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Introduction: Heart failure remains a substantive contributor to patient morbidity and 
mortality rates worldwide and represents a significant burden on the healthcare ecosystem. 
Faced with persistent physical symptoms and debilitating social consequences, patients 
follow complex treatment regimens and often have difficulty adhering to them.
Purpose: In this manuscript, we review factors which contribute to low adherence rates and 
advance potential single- and multi-factor-based interventions. It is hoped that these observa
tions can lead to improvements in managed care of this vulnerable population of patients.
Methods: A narrative review of the primary literature was performed on contributing factors 
with primary focus on the period 2015–2020 using available databases and search engines. 
Adherence pain points identified were mapped against a series of potential solutions which 
are presented.
Results: Enhancement of treatment adherence relies on two approaches viz. single-factor 
and multi-factor solutions. Single factors identified include electronic reminders, enhanced 
health education, financial incentives, gamification strategies, community drivers, persona- 
based modeling, and burden relief of poly pharmacy. Multi-factor solutions combine two or 
more of the seven approaches offering the potential for flexible interventions tailored to the 
individual.
Discussion and Conclusion: Heart failure patients with poor adherence have increased 
mortality, hospitalization needs, and healthcare costs. This review highlights current single- 
factor and multi-factor adherence methods. Against a backdrop of diversity of approaches, 
multi-factor solutions cast the widest net for positively influencing adherent behaviors. A key 
enabler lies in the development and leveraging of patient personas in the synthesis of 
successful intervention methods. Deployable solutions can also be envisioned in clinical 
trials where adherence tracking represents an essential component.
Keywords: heart failure, cardiac disease, treatment adherence, intervention, connected 
health

Introduction
Heart failure (HF) affects nearly 7 million adults in the USA, contributing to 1 in 
every 8 deaths.1 While mortality rates have declined over time due to improved 
patient education, surgical interventions, and the introduction of new medications, 
HF still presents a major financial burden on the healthcare system. This exceeded 
$30 billion in 2012 and is expected to more than double by 2030.1 HF also presents 
greater impact on a patient’s perception of their health and quality of life than most 
other chronic conditions and is associated with impaired physical and social 
functioning.2 In terms of disability-adjusted life years (DALY), heart failure collec
tively contributes a burden of >62,000 healthy life years lost.3
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Approximately 80% of HF patients are aged 65 years 
and older, a population that is at higher risk for comorbid
ities and the adverse effects of polypharmacy.4 Common 
comorbidities include other heart conditions such as 
hypertension, coronary artery disease, and atrial fibrilla
tion, as well as conditions such as diabetes mellitus and 
chronic obstructive pulmonary disease.5 Current treatment 
protocols for HF include self-care (exercise, smoking ces
sation, calorific restriction, lowered sodium intake) and 
a variety of chemotherapeutics which include statins, 
beta blockers, diuretics, and ACE inhibitors in conjunction 
with other drugs.6 Significantly, while HF primarily 
impacts middle-aged to elderly populations, it remains 
a contributing factor to the top five leading causes of 
death in every age category.5

Adherence is vital to the success of any prescribed 
treatment plan, yet non-adherence for chronic cardiac con
ditions increases over time and can reach as high as 60% 
after 3 years.7 Non-adherence has been identified as a lead 
contributor in hospital readmissions, high morbidity and 
mortality rates, and high medical expenditures.8 Non- 
adherence can be unintentional; patients may forget to 
take medications, forget to refill a prescription, or may 
not take a medication correctly.9 However, some patients 
may intentionally choose to not adhere to treatment due to 
lack of motivation or autonomy, adverse side effects, 
desire for control, or perceived stigmas associated with 
taking medication.10 These issues may be exacerbated for 
patients requiring polypharmacy (40–50% of elderly 
patients in high-income countries) where >25% of elderly 
patients have a chronic intake of 10+ medicines.11,12 

Polypharmacy can impact adherence through myriad dri
vers including increased financial burden, unwanted drug– 
drug interactions, and complex/difficult dosing regimens. 
Studies have shown that a patient's perceptions on the 
number of prescribed medications have a stronger correla
tion with low adherence than the actual number, making 
polypharmacy a complex issue to tackle.13

