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A  B  S  T  R  A  C  T  
 

Objective: Among patients with coronary heart disease, we sought to address the research questions of: 1) What is 

the acceptability of applying a technology-enabled approach to support medication adherence?; and 2) What are 

barriers to medication adherence using the Capability-Opportunity-Motivation Behavior (COM-B) model as a 

guiding framework? 

Methods: Applying qualitative research methods, we employed a series of 3 focus groups per individual (total 9 

sessions). Coded data from thematic analysis were mapped to the COM-B model components for meaningful 

associations. 

Results: Fourteen participants were recruited (median age 69.5 ± 11, 50% female). Barriers to medication 

adherence were organized along these COM-B domains: psychological capability (forgetfulness, distractions, fear 

of side effects), physical opportunity (inaccessible medications, inability to renew prescriptions), reflective 

(burdening family members), and automatic motivation (medication fatigue, health decline). 

Conclusions: Tailored text messaging and mobile phone apps were perceived as helpful tools for medication 

adherence. The COM-B model was useful to provide a comprehensive, theory-driven evaluation of patients’ 

beliefs and motivations on whether to engage in medication adherence. 

Innovation: To date, text messaging and mobile applications have not been widely implemented in the clinical 

setting and provide a major opportunity to innovate on approaches to address medication adherence. 
 

 

 

1. Introduction 

 

Cardiovascular disease is the leading cause of death worldwide, and 

in 2019, resulted in 17.9 million deaths according the World Health 

Organization [1,2]. Coronary heart disease (CHD) is the most common 

type of heart disease, with prevalence rates of 8.7% for males and 5.8% 

for females [3]. Clinical guidelines recommend evidence-based medical 

therapy for individuals who experience an acute coronary syndrome 

(ACS) or who undergo percutaneous coronary intervention (PCI) for 

secondary prevention [4]. However, medication adherence rates to 

cardiac medications are as low as 33–50% [5]. Despite the critical nature 

of taking antiplatelet medications to prevent in-stent thrombosis that 

can lead to myocardial infarction (MI) and death, a previous study 

showed one in seven MI patients treated with drug-eluting stents were 

not taking antiplatelet medications as prescribed [6]. Medication non-

adherence is the number one problem in treating illness as more than 

half of individuals with chronic diseases do not take any or all of their 

medications correctly [7,8]. Low adherence rates have been associated 

with not only increased morbidity and mortality, but also intensified 

pharmacotherapy, increased and/or unexpected hospitalizations, and 

exacerbated disease [9,10]. 

The behavior of medication adherence can be broken down into 

three phases among adults who are prescribed medication: 1) initiation, 

involves the patient taking their first dose of medication, 2) 
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implementation, corresponds to how the patient takes their medication 

over a period of time, and 3) discontinuation, when the patient stops 

taking a prescribed medication [11]. Over the three phases, many bar-

riers may exist, such as lack of access (e.g., high costs, inability to obtain 

medications), forgetfulness, polypharmacy, and low health literacy, and 

therefore subsequent nonadherence [1,12]. Many interventions have 

been proposed, with mobile health technology (i.e. text messages/text 

messaging and mobile applications [apps]) becoming increasingly uti-

lized as mechanisms to enhance medication adherence [11,13-16]. 

The use of technology can facilitate adoption and integration of 

medication taking by promoting behavioral strategies such as self-

monitoring, social support, and coaching [17,18]. Several reviews 

have examined the potential for mobile health technologies such as text 

messaging and mobile apps to improve medication adherence [19-22]. 

Most authors agree on their strong promise to improve adherence be-

haviors but conclude there is insufficient evidence to draw a concrete 

determination given the heterogeneity of the studies and need to 

examine long-term efficacy [19-22]. Both text messaging and mobile 

apps provide convenient, inexpensive, and nonintrusive engagement 

with individuals. Use of mobile technology can particularly benefit those 

who have significant barriers to taking medications such as confusion of 

which medications to take, forgetfulness, and lack of social support. Text 

messaging is more widely used by all age groups; however, mobile apps 

offer many more features than messaging and can harness the full 

sensing and computational capacity to collect and analyze health-

related data in real time to deliver health and behavioral interventions 

[23,24]. With the potential for mobile health technologies to provide a 

tailored, practical and inexpensive approach to mediate medication 

nonadherence, many interventions that have been developed to target 

medication non-adherence lack a theoretical basis, which has been 

linked with interventions’ ineffectiveness [25,26]. However, utilization 

of health behavior theories and models has been shown to help re-

searchers understand complex behaviors such as medication adherence, 

smoking cessation [27], and nutritional adherence [28]. 

