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Abstract
Objectives: To provide an overview of medication adherence, discuss the potential for smartphone medication adherence
applications (adherence apps) to improve medication nonadherence, evaluate features of adherence apps across operating
systems (OSs), and identify future opportunities and barriers facing adherence apps.
Practice description: Medication nonadherence is a common, complex, and costly problem that contributes to poor treatment
outcomes and consumes health care resources. Nonadherence is difficult to measure precisely, and interventions to mitigate it
have been largely unsuccessful.
Practice innovation: Using smartphone adherence apps represents a novel approach to improving adherence. This readily
available technology offers many features that can be designed to help patients and health care providers improve medicationtaking behavior.
Main outcome measures: Currently available apps were identified from the three main smartphone OSs (Apple, Android, and
Blackberry). In addition, desirable features for adherence apps were identified and ranked by perceived importance to user
desirability using a three-point rating system: 1, modest; 2, moderate; or 3, high. The 10 highest-rated apps were installed and
subjected to user testing to assess app attributes using a standard medication regimen.
Results: 160 adherence apps were identified and ranked. These apps were most prevalent for the Android OS. Adherence
apps with advanced functionality were more prevalent on the Apple iPhone OS. Among all apps, MyMedSchedule, MyMeds,
and RxmindMe rated the highest because of their basic medication reminder features coupled with their enhanced levels of
functionality.
Conclusion: Despite being untested, medication apps represent a possible strategy that pharmacists can recommend to
nonadherent patients and incorporate into their practice.

Medication Adherence
Epidemiology of Nonadherence

According to the International Society for Pharmacoeconomics and Outcome Research (ISPOR), adherence is "the extent to
which a patient acts in accordance with the prescribed interval, and dose of a dosing regimen."[1] Medication nonadherence can
affect patient health adversely, negatively impact a patient's relationship with his/her care provider, skew results of clinical
therapy trials, and increase health resource consumption.[2,3] Medication nonadherence remains a common health care
problem. Poor adherence causes approximately 33% to 69% of medication-related hospitalizations and accounts for $100
billion in annual health care costs.[4] Irrespective of disease, medication complexity, or how adherence is measured, the
average adherence rate to chronic medication therapy is approximately 50%.[5] Adherence monitoring should be performed
routinely to ensure therapeutic efficacy, avoid unnecessary dose and regimen changes, contain health care costs, and in
certain cases, prevent resistance to therapy from emerging.[6,7]
Measurement of Adherence

Methods to measure adherence, including patient self-reports, pill counts, refill rates, biological monitoring, and electronic
monitoring, have limitations and are only proxy measures.[6,8,9] Patient self-reports rely on memory and are prone to
inaccuracies and recall bias.[7] Pill counts are unreliable if patients fail to return bottles or dump pills before the count.[4]

Biological monitoring (e.g., sampling blood, urine) is either impractical, invasive, or intrusive and does not measure adherence
unless the time and dose administered before sampling are verified. Refill rates or electronic monitoring cannot determine
whether patients actually take the medication. Although the process of cap removal does not necessarily reflect dose ingestion,
medication electronic monitoring systems are useful for calculating adherence rates for dose taking and dose timing and often
are viewed as the best method to measure adherence.[10–13] Nonetheless, despite their limitations, all of these methods are
adequate for documenting nonadherence, but in general, only self-report methods can distinguish among the various types of
nonadherence described below.
Types of Nonadherence

The cause of medication nonadherence varies among patients and is broadly categorized as unintentional or intentional.
Unintentional nonadherence involves intending to take a medication as instructed but failing to do so for some reason (e.g.,
forgetfulness, carelessness). Unintentional nonadherence is influenced by patient characteristics, treatment factors, and
patient–provider issues.[14,15] In contrast, intentional nonadherence involves making a reasoned decision not to take a
medication as instructed based on perceptions, feelings, or beliefs.[14–16] Intentional nonadherence reflects a rational decisionmaking process by the patient whereby the benefits of treatment are weighed against any adverse effects of the
treatment.[14,15] Broadly characterizing nonadherence may oversimplify the complexities involved with nonadherence, but it is
practical and illustrates that mitigating nonadherence requires different interventions.[6]
Behavioral Models of Adherence