In order to develop effective non-adherence solutions, 
accurate adherence measurement tools are required as self- 
recording presents evident limitations. Morawski reported 
that self-recording as a measuring metric increased the like
lihood of patients recording they were adherent without truly 
changing their medication behavior.14 In this regard, there 
has been natural interest in the deployment of technologies 
to improve outcomes. An early example was the introduction 
of the so-called “smart” pill bottle. Its concept is to verify 
adherence by tracking physical movements in the preamble 

to dispensing and taking medication. Approaches include 
sensing of pill bottle movement, removal of its cap, and 
pouring of the pill into one hand.15–17 Myriad technologies 
and sensors have been evaluated including collar switch 
activation and mass analysis pre/post event. However, 
a limitation lies in that they only imply intent to take med
ications. Second-generation versions have been developed 
with a secondary tracking component. One such example is 
in combination with a wrist-based sensor which follows the 
hand to mouth motion usually associated with oral medica
tion administration (while also monitoring if the medication 
was removed from the container).18,19 A more recent exam
ple is in the form of a wearable digital smart necklace. This 
technology is able to decipher if a user has swallowed saliva, 
food, or a pill through an inbuilt piezoelectric sensor.16,20 

Other approaches have deployed invasive technologies, the 
most widely publicized being ingestible sensors. With this 
approach, RFID tags are embedded into the gelatin capsule 
of the medication which emits a signal when liberated by 
gastric fluids.21 A limiting factor has been the need for 
patients to wear an RFID tag detector on body, either on 
the abdomen or on a lanyard type device, which may deter 
adoption of this innovative technology.20

While these and other technologies may hold promise, 
there are additional over-arching factors that need to be 
considered for adoption in managed care, including famil
iarity with e- and m-health devices and comfort levels in 
sharing medical information. The American Heart 
Association conducted a study to assess patient acceptance 
of e-Health devices to monitor cardiac-related conditions. 
Gratifyingly some 86% of patients were comfortable in 
sending heart rhythm information from smartwatches to 
their healthcare provider.22 In addition, 91% of healthcare 
providers were willing to prescribe anticoagulation medica
tion stemming from smartphone-based detection of atrial 
fibrillation.22 Interestingly, another study concluded that 
patients were more likely to enter honest medical informa
tion to a device rather than in person.23 If scalable, this 
suggests increasing trust in the use of technology for health
care purposes from both patients and providers.24 This said, 
HF and other cardiovascular diseases are largely found 
within older populations. A frequently mentioned barrier 
for e- and m-Health tools in cardiovascular disease is the 
lack of knowledge on how to use technology, especially 
among older age groups.25 Research however shows that 
older adults express the most willingness to learn how to 
use m-Health devices and even have higher adherence rates 
(74%) than younger patients when technology is 
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incorporated into adherence routines.25,26 Multiple pilot stu
dies indicate that both e-Health and m-Health methods have 
positive results for managing chronic conditions and chan
ging health behaviors.27,28 Specific improvements have been 
noted in i) patient self-monitoring, ii) building social net
works, iii) sharing information between patients and provi
ders, iv) indirect feedback interactions, v) tailored education, 
and vi) improved communication.28 If matured and deployed 
appropriately, there exists the potential for a large positive 
impact on decreasing HF-related emergency department vis
its using technology, hence the impetus for this review.29

Methods
Comprehensive primary literature review was conducted 
using PubMed, SciFinder Scholar and Google Scholar data
bases. Search terms included heart failure, cardiac disease, 
medicine adherence, treatment adherence, multi-factor and 
multifaceted interventions, multidimensional solutions and 
combined intervention. Primary weighting was applied to 
the period 2015–2020, general reviews, and higher powered 

clinical studies. Secondary research was conducted on iden
tified adherence pain points and factors identified in the 
primary trawl, and combined with relevant materials derived 
from websites and related social media portals (Figure 1).

Findings
A rich and growing literature on adherence factors for HF 
is developing, reflecting the importance as a pivotal com
ponent of managed patient care. Additionally, there is 
a logical drive on the part of health benefit providers 
(end payers) to identify interventions and reimbursement 
models based on adherence and outcome measures. For 
interventions involving medications and lifestyle factors, 
improving adherence rates will remain an area of consid
erable emphasis, as will mean to accurately assess such 
rates. Based on analysis of the published literature, studies 
on enhancement of treatment adherence can be placed in 
two categories – single-factor and combination/multi- 
factor approaches. Herein we summarize key studies and 

Figure 1 Study flowchart
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utilize findings to propose new strategies and future areas 
of research to increase adherence.

