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Abstract

Cardiovascular disease is a significant cause of death globally. While effective 
long-term medications that reduce the risk of morbidity and mortality related to 
cardiovascular disease are readily available, nonadherence to prescribed medications 
remains a significant reason for suboptimal management. Consequently, this might 
lead to increased morbidity and mortality and healthcare costs. Medication nonad-
herence causes are myriad and complicated, with factors at the patient, healthcare 
provider, and health system levels. Many clinical trials have investigated interventions 
to target these factors for improving medication adherence, including improving 
patient education, testing behavioral interventions, implementing medication 
reminder tools, reducing medication costs, utilizing social support, utilizing health-
care team members, and simplifying medication dosing regimens. This book chapter 
describes factors influencing medication adherence and highlights the impact of vary-
ing levels of adherence on patients’ clinical and economic outcomes. We also summa-
rize interventions for improving medication adherence in cardiovascular disease.

Keywords: cardiovascular disease, medication adherence, factors, health outcomes, 
economic outcomes, interventions

1. Introduction

Cardiovascular disease (CVD) is illnesses affecting the heart and blood vessels, 
including coronary heart diseases, cerebrovascular diseases, peripheral arterial 
diseases, rheumatic and congenital heart diseases, and venous thromboembolism [1]. 
CVD is a leading cause of death and disability worldwide [2]. According to the Global 
Burden of Diseases in 2019, CVD accounts for 15.52% of disability-adjusted life years 
(DALYs) and 32.84% of deaths [3].

Given the adverse health outcomes of CVD, if left untreated, long-term prevention 
and/or treatment of this disease is recommended. Treatment for CVD depends on 
its type and severity and can be divided into three main categories: lifestyle changes, 
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medications, and surgical procedures. Overall, lifestyle changes and medications 
are often recommended for chronic CVD conditions, while surgical procedures are 
sometimes required to treat acute CVD events such as heart attack or stroke. In recog-
nition of the vital role of medications in CVD management, this chapter is focused on 
medications for treating this disease.

Despite the availability of effective CVD medications, medication nonadherence 
remains pervasive globally [4]. A 27% nonadherence rate in patients with acute 
coronary syndrome (ACS) was reported only 1 week after discharge [5]. At 1 month 
following ACS, 34% of patients did not fill all prescriptions [6]. At 1–2 years follow-
ing ACS, the nonadherence rate reaches 55–60% [7]. Medication adherence is how 
patients take medication(s) as prescribed by their healthcare providers [8]. Whereas 
nonadherence is defined as different behaviors: not initiating a new prescription, 
discontinuing medication(s) early, or not taking medication(s) as scheduled (e.g. less 
frequently) [9]. The rate of adherence for an individual patient is usually reported as 
the proportion of days covered (PDC) by the prescribed medication(s) over a specific 
time [10]. Methods for measuring adherence include direct and indirect methods, 
each of which has advantages and disadvantages. Direct methods, such as observed 
administration or measuring the concentration of medication in the blood, are more 
accurate but expensive and time-consuming. Indirect methods for measuring adher-
ence, such as patient self-reporting or pill counting, are easier to conduct but less 
accurate. No measurement method is gold standard, and researchers should select a 
method based on their targeted nonadherence behavior(s) [11].

Past studies illustrated that nonadherence to cardiovascular medications 
negatively influences clinical and economic cardiovascular outcomes [12, 13]. 
Medication adherence in CVD is challenging to manage in routine practice due to 
multiple factors simultaneously affecting it [4]. These factors are classified into five 
interactive dimensions: patient, socioeconomic, healthcare system, therapy, and 
condition. Various interventions have been investigated to target these factors, and 
some appear promising. With accumulating studies on medication adherence in 
CVD in recent years, the chapter thus aims to update on common factors influenc-
ing medication adherence, clinical and economic outcomes of medications (non)
adherence, and interventions targeting the identified factors to improve medication 
adherence in CVD.

2. Identification of nonadherence in clinical practice

The first and foremost issue for improving adherence is identifying nonadherence 
in all patients who do not respond to treatment. A simple and pragmatic solution 
for clinicians is to ask patients nonjudgmentally the frequency of their missed 
doses. Patients generally want to please their clinicians, thus avoiding declaring 
their missed doses. A few questions clinicians might ask their patients to feel 
more comfortable telling the truth were suggested: “I know it must be difficult 
to take all your medications regularly. How often do you miss taking them?” [8]. 
Other indirect questions should be asked to assess the likelihood of nonadherence, 
including how severe their disease is, what the benefits of taking medications are, 
whether they have any side effects from their medications and whether they have 
any troubles related to taking their medications (e.g. high medication costs or 
complex regimens).
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3. Factors influencing adherence

After nonadherence is identified, there is a need to identify the underlying 
cause(s) to which intervention(s) might be tailored. According to World Health 
Organization (WHO), factors influencing medication adherence in CVD are clas-
sified into five different groups: patient-, socioeconomic-, healthcare system-, 
therapy-, and condition-related factors [14]. Based on the multidimensional nature 
of adherence, this classification accounts for all relevant factors influencing adher-
ence. This corrects the traditional misconception that only patients are responsible for 
taking their medication(s) [14].