Most medication adherence models are based on several social cognition models, including the health belief model,[17] social
cognitive theory,[18] and theory of planned behavior.[19] These models are similar, and all assume that beliefs developed by
individuals shape how they interpret information and experiences and ultimately influence their behavior.[20] Accordingly, health
behavior (e.g., medication taking) results from rational decisions based on all available information.[15]

Methods to Improve Medication Adherence
Many methods to improve medication adherence have been studied. Most methods attempt to change patient behavior by
using reminders, counseling, reinforcement, education, dosage simplification, or a combination of these methods.[21,22]
Generally, adherence interventions are categorized as behavioral, educational, or organizational based on modifying the
patient's environment or incentives, providing more information, or lifting barriers associated with medication complexity and
communication with care providers.[22]
Traditional Reminders

Intuitively, pill reminder systems (e.g., weekly pill boxes, packaged calendars, unit-of-use packaging), are helpful adherence
aids, especially when nonadherence is unintentional.[10,23] Current traditional reminder systems minimally involve the patient in
the self-medication process and do not provide them access to their adherence data or other educational information. Although
pill reminder systems have been tested and shown to be useful across many medications, these systems are cumbersome for
complex regimens and only passively remind patients to take their medication.[24,25] Electronic systems proactively deliver
reminders by telephone, pager, and audiovisual devices but may be impractical for widespread use and more efficacious if
combined with alternative behavioral strategies.[26]
Counseling and Other Behavioral Interventions

Most studies on improving adherence involve behavioral interventions.[27–29] Data suggest that patient education is one of the
best methods for improving adherence, especially for those simultaneously managing more than six medications. Depending on
the type of nonadherence and patient characteristics, using a combination of tailored interventions such as patient education,
patient self-monitoring of specialized care, and stimuli to take medications have the greatest potential for improving
adherence.[22,28–30]
Medication Adherence and Mobile Devices

Smartphones are Internet-ready multipurpose devices that allow constant access to communication and information and
perform many tasks. Most tasks are performed by specialized applications (apps) that consumers can easily download and use

to assist them in a variety of functions. Using a smartphone app is a novel approach to improving adherence and patient
behavior; it is constantly accessible, involves and educates the patient, and provides a repository for patient- and medicationspecific information. A smartphone medication adherence–oriented app (adherence apps) can potentially consolidate all of the
user's medication-specific information and thereby provide a more streamlined process to educate the individual about his/her
disease or care.
Adherence apps can be downloaded for little to no cost, and their benefits may be realized by anyone taking prescription
medications. However, these apps may prove most beneficial for patients with complex medication regimens or for caregivers
of others or family members. The growing prevalence of smartphones in the United States and their constant, easy accessibility
make adherence apps appealing to many because they cost little and can provide user-specific information.
The number of apps aimed at aiding the user in organizing and taking their medications is increasing across the dominant
smartphone platforms. Among the currently marketed adherence apps, features include reminders that can be set for
consumption and refills, doses that can be logged, data logs that can be accessed by patients or uploaded to care providers,
and medication information (e.g., dosages, adverse effects, toxicities, specialized provider notes), all of which can be
immediately accessible with the touch of a finger. In addition, these apps may also include calendar-based alarm reminders
with specific dosage or functionality that integrates medication lists with specific drug information or combines pharmacy and
primary care contact information or includes prescription drug discount cards. Efforts are under way to integrate smartphones
with health-monitoring devices that transmit the output data directly to patients or physicians. Literature on the clinical
application of the smartphone and use of apps in areas of health wellness (e.g., weight management) is growing, but empirical
analyses of patient use of the smartphones with apps as an aid to facilitate adherence are lacking.[31–36]
Effectiveness of Smartphone Adherence Apps