Previous  utilization  of  the  Capability-Opportunity-Motivation 

Behavior (COM-B) – model has demonstrated success in understand-

ing complex health behaviors such as medication adherence [26,29]. 

The COM-B model is one that helps to understand human behavior by 

hypothesizing the existence of an interplay between capability, oppor-

tunity, and motivation produce a certain behavior, which in turn can 

feedback to influence these initial components [30,31] (Fig. 1). 

This model can also serve as a starting point in selecting in-

terventions that are most likely to effectively address poor adherence 

[33]. The COM-B model looks at the possible relationships between 

systems level factors, allowing greater depth and precision of the re-

lationships between adherence and individual factors [26] (Fig. 2). The 

COM-B model lies at the center of the Behavior Change Wheel (BCW), a 

systematic review of 19 frameworks of behavior change, used for 

designing and evaluating behavior change interventions [34] (Fig. 2). 

 

Fig. 1. The COM-B Model: A Framework for Understanding Behavior [32]. 

The model is made up of three domains: 1) capability, 2) motivation, and 

3) opportunity. Each one of the three domains is further subdivided. 

Capability is subdivided into physical (e.g., physical strength, stamina) 

and psychological (e.g., comprehension, reasoning) [35,36]. Opportu-

nity is subdivided into physical (e.g., resources, locations, physical 

barriers) and social (e.g., interpersonal influences, social cues, cultural 

norms) [36]. Sub-components of motivation are reflective processes (e. 

g., evaluations, self-conscious plans, beliefs) and automatic processes (e. 

g., emotions, desires, impulses) [36]. 

Given the previous success of the COM-B model in understanding 

complex human behaviors, it was selected as our guiding theoretical 

framework to identify factors that can affect medication adherence. 

Unlike quantitative research where an a priori hypothesis is normally 

provided, the same is not normally provided for qualitative research 

questions [37]. Thus, among patients with CHD who were prescribed 

dual-antiplatelet therapy after ACS or PCI, the purpose of this paper was 

to address the following research questions using a qualitative research 

approach: 1) What is the acceptability of applying a technology-enabled 

approach to medication adherence?; and 2) What are barriers to medi-

cation adherence using the COM-B model as a guiding framework? 

 

2. Methods 

 

2.1. Design and ethics approval 

 

This paper presents the quantitative research that was conducted to 

inform the development of a theory-based randomized clinical trial 

(RCT). The RCT that was examining the efficacy of text messaging vs. 

mobile app as compared to website-control to improve adherence to 

antiplatelet therapy recently concluded and is currently in analysis 

stage. This qualitative research study applied grounded theory princi-

ples, which relies on the “emergence of concepts from the data 

collected” [38] and included focus groups with participants from a 

community hospital system. The UCSF Committee on Human Research 

and the John Muir Health Institutional Review Committee jointly 

approved the study. 

 

2.2. Inclusion/exclusion criteria 

 

Criteria for inclusion in the focus groups were the following: (a) ≥ 21 

years of age, (b) history of ACS or PCI within one year, (c) current/ 

former antiplatelet (thienopyridine) prescription (i.e., dual antiplatelet 

therapy included thienopyridine and aspirin); and (d) ownership of a 

smartphone. Exclusion criteria included: (a) cognitive impairment; and 

(b) lack of English proficiency/literacy. 

 

2.3. Recruitment 

 

We recruited focus group participants from 3 cardiac rehabilitation 

centers from February and August 2016 at John Muir Medical Center, 

where the principal investigator (LGP) has a clinical appointment 

through another department. A research associate recruited participants 

for the focus groups at the cardiac rehabilitation venues after posting 

and distribution of flyers. Approximately four rotating exercise physi-

ologists and nurses at the cardiac rehabilitation programs assisted with 

identifying eligible patients. The research associate recruited each 

eligible patient face-to-face to participate in the focus groups before or 

after their cardiac rehabilitation sessions and obtained written consent. 