3.1 Patient-related factors

This aspect refers to the unique characteristics of each patient, not related to their 
illnesses or treatment, for example, age, gender, personal beliefs, education level, and 
understanding of their disease and treatment (see Table 1 for details) [4, 15].

3.2 Socioeconomic-related factors

This aspect included influences originating from the patient’s socioeconomic sta-
tus (SES), not from the patient themselves nor the healthcare providers, for example, 
living conditions, financial situation, limited access to healthcare, and social support 
[4, 15]. Higher SES appeared to influence adherence positively, as detailed in Table 2.

3.3 Healthcare system-related factors

The relationship between patient and healthcare providers, or within the health-
care system itself, might influence medication adherence. This extended to communi-
cation problems and healthcare system requirements, making it difficult for patients 
to comprehend or follow treatment [4, 15].

The support from healthcare professionals played a vital role in improving 
patients’ adherence, particularly during follow-ups. Inadequate communication 
between healthcare providers led to insufficient communication with patients, lead-
ing to nonadherence [4].

Insurance or other healthcare cost assistance was positively associated with 
medication adherence [29, 30]. Cost assistance helped patients to receive medica-
tions they would not afford otherwise. However, not all medications were covered 
[29, 30]. The ARTEMIS trial and the MI FREEE trial concluded that reducing the 
financial burden of treatment through full coverage prescription or copayment 
vouchers improved adherence [4]. One study reported increased adherence when 
providing a financial incentive to patients [31], while another reported that adher-
ence only improved significantly when financial incentives were provided to both 
physicians and patients [4].

3.4 Therapy-related factors

This aspect included factors related to medication taking, such as medication class, 
side effects, dosing regimens, and polypharmacy [4]. The effects and complexity of 
the therapy might affect adherence.



Cardiovascular Diseases

4

Medication class consistently influenced adherence. Angiotensin II receptor block-
ers (ARBs) had the highest rate of adherence (~30–33% better than other classes), 
while diuretics showed the lowest rate [15]. Certain medications were reported to 
be hard to swallow [29]. Different packaging or brand names might cause some 
patients to dislike the medications, fearing fake medications [29]. Side effects might 
explain why different drug classes had different rates of adherence. At standard dose, 

Factor Influence on medication adherence

Age The correlation between age and medication adherence was controversial in the literature. 
While some found that increased age is positively correlated with adherence [16–20], and 
some found the inverse [16]. Patients aged 50–70 years had better adherence than those 
aged 18–50 years or over 70 years [15]. It was hypothesized that elderly patients had more 
comorbidities and, as such, were more concerned with their health and treatment [16].

Gender The association between gender and adherence to cardiovascular medication remains 
inconsistent [15]. Some reported that the female gender was negatively correlated with 
adherence [19, 21–23]; one found that females have more adhered to medication than males 
[24]. In a systematic review, Bowry et al. found no association [25].

Ethnicity and 
linguistic 
proficiency

An American study reported Hispanic people have higher adherence rates than non-Hispanic 
people. Among native Spanish-speaking Hispanic people, those with better English skills 
showed lower adherence rates [26].

Forgetfulness For more than one-third of all cases of nonadherence, forgetfulness was a common cause of 
nonadherence [4].

Education Illiteracy or lower education level was associated with lower adherence [19, 27]. Understanding 
disease and treatment, especially the risk of nonadherence, increases the likelihood of 
adherence to treatment [15, 28].

Others Alcohol use, stress, anxiety, impaired level of cognitive capabilities, and lack of time for 
medical appointments each separately had a negative impact on adherence [4, 15].

Table 1. 
Patient-related factors that may influence medication adherence in CVD.

Factor Influence on medication adherence

Living conditions Living in areas with higher education rates or higher income positively impacted 
adherence [19].

Financial 
situation

One of eight patients with CVD had cost-related nonadherence [4]. People with higher 
income were inconsistently more likely to adhere to treatment, with some studies 
reporting correlation while others reporting none [15, 24]. The medication cost seemed to 
be inhibitive to adherence, and the unavailability of cheaper generic medications was also 
a factor in reducing adherence [29].

Access to 
healthcare

Geographical barriers preventing access to healthcare negatively affected adherence [27, 
29]. The cost of travel to seek specific medications also impeded patients from following 
their treatment [29].