Although smartphone apps can potentially improve the effectiveness and reduce the costs of traditional medication adherence
interventions, their efficacy is currently untested. Data demonstrate that electronic mobile devices using reminder systems
through traditional means of telecommunication, like Short Message Service (SMS) text messaging, improve adherence and
behavior and can be useful in measuring adherence in the short term.[37] Investigators determined that sending photographs of
medication capsules through cellular phones before ingestion provided more accurate time measures of adherence.[38] One
study found that teenagers with asthma who used a specialized system to create and schedule personal text message
reminders gave the system high ratings for acceptability, ease of use, and usefulness; however, their asthma control was
similar to baseline.[39] In a study using a comprehensive, Web-based education system with Internet and cellular phone access
to help control blood glucose levels in patients with diabetes, the frequency of accessing the eMOD (electronic Management of
Diabetes) system through a cellular phone was significantly related to the change in glycosylated hemoglobin levels.[40]
Although a systematic review of Internet-based adherence interventions found promising results, it also found that the 13
studies lacked quality measurements of adherence.[41] Various studies of the use of smartphones in the clinical setting have
been performed,[42] but studies empirically testing smartphone apps to improve adherence are lacking.

Currently Available Mobile App Adherence Technologies
Currently, a resource does not exist that compares the features of available apps. To develop such a resource, we searched
the available medication adherence–oriented apps, provider websites, and app sources for Apple iTunes, Android Marketplace,
and BlackBerry App World during August and September of 2012, which reflects a snapshot of the app market space for that
time period. Search terms included adherence, compliance, dose, drug, med(s), medication(s), remind, reminder, Rx, take,
therapy, treat, and treatment. Apps also were identified using the alphabetical browse feature at each of the three sources. App
descriptions and available screenshots were analyzed for content and app functionality.
To be included in our analysis, apps had to be described in English, medication related, capable of generating medication
reminders, and available for the Apple (iPhone operating system [iOS]), Android, and/or BlackBerry operating systems (OSs).
Apps were excluded if they were designed specifically for one medication type or a single disease. Lastly, those lacking a
general description of functionality also were excluded.
To identify the apps that might have the most utility for patients that could be recommended by pharmacy practitioners, the
authors developed a list of desirable attributes of these apps by consensus of all of the authors to evaluate them for

comparison. These attributes are described in , and whether the app possessed each attribute was assessed based on each
app's features described on their website or their respective product listing on their app source (e.g., iTunes). The relative
desirability or usefulness of these features then were rated by the study authors using a three-point rating system (1, modest; 2,
moderate; or 3, high) based on the perceived importance of each feature or characteristic ( ). This rating system was developed
based on author consensus before evaluating the individual apps and only reflects the provider/researcher perspectives of the
authors and does not directly assess the desirability of these features by patients. This rating system was used to score and
ultimately rank the apps identified based on features claimed by manufacturers. After rating all of the apps, the 10 with the
highest composite ratings were selected, then two of the authors installed and tested the apps and rated them by directly
assessing the feature available against the claimed functionality. To test the apps on their corresponding OSs, a standardized
medication regimen consisting of four medications was entered: lisinopril 10 mg daily, naproxen 500 mg twice daily, Neurontin
300 mg three times daily, and a prednisone 20-mg tapering regimen. Apps were evaluated for each manufacturer claim that
met the authors' scoring criteria, functionality of the reminder system, and ability to process reminders from the test medication
regimen. Medication reminders were evaluated for each app for a period of at least 24 hours.
Table 1. Attributes and description of adherence apps

Attribute

Points

Description

Online data entry

3

App had companion website(s) that allow data and medication regimen entry from a computer.

Complex
medication
instructions

3

App had the capability to schedule medication instructions (including medication tapers; dose
adminstrations that occurred nondaily, monthly, every X days; or medications with stop dates)
that were considered complex.

Cloud data
storage

3

App had the capability to back up and retrieve a medication regimen from a cloud storage
system.

Database of
medications

3

A medication database was available that allowed the user to enter, search, and select
medications using features such as autopopulation.

Sync/export/print
data

3

App had the capability to transmit, print, or export medication regimens and/or medication-taking
behaviors for use by the patient or health care providers.

Tracks missed
and taken doses

3

App had the capability to remind patients to take their medication and to record taken and
missed doses that could potentially be used to calculate adherence rates.

Provider data
input capable

3

App allows providers to input and maintain the patient's medication regimen and "push" the
regimen to the patient's device.

Multiple platform
app

3

App was available on more than one platform. (No apps were identified that were available on all
three operating systems [iOS, Android, and Blackberry].)

Free-only apps

2

App was completely free (i.e., no fees for pro upgrades or charges to unlock additional features).

