient doesn’t take their medications 

would alleviate possible confidentiality concerns. It is possible that fewer or more general 

messages in the context of inadequate adherence would be more salient and acceptable. More 
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research is needed to discover how to design a social support feature in a way that encourages 

user engagement. 

 Additionally, future research could incorporate the use of a provider portal. Such a portal 

could provide adherence reports to HCPs that would serve as another tool to enhance dialogue 

and encourage medication adherence during telehealth and office visits. Comparing participants 

who use the app independently, as they did in this study, with patients whose providers use the 

provider portal and measuring outcomes would shed new light on the phenomenon. The 

experiences of providers using the portal would be important to capture for feasibility of the 

intervention.  

3.4.1.2  Limitations  

Although our study addressed several gaps in the mHealth research base, we 

acknowledge several limitations. The study included a small sample and participants were only 

followed for one month. Due to the small sample size, we cannot determine the specific role of 

self-efficacy as a mediator. The need for studies of longer duration to measure outcomes and 

engagement are necessary. Also, self-reported measures may be subject to social desirability bias 

and may overestimate adherence. Insights regarding the relation of social support to medication 

adherence were not possible due to lack of uptake of the feature, but this is a finding in and of 

itself. A strength of this study was that participants were able to use the app for multiple types of 

medications and chronic illnesses. However, because of this, clinical outcomes were not 

measured across the various disease states. 

3.4.1.3  Conclusions 

Our study found that a medication adherence mobile app can improve medication adherence in a 

medically underserved population with chronic illness seeking care in an FQHC. The mechanism 
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of impact may be mediated by self-efficacy (Bandura, 2004). As there was limited uptake of the 

social support feature, new ways to encourage social support within medication adherence apps 

may facilitate medication adherence further. As smartphone ownership and use continues to rise 

in this population, this free and simple technology can be implemented widely in the FQHC 

clinical setting to assist patients in adhering to their medication regimen. As community health 

centers care for over 30 million patients annually, (National Association of Community Health 

Centers, 2022), the impact of using this medication adherence mobile app could have far 

reaching positive effects on the health of medically underserved patients with chronic illness in 

the US. 
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3.5  Appendices 

Table 1. Sociodemographic Characteristics at Baseline 

Characteristic 
Overall n (%) 

(N=61) 

Control n (%) 

(N=31) 

Intervention n (%) 

(N=30) 

p-

value 

Race/Ethnicity N=59 N=30 N=29 .266 

Asian 7 (11.9) 2 (6.7) 5 (17.2)  

Black or African American 23 (39.0) 13 (43.3) 10 (34.5)  

Hispanic/Latino 14 (23.7) 10 (33.3) 4 (13.8)  

Native American or Alaska 

Native 
1 (1.7) 0 (0) 1 (3.4)  

White 9 (15.3) 3 (10.0) 6 (20.7)  

Othera 5 (8.5) 2 (6.7) 3 (10.3)  

Marital Status    .193 

Married/Partnered 23 (37.7) 8 (25.8) 15 (50.0)  

Separated or Divorced 5 (8.2) 4 (12.9) 1 (3.3)  

Widowed 2 (3.3) 1 (3.2) 1 (3.3)  

Single/Never married 31 (50.8) 18 (58.1) 13 (43.3)  

Employment Status N=61 N=31 N=30 .243 

Employed 24 (39.3) 9 (29.0) 15 (50.0)  

Unemployed  30 (49.2) 18 (58.1) 12 (40.0)  

Retired 7 (11.5) 4 (12.9) 3 (10.0)  

Education    .492 

Some high school or less 14 (23.0) 6 (19.4) 8 (26.7)  

High school graduate 15 (24.6) 11 (35.5) 4 (13.3)  
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College credit, no degree 15 (24.6) 7 (22.6) 8 (26.7)  

Trade/vocational training 7 (11.5) 3 (9.7) 4 (13.3)  

Associate’s degree 4 (6.6) 2 (6.5) 2 (6.7)  

Bachelor’s degree or more 6 (9.8) 2 (6.5) 4 (13.3)  

Difficulty Paying Bills N=57 N=28 N=29 .090 

Very difficult 9 (15.8) 3 (10.7) 6 (20.7)  

Somewhat difficult 27 (47.4) 17 (60.7) 10 (34.5)  

Not very difficult 10 (17.5) 2 (7.1) 8 (27.6)  

Not at all difficult 11 (19.3) 6 (21.4) 5 (17.2)  

Type of Health Insurance N=61 N=31 N=30 .347 

Uninsured (Sliding Scale) 7 (11.5) 5 (16.1) 2 (6.7)  

Government Insurance 46 (75.4) 21 (67.7) 25 (83.3)  

Private Insurance 8 (13.1) 5 (16.1) 3 (10.0)  

Current Chronic Illnesses  N=61 N=31 N=30  

Hypertension 43 (70.5) 21 (67.7) 22 (73.3) .632 

Diabetes Type 2 30 (49.2) 16 (51.6) 14 (46.7) .699 

Hyperlipidemia 39 (63.9) 20 (64.5) 19 (63.3) .923 

Asthma 8 (13.1) 3 (9.7) 5 (16.7) .419 

Otherb  20 (32.8) 9 (29.0) 11 (36.7) .525 

Italian, Iberian and Scottish (1), Black and Native American, Haitian (1), Jamaican (1), Puerto Rican, 
Black, White (1) b. Anxiety (2), Arthritis (chronic pain) (1), Blood clotting disorder (2), Cirrhosis (1), 
Depression (2), COPD (2), Diabetes Type 1 (1), GERD (1), Gout (1), Heart Disease (2), Hypothyroidism 
(3), Fibromyalgia (1), Idiopathic Intracranial Hypertension (1), Irritable Bowel Syndrome (1), Lupus (1), 
Rheumatoid Arthritis (1), Thyroid Disorder (1) 
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Table 2. Summaries of Study Outcome Measures by Time of Assessment for Control 

(N=31) and Intervention (N=30) Study Groups 

 

Measure 

 

Baselinea 

Median [IQR] 

Post 

Median [IQR] 

Change 

Median [IQR] 

p-valueb Effect 

Sizec 

Medication adherence ARMS .014 -0.52 

 Control 17.0 [14, 21] 15.0 [13, 18] -1.0 [-3, 0]  

 Intervention  18.5 [14, 25] 14.0 [12, 17] -4.0 [-8, -1] 

Medication self-efficacy SEAMS .035 0.43 

 Control 31.0 [26, 39] 33.0 [26, 39] 0.0 [-3, 3]  

 Intervention 29.0 [25, 36] 35.5 [30, 39] 3.5 [0, 8] 

Medication knowledge .863 0.20 

 Control 21.0 [16, 24] 22.0 [19, 25] 0.0 [-3, 4]  

 Intervention 20.5 [14, 24] 23.5 [17, 25] 2.0 [0, 56] 

Medication social support .560 0.11 

 Control 1.3 [0.3, 2.4] 0.6 [0.2, -1.8] -0.1 [-0.5, 0.2]  

 Intervention 1.1 [0.5, 2.0] 0.6 [0.0, 2.0] 0.0 [-0.7, 0.5] 

a No statistically significant differences between groups (p > .30) 
bTest of group differences at post controlling for pre-test scores 
cCohen’s d statistic generated from regression coefficient 
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Fig. 1. Flowchart of Study Participants 
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Abstract 

Purpose: Research supports the use of mobile phone apps to promote medication adherence, but 

there are few studies conducted with medically underserved patients with chronic illness. This is 

a study of the overall use and satisfaction with a medication adherence app that was tested within 

a randomized controlled efficacy trial.  

Patients and methods: Medically underserved adults who received care for one or more chronic 

illnesses at a Federally Qualified Health Center (FQHC) were randomized to a group who used 

the app for one month (n = 30) or a control group (n = 31). Self-reported and objective use and 

satisfaction information in the app study group was gathered via a follow-up questionnaire and 

data supplied by the app company. 

Results: The participants were very satisfied with the app with all (n = 30, 100%) somewhat or 

strongly agreeing they would recommend the app to family and friends. Intervention group 

participants strongly agreed (n=28, 93.3%) that the reminders helped them remember to take 

their medications at the correct time each day. Participants found it easy to use (n=28, 93.3%). 