Social support Culture inducing a distrust in medical treatment or problems with family relations may 
lead to nonadherence [27]. However, social support plays an important role in reinforcing 
adherence. Emotional support enabled people to voice their fears and ask for information 
as needed. Social support in the form of encouragement, prayers, and monetary aid 
helped keep patients motivated to follow treatment and maintain a healthy lifestyle [29].

Table 2. 
Socioeconomic-related factors that may influence medication adherence in CVD.
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thiazides were more likely to cause a side effect compared with beta-blockers (BBs), 
calcium-channel blockers, and angiotensin-converting enzyme inhibitors  
(ACEIs), while ARBs were not associated with any side effects [15, 32].

Complex dosing regimens (e.g. a large number of daily doses) might negatively 
influence adherence [15]. The once-daily dosing regimen was associated with better 
adherence as opposed to twice-daily in patients with atrial fibrillation receiving oral 
anticoagulants [33]. Adherence was decreased in patients taking many medications to 
treat their comorbidities, contributing to the forgetfulness of taking medications [4]. 
Frequent changes in regimens also affected adherence negatively [29].

3.5 Condition-related factors

This aspect was related to the patient’s illnesses and comorbidities [15]. Factors 
in this aspect influenced medication adherence differently; certain comorbidities 
increased adherence, while others decreased it [15]. Generally, comorbidities were 
associated with lower adherence [34].

Severe chronic illnesses with significant symptoms hampered adherence, as were 
chronic diseases with little to no symptoms [27]. Patients receiving primary preven-
tion were less likely to adhere than patients receiving secondary prevention [15]. The 
impact of comorbidity on adherence varied. While diabetes was reported to improve 
adherence in CVD patients [15, 27], depression affected adherence negatively [15, 32, 
35, 36]. Persistent depression decreased adherence more than remittent depression, 
and severe depression came with a 3.7 times higher risk of nonadherence than no 
depression [35].

4. Medication adherence-related outcomes

4.1 Clinical outcomes

Many observational studies have assessed the relationship between medication 
adherence and outcomes in CVD. Past evidence shows the broad impact of untreated 
or inadequately treated CVD ranging from major cardiovascular events (MACEs) to 
mortality. This might be caused by suboptimal adherence to effective medications. 
Nonadherence to statins in post-myocardial infarction (MI) patients was associated 
with up to 25% increased hazard of death [37]. In chronic coronary artery disease, 
nonadherence to cardioprotective medications (antihypertensive and antihyper-
cholesterolemic medications) was associated with up to 40% increase in the risk 
of hospitalizations for cardiovascular events and up to 80% increase in the risk of 
death [38]. Conversely, optimal adherence was associated with significantly reduc-
ing cardiovascular events and mortality. A recent meta-analysis indicated that each 
incremental 20% increase in adherence level of cardiovascular medication reduced 
the risk of cardiovascular events by 9%, stroke by 16%, and all-cause mortality by 
10% [39]. Several clinical studies highlighted the benefits of cardiovascular medica-
tions and the importance of adherence to prescribed medications to optimize health 
outcomes. This can raise awareness of the importance of medication adherence in 
CVD among clinicians, patients, healthcare insurers, and policymakers. The potential 
of overestimating the adverse outcomes of suboptimal adherence should be noted. 
Nonadherent patients are less likely to follow health recommendations (e.g. flu vac-
cination) and more likely to engage in harmful behaviors (e.g. smoking), impacting 
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health outcomes. Yet, these confounders can be minimized by (1) a well-designed 
study (i.e. using randomization, placebo, and double-blind) or (2) an appropriate 
statistical analysis. However, statistical analysis is less pronounced than study design, 
because a statistical analysis can be re-processed, but a poorly designed study can 
never be recovered. Medication adherence-related outcomes for specific diseases are 
detailed as follows:

4.1.1 Hypertension

Suboptimal adherence to antihypertensive drugs was associated with multiple 
adverse cardiovascular events from acute to chronic conditions (e.g. chronic heart 
failure) to death [32]. Suboptimal medication adherence was also associated with 
various organ disorders, including chronic kidney disease, cognitive dysfunction, 
and dementia [32]. A study including 155,597 patients with hypertension showed 
that highly adherent patients (≥80% PDC with antihypertensive medication) had 
less than half the risk of experiencing a cardiovascular event compared with lower 
adherent ones over a median duration of 5.8 years (adjusted hazard ratio [aHR] 0.44; 
95% CI 0.42–0.45) [40].

In elderly diabetic patients having multiple comorbidities, a retrospective 
cohort study found that ≥80% adherence to ACEIs/ARBs was not associated with 
BP < 140/90 mmHg in those ≥85 years (risk ratio [RR] 1.01, 95% CI 0.96–1.07) or 
with multiple comorbid diseases (e.g. RR = 1.04, 95% CI 0.99–1.08) [41]. Reasons 
for uncontrolled BP despite optimal adherence might be (1) age-related physiological 
changes and (2) pathological changes by comorbidities (e.g. chronic kidney disease).