Single-Factor Solutions
Single-factor solutions for adherence can be effectively 
grouped according to seven general approaches (vide 
infra). Some of these are either disease agnostic or pertain 
to indications with relationships to HF but as such are 
deemed relevant based on known co-morbidities.

Adherence Reminders
The advent of widely available digital communication 
devices has made automated reminder systems among 
the most widely studied adherence driver. The most com
mon tool is currently SMS text as it is easy to integrate, 
inexpensive, and simple to understand for non-technology 
savvy patients.30 Apps on smartphones and other 
Bluetooth compatible devices are also widely used, in an 
effort to link adherence events to patient calendars.30 

Much pioneering work on use of mobile technologies to 
help improve patients’ health behaviors was conducted in 
oncology and related chronic diseases31,32 and is now 
being extrapolated to HF patient care. There is compelling 
evidence to support the use of SMS prompts with adher
ence rate increases of up to 18% reported.33 This said, the 
absence of personalized two-way communication is 
a noted limitation and has led to development of chatbot 
variants.

Health Education
Patient health literacy is the strongest predictor of medica
tion adherence and also positively correlates with knowl
edge of particular medications.34 However, in one study 
only 14% of HF patients felt assured in their understand
ing of their condition after receiving reading materials or 
verbal instructions.35 Lower health literacy is also linked 
to poorer standards of self-care and comprehension of 
labelling materials, factors that can lead to increased hos
pitalization rates and higher mortality risk.36 HF patients 
are subjected to a considerable distress during the diagno
sis period and may not absorb all educational information 
presented initially, favoring approaches which mature once 
patients are acclimated to their new routine and 
condition.35,37 In their transition to independence, provi
der–patient interactions have been shown to be important 
for improving adherence9 as are interactive educational 
formats which promote knowledge retention more effec
tively than reading-material and workbook-based 

resources.37,38 There is also evidence that learning and 
coping strategies can improve rehabilitation adherence, 
especially for HF patients with lower levels of education 
and socio-economic status.39 Optimal approaches appear 
to involve a combination of inpatient and outpatient 
education,40 which can also extend to caregivers (often 
close family members)37 who often lack relevant health
care knowledge.41

Financial Incentives
Insight to this interesting model was first obtained in the 
antihypertensive and anti-hyperlipidemic arena, revealing 
the most effective approach incentivizes both patients and 
their clinicians.42,43 A study examining patient views 
showed that 71% believed that the financial incentives 
positively impacted adherent behaviors.44 Monetary incen
tive programs can also be personalized to the patient and 
the factors that motivate them.45 One study (which 
recorded positive outcomes relative to control arms of 
the study) assessed the impact in group settings and with 
the option for charitable contributions to be rendered based 
on adherence goals being met.46 Another interesting study 
examined the comparative efficacy and cost-effectiveness 
of goal-directed versus outcome-based financial 
incentives.47 Goal-directed patients earned money for par
ticipating in lifestyle interventions, meeting physical activ
ity targets, and monitoring weight and diet whereas the 
outcome-based patients earned money for simply losing 
weight.47 This trial is still ongoing, but could have impor
tant ramifications for HF patients where these factors play 
a key role in disease management.

Gamification
The concept of gamification has been utilized to stimulate 
users to complete otherwise routine tasks, and the ubiquity 
of mobile devices make this a fertile area to stimulate 
adherence driving behaviors. As an early exemplar the 
diabesties app. encouraged friendly competition and com
munication by pairing diabetes patients to compete in 
treatment adherence tasks such as checking blood glucose 
levels.32 Likewise, Hopelab introduced the Re-Mission 
video game, to draw parallels between combat marksman
ship and real-life cancer treatment strategies.48 Cancer 
patients who played Re-Mission had significantly higher 
rates of cancer knowledge, self-efficacy, and oral medica
tion adherence.49 A subsequent study revealed that 
actively playing the game stimulated neural circuits asso
ciated with incentive motivation,50 and increased 
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information-seeking behavior.51 Though yet to be 
deployed for studies on HF patients and their care givers, 
clear and obvious opportunities exist.