Additional features accessed by some included educational features and the adherence report. 
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Participants noted the helpfulness of having a medication list on their phone and some used it 

during medication reconciliation at doctor visits. Use of the Medfriend feature, which alerts a 

social support person if the participant missed a medication, was low (n = 2), but those who used 

it were very positive about the feature.  

Conclusion: This study demonstrated that a commercially available medication adherence app 

was found useful by participants, and they were satisfied with the app and the additional features 

they used. The use of medication adherence mobile phone apps has the potential to positively 

impact chronic disease management in a medically underserved population on a larger scale. 

Keywords: Medication adherence, mobile phone applications, medically underserved 

populations, satisfaction, usage 
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4.1 Introduction 

 Medication adherence is vital for those with chronic illness who require long-term 

medication therapies to maintain optimal health. For example, medication adherence and 

persistence with high blood pressure medications is known to significantly decrease the risk of 

both cardiac events and stroke.1,2 In those with type 2 diabetes (D2M), medication adherence 

with hypoglycemics reduces microvascular complications.3 Unfortunately, the burden of chronic 

disease is increasing with an estimated 60% of adults in the United States (US) having one 

chronic disease and 40%  two or more chronic diseases.4 The growth of chronic disease burden 

coupled with the lack of medication adherence is associated with increased healthcare 

expenditures due to increased demands on healthcare resources5,6 and poor health outcomes such 

as worsening disease, and even death.5  The economic impact of low medication adherence is 

estimated to cost the US healthcare system between $100 billion to $290 billion dollars 

annually.5-8 Low medication adherence in hypertension (HTN), D2M, congestive heart failure 

(CHF) and high cholesterol (HLD) has been associated with higher hospitalization rates in all 

four conditions with an estimated 10% of hospital admissions annually being caused by low 

adherence.9  

  Federally Qualified Health Centers (FQHCs) serve communities and populations where 

there is a demonstrable unmet need for health services.10 These centers are reporting a growth in 

a more complex patient population because their patients have higher rates of chronic conditions 

and social risk factors associated with poorer health outcomes.11 Additionally, lower rates of 

medication adherence are seen in lower socio-economic populations,12,13 and those with multiple 

chronic conditions.14 The reasons for this are influenced by social determinants of health 

(SDOH), the material and social conditions in which people live.15 Adverse SDOH are 
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associated with lower medication adherence.16 Medication adherence is therefore particularly 

important in medically underserved populations who seek care at FQHCs.  

MHealth interventions, defined as the use of mobile wireless technologies for public 

health,17 have been cited as a potential way to reduce health disparities among chronically ill 

medically underserved populations.18,19 Yet despite the promise of these technologies, 

researchers indicate mHealth interventions remain understudied in medically underserved 

populations.18,19 This is true of medication adherence applications (apps), which can support 

patients to adhere to their medications through reminders, medication educational information, 

adherence data and providing social support. Studies have shown mixed results of the interest in 

mobile phone interventions in vulnerable populations.19,20 Furthermore, research testing 

commercially available apps to manage chronic disease in a racially and ethnically diverse 

sample found that the usability of tested apps in this population were suboptimal.21 

Understanding and gathering detailed data from diverse perspectives regarding the user 

experience of medication adherence apps will glean important information needed to support 

wider scale implementation. 

One recent meta-analysis of the effectiveness of mobile apps on medication adherence in 

adults with chronic illness found that medication adherence mobile apps which are designed to 

be used across a range of multiple chronic health conditions remain underexplored.22  This meta-

analysis reported that in general, patients have a high acceptance of medication apps, but none of 

the studies analyzed included medically underserved populations.22 Eight studies have 

demonstrated increased medication adherence with the use of medication adherence apps,23-30 but 

only three of these were conducted in low income, medically underserved populations.28-30 Two 

of those studies in underserved populations were focused on HTN,28,29 the other included HTN 
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and D2M and was a post hoc analysis of a digital health offering using a cluster-randomized 

design.30 Only one of these studies, conducted in an urban, low-income population with HTN, 

obtained satisfaction information on the intervention.29 Using a sequential study design, 

medication adherence was assessed by pharmacy refill rates before, during and after using the 

app. Pharmacy refill data showed a trend toward improvement with initiation of the study and 

intervention, and it declined significantly after the intervention was discontinued. Self-reported 

medication adherence showed a significant increase between baseline and final study visit. This 

app used an automated medication reminder feature which contained information about 

medications, gave visual and audio prompts to take the medication, and had tracking capabilities. 

Satisfaction with the app was high and most participants felt they would use the app or a similar 

program in the future. Participants agreed that the app made it easier to keep track of their 

medications and that having a medication list on their phone made it easier to take care of 

themselves. More detailed feedback from the participants, or which features of the app were 

used, was not gathered.29  

One high-quality, free, commercially available smartphone medication adherence app, 

Medisafe, supports patients in adhering to their medication regimen across disease states.31,32 It 

uses a variety of advanced features, such as daily reminders, which can be snoozed, rescheduled 

and marked as taken or missed, medication educational information in the form of medication 

cards and/or videos, an interactions checker, customizable refill reminders, adherence reports, 

and the ability to designate a social support person to be notified if a medication is skipped.24 

One randomized controlled trial (RCT) mixed methods evaluation in patients with coronary 

artery disease,  examined both the efficacy24 and the utility, acceptability, and engagement33 with 

the Medisafe app. This study was conducted in a large, urban tertiary hospital in Sydney, 
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Australia and did not focus on a medically underserved population. In addition to improving self-

reported medication adherence, overall utility was rated positively with participants indicating 

having their medication list on their phone and receiving timed reminders were useful. Most 

participants engaged with the app and its features and found the app acceptable and found it 

convenient and easy to use, planned to continue using the app, and would recommend it to a 

family member or friend.33  

A qualitative study explored the potential benefits and barriers of using a mobile 

medication app in a medically underserved population in the US. The researchers found that 

patients were willing to try smartphone apps yet expressed concerns about affordability, the 

technology being too complicated, not keeping phones with them all of the time, and not being 

able to use all of the features.19 That study exposed a knowledge gap exists regarding the 

perceptions and user experiences of medically underserved patients with chronic illness who use 

free, commercially available medication adherence apps.  

As part of a RCT trial which enrolled patients with a variety of chronic illnesses in a 

medically underserved population in the US, participants assigned to the intervention arm 

provided extensive feedback regarding their experience using the Medisafe app.34 The efficacy 

portion of the trial found significant improvements in both medication adherence (Cohen’s d = 

0.52, p = .014) and medication self-efficacy (Cohen’s d = 0.43, p = .035) for participants 

assigned to use the app compared to the control group.34 Summaries of patients’ perceptions of 

the usefulness of and satisfaction with the app features after one-month of use are presented.  

4.2 Methods 

 This research was approved by the Vanderbilt University Institutional Review Board 

(IRB #211409) and is registered with clinicaltrials.gov (NCT05098743). 
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4.2.1  Setting and Participants 

Participants were recruited from November 2021 through June 2022 from an FQHC in 

the US. Inclusion criteria for the study were: (1) adults aged 18 years and older; (2) the ability to 

speak and understand English; (3) to personally own and use an Android (version 5.0 and up and 

at least 88M of phone space) or iOS smartphone (v13 or later and at least 165 MB of iPhone 

space) and (4) take at least 1 medication for a chronic condition based on their computerized 

medical record at the health center. Patients were excluded if they: (1) were already using a 

medication reminder app or other electronic reminder system such as phone alarms; (2) owned a 

smartphone not capable of downloading the app; (3) had a diagnosis of severe dementia or 

serious mental illness, or (4) were otherwise unable to use a mobile phone or the medication 

reminder software either physically or cognitively.  

Recruitment involved both an informational flyer, a referral form from clinicians at the 

health center (HC) and in-person recruitment. The flyer/referral forms were available to 

clinicians, staff, and patients in the FQHC offices and at the reception desk. The form contained 

study information, the principal investigator (PI)'s contact information, and a place for patients 

interested in participation to provide their contact information. The form also contained a section 

for healthcare providers (HCPs) to refer potential patients and their signature to verify that the 

patient's medications listed in the Electronic Health Record (EHR) were correct and current. The 

PI (C.H.) conducted in-person recruitment at the FQHC multiple days per week and worked with 

clinic staff to identify potentially eligible patients. The PI approached eligible patients at the end 

of the HC visit to inform them of the study. After gauging their interest in the study and 

answering questions, the PI began the informed consent process. Study procedures for the RCT 
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have been previously published.34 Once consented, the PI assisted participants with downloading 

and setting up the app.  