4.1.2 Myocardial infarction (MI)

Among post-MI patients, ≥80% adherence to both statins and ACEIs was associated 
with decreased risk of long-term MACEs (i.e. all-cause mortality, nonfatal MI hospital-
ization, stroke, or coronary revascularization) than <40% adherence (18.9% vs. 26.3%, 
HR 0.73, P = 0.0004) and 40–79% adherence (18.9% vs. 24.7%, HR 0.81; P = 0.02) at 
2 years [42]. Another study across China in 4001 post-MI patients found that optimal 
adherence (≥90%) to cardiovascular medications was associated with a 39% reduction 
in the risk of 1-year cardiovascular events (aHR 0.61, 95% CI 0.49–0.77) [43].

4.1.3 Atherosclerotic cardiovascular disease (ASCVD)

In 12,976 patients with ASCVD from the American health insurance database, 
≥80% adherence to both statins and ACEIs reduced the risk of long-term MACEs 
than <40% adherence (8.42% vs. 17.17%, HR 0.56, P < 0.0001) and 40–79% adher-
ence (8.42% vs. 12.18%, HR 0.76, P < 0.0001) at 2 years [42]. Consistent with this 
finding, another study in 185,252 patients with ASCVD from the Taiwan National 
Health Insurance database found that ≥80% adherence to statins reduced the risk of 
ASCVD-related secondary rehospitalization (aHR 0.90, 95% CI 0.87–0.92, P < 0.05) 
and in-hospital death (aHR 0.59, 95% CI 0.53–0.65, P < 0.05) [44].

4.1.4 Heart failure (HF)

An analysis of 55,312 patients with HF indicated that each 10% increase in PDC by 
cardiovascular medications reduced all-cause mortality risk by 9% (odds ratio [OR] 
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0.91, 95% CI 0.90–0.92), emergency admissions by 11% (RR 0.89, 95% CI 0.89–0.89), 
hospital admissions by 6% (RR 0.94, 95% CI 0.94–0.94), and length of hospitaliza-
tion by 1% (RR 0.99, 95% CI 0.99–1.00) (all P < 0.0001) [45].

4.1.5 Hypercholesterolaemia

Among 11,320 newly diagnosed patients with hypercholesterolemia initiated with 
statins, late statin initiation increased the risk of CVD events compared with early 
statin initiation (HR 1.24, 95% CI 1.02–2.51). Among early initiators, statin discon-
tinuation was associated with increased risk for CVD (HR 1.71, 95% CI 1.10–2.67), 
but statin reinitiation was associated with decreased risk (HR 1.34, 95% CI 0.79–2.30) 
[46]. Another study in China with 99,655 adult patients indicated a 37% reduced risk 
of MACEs in those with ≥50% adherence with a statin (aHR 0.63, 95% CI, 0.41–0.98). 
Unlike primary prevention, no relationship between secondary prevention and statin 
adherence (PDC ≥ 50%) was detected in this study [47]. Previous studies, however, 
found statin adherence benefits in reducing the risk of adverse health outcomes for 
secondary prevention [48–51]. These discrepancies might be due to different baseline 
patient characteristics (CVD and its severity) and PDC cutoff points (50% in the 
Chinese study vs. 80% in others’ studies). Secondary prevention seems to require 
≥80% adherence to reduce cardiovascular risk.

In the elderly, a study on 29,047 patients aged ≥65 receiving polypharmacy found 
that those who discontinued statins while maintaining other medications had an 
increased risk of hospital admissions for any cardiovascular outcome (HR 1.14, 95% 
CI 1.03–1.26), HF (HR 1.24, 95% CI, 1.07–1.43), all-cause mortality (HR 1.15, 95% 
CI 1.02–1.30), and emergency admissions (HR 1.12, 95% CI 1.05–1.19) (all P < 0.05) 
[52]. In diabetic patients aged ≥65 with comorbidities, those adhering optimally to 
statins (PDC ≥ 80) had a decreased LDLc (<100 mg/dl) across all age groups (e.g., 
≥85: RR 1.13, 95% CI 1.09–1.16, P < 0.05) and in all comorbid levels (e.g. ≥4: RR 1.13, 
95% CI 1.12–1.15, P < 0.05) [41]. The LDLc target of <100 mg/dl was associated with a 
lower risk of adverse cardiac outcomes [53].