Peer and Community Support
Social support has been shown to play a critical role in 
reducing patient stress associated with chronic 
diseases,41,52 and the effect of psychosocial factors noted 
in the progression of HF.41 Medicine and treatment adher
ence rates have been found to increase when social support 
is present for CHF and CVD patients,53,54 which can be 
categorized into three types: patient-to-patient, patient-to- 
family, and patient-to-provider.

Patient-to-Patient Interactions
In pioneering studies, Kamark et al highlighted the asso
ciation between lower blood pressure and patients' proxi
mity to a companion, reasoned to help alleviate 
psychological stressors.54 More recent research by 
Lauffenburger identified that patients with family mem
bers who were diagnosed with the same chronic diseases 
were more likely to adhere to their medication if their 
relatives also did so.55 This prompts the question of 
whether communities of HF patients might experience 
the benefits of such positive reinforcement and its effects 
on medicine adherence.

Patient-to-Family Interactions
Many caregivers and family members feel overwhelmed 
by their responsibility to aid and assist patients with 
chronic diseases. Alleviating this stress and improving 
communication between the two can lead to positive 
effects on both parties.41 In one study, incorporating 
family support and health information for family members 
and patients was shown to improve medicine adherence 
within three months.36 Research has also shown that 
adherence rates increase in up to 38% of patients when 
family members are prescribed the same drug regimen.55 

These family-level associations offer potential inroads to 
the design of adherence systems, and very likely have deep 
cultural and ethnic components.

Patient-to-Provider Interactions
Personal connections and interventions by medical profes
sionals have shown an increase in patient engagement with 
their health and medical literacy.56 Yang et al suggest 
using “app prescriptions” to open a platform between 
patients and medical professionals and enhance involve
ment. A review on the effect of healthcare professional 

interactions on the self-care of HF patients analyzed 24 
separate studies during the period 1999–2012 and indi
cated a significant correlation between healthcare profes
sional involvement and patient self-care.57 When providers 
were accessible, attentive, and collaborative with their 
patients, self-care improved. Conversely, when healthcare 
professionals appeared non empathetic, poor communica
tors, and inconsistent, they had a detrimental impact.57 

Combining best practice in terms of demeanor, cadence, 
and consistency through engaging apps may offer oppor
tunity to impact adherence rates at scale.

Connecting through Patient Personas
The use of personas (often referred to as patient segmenta
tion or stratification) has the ability to aid designers when 
building platforms and solutions for adherence in e-
Health.58 Widely utilized in technology outside of 
healthcare,59 patients who have utilized persona-tailored 
experiences have reported higher levels of satisfaction and 
increased awareness of their own health.60 Utilizing per
sonas in potential adherence tools could combine the emo
tional and functional needs of patients to produce 
impactful results, and the increasingly available electronic 
data from patients help to build accurate models.61 In 
a recent study involving 24 chronic HF patients and 14 
caregivers, participants were interviewed about their self- 
care decision making.62 The following three personas were 
identified; i) Rule Following: These patients find confi
dence in clinician experts and search for clear rules and 
understanding. They exercise caution in relation to the 
uncertainty in their medical affliction and treatment. ii) 
Researching: These patients gather their own information 
in addition to that provided to them by healthcare profes
sionals. They create their own strategies for combating and 
mitigating their disease with a mixture of knowledge and 
support from external sources as well as clinicians. iii) 
Disengaging: These patients lack the drive to perform self- 
care behaviors. They do not actively seek information nor 
do they work towards reducing uncertainty related to their 
ailments. The hope and expectation is that these discrete 
personas can be used to design adherence drivers which 
are responsive to and mindful of these disparate mindsets.

Burden Relief for Polypharmacy Patients
HF patients often have numerous medications and com
plex treatment regimens to balance, which are only com
pounded by comorbidities. Polypills, which combine 
several medications into one pill, are a promising strategy 
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to simplify dose administration and thus adherence. 
However, patients require different doses and combina
tions of medicines and a rigid formulation would only be 
suitable for a very limited number of patients.11 One 
proposed solution is to use 3D printing as a way to quickly 
and easily manufacture personalized polypills at pharmacy 
level. 3D printing has the capability to create highly mod
ular capsules which allow for bespoke drug release pat
terns by controlling concentric shell thickness or shell 
porosity. A clinical study on the use of 3D printed poly
pills was supportive, with 86% adherence registered at 12 
months, remarkable in that currently approximately 50% 
of patients become non-adherent with their cardiovascular 
medications within a year.63 However, although 3D print
ing approaches show promise in trials and proof-of- 
concept research studies, deployment at scale under FDA 
mandated regulatory guidelines remains to be demon
strated as numerous obstacles will need to be addressed.