4.2.2  Medisafe App 

The Medisafe app is a Health Insurance Portability and Accountability Act (HIPAA) 

compliant medication adherence app that is available at no cost in the iTunes and Google app 

stores. In previous studies, Medisafe was ranked highly among medication reminder apps.31,32,35 

The Medisafe app provides interactive and customizable daily, timed reminders to reinforce 

medication taking at a set time every day through a push notification, equivalent to an alarm or 

text message. The reminders can be snoozed, rescheduled and/or marked as taken or skipped and  

are repeated  a total of three times in ten-minute intervals if the participant does not mark the 

medication dose. Additional features include educational information in the form of a medication 

database which includes written and video content.32 The written content is in the form of a 

medication card, which Medisafe termed a leaflet and reviews what the medicine is used for, 

medication interactions, what to do if the user misses a dose, what the user should watch for, 

possible side effects , how it should be used and where to store medications. Some medications 

also have video content, consisting of a brief clip of a HCP reviewing the most important 

considerations when taking the medication, when the participant taps the information icon. There 

is also an interactions tab which lists possible interactions with their medications or food/alcohol. 

Lastly, there is an interactions checker where participants can check for interactions between 

their medications. The app also has a Medfriend feature, which allows participants to designate a 

family member or friend as their support person. The Medfriend feature will alert  the designated 

Medfriend who can provide peer support and additional reminders through text messages, email, 
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or a telephone call if the patient misses a dose. The language mode of the app can be switched, if 

desired, to multiple foreign languages, including Spanish. 

The PI helped consented participants set up the app using a copy of the patient’s 

medication list extracted from the EHR. The PI also reviewed how participants could access and 

edit their medications, access medication educational content and indicate when a medication 

was taken, skipped, or rescheduled.  The PI reviewed with participants additional app features 

such as a Medfriend, how to check for medication interactions, adherence reports, and refill 

reminders. Participants were also shown how to access the help and support section in the app. 

Following the app set-up, the PI provided previously developed educational materials as a take-

home resource. These materials, specific to either an iPhone or Android, included a laminated 

“Quick tips” card with short instructions on the reviewed features and how to access them. 

Additional detailed instructions on how to use the app were printed in a question-and-answer 

format and distributed to participants. 

4.2.3  Data Collection and Study Procedures  

All study data were collected and managed using REDCap, a secure, web-based software 

platform designed to support data capture for research studies.36,37 Details of the study 

procedures are listed elsewhere.34 In short, eligible patients were contacted, introduced to the 

study, and informed consent from eligible patients was obtained. Following consent, the 

participants completed the baseline survey. Those randomized to the intervention group were 

asked for feedback regarding the app at study conclusion.  

4.2.4  Observation 

While setting up the app, the PI completed a study-specific observational behavioral 

checklist. The purpose of the checklist was to inform the researchers if participants had difficulty 
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setting up the app and how long it took them to do so. More specifically, the checklist included 

documenting whether or not the participant had difficulty visualizing the app, had difficulty with 

dexterity while setting up the app, as well as the number of times the participant’s input of 

medications needed to be corrected. The length of time in minutes from starting the download of 

the app to completing app set up and reviewing the app was also documented.  

4.2.5  Feedback Survey 

  After one month, based on preference, participants completed the follow-up survey as a 

web-based survey, by phone, or in-person at the health center. Participants who did not complete 

the follow-up survey within 10 days of the 1-month follow-up date, received 2 reminders via 

phone, email, or text messaging. Participants received a gift card incentive of $25 and $35 

following completion of the baseline and follow-up surveys respectively.  

The follow-up survey included 11 questions that assessed satisfaction and usability using 

a 5-point Likert scale with responses ranging from “disagree strongly” to “strongly agree.” The 

survey questions were developed and pilot tested before use.38 Seven of the first 11 questions 

were developed by Karla et al. (2019) and were used with permission in this study, while the 

remaining 4 were developed by the researchers.33 Six additional questions asked about use of 

additional features such as educational information, the Medfriend feature, the interactions 

checker, the adherence report, the refill reminder and the additional morning reminder of the 

Medisafe app. These questions asked participants whether or not they used a given feature, and if 

they did, if they found the feature useful. There were open text response options available to 

elicit qualitative data from the app participants such as how a feature helped them manage their 

medication and what they found most useful about the feature. The remainder of the survey 

included 6 general use questions previously developed and pilot tested,38 4 of which were 
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“Yes/No” questions (e.g., did you use the refill reminder, did you have technical issues with the 

smartphone app?). The remaining 2 questions assessed how often medication reminders were 

received each day and which language the participant used.  

 Deidentified usage data were obtained from the Medisafe company at study completion. 

Medisafe provided the PI with objective user interactions with the Medisafe app, such as whether 

or not educational information was accessed by participants, as well as if the participant used the 

Medfriend feature.  

4.2.6  Analysis 

  Descriptive statistics and frequency distributions were used to describe the sample and 

determine if the data were normally distributed. Qualitative participant responses were 

transcribed into an excel spreadsheet and content was coded and summarized as themes by the 

researcher and PhD faculty advisor.  

4.3 Results 

4.3.1  Participant Characteristics 

Full details are included in Table 1 and can also be found in more detail in the app 

efficacy manuscript.34  The median age of the 30 participants using the app was 53.5 years 

[IQR=37, 76]. The majority of the intervention group was non-White (n = 23, 79.3%,). 

Race/ethnicities reported were: Asian (n = 5, 17.2%); Black or African American (n = 10, 

34.5%); Hispanic/Latino (n = 4, 13.8%); Native American or Alaska Native (n = 1, 3.4%) and 

Other (n = 3, 10.3%). More than three quarters  had government insurance (n = 25, 83.3%) and a 

small number of patients were uninsured (n = 2, 6.7%).  Brief Health Literacy scores were 

generally high (median = 12.0 of possible 15, [IQR= 5, 15]). Slightly more than half of the 

participants (n = 16, 55.2%) reported it was either very or somewhat difficult to pay their 
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monthly bills. The most common chronic illnesses were HTN (n = 22, 73.3%) followed by HLD 

(n = 19, 63.3%) and D2M (n = 14, 46.7%). Most participants (n = 25, 83.3%) had 2 or more 

chronic illnesses.  

4.3.2  Behavioral Observations While Setting Up the App 

During app set-up, participants (n = 4, 13.3%) expressed some difficulty visualizing the 

app related to the unavailability of their eyeglasses, which participants stated were either in their 

car or left at home. No participants had difficulty with dexterity while setting up the app and the 

median time it took from starting to download the app to completing set-up and reviewing the 

app was 15 minutes [IQR 10.0, 25.0] (min 10, max 30). The majority of participants (n = 21, 

70%) did not need to be corrected when they entered the medications.  However, 4 (13.3%) were 

corrected by the researcher one time, 3 (10.0%) were corrected two times and 2 (6.7%) were 

corrected 3 times. Patients were corrected when they spelled the medication name incorrectly, 

chose the incorrect medication dose or set an incorrect time for the reminder. 

4.3.3  Satisfaction and Utility 

Summaries of the participants’ reports of satisfaction are shown in Table 2. Most 

participants (n = 27, 90%) strongly agreed they liked the app design, while most (n = 25, 83.3%) 

strongly agreed that it was useful to have their medication list on their smartphone. Some 

participants (n = 2, 6.7%) mentioned the usefulness of the app when seeing other HCPs to 

indicate the medications they were taking during medication reconciliation. Furthermore, a large 

proportion of app users (n = 28, 93.3%) strongly agreed that the reminders helped them to 

remember to take their medications at the correct time each day. The majority of participants 

strongly agreed the app was easy to use (n = 27, 90%), convenient (n = 28, 93.3%) and that they 

would continue using the app (n = 26, 86.7%). A small number (n = 2, 6.7%) somewhat agreed 
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they would continue using the app. It is important to note that (n = 2, 6.7%) disagreed strongly 

that they would continue using the app, because they found the reminders annoying. All of the 

participants (n = 30, 100%) somewhat agreed or strongly agreed that they would recommend the 

app to family and friends.  

 The 2 participants (10%) who were dissatisfied with the app described the reasons why.  