4.1.6 Acute coronary syndrome (ACS)

A study in 7152 post-ACS patients showed that optimal adherents (PDC ≥ 75%) 
to any combination of antiplatelets, statins, BBs, and ACEIs/ARBs led to a significant 
reduction in cardiovascular risks (HR 0.80, 95% CI 0.73–0.88) than suboptimal 
adherents for all medications, except BBs alone [54]. Adherence to 2 or 1 drug signifi-
cantly increased mortality risk compared with adherents to 4 or 3 (for two drugs: HR 
1.2, 95% CI 1.0–1.3, P < 0.05; for 1 drug: HR 1.5, 95% CI 1.2–1.8, P < 0.05) [54].

4.1.7 Chronic coronary syndrome

Optimal adherence to guideline-directed medication therapy (i.e. a combination 
of antiplatelet drugs, ACEIs/ARBs, BBs, and statins) that reduced the risk of MACEs 
(HR 0.41, 95% CI 0.18–0.92, P = 0.03) was reported [55].

4.1.8 Symptomatic peripheral artery disease (PAD)

Patients with PAD being never on statins had a significantly higher mortality rate 
(31%) than those being continuous on statins (13%) or being new on statins (8%; 
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P < 0.0001) or on intensified statins (9%). Those who terminated statin medica-
tion or reduced statin dosage had higher mortality (34% and 20%, respectively; 
P < 0.0001) [56].

4.2 Economic outcomes

The cost-effectiveness of optimal adherence to the guidelines was commonly 
assessed by calculating the incremental cost-effectiveness ratio (ICER), representing 
the discrepancies in costs between the intervention and control groups divided by 
the discrepancies in effectiveness between both groups (Eq. (1)) [57]. Effectiveness 
is commonly expressed as quality-adjusted life years (QALY), combining quality 
and quantity of life. Whether optimal adherence can be considered cost-effective 
relies on a community’s affordability for one QALY. The lower the ICER, the more the 
cost-effectiveness. To define the ICER cutoff point, the WHO proposed using the per 
capita gross domestic product (GDP) [58]. An intervention must cost less than once 
the national annual GDP per capita per QALY to be highly cost-effective. An interven-
tion must cost less than three times the national annual GDP per capita per QALY to 
be considered cost-effective:

 
−

=
−

intervention control

intervention control

Cost Cost
ICER

Effectiveness Effectiveness
 (1)

For primary prevention, adherence was predicted to be more cost-effective in 
patients with a higher 10-year risk for a cardiovascular event in a study across 13 
European countries. The risk was calculated from a risk score tool and included males, 
age >65 years, smoking, HTN, diabetes, hypercholesterolemia, and history of CVD. 
Adherence to the European guidelines on CVD prevention (e.g. smoking cessation 
medication, BP-lowering medication, and cholesterol-lowering medication) was used 
as an intervention. A base case ICER of 52,968€/QALY over 10 years was estimated 
for patients with an average baseline risk of 20%. Considering high-risk patients 
(≥20%), the ICER was reduced to 29,093€/QALY with decreasing ICERs in higher-
risk patients. Patients with higher-risk reductions (≥0.5%) were also associated with 
lower ICERs [59]. Another study evaluating the cost-effectiveness of enhancing 
adherence to antihypertension medications indicated that enhancing adherence 
from 52% (the baseline) to 70% and 80% resulted in a reduced ICER from €76,484 
(95% CI €74,807–€78,152) to €75,055 (95% CI €73,490–€76,623) and €73,605 (95% 
CI €72,180–€75,157), respectively, for each hospitalization for a MACE prevented. 
This aligns with the previous findings based on a large database (n = 625,620). Mean 
annual healthcare costs were estimated to be lower for patients with 80–100% adher-
ence to antihypertensive medications ($7182) than for those with 60–79% adherence 
($7560) and <60% adherence ($7995) (P < 0.001 for both) [57].

For secondary prevention, in the post-MI population, optimal adherence (≥80%) 
had lower per-patient annual medical costs for hospitalizations of $369 and $440 
compared with suboptimal adherence (≥40–≤79%), and nonadherence (<40%), 
respectively. In the ASCVD subgroup, optimal adherence had lower per-patient 
annual medical costs for hospitalizations of $371 and $907 than suboptimal adher-
ence and nonadherence [42]. Another study in India found positive findings that 
adherence (80% or lower) to aspirin and BBs was highly cost-effective. The additional 
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ACEIs were cost-effective, based on Indian gross domestic product per capita [60]. 
In patients discharged with ACS, those adhering to medications, outpatient controls, 
and rehabilitation had lower costs for medications (€199 per year) and higher costs 
for outpatient controls and rehabilitation (€292 and €1024) compared with those who 
did not [61]. An Australian secondary prevention program for CVD (i.e. optimizing 
medication use and lifestyle modification) was found to produce an ICER of AUD 
8081 per disability-adjusted life year (DALY) prevented, which is well below the 
acceptable benchmark of AUD 50,000 per DALY within the Australian healthcare 
system [13].