Generates
reminders with no
connectivity

2

App had the capability to generate medication reminders without the use of cellular (3G/4G/LTE)
or wireless (Wi-Fi) connectivity.

Statement of
HIPAA
compliance

2

App had a statement from their manufacturer claiming HIPAA compliance.

Multiple profile
capable

2

App had the capability to generate medication reminders for multiple individuals on different
medications (i.e., enabled family use).

Multilingual

1

App was available in English plus any other language.

Abbreviations used: HIPAA, Health Insurance Portability and Accountability Act; iOS, iPhone operating system.
Rating based on author consensus weighting of attributes by point scale.
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Our search included 160 app descriptions in the three online marketplaces, yielding 147 unique apps after incorporating
multiplatform functionality. There were 13 multiplatform apps, with 12 apps available on both iOS and Android platforms and
only one app available for use on both the Android and Blackberry OSs. Because a portion of the apps are available across
multiple platforms and the descriptions and feature may vary by platform, we evaluated 160 unique, platform-specific apps.
summarizes the frequency of the medication app features or characteristics by OS. We found that the Android OS had the most
medication adherence apps available, followed by iOS and Blackberry. Although the ability to track missed doses and export
data for provider analysis are important tools to assess adherence, these features were available on only 29.4% and 24.4% of
the apps evaluated, respectively. Not surprisingly, notable differences existed among the OS platforms. More multilingual apps
are available for the iOS (21.3%) compared with the Android (10.7%) and BlackBerry (0%) OSs. In addition, advanced features,
including the ability to export medication regimen or medication-taking behavior data from the device or the ability to manage
multiple patient profiles are more prevalent on apps using the iOS platform (36.1% and 32.8%, respectively) compared with the
Android (19% and 15.5%, respectively) or Blackberry (6.7% and 20%, respectively) OSs. Lastly, Blackberry OS apps were the
most expensive compared with apps using other OSs.

Table 2. Frequency of medication app characteristics by operating system

Attribute
Total apps

iPhone No. (%) Android No. (%) Blackberry No. (%) Total No. (%)
61 (38.1)

84 (52.5)

15 (9.4)

160 (100)

2 (3.3)

8 (9.5)

1 (6.7)

11 (6.9)

12 (19.7)

7 (8.3)

2 (13.3)

21 (13.1)

Cloud data storage

4 (6.6)

5 (6)

2 (13.3)

11 (6.9)

Database of medications

4 (6.6)

6 (7.1)

0 (0)

10 (6.3)

Sync/export/print data

22 (36.1)

16 (19)

1 (6.7)

39 (24.4)

Tracks missed and taken doses

23 (37.7)

19 (22.6)

5 (33.3)

47 (29.4)

Provider data input capable

1 (1.6)

2 (2.4)

0 (0)

3 (1.9)

Multiple platform app

11 (18)

12 (14.3)

2 (13.3)

25 (15.6)

Free-only apps

13 (21.3)

48 (57.1)

6 (40)

67 (41.9)

Generates reminders with no connectivity

53 (86.9)

73 (86.9)

13 (86.7)

139 (86.9)

2 (3.3)

3 (3.6)

0 (0)

5 (3.1)

Multiple profile capable

20 (32.8)

13 (15.5)

3 (20)

36 (22.5)

Multilingual (32 languages)

13 (21.3)

9 (10.7)

0 (0)

22 (13.8)

2.21

2.18

4.10

2.83

Online data entry
Complex medication instructions

Statement of HIPAA compliance

Average price ($)

Abbreviation used: HIPAA, Health Insurance Portability and Accountability Act.
A total of 10 apps with the highest number of desirable features claimed by their developers were installed on their respective
platforms for testing and evaluation of actual functionality. Each app that was available on multiple platforms (i.e., iOS, Android
OS) was tested and evaluated on each available OS. Of the 10 apps that were installed and subjected to direct testing, 6 met or
exceeded manufacturer claims listed on marketplace websites. The features available for these 10 apps are described in Figure
1. Overall, the majority of apps were intuitive, easy to use, met developer claims, and provided satisfactory medication
reminders. Only one app, MediMemory, stood out as being more cumbersome and difficult to set up initially. The reminders
generated by most of the apps resembled a SMS text message or a "push notification" style alert. Most apps provide a generic
initial reminder, such as "you have a medication to take," at which time you can open the app to see what medication is due.
Some apps, including Med Agenda, Dosecast, and MedSimple display the drug, dose, and/or strength of the medication you
are to take on your homescreen within the reminder itself, which may be a more effective reminder for patients who take
multiple medications but also may pose patient privacy concerns. Apps that track doses taken or missed, including Med
Agenda, RxmindMe, Dosecast, MedsIQ, PillManager, and MediMemory, require a box to be checked to indicate that a dose
has been taken or skipped with each reminder. Apps lacking dose-tracking capabilities generally provide simple alert-type
reminders.