Multi-Factor Interventions
We highlight eight studies and use cases which support 
multi-factor interventions organized by the methods 
employed. As with single-factor interventions, most also 
relate to indications with known relationships to HF.

Multi-Factor Components: (1) Adherence Tracker, 
(2) Reminders
Smart pill bottles generally aim to remind patients to take 
their medication and also track adherence. One of the earliest 
models, the Vitality Glowcap was a lid that attached to 
standard prescription bottles and required a home base to 
transmit the data.18,64 It provided visual and audio reminders 
by glowing or chiming, had options to send reports to care
givers or call the pharmacy, and measured adherence through 
bottle opening and closing.64 Smart bottles have since gained 
more features and have become more streamlined, automa
tically uploading data through the bottle itself or 
a smartphone in lieu of a wired home base. The 
AdhereTech device retains the lights and chimes and adds 
in additional data sources (a measure of bottle contents in 
addition to timestamp of bottle opening/closing events), per
sonalized dosing schedules, and follow up for missed doses 
via automated and personal calls or texts.17,65 The Pillsy 
device builds upon these features with an engaging app 
with data analytics, customizable reminders, double dosing 
warnings, educational materials, live notifications to keep 
caregivers in the loop, and timely refill orders.66 Similarly, 
CleverCap offers a personal management app with 

educational materials, caregiver access for monitoring, per
sonalizable alerts, and the ability to make prescriber- 
approved edits to dosing.67 It also has an analytics portal 
for providers and stakeholders. CleverCap offers two differ
ent products which both connect with the app and portal: the 
basic CleverCap LITE and the CleverCap PRO which has the 
additional feature of dispensing exact doses.67 Smart pill 
bottles are generally well received by patients. Subjects in 
a 2019 trial using CleverCap PRO had positive feedback for 
the system, ascribing it an average score of 9 out of 10.68 

Several studies have been conducted regarding the efficacy 
of the AdhereTech system and affirmed its overall correlation 
with better adherence and therapy retention, more positive 
outcomes, and fewer gap days without medication between 
refills.69–72 However, there are still challenges with measur
ing adherence solely through bottle opening and closing as 
patients can simply open the bottle and not remove any of the 
medication. The CleverCap PRO device attempts to address 
this and prevent overdosing by only dispensing exact 
doses.67 The AdhereTech device also ensures that medication 
is removed from the bottle by measuring its contents through 
capacitance sensors embedded in its walls.65 While these 
features ensure that medication is actually removed from 
the bottle, smart bottles still suffer from the caveat that it is 
impossible to verify if patients actually administer their 
medication.

Multi-Factor Components: (1) Communication with 
Healthcare Professional, (2) Patient Education, (3) 
Collaborative Care, (4) Reminders
A study conducted by Ho et al examined the efficacy of 
a four component intervention on medication adherence in 
253 patients with acute coronary syndrome over 12 
months.73 After patients were initially discharged from the 
hospital with medication information, a pharmacist contacted 
them within 7–10 days to discuss their medication and any 
questions or concerns. The pharmacist also contacted each 
patient’s primary care clinician to inform them of the study 
and each step the patient took. Educational messages and 
contact with the pharmacist continued throughout the year to 
ensure retention of the information. Finally, phone call 
reminders were set for medication reminders and medication 
refills the first 6 months and tapered out to only medication 
refill calls in the last 6 months. Results showed patients 
receiving the intervention method had higher medicine 
adherence rates but no statistically significant changes were 
recorded in LDL-C or BP levels.73
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Multi-Factor Components: (1) Health Records, (2) 
Clinical Decision Support, (3) Educational Materials, 
(4) Self-Care Features, (5) Follow-Up Component
The mAFA Trial was a prospective randomized trial that 
tested the efficacy of a mobile app designed for atrial 
fibrillation patients (mAF App) against usual care.74 The 
app included multiple components: (1) a personal health 
record which tracks medical history, lab tests, and more; 
(2) clinical decision support through app-calculated stroke 
and bleeding risks; (3) educational materials to improve 
disease background and management knowledge; (4) self- 
care suggestions to monitor vitals; and (5) a structured 
follow-up component. Over 90% of patients reported 
favorable feedback and reported the app was easy to use 
and helpful. In addition, patients who used the app had 
significant improvements in knowledge, self-care, and 
adherence as compared to the standard care patients.74