In chronic vascular diseases, enhancing medication adherence increased medica-
tion costs but produced medical savings by reducing hospitalization. An American 
study in 224,231 patients with risk for CVD indicated that adherents’ average annual 
medication costs were $1058 more for those with congestive HF, $429 more for 
HTN, $656 more for diabetes, and $601 more for hypercholesterolemia as compared 
with non-adherents. In contrast, adherence lowered mean annual medical costs by 
$8881 in congestive HF, $4337 in HTN, $4413 in diabetes, and $1860 in hypercho-
lesterolemia [62].

In sum, higher adherence to medications to treat CVD was associated with higher 
medication costs but lower nonmedication medical costs, reducing overall healthcare 
costs. Health economic models were estimates based on available evidence and several 
assumptions. Interpreting the results thus needs to be cautious when applying these 
models in the health policy decision-making process.

5. Interventions to improve adherence and clinical outcomes

Given multiple factors influencing medication adherence in CVD, interventions 
addressing these factors to improve adherence have received rising interest (Table 3). 
They were classified partly or wholly into several categories of intervention: patient 
education, behavioral interventions, using reminder tools, cost reduction, and finan-
cial aid, using a healthcare team, and using fixed-dose therapy (polypill). Multifaceted 
interventions appeared more effective than single ones [63, 64]. This can partly be 
explained by the multifaceted nature of factors influencing medication adherence. Due 
to differences in healthcare resources and patient characteristics between high- and 
middle- or low-income countries, the interventions should be appropriately adapted to 
the local context. As most effective interventions on adherence improvement demand 
greater resources, the healthcare system needs to be supported. In waiting for support, 
some simple strategies for improving adherence to CVD medication were proposed 
(Table 4) [8]. An initial intervention might not be effective when applied in other 
settings. Thus, the healthcare team should continuously assess the effectiveness and 
feasibility of the intervention.

5.1 Patient education

The mode and frequency of the delivery of educational material may impact its 
effectiveness. Providing a few episodes of educational mails and/or phone calls did 
not improve adherence to secondary prevention medications in patients with MI (OR 
1.03, 95% CI 0.77–1.36) [65] or with obstructive coronary artery disease (mail only 
vs. usual care, OR 0.98, 95% CI 0.81–1.19; mail and phone call vs. routine care, OR 
0.99, 95% CI 0.82–1.20) [80]. However, tailored and interactive educational programs 
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Intervention Population 

description

Outcome Reference

Educational 
reminders

Myocardial 
infarction

Improved medication adherence [65]

Physician-led 
intensive 
follow-ups

Unstable angina 1. Improved medication adherence

2. Lower MACEs: recurrence of angina, 
recurrence of myocardial ischemia, 
cardiac death, all-cause death, and 
revascularization

[66]

Physician-led 
education during 
hospitalization 
and telephone 
follow-ups

ACS 1. Lower all-cause death, cardiac death, and 
MACEs

2. Increased survival, cardiac death-free 
survival, and MACE-free survival

[67]

Nurse-led 
counseling

Statin user 
for primary 
or secondary 
prevention

1. Improved statin adherence

2. Lower LDLc

[68]

Live and web-
based counseling

Risk for CVD Reduced 10-year Framingham Risk Score 
at both 4 and 12-month follow-up for both 
formats

[69]

Motivational 
interviewing

New coronary stent Improved medication adherence [70]

Short message 
service (SMS) 
and structured 
telephone support 
(STS)

Chronic HF 1. Improved medication adherence

2. Lower 180-day all-cause mortality or 
readmission

[71]

Phone calls Post-ACS Improved adherence to aspirin and clopidogrel [72]

Phone calls and 
reminder letters

New statins users Improved statin adherence [73]

Phone calls, 
reminder letters

≥40 years with 
diabetes or ASCVD

1. Improved adherence to statin and ACEIs/
ARBs

2. Reduced LDLc

[74]

Smartphone apps Elderly patients 
with atrial 
fibrillation

Improved medication adherence [75]

Social support Heart failure Improved medication adherence [76]

Pharmacist-led 
intervention

New users of 
cardiovascular 
medications

Improved medication adherence [77]

Multifacet 
(education and 
regular follow-up)

CVD 1. Improved medication adherence [63]

Multifacet 
(patient’s pill 
count, family 
support, and 
education)

≥50 years and 
hypertension 
with 10-year 
cardiovascular risk 
>30%

1. Improved medication adherence at 
6 months

2. Decreased SBP at 6 months

3. Reduced cardiovascular events at 5 years

[78]
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with reinforcements improved CVD medication adherence. Earlier and more regular 
health checks with clinicians have improved adherence to cardiovascular medications 
[43, 81]. Intensive follow-up phone calls and regular consultations with cardiologists 
for patients with ACS were associated with higher adherence (58% intervention 
vs. 40% control, P < 0.001) and lower MACEs (19% intervention vs. 29% control, 
P < 0.001) at 36 months follow-up [67]. Face-to-face education by a nurse also sig-
nificantly improved adherence to statin therapy (P < 0.01) and significantly lowered 
LDLc levels for primary prevention (2.66 vs. 3.00 mmol/l, P = 0.024) [68].