The decision to recruit from and hold focus groups in three sites reflected 

our goal to include participants from diverse socioeconomic and 

geographic backgrounds. Participants received $25 gift cards at the end 

of each focus group or interview. 

 

2.4. Medication reminder mobile apps 

 

After reviewing over 15 apps, the principal investigator (LGP) 
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Fig. 2. Behavior Change Wheel [34]. 

 

selected Medisafe and Mango Health, both commercially available 

through Google Play, and Apple app stores, for their features, ease of 

use, high ratings from reviewers of health apps, and number of down-

loads. No member of the research team had any affiliation or connection 

with the apps manufacturers and distributors, nor had anything to gain 

financially from use of the apps in the study. The participants were asked 

 

Table 1 

Focus group topics. 
 

 

Focus Group Topic 
 

 

• Motivations for taking medications and ideas and experience 

with text messaging 

to use an app for one week and then switch to the other app for the 

following week’s trial thus ultimately using both apps. Medisafe and 

Mango are significantly different in their designs and displays yet had 

similar features to improve medication adherence through pill re-

minders, the tracking and monitoring of health measurements such as 

weight, blood pressure, and cholesterol count, and graphs charting 

First session 

 

 

 

 

Second 

session 

• Opinions on the content, frequency, and duration of text 

messages, and how to overcome text message fatigue and 

disinterest 

• Ideas and experience with smartphone apps and use of mobile 

health apps 

• Questions about overcoming barriers on the use of apps for long-

term medication adherence 

• Downloaded two medication reminder apps 

medication history and mood. The latter features beyond medication 

tracking were not intentionally selected, however, were additional fea-

tures that these popular apps included. Additional features included 

drug interaction warnings, and alerts for when medications need to be 

refilled. Features unique to MediSafe app included the ability to notify a 

primary care provider of medications the patient was taking, to notify 

family members if a patient had missed a dose, and to collect medication 

coupons and discounts. Features unique to Mango Health included 

custom health reminders (i.e., track food intake, and step count and to 

drink water), and a reward system where an individual could earn points 

from taking medications on time and have the opportunity to get 

rewarded (i.e., gift cards or donations to their preferred charity). 

 

2.5. Focus group sessions 

 

We held 3 focus group sessions per group for 1-hour each in a hos-

pital conference room for a total of 9 sessions. That is, the same group of 

participants were scheduled to meet on 3 different occasions to discuss 

different topics, and there were 3 different groups. There was 1 week 

between the first and second sessions and 2 weeks between the second 

and third sessions to allow participants to use both mobile apps to 

become familiar with their basic features. The topics are listed in 

Table 1. 

Two weeks off for trial use of two mobile health apps (one week for each app) 

Third session • Response to trial of health apps 
 

 

 

 

2.6. Focus group discussion guide 

 

The principal investigator (LGP) developed a question guide that lists 

factors related to engaging with text messaging and apps for medication 

adherence (Supplemental Table 1). The discussion guide was evaluated 

and revised by an expert qualitative researcher and pilot-tested among 

research team members. The questions were developed within the three 

major domains of the COM-B model and further categorized into the 

subdivisions of: a) psychological and physical capability; b) automatic 

and reflective motivation; and c) physical and social opportunity. The 

guide included both semi-structured and open-ended questions, allow-

ing for new topics to emerge and be further explored [39]. The guide was 

used by researchers during each of the focus group sessions. All ques-

tions were asked to each participant to promote inclusivity. No questions 

were skipped during the focus groups. 

 

 

2.7. Data collection and analysis 

 

All focus groups and interviews were audiotaped and the digital re-

cordings were transcribed. Each session was moderated by a qualitative 

researcher with >10 years of experience facilitating focus groups and 
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analyzing qualitative data. The principal investigator and an experi-

enced research associate in qualitative research were present at all the 

focus group sessions and took notes on their observations. The focus 

group facilitator was the lead data analyst of the study. The facilitator 

and the research associate reviewed all transcripts for accuracy before 

beginning thematic analysis of the data using deductive coding. All the 

transcripts were coded using qualitative data management software, 

Atlas.ti version 7.0 software. 