One said “It is annoying when you get a reminder and you are in the middle of doing your work. 

This is not for everybody. I work on the computer and on my cell phone and it is very distracting 

to receive the reminder in the middle of working on something. It might be better for someone 

who doesn't have as much going on. I find it very distracting.” The other participant had 

technical difficulties but blamed it on the type of phone they had: “The bug thing with the 

notification alarms was a problem. I have an android - a cheap phone. My phones get destroyed 

because of the type of work I do.”  

4.3.4  Use of Educational Information 

Almost half of the participants (n = 12, 40%), self-reported accessing educational 

information. To the contrary, objective usage data from Medisafe indicated that only 3 

participants (10%) accessed the educational content which they defined as cards termed 

“leaflets” and/or videos. According to Medisafe this was done for a total of 14 medications. 

Additionally, Medisafe reported that only 1 participant clicked on a total of 4 different videos 

and 1 leaflet, another participant accessed 1 leaflet, and 1 participant accessed 6 different videos 

and 2 leaflets. Although not all actually accessed the information, those who reported accessing 

educational information (n = 12, 100%) found the information useful. When asked about how 

they used the educational information in the app, those participants reported learning about side 
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effects of the medications (n = 6, 50%), reported it was helpful for general knowledge (n = 4, 

33.3%) and used it to learn more about medication and food interactions (n = 2, 16.7%). 

4.3.5  Medfriend Feature  

Based on usage data from Medisafe, only 1 participant (3.3%) used the Medfriend 

feature. That participant was very positive about the feature and reported her husband would call 

her to say, “Are you taking your medicines?” She stated: “It gets him involved. It makes him 

recognize that I need support and I need to take the medicine. It makes me know he loves me.” 

Another participant self-reported using the Medfriend feature, but there was no indication of use 

in the Medisafe data. The participant reported that when her husband was notified, he would 

send the text about her forgetting her meds and she would remember to take them. Those who 

did not use the Medfriend option were asked: “who might that person be for you?” Out of those 

who responded (n = 18, 60%) the top 3 most common responses were: their sibling (n = 4, 

22.2%), their child (n = 4, 22.2%), and their husband or wife (n = 4, 22.2%). 

4.3.6  Interactions Checker  

The participants who used the interactions checker (n = 5, 16.7%) all agreed that it was 

useful. One participant reported that 2 of the medications she had been taking together should be 

taken separately and stated, “It was a lifesaver!” The other 4 participants expressed an 

appreciation for being able to have access to this type of information. Use of the interaction 

checker was distinct from the educational content and could not be verified in the Medisafe data 

as Medisafe does not register nor track the use of the interaction checker.  

4.3.7  Adherence Reports and Reminders  

Participants (n = 8, 26.7%) who checked their adherence report agreed it was useful. The 

adherence report provided them with a history of their daily missed and taken medications as 
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well as a weekly adherence percentage based on what they reported when marking medication 

reminders in the app. Participants reported experiencing positive reinforcement for adhering to 

their medication through the adherence report, the affirmation they received when they saw a 

high percentage of adherence and appreciating the positive reinforcement as useful. Participants 

(n = 2, 6.7%) mentioned it incentivized them to reach higher levels of adherence.  

 Slightly less than half of the app users (n = 13, 43.3%) received reminders to take their 

medication(s) 2 times/day while (n = 9, 30%) received reminders 3 or more times/day. 

Reminders were generally well received: “I like the reminder. The shaking of the pill bottle helps 

me. Sometimes I will wake up at night and remember hearing the shaking pill bottle that day and 

I will get out of bed and check if I took my pills that day. I might be cooking with the grandkids 

and the first reminder goes off. I might ignore it but with the second reminder I might put the 

bottles on the counter so I can remember.” Three participants (15%) mentioned the apps 

helpfulness particularly for those who have multiple chronic illnesses and take multiple 

medications. “This app was a lifesaver. I take a lot of different medication so sometimes I forget 

whether I took the medication or not. I can check the app to see if I took it or not.” One of those 

3 participant put it this way: “It is perfect for people who have multiple illnesses and take a lot of 

different medications. I take eight different medications a day.” 

Most of the 30 app users (n = 27, 90%) did not use the refill reminder. In their comments, 

a number of participants said they received automatic refill reminders from their pharmacy and 

therefore did not need this feature of the app. All of the participants (n = 30, 100%) used the app 

in English and the majority (n = 24, 80%) did not make any changes, such as changing the time 

of a reminder, removing, or adding a medication or changing a dose of medication to the app. 
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Many participants (n = 13, 43.3%) said they would use the app to manage someone else’s 

medications. 

4.3.8  Technical Difficulties Using the App 

Some participants (n = 4, 13.3%) mentioned they had technical difficulties. Of those who 

reported difficulty, (n = 3, 75%) 3 needed to allow notifications from the app to hear the 

reminders. Another user mentioned that they had to tap the “take all” icon a number of times 

before it registered and suggested that it should be made bigger or be more centrally placed. 

Participants gave additional feedback about the app when asked (n = 20, 66.7%). In this section, 

participants (n = 7, 35%) specifically mentioned liking the reminder: “It was really nice to hear 

that shaking sound. It was fun.” Some reported the snooze function was particularly helpful 

when they were away from home (n = 2, 10%): “The snooze option is helpful to use when I am 

out and don’t have my medications. When I come back home it reminds me so I remember to take 

it.”  

4.3.9  Social Support 

 The 2 participants (6.7%) who self-reported using the Medfriend feature were very 

enthusiastic. “It's a great app and I love it. My husband is on it for his meds and I am his 

Medfriend. I am also going to get my mother hooked up on it.” The other participant shared her 

thoughts about the feature, highlighting her increased feelings of self-efficacy and social support: 

“This app is about being a team player. You are able to help me and I am able to help you. I can 

now say "I did it" "I can do this." This is a good app. I can't see anyone who is interested in their 

health not using this app. Since being introduced to this app I know that it is there for me.”  
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4.4  Discussion 

 As part of an RCT using the Medisafe medication adherence app in a medically 

underserved population with a variety of chronic illnesses, behavioral observations on app use 

and satisfaction and usage data were gathered from participants and the Medisafe company.  This 

study found that participants were satisfied with the app and found it useful. Even though use of 

the additional features was generally low, those who used them found them useful. Most 

participants did not need help setting up the app. Study strengths of this RCT are that it explored 

patients’ perceptions on the usefulness and satisfaction with the app and therefore fills an 

important knowledge gap. This was done by collecting both quantitative and qualitative data 

through open response questions, which gave voice to the perspectives of a low-income, racially 

and ethnically diverse sample of adults with chronic illness who receive care in an FQHC.18,19 

Because FQHCs are reporting a growth in rates of treating complex chronic conditions,11 and 

there are lower rates of medication adherence in lower socio-economic status populations and 

those with multiple conditions,39 implementing tools to enhance medication adherence is 

imperative. Understanding the user experience with the Medisafe mobile app demonstrated that 

wider scale usage of the Medisafe app is feasible in a low-income population with multiple 

chronic illnesses. Systematic literature reviews have pointed out a gap in implementation studies 

of mobile app interventions in this population.40 This study addressed an important knowledge 

gap by demonstrating that the use of a commercially available, free medication adherence app as 

a viable option for medically underserved adult patients with chronic disease.  

Prior research found that medically underserved patients expressed reluctance about 

paying for a medication adherence app.19 While not directly addressed in this study, anecdotally 

some participants asked before enrolling in the study if they would need to pay for the app, and 
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when told it was free expressed interested in participating. This underscores the importance of 

not having patients incur additional cost for the technology and was a strength of this 

intervention. 

Most participants were able to set up the app with minimal assistance with a median 

duration time of 15 minutes during the behavioral observation. It is important to note that 30% of 

the participants needed to be corrected 1-3 times when setting up the app, thus pointing to the 

importance of helping some patients set up the app initially and checking that the medications 

are put in accurately. This highlights a difficulty with individuals setting up the app. Although 

not implemented in this study, another option that exists  is to import medications from other 

databases such as Apple Health or a pharmacy directly. This may shorten the time it takes to set 

up the app. Once the app is set up properly, in addition to HCPs assisting patients, the help and 

support page, as well as the company contact could serve as a resource for patients.  