Figure 1.

Attributes and ratings of the 10 apps that were installed and subjected to user testing
Abbreviation used: HIPAA, Health Insurance Portability and Accountability Act.
Although the functionality of most apps matched the app descriptions, three apps possessed more features than described in
their respective app description, resulting in a higher overall rating. MedsIQ could not be opened and used following installation
on a variety of Android devices and was rated as a zero; we would not recommend use of this app. The rank of another app,
MediMemory, decreased when it was unable to process complex medication instructions such as stop dates or medication
tapers. TRxC, a multiplatform app, did not possess several of the claimed features upon testing, and its companion website
could only be used if the patient's provider entered an agreement with the app developer. PillManager's scoring was reduced
when multilingual functionality could not be found on the Android app.
Figure 1 can serve as a starting point for pharmacists to identify apps to possibly recommend to patients or use in their practice.
Many of these apps, if used consistently, could be an asset to patients who struggle with their medication regimens. From a
provider perspective, apps with functionality beyond a simple medication reminder system may offer significant advantages.
Providers might find value in features such as the ability to input patients' regimens and then "pushing" them to patients'
devices; the ability to process complex medication-taking instructions; multiple-platform functionality; the use of a cloud back-up
system; the ability to export data, including administered and missed doses; and the incorporation of a medication database to
assist in accurate data entry into the device.
Providers caring for patients taking complex medication regimens may value having the ability to input patients' prescribed
regimens and then pushing them directly to patients' devices. This feature removes the data entry burden from the patient and
reduces the possibility of patient-generated medication regimen mistakes. Websites like http://www.medactionplan.com, the
companion site for the app MyMedSchedule ( Figure 2), offer regimen-building options that are useful for patients in specialty
areas that often carry a high medication burden (e.g., organ transplant, human immunodeficiency virus [HIV], hematology,
oncology). Health professionals can enter simple or complex medication regimens using extensive medications databases that
can be pushed to patients' mobile device with reminders enabled. Regimens also are stored on a Health Insurance Portability
and Accountability Act (HIPAA)-compliant cloud server that enables patient profiles to be retrieved and modified with any new
instructions and then resent to patients' devices on subsequent encounters.

Figure 2.

MyMedSchedule, MyMeds, and MedSimple
Other apps feature companion websites for patient use. MyMeds ( Figure 2) and its companion website http://www.mymeds.com enable patients to enter their regimens online (subscription fee of $5.99/year) rather than doing so only via their
device. This feature offers the convenience of HIPAA-compliant cloud data storage that can be retrieved and modified from any
Web-accessible computer and pushed back to patients' mobile devices.
RxmindMe ( Figure 2), MyMedSchedule, and MyMeds feature medication databases that enable patients or providers to save
time and improve accuracy when entering regimens. However, only RxmindMe and MyMeds have the capability to track taken
and missed doses and export that data to health professionals for review. When the patient properly uses the app, this feature
can provide information to help health care providers assess medication adherence.
Simple medication reminder systems may be suitable for most patients needing assistance with their regimens, and all of the
apps evaluated fit this criterion. However, health care providers are likely to appreciate a higher level of functionality and
evaluative capabilities provided by MyMedSchedule, MyMeds, and RxmindMe. The basic medication reminder features coupled
with their enhanced levels of functionality led to their being ranked as the top three apps.