We used inductive, open coding, which involved the examination of 

the transcripts to tag actions, events, and components of perspectives 

and experiences related to medication itself or the acceptability of mo-

bile technology for medication adherence. Initial codes were then 

compared and contrasted for similarities and variations, refined, and 

combined or split in some cases to build a final set of codes and cate-

gories. Thematic analysis involved coding the data to discover patterns 

and themes with an emphasis on the acceptability of using mobile 

technology and medication adherence barriers. Two researcher associ-

ates independently reviewed and coded the interview transcripts then 

applied deductive codes developed from the COM-B domains. The 

research associates engaged in member checking as part of the quali-

tative research methodology, reviewing the codes and categories based 

on their own understanding of the text and their observations at the 

focus group sessions. The facilitator/data analyst and the research 

associate met to reconcile differences. The coded data were then mapped 

to the COM-B components for meanings and relationships to emerge. 

A cross-analysis was also done so that data from each focus group 

could be compared for similarities and differences. The resulting cate-

gories were further analyzed to provide insight on participants’ expe-

rience with medication adherence or nonadherence and the barriers and 

facilitators to use of mobile technology. 

 

3. Results 

 

3.1. Sample characteristics and participation 

 
We recruited a total of 14 participants from 3 sites, with 4–5 mem-

bers per site, forming 3 focus groups. The median age was 69.5 ± 11 

(range: 44–81 years) (Table 2). Each site had an even distribution of 

male and female participants. 

For participation, there was a 95% attendance rate for the focus 

group sessions but overall 100% attendance among all participants 

when accounting for make-up individual interviews. Specifically, 2 

participants from a specific focus group who were not able to attend 1 of 

their 3 scheduled sessions were interviewed separately, using the same 

discussion guides from the focus group that they missed. 

 

3.2. Overall themes 

 

The two major themes that will be presented are the use of tech-

nology for medication adherence and barriers to medication adherence. 

For technology use, we present patient resources on capabilities and 

preferences. For barriers, we present examples of circumstances that 

detract from medication adherence as well as how mobile technology 

helps to overcome barriers, both organized along COM-B categories. 

 
Table 2 

 

Participant demographics.  

Patient Characteristics (N ¼ 14) Total 

Age, median (SD) 69.5 (11) 

Female, No. (%) 7 (50) 

White race, No. (%) 11 (79) 

Married-Partnered, No. (%) 9 (64) 

Employed, No. (%) 4 (29) 

Retired/Not working, No. (%) 10 (71) 

College graduate, No. (%) 10 (77) 

SD: Standard deviation.  

3.3. Use of technology for medication adherence 

 

Capability. Participants in all three focus groups showed no 

capability-related problems with technology, with most of them having 

several apps that make daily living “convenient,” facilitating activities. 

Examples of the apps participants used included banking, finding res-

taurants, travel, sports, weather tracking, news, shopping, home secu-

rity, social media, hobbies, and pet monitoring. The use of health apps 

was limited to two participants who used Fitness Pal to keep track of 

their diet and exercise routine, specifically for the features of blood 

pressure monitoring. One participant had temporarily used a free app 

offered by his healthcare provider. Some participants named app fea-

tures that would help them with medication adherence like medical 

history record-keeping and a calendar for doctors’ appointments and 

prescription refills and renewals. None of the participants had any 

knowledge of the workings of a medication adherence app until their 

two-week experiment with the MediSafe and Mango Health apps. By the 

third session, all participants were able to articulate the advantages of 

using an app for medication adherence. A female participant summed up 

her feelings with using a health app: “I am open, which kind of surprised 

me because like I said, I wasn’t big on it when we started talking about all of 

it…. but after seeing MediSafe, ok, wow, this is actually rather cool. Oh, so 

yeah, I kind of did a whole 180◦ on it.” 

They were unanimous in stating that text messages should be short. 