Survey data indicated that satisfaction with the app was high, with most patients strongly 

agreeing it was easy to use. All intervention group participants (n = 30, 100%) strongly agreed 

that they would recommend the app to family or friends. This was higher than the studies by 

Karla et al. (2019), which used Medisafe, where 78.6% of patients with coronary heart disease 

would recommend it,33 and Anglada-Martinez et al. (2016), who used a similar app, and found 

71.4% of patients receiving treatment for hypertension, dyslipidemia, heart failure and/or HIV 

would.25 Both of those studies were, however, conducted outside of the US; it may be that 

Americans are more familiar with app technologies and feel more comfortable recommending 

apps to others. 

Qualitative research conducted in a medically underserved populations with chronic 

illness on the use of medication adherence apps found that technical issues and complexity were 
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concerns when setting up and using apps.19 One study of a similar medication adherence app to 

Medisafe, indicated 50% of the participants reported problems receiving reminders.25 The 

Medisafe app used in this current study is a commercially available app with high quality 

assessment ratings,31,41 and in this study, technical issues were rare. The most common issue was 

not receiving the reminders until the participant allowed notifications from the app on their 

phone settings. No participants expressed that the app was technically complex, which was 

previously cited as a concern in this population but was not an issue in this study.19 One 

participant had ongoing technical issues receiving reminders. These findings suggests that use of 

the Medisafe app can be implemented in this population from a technology standpoint, and 

participants did not find it difficult to use.  

 Similar to other studies of the Medisafe app, feedback results point to receiving timed 

medication reminders as the most used aspect of the app.33 Furthermore. feedback regarding the 

app align with other studies linking medication reminders with medication adherence.23-26,29,30 

Participants found the snooze function of the reminder helpful when they were not home to take 

their medication and used this function as a reminder to take their medication when they got 

home. The snooze function therefore was an important component of the app when participants 

experienced disruptions in their routines, such as being away from their medications. The finding 

also aligns with a previous study in a medically underserved population where participants 

indicated that disruptions in their daily routines negatively affected their medication adherence.19  

This current study demonstrated that patients used the reminder feature when available and the 

majority of patients found it helpful with improving medication adherence. The reminders 

predominantly target the phenomenon of forgetting, which has been found by one study to be the 
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most likely cause of reported non-adherence in low-income, uninsured patients with multiple 

chronic illnesses.14  

  Research shows both patient knowledge of medications and their satisfaction with the 

information provided about their medications improves medication adherence.42 It remains 

unclear why there is a discrepancy between the Medisafe reported data and the number of 

participants who self-reported accessing educational data. This could be to participants 

overstating the use of educational features. However, one potential reason for the discrepancy is 

the specific data collected by Medisafe. In contrast to collecting data on the number of clicks on 

medication leaflets or videos, Medisafe does not collect data on the interaction tracker.  Yet,  

some participants may have viewed and reported the use of other features, such as the 

interactions checker, as patient education, resulting in the discrepancy between patient self-report 

and the Medisafe data. The feedback received demonstrated that participants who reported 

accessing the educational information, which was fewer than half,  were very positive about 

doing so. The educational information was found to be useful for learning about side effects, as 

well as food and medication interactions. Because individuals have different preferences for the 

amount of medication information they receive and the way that information is delivered, 43 the 

modularity of the Medisafe app is a useful tool to facilitate patient education in a practical and 

less burdensome way. The information is at the patient’s fingertips and can be accessed as 

frequently as needed to learn what they want to at their convenience. The educational app feature 

is also advantageous to HCPs as it alleviates some of the burden and time commitment 

associated with educating  patients about their medications.  

Social support has been found to have a positive effect on medication adherence.44-46 

Studies that deploy digital technologies in the form of web based online communities to provide 
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social support have generally demonstrated that they can support people emotionally, socially, 

practically, and politically.47 However, using technology to provide social support has not been 

studied in the context of a commercially available medication adherence mobile app. This study 

addressed this gap by studying social support via a commercially available app in the context of 

medication adherence. The Medisafe app offers social support in the form of a Medfriend and 

this is the first known study to incorporate this feature as part of the study intervention. Some 

studies have pointed out that online social support networks for those with specific chronic 

illnesses lessened the burden on relationships with family and friends, which are referred to as 

“offline” support persons.47,48 However, despite asking and offering to demonstrate how to set up 

the Medfriend feature, usage of the Medfriend feature was very low. This study did not gather 

information on why participants chose not to set up the Medfriend and is a limitation of this 

study. It may have been because this feature was seen as too burdensome by the patient and/or 

their support person, most of whom were identified as family members. Patients might also have 

avoided using a Medfriend due to confidentiality concerns of using the Medfriend option which 

entails giving access to the user’s medication list, as many participants (n = 13, 43.3%) were 

willing to use the app to manage someone else’s medications but chose not to share their own. 

Another challenge regarding the Medfriend feature was that there was also a discrepancy 

between Medisafe data and self-reported use of the Medfriend option. Despite the 

aforementioned concerns, the 2 participants who reported using the Medfriend feature were 

satisfied with it as they perceived that the app to fostered social support. In order to explore the 

apps social support feature further, research on dyads who use the app to manage family 

member’s medications might shed new light on the phenomenon of incorporating social support 

into mobile apps. By studying a subset of the population, which are patients and their caregivers, 
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the social support feature may be used more frequently. If confidentiality of medication lists 

proves to be a barrier, perhaps a feature that dissociates specific medications from the reminder 

would address that concern. Support persons could receive a general text that their online 

Medfriend has not taken their medications without sharing details on the specific medications.    

Participants reported having a list of medications on their phone was beneficial, which 

was also found in a population of patients with coronary heart disease who used the Medisafe 

app in Australia.33 When managing chronic illnesses, patients often are referred outside of the 

FQHC setting or require hospitalization to receive care. Some participants mentioned using the 

phone medication list for medication reconciliation when seeing other HCPs. This finding is in 

contrast to another study of patients presenting to an Emergency Department (ED) setting where 

it was found that ED patients rarely used their mobile phones to share their medication list during 

medication reconciliation.49 Medication reconciliation can be facilitated through the adoption of 

these technologies. HCPs in both primary care and tertiary care settings should suggest and 

support patients with implementing the use of researched medication adherence mobile apps. 

This study’s sample consisted of a majority of patients with multiple chronic conditions.  These 

participants appreciated the ability of the app to work across multiple chronic illnesses and its 

helpfulness when taking multiple medications. This finding underscores the importance of 

advocating for the use of  medication adherence apps like Medisafe that can work across a range 

of illnesses and medications and be easily adjusted when medications change over the disease 

trajectory. Additionally, participants who used the adherence report felt it provided positive 

reinforcement and was an incentive to reach higher levels of adherence. Similar to what was 

reported in other studies, a majority of participants reported not using the refill reminder because 

they already received text alerts from their pharmacy, which they found helpful.19 When HCPs 
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select apps for patients to enhance their medication adherence, careful attention to the app 

features and existing research, such as the findings from this study, are important considerations. 

4.4.1  Limitations 

 This study had several limitations. First, the study duration of 1-month does not provide 

insights regarding long-term patient satisfaction and continued use of app features, an important 

aspect of chronic disease management. There was an unresolved discrepancy in the number of 

participants who reported accessing educational information and the actual usage coming from 

the Medisafe data. Medisafe data and self-reports showed that the uptake of educational and the 

Medfriend social support feature was low. Another limitation of the study is the researchers did 

not gather participants input about why they chose not to use the Medfriend feature. Therefore, 

this study cannot speak to the potential benefits of those features. Finally, even though the app 

can be used in several languages, and many patients who seek care at FQHCs speak a primary 

language other than English,50 the researchers were not able to incorporate multiple languages 

into the study protocol.   

4.4.2  Future Research  

FQHC’s and primary care settings working with adults who are chronically ill should 

consider medication adherence mobile phone apps as acceptable and practical tools to support 

medication adherence. Future studies could include a larger sample, utilization of the available 

provider portal and the experiences of both providers and patients. Cost analysis and 

hospitalization rates as well as long-term usage and health outcomes over time could also be 

studied. Future research should continue to utilize mixed methods to provide insights for app 

modification, the nature of barriers to use, and how app features, such as the Medfriend, could 

most easily be implemented in patients who might benefit the most from such a feature. Studying 
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the usability of the app and associated effects in ethnic populations in various languages is also 

an important area of research as community health centers serve a disproportionate share of 

patients with limited English proficiency.50  Future research could further investigate why 

participants choose to use some app features but not others, barriers to using particular features 

and whether or not features could be promoted and implemented in the medically underserved 

population.  