Implications for Pharmacy Practice and Future Directions
There has been a proliferation of consumer- rather than clinician-oriented adherence apps. We evaluated more than 160 apps
and suspect that many more will be available in the foreseeable future, until the market consolidates to the apps that garner a
substantial market share and support a viable business model. As previously stated, currently no evidence exists regarding the
efficacy or effectiveness of apps at actually improving adherence or clinically relevant outcomes. This lack of data underscores
a critical need for research in this field. However, insights can be gained from data regarding the effectiveness of SMS text
messaging, which uses similar prompts as those provided by mobile apps. Three of four studies demonstrate that SMS text
messaging improved adherence in several chronic conditions.[37] Given that many apps possess greater functionality that
includes customizable audio and visual prompts capable of providing more robust reminders, the efficacy of apps may be equal
to or greater than SMS text messaging.
Adherence apps can only be used by individuals who have access to a smartphone, which includes 55% of the U.S. adult
population.[43] Smartphone ownership is more likely for those with higher incomes and of younger age; however, between 14%
and 42% of people 65 years or older own smartphones depending on income, suggesting that a sizable proportion of the older
population has access to these devices. Clearly, these evolving technologies will not be available to all patients in a
pharmacist's practice but do represent a viable alternative for a large and growing proportion of the population. Another key
limitation of the current market is that adherence apps are targeted primarily to consumers rather than health care professionals
(e.g., pharmacists) to assist patients with adherence. Nearly all adherence apps require patients to enter and manage their
prescription data, and most require manual data entry on the smartphone device by patients. Of the apps evaluated in this
report, only five had a drug database that enabled autocompletion and/or allowed users to select prescription products. Further
evidence that marketed adherence apps are more oriented toward consumers is that only three apps had a HIPAA policy
statement, which would be an essential feature for providers to consider. Despite these limitations, adherence apps represent a
low-cost strategy that could be incorporated into a variety of pharmacy services, including medication reconciliation and
discharge planning in institutional settings and medication therapy management or other services in the community,
ambulatory, or other outpatient practice settings. Some community chains already have incorporated adherence features into
their brand apps; however, the extent to which these are being incorporated into pharmacists' practices in these settings is
unknown.
Interconnectivity of Adherence Apps

Currently, very few marketed adherence apps are interconnected with other information systems. Of the apps evaluated in this
report, five offer cloud storage of prescription data, of which only one has a companion website. However, none of the apps
evaluated is fully integrated with patient record systems (e.g., community pharmacy prescription databases, electronic medical
records). Therefore, interoperability with existing prescription and medical records systems represents a vital frontier for future
app development. For example, interfacing adherence apps with pharmacy prescription records could enable pharmacists to

easily push patients' drug regimens to smartphone apps, allowing seamless transmission of reminders to patients. More
importantly, pharmacists and patients could collaborate to customize reminders for regimens where adherence has proven to
be challenging. This interoperability would shift the current orientation of adherence apps to a more provider-focused
technology and thereby provide pharmacists a potentially valuable tool to improve medication adherence.
In addition to connectivity to medical records systems, smartphone apps can be interfaced or synced to other devices with
adherence capabilities. On the forefront of these technologies is Proteus Digital Health Feedback System (the Proteus system;
http://www.proteusbiomed.com/technology), whereby solid oral dosage forms are combined with ingestible sensors that record
basic physiologic parameters after ingestion and transmit the information to a dermal sensor or patch that can sync with
smartphone devices. This unique system can record actual ingestion of individual doses and the precise timing of ingestion—
the "holy grail" of adherence measurement. Adherence apps working in tandem with such a system could send customized
reminders only when doses are actually missed. Although such an integrated system has obvious applicability to the clinical
trial research setting, its cost and the inconvenience of wearing a monitoring patch likely limit its utility in routine clinical practice
to therapies for which adherence is especially critical (e.g., management in tuberculosis and HIV infections). Several
technologies for diabetes self- and automated monitoring have been developed and can be synced with smartphone devices.
These integrated systems may hold similar promise to monitor and improve adherence in diabetes.[44,45] Electronic pill boxes
that are equipped to monitor box openings, wirelessly transmit a signal to servers when a scheduled opening is missed, and
then send SMS text messages reminders have been shown to improve adherence.[46]
Tailoring the Reminders