Text messages that contained more detailed information should be sent 

as a link or via email. Several suggested the phrase, “It’s time to take 

your meds” over longer phrases or “cheerleader” type language such as 

“great job for taking your medications”. There was no consensus on the 

frequency of text message delivery. Some wanted their reminders synced 

to their dosing schedule, while others wanted reminders on weekends 

when it did not feel routine or for medications taken in the evenings as 

the evenings seemed like a time where routines are more likely to be 

disrupted. One participant expressed a definite dislike for frequent re-

minders, stating, “… I tend to think that it would be almost abusive if I 

received it (text message) every morning. Just getting it every single morning 

might be too much”, alluding to text message or alert fatigue. 

We discussed the participants’ capability, both physical and psy-

chological, vis-a`-vis mobile technology. All 14 participants were regular 

users of text messaging and apps, although the reasons were not health 

related, but more so for reasons such as maintaining family/friend 

connectedness, and personal life management. Text messages were 

deemed as a quick and efficient way to communicate. All participants 

had high text messaging capability and were open to receiving texts 

reminding them to take their medications. 

Preferences. Participants desired the ability to tailor text messages 

according to their individual needs and preferences. A female partici-

pant said, “I think it (text messages) would be very helpful, but not sufficient 

because I will want some way to respond back, and say ‘yes,’ and have it not 

keep reminding me.” Another female participant pointed out, “I want it 

tied to my medication, but it would be nice to have the option, you decide you 

don’t need it, you just cancel it, right?” 

 
3.4. Barriers to medication adherence 

 

The first session in the series of three focus groups discussed barriers 

to medication adherence that have been experienced by the participants. 

Table 3 below is a compilation of examples of barriers to medication 

adherence mapped onto the COM-B model. 

Capability. One of the most frequent barriers in terms of psycho-

logical capability was forgetfulness. One of the participants stated, “For 

me, I forget to take my pills. It’s when unexpected things happen, pop up, that 

I get, that I forget.” Another participant attributed nonadherence to being 

“human nature”. 

Opportunity. Physical barriers that were cited included travel, 

preventing many individuals from accessing their medications (e.g., 

stowed in checked-in luggage), creating an opportunity to miss doses, as 
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Table 3 

Barriers to medication adherence organized along COM-B categories. 

remember refill your little box with the correct one, now that it changed, was 

hard for me”. Another participant noted, “And she had tried to get it 

Barriers to Medication 

Adherence 

CAPABILITY 

Psychological 

Text Messaging Features Mobile App Features refilled and she couldn’t, and Medicare and they wouldn’t fill it until she got 

here. And then she got here and the pharmacy wouldn’t fill it, because they 

didn’t have her on their record”. There appeared to be no social barriers 

identified when it came to taking medications as scheduled but rather, 

Forgetfulness Reminder to take 

medication 

Easily distracted Reminder to take 
medication 

Reminder to take 

medication 

Reminder to take 
medication 

interrelationships between participants and family members acted as 

facilitators to their medication adherent behaviors. As one participant 

mentioned, “My wife takes almost as many as I do, and we remind each 

Fear of side effects Information on drug 

interactions, including 

alerts on mixing with 

alcoholic drinks 

other, especially in the evening, have you taken your evening pills?” 
Motivation. Barriers were categorized as reflective, yielded themes 

related to not wanting to burden loved ones with caretaking and health 

management, and inherently surrendering their control over. Automatic 
Confusion as to what 

medications to take 

 

 

Physical 

Inability to access 

medication when 

traveling (i.e., 

suitcase with pills in 

cargo hold of plane) 

 

 

Inability to renew or 

refill prescriptions 

pills (i.e., out of town) 

 

 

 

No access to or 

unavailability of 

necessities needed to 

take with medication 

like water or syringe 

Unexpected events (i.e., 

last minute change of 

plans) 

MOTIVATION 

Automatic 

“Pill fatigue” from too 

many medications to 

keep track of and take 

 

 

 

 

 

 

Emotional difficulty in 

transitioning from a 

healthy individual to 

one who takes 

medications 

 

 

Reflective 

Belief that it is in the 

nature of human 

beings not to follow 

orders 

 

Fear of burdening 

family members with 

health responsibility 

 

 

 

OPPORTUNITY 

 

Advanced reminder a day 

before travel about 

medication needs 

 

 

 

 

Advanced reminder about 

refills and renewals of 

prescriptions 

 

 

 

Reminder should include 

water or other necessities to 

take with medication 

 

 

Reminder to take 

medication 

 

 

 

Reminders may help to ease 

tension from “too many 

things to remember” 

 

 

 

 

 

 

Reminders may help to ease 

tension from “adjustment” 

problems 

 

 

 

 

 

 

Reminders that require 

acknowledgement of the 

message so the alert cannot 

be ignored, to create 

routine and habits 

Brief text messages sent to 

spouses/partners asking, 

“did   take his/her 

medication this week?” 