4.4.3  Conclusion 

This study demonstrated the medication adherence app is a useful, convenient, and 

feasible intervention in an FQHC setting. The various features of this app positively affected the 

medication taking behaviors of adults with one or more chronic illnesses. Participants were 

satisfied with the app and the features they chose to use. Reminders were viewed as most helpful 

by the majority of participants. The medication list feature was particularly useful for patients 

who had multiple chronic conditions and saw multiple providers and some used it to facilitate 

medication reconciliation. The findings of this study have important clinical implications, as 

clinicians can recommend using medication adherence apps to provide support to patients to 

adhere to their medication regimen and serve as an additional tool to use during medication 

reconciliation.   
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4.5  Appendices 

Table 1. Sociodemographic Characteristics 

Characteristic Intervention n (%) 

(N=30) 

Race/Ethnicity N=29 

Asian 5 (17.2) 

Black or African American 10 (34.5) 

Hispanic/Latino 4 (13.8) 

Native American or 

Alaska Native 

1 (3.4) 

White 6 (20.7) 

Other 3 (10.3) 

Marital Status  

Married/Partnered 15 (50.0) 

Single/Never married 15 (50.0) 

Employment Status N=30 

Employed 15 (50.0) 

Unemployed  12 (40.0) 

Retired 3 (10.0) 

Education  

Some high school or less 8 (26.7) 

High school graduate 4 (13.3) 

College credit, no degree 8 (26.7) 
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Trade/vocational training 4 (13.3) 

Associate’s degree 2 (6.7) 

Bachelor’s degree or more 4 (13.3) 

Difficulty Paying Bills N=29 

Very difficult 6 (20.7) 

Somewhat difficult 10 (34.5) 

Not very difficult 8 (27.6) 

Not at all difficult 5 (17.2) 

Type of Health Insurance N=30 

Uninsured (Sliding Scale) 2 (6.7) 

Government Insurance 25 (83.3) 

Private Insurance 3 (10.0) 

Current Chronic 

Illnesses  

N=30 

Hypertension 22 (73.3) 

Diabetes Type 2 14 (46.7) 

Hyperlipidemia 19 (63.3) 

Asthma 5 (16.7) 

Othera  11 (36.7) 

a. Depression (1), Diabetes Type 1 (1), COPD (1), Heart Disease (1), Cirrhosis (1), Anxiety (1), 
Gout (1), Rheumatoid Arthritis (1), Thyroid disorder (1), Hypothyroidism (2), Gastroesophageal 
Reflux Disease (1), Arthritis (chronic pain) (1), Fibromyalgia (1)  
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Table 2. Satisfaction with the App (N=30) 

Satisfaction Information N(%) 

  Liked the App Design  

     Neutral  1(3.3) 

     Somewhat Agree 2(6.7) 

     Strongly Agree 27(90.0) 

  It Easy to Tap the Correct Icon with my 

  Finger 

 

      Neutral 1(3.3) 

      Somewhat Agree 1(3.3) 

      Strongly Agree 28(93.3) 

  I am able to see all of the Options in the App  

      Neutral 3(10.0) 

      Somewhat Agree 1(3.3) 

      Strongly Agree 26(86.7) 

  It is Useful to Have Medication List on 

  Smartphone 

 

      Somewhat Disagree 1(3.3) 

      Neutral 1(3.3) 

      Somewhat Agree 3 (10.0) 

      Strongly Agree 25 (83.3) 

  Reminders Helped Me Remember to Take 

  My Medications at the Correct Time Each  
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  Day 

      Neutral 1(3.3) 

      Somewhat Agree 1(3.3) 

      Strongly Agree 28(93.3) 

  Found it Easy to Use the App  

      Somewhat Disagree 1(3.3) 

      Neutral 1(3.3) 

      Somewhat Agree 1(3.3) 

      Strongly Agree 27(90.0) 

  Found it Easy to Set Up Reminders in the 

  App 

 

      Neutral 3(10.0) 

      Somewhat Agree 2(6.7) 

      Strongly Agree 25(83.3) 

  Found it Convenient to Have the App  

      Disagree Strongly 1(3.3) 

      Somewhat Disagree 1(3.3) 

      Strongly Agree 28 (93.3) 

  Found it Useful to Snooze the Reminder  

      Disagree Strongly 1(3.3) 

      Somewhat Disagree 1(3.3) 

      Neutral 10(33.3) 

      Somewhat Agree 3(10.0) 
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      Strongly Agree 15 (50.0) 

  Will Continue Using the App  

      Disagree Strongly 2(6.7) 

      Somewhat Disagree 1(3.3) 

      Neutral 1(3.3) 

      Strongly Agree 26(86.7) 

  Would Recommend the App to Family and  

  Friends 

 

      Somewhat Agree 2(6.7) 

      Strongly Agree 28(93.3) 
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5.1  Chapter 5 

5.1.1  Conclusion 

 This study contributed to the body of knowledge regarding the effects of medication 

adherence apps in patients with chronic illness. The study focused on a sample of medically 

underserved patients with one or more chronic illnesses seeking care at a Federally Qualified 

Health Center (FQHC), and explored the efficacy of a free, commercially available medication 

adherence app. As part of the efficacy study, participants perspectives and experiences using the 

app were assessed. To the researcher’s knowledge, the concepts of medication adherence, self-

efficacy, social support, and knowledge in relation to usage of a medication adherence app in the 

FQHC patient population had not been previously reported in the scientific literature. The 

research addressed gaps in understanding the experiences and perspectives of the app users as 

well as the impact of the app on medication adherence. 

 Both a pilot study conducted in preparation for the larger trial and the randomized 

controlled trial (RCT) showed statistically significant improvements in medication self-efficacy. 

Those findings suggest that medication adherence apps can be used to increase medication self-

efficacy in medically underserved patients with chronic illness.  

 In medication adherence research in general, theories and conceptual frameworks have 

been underutilized (Conn et al., 2016). This lack of theoretical foundation is even more true of 

interventions using medication adherence mobile phone applications (Kjos et al., 2019). The use 

of theories and frameworks in research is vital as they establish a sense of structure that guides 

the research and specify which key variables influence the phenomenon of interest. Very few 

studies using Social Cognitive Theory (SCT) in the study of adherence mobile apps were found.  

This study demonstrated effective use of SCT as a strong theoretical foundation to study 
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medication adherence in relation to app use because it illuminated important concepts, such as 

self-efficacy, a central theme of the theory. Future research of mobile medication adherence apps 

should consider using SCT to guide their research. 

5.1.2  Interpretation of Results Based Upon Study Aims 

 5.1.2.1  Pilot study. The pilot study for this work was described in Chapter 2. The specific 

aims of that pilot study were to: 1) investigate the preliminary efficacy of using a medication 

adherence smartphone mobile app and its subcomponents on patient medication adherence;  2) 

investigate the preliminary efficacy of using a medication adherence smartphone mobile app and 

its subcomponents on medication self-efficacy; and 3) examine the usability, acceptance, and 

feasibility of using a medication adherence smartphone mobile application in a population of 

medically underserved patients with chronic illness.  

 The pilot study indicated the Medisafe app was a viable option to improve medication self-

efficacy and likely medication adherence in medically underserved patients in an outpatient 

setting with a variety of chronic illnesses. Though not statistically significant, a meaningful 

effect of app use was found on medication adherence (Cohen’s d = 0.41,  p = .21). Furthermore, 

a statistically significant median increase in medication self-efficacy was observed (Cohen’s d = 

0.69, p = .03). Feedback about the app was positive. Ninety percent of participants strongly 

agreed that they liked the app design, 90% strongly agreed it was useful to have a medication list 

on their smartphone and 100% found it useful to set medication reminders. None of the 

participants had difficulty with visualizing the app or a problem with dexterity. Ninety percent 

strongly agreed that the reminders helped them to remember to take their medications at the 

correct time each day and found it easy to use the app, while 80% found it convenient to use the 

app. Ninety percent would recommend the app to family or friends. Only one participant 
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reported technical issues. These findings provided sufficient evidence to support a larger-scale 

RCT. 