Currently, most adherence apps use a simple reminder and are primarily directed to mitigate unintentional nonadherence.
These apps are a component of a multipurpose device; therefore, unlike previous reminder systems, patients do not have to be
near or carry a separate device that enhances fidelity to the "reminder" device. However, the content of the adherence app
messaging is at the nascent stage of development. Although the content of the reminders for the apps evaluated in this report
was not formally assessed, few if any appeared to be tailored to patients based on proven theoretical behavioral models. A
Cochrane review of randomized trials of adherence interventions showed that less than one-half improve both long-term
adherence and clinical outcomes and that the most effective involved complex combinations and multiple strategies to improve
adherence.[29] Therefore, adherence apps will likely need to be incorporated into a multimodal strategy to result in sustained
improvements in adherence. Because reminders primarily focus on unintentional nonadherence, identifying the reasons for
nonadherence and developing a scale that assesses unintentional nonadherence[47] would be a useful starting point toward
effectively deploying app-based reminders. Tailoring messages to specific patient needs based on previous adherence
behavior and incorporating theoretical behavioral models represent an area of future improvement for app developers.
Behavioral models such as the transtheoretical model stages of change[48] or motivational interviewing[49] could be used to
develop tailored messages with the potential to decrease unintentional and intentional nonadherence. Studies using
smartphones combined with tailored interventions to improve dietary intake of fruits and vegetables are under way, and similar
strategies should be tested to improve adherence.[50] The potential for patient response to decrease with repeated reminders
delivered by a smartphone (i.e., habituation) is a challenge to improving adherence to chronic therapy. Currently, whether and
to what extent habituation will occur is unknown. Therefore, efforts to develop and study the impact of content that is constantly
refreshed based on patient attributes, including feedback of their current adherence level, are necessary to determine the
impact of these strategies on long-term adherence.
Prescription for Apps

During the next decade, providers and payers may be looking to the app market to improve patient care and outcomes, as apps
may be "medically prescribed" and paid for by health payers.[51] For example, hospital systems in the New York City area are
allowing physicians to prescribe health-oriented apps, and in the foreseeable future, payers may begin covering a diabetes care
app that has been proven effective in mitigating nonadherence in a clinical trial setting. Medically prescribed and reimbursed
apps will provide the financial incentive for app developers to build products, including adherence apps, that generate empirical
evidence of improved patient outcomes. The Food and Drug Administration (FDA) has developed draft guidelines to regulate
certain mobile apps that they are defining as "medical mobile apps," and Congress recently cleared the pathway allowing FDA
to regulate mobile devices.[52] Although apps that are designated as medical mobile apps or are part of FDA-regulated devices
have the most clear guidance, the regulatory framework for stand-alone apps such as adherence apps is less clear and
whether payers will consider payment for unregulated apps is unknown.

Conclusion
Despite decades of research, medication nonadherence still represents a fundamental health care challenge. Adherence apps
are inexpensive, scalable, accessible to anyone with smartphones, and do not require separate devices or packaging, which
allows them to be easily implemented. Despite not being tested in trial settings, they could be considered a possible strategy for
pharmacists to recommend to nonadherent patients and to incorporate into their practice. Although none of the evaluated apps
possess every desirable attribute, three apps were identified that offer the widest range of features and would be the most
appropriate to recommend to patients currently. Research is needed to determine whether and how effectively apps can
improve adherence and therapeutic outcomes in acute and chronic conditions.

Sidebar
At a Glance

Synopsis: Medication adherence applications (apps) available on three main smartphone operating systems (OSs; Apple,
Android, and Blackberry) were evaluated, and the authors gave MyMedSchedule, MyMeds, and RxmindMe the highest ratings
based on their wide range of features and enhanced levels of functionality. Although they have not been tested in trial settings,
adherence apps could be considered a possible strategy for pharmacists to recommend to nonadherent patients. The apps can
be easily implemented because they are inexpensive, scalable, accessible to anyone with smartphones, and do not require
separate devices or packaging.
Analysis: Using a smartphone app is a novel approach to improving adherence and patient behavior; it is constantly
accessible, involves and educates the patient, and provides a repository for patient- and medication-specific information.
Providers caring for patients taking complex medication regimens may value having the ability to input patients' prescribed
regimens and then "pushing" them directly to patients' smartphones. Interoperability with existing prescription and medical
records systems represents a vital frontier for future app development. This interoperability would shift the current orientation of
adherence apps to a more provider-focused technology and thereby provide pharmacists a potentially valuable tool to improve
medication adherence.
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