Reminder includes name 

of what medication to 

take; medication sorter 

 

 

Advanced reminder a day 

before travel about 

medication needs; 

Calendar feature with 

alerts to help with 

planning medication 

needs for travel 

Advanced reminder 

about refills and 

renewals of 

prescriptions, which 

could be linked to 

Calendar feature 

Reminder should include 

water or other necessities 

to take with medication 

 

 

Reminder to take 

medication 

 

 

 

Calendar feature, 

information about 

medications and drug 

interactions, and 

reminders may help to 

ease tension from “too 

many things to 

remember” 

Calendar, information 

about medications and 

drug interactions, and 

reminders may help 

organize “new” life, and 

thus ease “adjustment” 

problems 

 

 

Reward (e.g., gift cards) 

with adherence through 

the app 

 

Integrating the buddy 

system, for 

encouragement and 

accountability 

barriers included the frequently cited phenomenon of “pill fatigue”, and 

the emotional dips from transitioning to a more ill individual given the 

increase in medications to help manage their conditions. 

Table 3 below shows the mechanisms whereby text messaging and 

apps can help overcome barriers to medication adherence and thereby 

change behavior. Column 1 lists the barriers to medication adherence, 

while columns 2 and 3 are text message and mobile app features that can 

help alleviate the barriers. 

 

3.5. COM-B application to preferred features of text messaging and 

mobile apps 

 

Overall, it appears that with text messaging and mobile apps, all 

participants agreed that reminder features are the preferred way to 

improve medication adherence. Supplemental Table 2 outlines partici-

pants’ perceptions of overcoming barriers to medication adherence 

through text messaging or mobile apps and provides direct quotes, when 

applicable, according to the COM-B categories. With Capability, to 

overcome the Psychological barriers identified, tailored text messages 

and mobile app reminders or push notifications can help combat occa-

sional forgetfulness or keep an individual on track with their dosing 

schedules even with last minute changes or events that occur. To address 

the fear of side effects and confusion related to what medications to take, 

suggested mobile app features included having available information on 

drug and food/alcohol interactions and reminders specifically stating 

which medication to take and when. 

With Opportunity, mechanisms to overcome the Physical barriers to 

medication adherence would include an advanced reminder feature to 

mitigate any potential for missing an opportunity to take a medication. 

Travel plans seemed to pose many challenges for participants, with time 

changes that interfere with their typical home medication schedule, 

being in a new setting without access to their preferred pharmacy and 

encountering unplanned and unstructured events. One participant 

stated, “When we’re traveling, I think it [app reminders] would be very 

beneficial. Sometimes I forget to take it at night, because it’s different. When 

you change things, and your habits, then something like this would be very 

beneficial.” When asked about his favorite app feature during mobile app 

testing, one participant stated, “I think I like the idea that you could set up 

the reminder of when your prescription needed refilled, because that’s always 

an issue for me, even though I get mostly 90 days.” 

With Motivation, participants suggested text message reminders and 

mobile app features to include a calendar feature, and information on 

drug-drug/drug-food interactions. Getting a diagnosis of a cardiac 
 

No themes were identified for Physical Capabilities and Social Opportunity in 

the COM-B Model. 

 

well as not having the necessary equipment to administer/take medi-

cations. Renewing medications has also posed challenges, either getting 

renewals in time, or encountering a logistical barrier to getting a 

renewal. As one participant stated, “When your prescriptions change, 

that’s the biggest trigger for me… first I tried different beta-blockers, and then 

I actually went off entirely. And every time you do that, I’m trying to 

condition was difficult for participants, particularly with the rigidity of 

the medication regimen. As one participant noted, text messages may be 

helpful, however, should have an option for customizable frequency: “I 

know when I first start with medicine, it’s always hard. A lot of texts might be 

okay. But you should also maybe have an option where you can change the 

frequency for something that simple like that.” To help with transitioning 

into this new normal for these patients, the use of text messages and apps 

with bite-sized pieces of information related to their medication or their 

condition may keep users more engaged in their health care manage-

ment, as one participant shared, “Well, I would appreciate information that 
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told me something new that was involved. Here’s your reminder; in addition, 

this is changing now… For years I took all my medication at one time… 
certain medications are more effective at night and some are more effective 

throughout the day. So that’s helpful to me.” 