 5.1.2.2  Randomized controlled trial. The results of that RCT were presented in Chapter 

3. Aim 1 of that RCT was to investigate the efficacy of using the Medisafe app and its features 

on patient medication self-efficacy and medication adherence. Aim 2 was to investigate if using 

the Medisafe app influenced patient-perceived medication knowledge and medication social 

support. Compared to the control group, participants receiving the 1-month intervention had 

significantly greater medication adherence (Cohen’s d = -0.52, p = .014) and medication self-

efficacy (Cohen’s d = 0.43, p = .035). No significant effects were observed related to medication 

knowledge or medication social support.  

 In Chapter 4, patients’ perceptions on the usefulness of and satisfaction with the app and 

its various features (Aim 3) were reported. Ninety percent of participants in the diverse sample of 

low-income adult patients strongly agreed the app was easy to use, and 93.3% strongly agreed it 

was convenient to have the app on their phone. Participants were satisfied with the app. Most 

participants (93.3%) strongly agreed that the reminders helped them to remember to take their 

medications at the correct time each day. For those who reported accessing educational materials 

(n = 12), 100% found the information useful. Very few participants chose to use the Medfriend 

feature (n = 2). The low use of this features suggests they may not have wanted to burden a 

family member with reminders, they may have been concerned about sharing their medication 

list and medication taking behaviors with others, or they simply did not see a need for this 

additional feature. Of those who did use these features, qualitative results indicated this feature 

supported feelings of social support by the participants’ husbands.  
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 Two additional exploratory aims were to assess: 1) if participants who accessed 

educational materials within the app reported greater medication knowledge than those who did 

not; and 2) if participants who choose to use the additional Medfriend feature within the app 

reported greater medication social support than those who did not. The primary finding was that 

very few participants used either of those features. Limitations and potential implications for 

further research from that finding were presented in the manuscript (Chapter 4). 

5.1.3  Comparison with Previous Research 

 These findings align with existing research on medication adherence mobile apps and add 

novel information regarding their use in an underrepresented population. Specifically, this work 

supports the use of SCT as a theory to guide the study of medication adherence apps and adds 

new insight to using a theory-guided approach to medication adherence app research. One meta-

analysis looking at theories used in medication adherence research found interventions linked 

with SCT had a pooled effect size of (Cohen’s d = 0.35) (Conn et al., 2016). The effect size in 

the pilot study (d = 0.41) and the RCT (d = 0.52) on medication adherence were greater than that 

of the meta-analysis. Using SCT to support the research study allowed the concept of medication 

self-efficacy to be integrated in this work, which showed significant improvement in both the 

pilot study and the RCT. There are few studies measuring medication self-efficacy in relation to 

the use of medication adherence mobile apps. Based on this study’s conceptual model, we 

hypothesized that medication self-efficacy would have a positive relationship with medication 

adherence. This study found that the use of a medication adherence mobile app increased 

medication self-efficacy, which in turn had a positive relationship with medication adherence. 

The findings of this current study differ with the findings of Kjos et al. (2019), which measured 

the concept of medication self-efficacy in relation to using a medication adherence app. Their 
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single-group study showed no effect on medication self-efficacy and a very small improvement 

in medication adherence after six months in a  highly educated, non-diverse sample of patients 

with diabetes mellitus type 2 (D2M) (Kjos et al., 2019). Possible reasons for the differences 

between the two studies include the use of a gold standard RCT study design in the current study, 

as well as the length of the study and study population. Kjos et al (2019)  hypothesized that 

future interventions such as nurse phone consultations that are more individualized and provided 

closer monitoring, feedback, and social support in addition to apps might have a greater effect on 

medication self-efficacy (Kjos et al., 2019). This study did not support their hypothesis, and 

demonstrated apps can effectively be used to improve medication adherence without these 

additional, time and labor-intensive interventions. Given the lack of focus on low-income 

vulnerable populations in the mHealth chronic illness literature, the external validity of our 

findings was strengthened by focusing on individuals receiving care in a FQHC setting (Shadish 

et al., 2002).  

 There is evidence in the literature that shows there are generally positive correlations 

between using an app with reminders and medication adherence but few studies include 

medically underserved populations. This RCT found similar results on medication adherence to 

other studies of mobile apps. For studies conducted in low-income, vulnerable populations, 

Moorhead et al. (2017) calculated the effect size (Cohen’s d = 0.49) for the sample taking the 

medication after “seeing” or “not seeing” the reminder (Moorhead et al., 2017). Chandler et al. 

(2019) found a larger effect size in their multi-faceted app intervention, which also included 

nursing outreach to Hispanic patients with hypertension (HTN) (Cohen’s d = 1.96) (Chandler et 

al., 2019). Patel et al. (2013) found improvement in self-reported medication adherence, but an 

accurate effect size could not be calculated (Patel et al., 2013). Studies which implemented the 
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Medisafe app in cardiovascular patients reported effect sizes of (Cohen’s d = 0.33) and (Cohen’s 

d = 0.45) on medication adherence respectively (Morawski et al., 2018; Santo et al., 2019). This 

study exceeded both of these effect sizes. It also exceeded the effect size in a study conducted in 

Spain using a medication adherence app with similar features as Medisafe but created by the 

researchers (Cohen’s d = 0.41) (Anglada-Martinez et al., 2016). Similar positive results on 

medication adherence (Cohen’s d = 0.60) to topical psoriasis medication were found in a study 

which used a chip integrated into the medication dispenser to accurately measure adherence 

(Svendsen et al., 2018). As discussed earlier, Kjos et al. (2019) found little effect between 

medication adherence at baseline and 6-months (Cohen’s d  = 0.20) (Kjos et al., 2019).  

 Generally, both medication knowledge and satisfaction with medication information 

provided has been associated with increased rates of adherence (AlHewiti, 2014). In contrast, 

this study did not show a significant change in medication knowledge in participants using the 

app. No previous studies were found that used valid and reliable measures to assess changes in 

medication knowledge when using medication adherence apps, therefore this study sheds new 

light on the phenomenon. Although 100% of participants in this study that self-reported 

accessing medication information found it useful, it was used by a small number of participants, 

and their use did not translate to a significant change in medication knowledge. This finding 

suggests that medication knowledge was not instrumental in increasing medication adherence or 

medication self-efficacy in this study. Additionally, there was a discrepancy in self-report usage 

of educational information versus the objective indicators of use gathered by the Medisafe app 

company. The reason for this discrepancy is unclear and could not be rectified. It may be that 

responses to the feedback survey were affected by social desirability bias as most interviews 

were conducted in-person or over the telephone. Another reason, though, could be the way the 
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app company measured accessing educational information versus what the participants viewed as 

educational information. The app company was only able to capture clicks on the medication 

cards, termed “leaflets” and/or the medication videos. The app had another feature, called an 

interactions checker, which would tell participants of any medication interactions if they clicked 

that tab. The app company was unable to capture this data on their end. It is possible some 

participants were referring to this when self-reporting accessing educational information. 

 The gap in the design and study of app interventions to provide support from family and 

friends has been highlighted in the literature (Etminani et al., 2020). The Medisafe app addresses 

this design gap and includes a social support function, easily allowing a support person to remind 

a patient regarding a forgotten medication. However, despite using an app that includes social 

support in the form of Medfriend, no significant change in social support after app use was found 

in this study. There was very low uptake of the Medfriend option despite participants being 

shown how to set it up and being offered assistance to do so. Only one participant was shown by 

Medisafe data to have used this feature. Another participant reported using it, but because her 

husband set up the app and designated the participant as his Medfriend on his phone, and the 

Medisafe URL was linked to the participant’s account only, any data from the husband’s phone 

was not captured by Medisafe.   

 This may indicate the design of this feature was not ideal. Reasons participants may not 

have used it could have been because this feature was seen as too burdensome by the participant. 