Regular educational information formats besides in-person also indicated an 
improvement in medication adherence. Both web-based and counselor-delivered 
formats improved adherence to medications in moderate-to-high risk patients with 
coronary heart disease (18% improvement in the web-based group and 21% improve-
ment in the counselor group) [69]. Structured text messages and phone calls regularly 
made by a nurse positively affected medication adherence (78.9% message vs. 81.4% 
call vs. 69.5% control, P = 0.011) and reduced mortality or readmission (50.4% mes-
sage vs. 41.3% call vs. 36.5% control, both P < 0.05) in patients hospitalized for acute 
HF [48]. A series of educational phone calls from nurses over 9 months improved 

Intervention Population 

description

Outcome Reference

Multifacet ASCVD 1. Improved medication adherence for all 
interventions

2. Improved both adherence and BP and 
LDLc control for SMS, community health 
worker-led intervention, and polypills

[79]

Abbreviations: ACEIs/ARBs, angiotensin-converting enzyme inhibitors and angiotensin receptor blockers; ACS, acute 
coronary syndrome; ASCVD, atherosclerotic cardiovascular disease; BP, blood pressure; CI, confidence interval; CVD, 
cardiovascular disease; HR, hazard ratio; LDLc, low-density lipoprotein cholesterol; NA, not available; OR, odds 
ratio; RCT, randomized controlled trial; RR, risk ratio; SBP, systolic blood pressure; SMS, short message service; STS, 
structured telephone support.

Table 3. 
Interventions that may improve medication adherence and clinical outcomes in CVD.

Identify nonadherence

• Assess predictors of nonadherence: nonresponse to medication missed appointments.

• Ask nonjudgmentally about missed doses and barriers to adherence

Emphasize the benefits of the regimen and the outcomes of adherence

Simplify the regimen as much as possible and provide simple, clear instructions

Assess patient’s readiness to follow the regimen and provide advice on how to do it when needed

Involve multidisciplinary healthcare team members (e.g. nurse, pharmacist, and primary care staff)

Customize the regimen according to the patient’s wishes

Obtain support from family, friends, and social services when needed

Follow up on the patient’s progress at every appointment

Table 4. 
Strategies for improving medication adherence in CVD.
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12-month medication adherence to dual antiplatelet therapy among patients with 
recent drug-eluting stent placement (87.2% call vs. 43.1% control (P < 0.001)) [72].

Patient education might improve medication adherence in CVD patients who do 
not fully understand the severity of their disease and the benefits of cardiovascular 
medication(s). The educational programs with reinforcements have improved adher-
ence in most studies.

5.2 Behavioral interventions

A meta-analysis evaluating the impact of motivational interviewing over a year 
demonstrated a modest increase in medication adherence in patients with stroke 
(pooled RR 1.13, 95% CI 1.01–1.28) [70]. Promising results were again demonstrated in 
another RCT in which motivational interviewing improved both adherence (OR 1.91, 
95% CI 1.19–3.05) and reduced rates of uncontrolled SBP (OR 0.62, 95% CI 0.50–0.78) 
compared with the control group [78]. Other counseling techniques such as providing 
patient feedback regarding medication adherence and enhancing family involvement 
showed a beneficial but negligible effect on medication adherence [82, 83].

Improving patient motivation and behaviors has not shown significant improve-
ments in adherence outcomes. These interventions should be tailored to patients who 
are less motivated to take medication.

5.3 Reminder tools

Mobile phone-delivered interventions seemed to increase adherence to medication 
prescribed for the primary prevention of CVD, according to a Cochrane review of 14 
trials with 25,633 randomized participants. Trials of BP self-monitoring with mobile 
phone telemedicine support modest benefits. One trial reported modest reductions 
in LDLc but no benefits for BP [84]. In a randomized trial of 5216 initiators of statin, 
those who received automated phone calls had significantly increased adherence 
(42.3% intervention vs. 26.0% control; absolute difference = 16.3%, P < 0.001; RR 
1.63, 95% CI 1.50–1.76) [73]. Utilizing text message reminders also improved medica-
tion adherence in CVD in recent meta-analyses [85, 86].