 
4. Discussion and conclusion 

 

4.1. Discussion 

 

To our knowledge, this is the first paper to explore perceptions of 

using mobile health technologies (text messaging and mobile apps) for 

medication adherence and barriers to medication adherence in patients 

with a history of CHD in a high income country using the COM-B model 

as a theoretical framework. Our qualitative analysis revealed that text 

messages and mobile apps can help improve medication adherence in 

older adults with CHD who are prescribed dual antiplatelet therapy. As 

an organizing framework, application of the more comprehensive and 

dynamic COM-B model resulted in the identification of meaningful 

medication adherence barriers across multiple COM-B components, 

affirming the complexity of medication adherence as a health behavior. 

Application of the COM-B model revealed that older adults with a 

history of CHD experienced barriers in their psychological capability 

(forgetfulness, easily distracted, fear of side effects and uncertainty with 

their medication regimens), their physical opportunity (inability to ac-

cess medications or appropriate medication supplies such as syringes 

when traveling, problems renewing their prescriptions, and encoun-

tering last minute changes) and automatic motivation (medication or 

“pill” fatigue, and emotional difficulty when acknowledging decline in 

health status). There were no barriers identified within Social Oppor-

tunity, which in this study reflects social support and influences. In one 

study that utilized the COM-B model to explore barriers to medication in 

those with cardiovascular disease from low income countries (i.e., 

Ghana and India), the Social Opportunity questions asked about stigma 

of disease and religious and cultural beliefs. The authors observed that 

the participants who did not share their diagnosis with family member 

and relied on religion and prayer as a cure for their disease had lower 

medication adherence rates [40]. In this present study, questions under 

Social Opportunity may not have elicited a response targeting one’s fear 

of stigma of disease or cultural beliefs. 

Reminders via text messages and mobile apps have been cited in 

previous literature as a helpful tool in promoting medication adherence 

[15,41-43]. In our study, participants’ preferences for text message 

features to combat barriers included having reminders via text message 

with specific instructions on how to properly take their medication. 

Suggested features for mobile apps centered around advanced reminders 

(i.e., prior to travel, or for prescription refills), with the addition of 

important drug information (e.g., how to take the medication, side ef-

fects, drug-drug and drug-food interactions). While there are many 

notable benefits of text message delivery to personal devices, the pref-

erences for frequency of message delivery are varied. Participants 

admitted that receiving the same text message alerts repeatedly over a 

long period of time could generate “message fatigue”, a pitfall that spans 

across various digital delivery mediums including text messaging, as 

well as phone calls, digital banners in mobile apps, and push notifica-

tions. Message or alert fatigue has also caused providers to ignore 

airlines on clinical decision support systems, diminishing the systems’ 

effec-tiveness and contributing to serious adverse consequences for 

patients [44,45]. 

“Pill fatigue”/polypharmacy was highlighted as an Automatic 

Motivation. This finding aligns with other published literature demon-

strating that increases in both the number of prescribed medications and 

regimen complexity are correlated with lower medication adherence in 

older adults [25,46]. Complex regimens can be difficult to manage, as 

they can involve a variety of formulations, multiple daily doses and, in 

some instances, special administration instructions (e.g., take 1 h before 

food). Research has noted that taking fewer drugs is associated with 

 

improved adherence [47]. However, while this is not always possible, 

simplification of drug regimens, and providing patients better explana-

tions behind the reason(s) for them taking medications has been a pro-

posed intervention for those with polypharmacy [48]. 