Multi-Factor Components: (1) Financial Incentives, 
(2) Intrinsic Motivators
A study performed by Shapiro et al hypothesized that incor
porating personalized motivators with financial incentives 
would improve blood pressure control, especially in low- 
income patients.24 Control group patients received funds at 
each study visit and for completing questionnaires. 
Intervention group patients received fixed payments, contin
gent payments, and lotteries for returning to the study. In 
addition, intervention patients received a personalized calendar 
with “images of loved ones” and patient-identified “activities 
or life goals associated with being healthy” to record medica
tion use. Additionally, staff met with intervention participants 
to discuss how improved blood pressure control would impact 
goals and relationships and to also link lottery or contingent 
payments to motivational goals (eg, “so that you can dance at 
your daughter’s wedding”). The results showed that interven
tion patients were significantly more likely to achieve the study 
goal (systolic blood pressure <140 mm Hg) compared with the 
control patients. Improved control was primarily seen in inter
vention patients whose regimens were intensified (eg, 
increased dosage, changed medication, or added medication), 
but was not seen in control patients. This suggests incorporat
ing intrinsic motivators with regimen changes may be effective 
at improving control.

Multi-Factor Components: (1) Wearable m-Health 
Device, (2) Medication Adherence Tool, (3) Daily 
Personalized Text Messages
A study initiated in 2019 is designed to test the efficiency 
of m-Health technologies to improve drug adherence and 

physical activity levels for patients with HF and diabetes 
mellitus.24 It is one of the first studies to test a completely 
digital strategy for improving medication adherence. 
A wearable device is utilized to track physical activity which 
affects the frequency and type of feedback reminders. An 
online adherence tool is used to supplement health education 
for patients. The study will be evaluating 200 patients over 
a longer period than previous studies (6 months) and is cur
rently active.

Multi-Factor Components: (1) Wireless Technology, 
(2) Personalized Lifestyle Text Messages
This pilot study tested the effects of a combined intervention 
on 12 patients with type 2 diabetes and/or hypertension.75 

Patients were provided with wireless home blood pressure 
(BP) monitors and motivational text messages and advice 
for seven weeks. Mean blood pressure, medication adher
ence, and satisfaction with the program all increased at the 
end of the study. The combined intervention was also found 
to have a greater reduction in BP than was seen in other 
studies which utilized a single intervention method (text 
message reminders or BP monitoring). The study was lim
ited by the small sample size but offers promise in multi- 
factor solutions having larger and more sustainable impacts 
on medication and treatment adherence.

Multi-Factor Components: (1) Wearable Device, (2) 
Mobile Application, (3) Communication with 
Healthcare Professional
A study reported by Angellotti et al worked with acute 
myocardial infarction (AMI) survivors for a 12-week tele- 
rehabilitation program.76 Eighteen patients received a Philips 
Healthwatch to monitor heart rate, access to an app which 
displayed progress and goals, and weekly phone sessions 
with a cardiac rehabilitation nurse. After twelve weeks, 
patients reported higher adherence to exercise regimens and 
greater angina stability. This study established the feasibility 
of a technical multi-factor approach in treating patients and 
paves the way for more research with larger sample sizes.

Multi-Factor Components: (1) Wireless Device, (2) 
Mobile Application, (3) Electronic Medication Tray, 
(4) SMS Reminders
This 2019 study focused on 56 Hispanic patients with 
uncontrolled hypertension and poor medication adherence 
to test medicine adherence with solutions tailored to cultural 
norms and needs.77 Patients received a Bluetooth-enabled 
BP device which connected to the SMASH app. The app 
provided auditory and text instructions as well as 
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a cumulative table of blood pressure readings in a daily/ 
weekly/monthly scale. SMS notifications were sent to 
patients to remind them to take their BP at required times. 
The frequency of these notifications was tailored to each 
patient based on their previous adherence to measurements. 
A provided electronic medication tray, associated with the 
pill bottles, also offered a series of notifications in increasing 
intensity as time passed to alert patients (blinking light, 
chiming, SMS/phone call). The results of this study included 
statistically significant BP reductions as well as sustained 
medication adherence and BP self-monitoring behaviors. 
This study highlighted the significance of culturally tailored 
solutions to adherence and the need to personalize solutions 
based on demographics.