Alternatively, the participant may not have wanted to receive extra reminders from their support 

person if they forgot to take the medication or mark the medication when the reminder came 

through. Confidentiality may have also been a concern, as Medfriends are granted access to the 

patient’s medication list. Almost half (n=13, 43.3%) of participants were willing to use the app to 
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manage someone else’s medications, even though they chose not to share their own. One RCT 

studied the effects of membership in an “online community” designed to promote social support 

but showed no effect on adherence on those randomized to the intervention (Koufopoulos et al., 

2016). Similar to this study, the authors cited the lack of engagement and a need for more multi-

modal levels of engagement for the website (Koufopoulos et al., 2016). A study using a texting 

intervention  which was tailored and individualized to responses of the patients, found a positive 

effect on medication adherence (Aikens et al., 2015). Findings showed that the intervention plus 

a social support person who did not live with the patient increased medication adherence much 

more than the texting intervention alone (Aikens et al., 2015). These findings suggest that the use 

of the app plus the social support feature has the potential to further increase medication 

adherence. It may be that this feature is more helpful to a specific subset of the population. 

Unfortunately, when designing the feedback survey, this study did not ascertain why participants 

did not choose to use the Medfriend feature. The survey asked those who used it if they thought 

it was useful and why, and if they didn’t use it, who would they ask to be their Medfriend if they 

did. Participants who answered (n = 18, 60%), generally chose family members with the top 

three responses being: their sibling (n = 4, 22.2%), their child (n = 4, 22.2%), and their husband 

or wife (n = 4, 22.2%). This supports the assertion that most social support persons are family 

members. 

   This study was similar to other studies that generally have found mobile medication 

adherence apps useful to participants and participants were satisfied with the available app 

features (Karla et al., 2019; Park et al., 2019; Peng et al., 2020; Shade et al., 2018).  A previous 

study that assessed patient satisfaction and usability with the Medisafe mobile app received high 

scores, with 75% of participants indicating they would continue to use the app (Karla et al., 
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2019). Participants in this study exceeded that level, with 86.7% indicating they would keep 

using it. A notable finding was that 100% somewhat or strongly agreed they would recommend 

the app to family and friends. That percentage exceeded both Karla et al. (2019) where 78.6% of 

participants said they would and Anglada-Martinez (2016) where 71.4% of participants would 

recommend the app. No one in the current study expressed problems with complexity of the app, 

which previous qualitative research done in a medically underserved population cited as an area 

of concern (Hincapie et al., 2019). 

5.1.4  Limitations 

This study has several limitations. The study duration of 1-month does not shed light on 

the satisfaction and continued use of app features over a longer period, which is an important 

aspect of chronic disease management. The need for studies of longer duration to measure 

outcomes and engagement are necessary to ensure that the benefits of these apps remain over 

time. The participants were able to use the app across a wide variety of chronic disease states, 

with over three quarters (77.1%, n=47) reporting multiple chronic conditions, a growing 

phenomenon throughout the world. Because of the variation in chronic diseases between 

participants, clinical outcomes were not measured in this study.  However, a strength of the app 

is that it can work across many different illnesses and be changed over time to reflect the 

patient’s medications.  

This study did not explore if participants who accessed educational materials and used 

the Medfriend feature within the app reported greater medication knowledge and social support 

than those who did not use these features due to limited uptake of these features. However, that 

is an important finding. Data provided by Medisafe on the access rates of the educational 

features did not match self-reported accessing of educational content. This raises the possibility 
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that participants over-estimated their use of the educational features in the self-report section of 

the feedback survey. It is possible that some of the other features of the app, such as the 

interactions checker, were accessed and considered educational information by the participants, 

but Medisafe was unable to record the use of the feature. However, participants did not 

overestimate their self-reported use of the Medfriend feature.  

Another limitation was the use of self-reported measures, which are subject to social 

desirability bias, and have the potential for patients to over or underestimate their adherence, 

self-efficacy, knowledge, and social support. Yet that limitation was overcome somewhat by the 

use of the reliable change index (RCI) criterion for each outcome. The RCI was used to 

counteract the measurement error inherent in self-report measures and the desire to assess change 

beyond what could be due to simple measurement error (Christensen & Mendoza, 1986; 

Jacobson et al., 1984). Finally, since we enrolled participants who could speak and understand 

English, we were not able to assess the feasibility and uptake in a Spanish-speaking only 

population. 

A strength of this study was the use of an RCT study design which controlled for some of 

the internal validity threats found in Patel et al. (2013), which was a single group app study. 

Furthermore, this study was conducted in an underrepresented population with a variety of 

chronic illnesses lending support for larger scale implementation. Because the findings can be 

generalized over participants with a wide variety of chronic illnesses in an FQHC population, if 

implemented more broadly, use of the app may help support medically underserved patients who 

have higher rates of chronic illness and lower rates of medication adherence to adhere to their 

medications at higher rates. This has the potential to reduce health care utilization and decrease 

rates of hospitalization.  
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5.1.5  Implications for Practice 

 The study findings support the use of a medication adherence app in a population of 

adults with chronic illness who receive primary care in outpatient settings. As smartphone 

ownership and use continues to rise in low-income populations, and since the app is free, easy to 

use, and available in app stores, this represents a feasible intervention to support patients to 

adhere to their medication regimen in their daily lives. Healthcare providers (HCPs) should 

suggest using the app especially for patients who are finding it difficult to adhere to their 

medications. Because the app does not have any limitations as to diagnosis or schedule, it can be 

seamlessly used across healthcare settings.   

5.1.6  Implications for Policy 

 This study demonstrated the value and ease of use of a medication adherence app. 

Policies at the local and national level are needed to facilitate the adoption of smartphones apps 

by HCPs working in FQHCs and other primary care centers.  In general, there is a need for a 

more seamless information exchange between various HCPs, including primary care providers, 

specialists, and hospitals regarding medication use. Two participants in this study did report 

using the medication list for medication reconciliation with outside providers. Examples given 

included an allergist and a radiology practice.  

 Policies at the local and national level can promote the uptake and implementation of 

medication adherence apps and establish processes to facilitate information exchange to support 

HCPs and their patients in managing their medications. For example, some state regulations are 

requiring FQHCs to link with statewide health information exchange accounts. Adherence apps 

can be integrated with these exchange accounts and could facilitate medication reconciliation 

between multiple providers and their patients. Research on how HCPs can integrate app 
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technology into their workflow when caring for patients would help to inform policies that 

support the integration of medication adherence apps with the information exchange systems that 

are being adopted in various states. Increased funding to hire and train staff in use of these 

technologies and to develop the structure and process to support these activities may be 

necessary. If used correctly on a larger scale, this type of technology has the potential to reduce 

costs associated with low medication adherence and encourage faster and more accurate 

medication reconciliation practices.  

5.1.7  Implications for Research 

 Studies over a greater time duration are needed to understand the long-term outcomes 

associated with using medication adherence apps. The experiences, use and engagement with the 

app by participants over extended time frames could be better understood. Future formative 

research is needed to understand why the uptake of the app features was low in this population. 

Research is also needed to identify how best to implement the app in the clinical setting to 

facilitate HCPs and patient uptake of these apps. Including Spanish speaking patients in future 

research studies would be helpful to understand the app effects in this population when they use 

the app in Spanish.  

 The medication adherence app offered an easy, practical way for patients to garner social 

support in managing their medications. Yet, it was rarely used. Future research studies should 

explore the use of the app in combination with the Medfriend feature to investigate the potential 

for improvements in medication adherence and to determine the type of app interventions and 

designs that can facilitate social support. If participants do not want to use the Medfriend feature, 

feedback regarding the reasons for this may help to design a social support feature that would 

increase uptake by participants. Future studies are needed to investigate how medication social 
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support using the app can be promoted in patients who need it without being seen as burdensome 

to their support persons.  

 Future research on medication social support could be further enhanced to include 

additional populations. For example, caregivers for elderly patients who require assistance with 

medication taking as well as pediatric and adolescent populations and their parents could be 

studied to see if there is greater uptake of the Medfriend feature and how it influences medication 

adherence, medication social support and/or caregiver burden. New research into the use and 

effects of the social support feature will aid our understanding of how apps could enhance social 

support for chronically ill patients.  For those who did not use the feature, understanding what 

social support strategies, if any, they have in place would shed light on how best social support 

can be encouraged in a non-burdensome way through app technology. The question of how well 

social support can be translated onto technological platforms, particularly mobile phone apps, 

remains.  

5.1.8  Conclusion 

This study demonstrated that medication adherence apps have the potential to positively 

impact chronic disease medication adherence and management on a larger scale in a medically 

underserved population. Because of the positive effects seen on medication adherence, 

medication self-efficacy and use and satisfaction outcomes, this tool should be recommended as 

a routine practice. By doing so, HCPs will be supporting patients on their journey to better 

health. 
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