The authors recognize that reminders may be more beneficial for 

those who experience unintentional nonadherence than those with 

intentional nonadherence. Unintentional nonadherence is a passive 

process in which individuals do not take medications because of 

forgetfulness, carelessness, or other challenges with health literacy, [49] 

whereas intentional non-adherence is an active decision that individuals 

make to not take their prescribed therapy [50]. The question guide did 

not explore or analyze responses as either falling into intentional or 

unintentional nonadherence; however, this differentiation is crucial as 

interventions that may be effective for unintentional nonadherence (e. 

g., reminders) might not be effective for intentional nonadherence. 

Future work should identify strategies for both types of nonadherence. 

In addition, with the new taxonomy for describing medication adher-

ence as a health behavior, it is known that barriers can exist in any of the 

three phases of adherence (i.e., initiation, implementation and discon-

tinuation) [11]. Our study explored the implementation phase as our 

study included individuals who experienced a cardiac event, attended 

cardiac rehabilitation, and were prescribed dual antiplatelet therapy. 

Understanding the phases where medication adherence drops may be 

helpful in the development of more direct and targeted interventions. 

Since the ‘initiation’ and ‘discontinuation’ phases of adherence were not 

explored, it could limit the comprehensiveness of the findings and 

warrants further work to address all three phases. 

While this qualitative study highlighted insightful feedback, there 

are several limitations to consider. First, the sample size was relatively 

small with a total of 14 participants. The sample population was 

comprised of older adults with ACS and/or PCI who owned smartphones 

and were recruited from three sites under a single healthcare institution 

in the San Francisco Bay Area. Therefore, it is difficult to determine 

generalizability of these findings to older adults with multiple or of 

another co-morbid chronic disease diagnosis, cognitive impairment, 

socioeconomic disparities, or those with mood disruptions. Exclusion of 

cognitively impaired individuals may present a bias in the study out-

comes, and we recognitive these populations are particularly important 

for rexearch concerning medication adherence and potential use of 

technology-driven reminders with caregiver support. In addition, up to 

about one third of patients who have experienced an acute cardiac life 

event also have depression, which has been associated with suboptimal 

medication adherence [9]. A systematic review and meta-analysis con-

ducted by Crawshaw et al. [9] found that depression was a major pre-

dictor of medication adherence and was the most studied psychosocial 

barrier to adherence. Future research may want to examine whether the 

ideas and perceptions generated from this study will be similar to those 

of different age (i.e., middle-aged adults), racial, ethnic, socioeconomic, 

and geographic backgrounds. 

Another potential ethical consideration is that not every older adult 

with a chronic condition owns a mobile smartphone, can afford one, or is 

adept at using all the features of a smartphone, highlighting socioeco-

nomic and technology proficiency disparities. Therefore, it is important 

to make technology equitable and accessible to older adults who do not 

own a smartphone. In addition, it is vital to consider patients’ health and 

technology literacy levels to provide adequate training on how to use the 

features of the smartphones and various health apps that would promote 

self-management. 

 

4.2. Innovation 

 

To date, text messaging and mobile applications have not been 

widely implemented in the clinical setting and provide a major oppor-

tunity to innovate on approaches to address medication adherence. This 

paper presents a theory informed approach that is innovative and 

rigorous, given that much of the focus is on the technology and not 
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patient input for improving adherence engagement for specific barriers. 

We must engage multidisciplinary healthcare providers in playing active 

roles with patients in the management of their medication use. Practi-

tioners who are on the front lines of clinical care (nurses, advanced 

practice providers, physicians, pharmacists) can work with industry 

leaders in patient-facing technology to collaboratively address barriers 

to medication adherence. 

 

4.3. Conclusion 

 

Our application of the COM-B model highlighted several clinically 

meaningful barriers to medication adherence, with proposed ideas for 

text messaging and mobile app interventions to improve medication 

adherence. This work further validates that medication adherence is a 

complex health behavior that stems from a multitude of influencing 

factors. Therefore, to properly and effectively address medication 

adherence in the older adult population, researchers and clinicians 

should explore patients’ beliefs and motivations for adhering or non-

adhering to their medication regimens from multiple levels (e.g., indi-

vidual and systems level) as well as knowledge gaps as described above. 

Specifically, it is important to engage in these topics with diverse 

communities and vulnerable populations for medication nonadherence 

(i.e., those with depression, cognitive impairment, and intentional 

nonadherence). 
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