These eight examples not withstanding, there are also 
reports of multi-factor solutions which were not effective 
in improving adherence rates. For example, a study of 
1509 patients with AMI involved medicine adherence 
(recorded by electronic pill bottle) over a 12-month 
period.78 Patients were given daily lottery incentives if 
they adhered to medication, had a friend/family member 
notified if they had not taken medication for over two 
days, had access to social work resources, and were mon
itored by a medical professional. No significant effect was 
seen on medication adherence, hospitalizations or medical 
costs between patients in the study versus control arm. 
One theory advanced to explain was the extended time 
lapse between patient discharge from the hospital and 
commencement of the intervention.78 Another study 
sought to assess the impact of mailed information and 
interactive phone calls on adherence to medication and 
cardiac rehabilitation programs after an AMI.79 None of 
the interventions resulted in significant increases in med
ication adherence, possibly pointing to the diminished 
relevance of printed materials.

Discussion and Future Directions
Patient nonadherence can generally be categorized into 
unintentional and intentional behaviors. Unintentional 
nonadherence is defined as “passively inconsistent med
ication-taking behavior (forgetfulness or carelessness)”.80 

This passive nonadherence has been linked largely to 
patients’ memory and complexity of medication 
regimens.81 Interventions which encourage reminders, 
improve communication with healthcare professionals 
about health education, simplify medication regimens, 
and introduce community/support options can help 
address the needs of these patients. A 2016 study with 

patients suffering from hypertension showed that patients 
who displayed unintentional nonadherence were younger 
in age.82 This makes unintentional nonadherence an 
important topic for further studies, as if uncorrected 
could compromise behaviors throughout lifespan. On 
the other hand, a patient is intentionally nonadherent if 
they deliberately do not follow their treatment plan. 
Intentional nonadherence is associated with patient moti
vation and beliefs, for example, fear of medication or 
perceived social stigmas.10 Studies have revealed that 
intentionally nonadherent patients question the utility of 
prescribed medications far more than unintentionally 
nonadherent patients.83 Due to the personal nature of 
motivation and belief structures, interventions for active 
nonadherers need to be customizable and specific to each 
patient. Consequently, multi-factor solutions may be 
especially beneficial. To target intentional nonadherers 
features such as financial incentives, community build
ing, and gamification may help inspire patients to follow 
treatment plans by targeting intrinsic motivators beyond 
improved health.84 For this reason, in ideating potential 
solutions, we believe a multi-factor solution should be 
responsive to both intentional and unintentional non- 
adherers. Equally important are the values placed on 
personas in approaching these solutions.59 Building in 
personas, especially understanding a patient’s changes 
between them, is an integral portion of medication adher
ence and allows interventions to be designed that are 
specific to their needs.

Potential Solutions
Guided by the published studies we postulate some poten
tial approaches as logical avenues for future research:

Wrist-Worn Smart Health 
Monitoring Devices
These could allow groups of patients to establish new peer 
connections and share relevant data among the group (and 
their care providers) to incentivize adherent behaviors.

Personalized Apps
Such could customize the patient experience through seg
mentation and personas and build in social media and 
community. Gamification and financial incentives could 
be introduced to encourage adherence, as could automated 
reminders, eg, prescription auto-refill functions.
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Conclusions
Medication adherence is a challenge across the healthcare 
industry. Roughly 50% of patients with chronic medication 
treatments are non-adherent.85 Heart failure patients with 
poor adherence have increased mortality, hospitalization 
needs, and healthcare costs. A variety of single-factor and 
multi-factor adherence methods have been advanced and 
subjected to field-based trials. Real-world evidence from 
these studies, coupled to evolving understanding surround
ing the psychology of nonadherence will allow design and 
optimization of effective adherence drivers for this vulner
able group of patients. These strategies would also be 
applicable to clinical trial design, where even minor per
turbations in drug adherence rates can have an impact on 
statistical analysis of outcome measures as evidenced by 
recent studies.86,87 The widespread availability of broad
band networks coupled with increasing miniaturization 
and technological capabilities of mobile devices and sen
sors promise to play a key role in developing patient- 
centered adherence solutions and we look forward to 
future developments. Additionally, such considerations 
should inform guidelines for the treatment of heart failure, 
which are continually evolving.88
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