Smartphone apps providing reminder alerts, adherence reports, and optional peer 
support significantly improved medication adherence (between-group difference 
0.4; 95% CI 0.1–0.7, P = 0.01). However, this difference in adherence did not produce 
a significant difference in BP control between the groups (between-group difference 
−0.5, 95% CI −3.7–2.7, P = 0.78) [87]. A smartphone app integrating education, 
automatic reminder, and patient engagement strategies improved medication adher-
ence among elderly patients with atrial fibrillation. Approximately 78% (14/18) of 
the patients in the high-adherence group at baseline remained in the same state, 45% 
(24/53) of the patients in the medium-adherence group at baseline moved to the high-
adherence group, and 72% (18/25) of the patients in the low-adherence group moved 
to either the medium- or high-adherence group [75]. A meta-analysis of nineRCTs 
evaluating the impact of apps on medication adherence showed an improvement in 
SBP, DBP, total cholesterol, and LDLc levels in the intervention arm. Apps have an 
acceptable degree of usability, yet the app characteristics conferring usability and 
effectiveness are ill defined [88].

Mobile phone calls, text messages, and applications can improve adherence and 
clinical outcomes. Patients who often forget to take medications and use technology 
can try these techniques.
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5.4 Social support

Frequent seeing friends and relatives in a structural manner were modestly 
associated with greater adherence in 17,113 patients with CVD or CVD risk factors 
[89]. In hypertensive patients, structural social support improved adherence in two 
prior meta-analyses [90, 91]. In patients with severe mental diseases (e.g. schizo-
phrenia and bipolar disorder), perceived social support improved adherence to CVD 
medication. There was a 4.2% increase in medication adherence for each 1% increase 
in social support (OR 1.04, 95% CI 1.02–1.07, P = 0.002) [92]. In an HF setting, a 
prospective cohort study in Taiwan showed an intimate relationship with a spouse 
or caregiver was associated with a lower risk of 18-month all-cause readmission and 
cardiac readmission. The intimate partners will likely enhance HF patients’ profound 
physical and psychological well-being [93]. In a Japanese study, poor adherence to 
medication in super-aged patients with HF is associated with poor clinical outcomes. 
Multivariable analysis revealed that not receiving assisted living at least once a week 
was independently associated with hospitalization, mainly due to poor medication 
adherence. The analysis also revealed that assisted living was particularly effective for 
patients affected by dementia [76].

Social support can significantly facilitate medication adherence in CVD, especially 
in frail populations such as the elderly and comorbid patients.

5.5 Cost reduction and financial aid

Current evidence suggests that reducing medication costs improves patient 
adherence and clinical outcomes. A trial randomized 10,102 hospitalized patients 
with acute MI to a group of copayment vouchers for P2Y12 inhibitors or no vouchers. 
At 1 year, patient adherence was reported to be higher in the intervention group than 
in the control group (aOR 1.19, 95% CI 1.02–1.40), but no significant difference was 
observed in MACEs (aHR 1.07, 95% CI 0.93–1.25) [94]. Another positive result was 
found in the MI FREEE trial randomized 5855 hospitalized patients with AMI to full 
prescription coverage vs. usual coverage for BBs, statins, and ACEIs/ARBs over about 
1 year. Adherence rates were increased in the full-coverage group compared with the 
usual coverage group by 5.6% for ACEI/ARBs (95% CI 3.4–7.7), by 4.4% for BBs (95% 
CI 2.3–6.5), by 6.2% for statins (95% CI 3.9–8.5), and by 5.4% for all three medication 
groups (95% CI 3.6–7.2). A significant reduction was observed in total MACEs in the 
full-coverage group (HR 0.89, 95% CI 0.90–0.99; P = 0.03) was observed, despite no 
significant differences in the first MACEs (HR 0.93; 95% CI 0.82–1.04; P = 0.21) [95].

Cost reduction strategies using either copayment reduction or financial incentives 
have shown modest changes in medication adherence, although further research is 
needed to determine the sustainability of these interventions. Another possible cost 
reduction solution is replacing brand-name medications with well-proven, equally 
effective, and less costly generic ones. In a study of over 300,000 privately insured 
adults aged ≥18, generic drug therapy improved adherence [96].

5.6 Healthcare team

Community health workers (e.g. community pharmacists) often regularly interact 
with patients and provide access, education, and support regarding medication use. 
Enhanced community health workers’ involvement has been explored to improve medi-
cation adherence. Recent systematic reviews evaluating community health worker-led 
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intervention demonstrate improvement in adherence and reduction in secondary 
ASCVD (97% intervention vs. 92% control; OR 2.62, 95% CI 1.32–5.19) [79].

Pharmacist-led consultations improved medication adherence in CVD patients 
compared with usual care (4.5% difference, 95% CI 0.8–8.2, P = 0.017) [77]. Another 
standardized counseling intervention by pharmacists at hospital discharge of ACS 
patients showed (1) an increased medication adherence at 1 year (11.9% non-coun-
seling receivers vs. 18.4% counseling receivers, P = 0.19) and (2) decreased cardiovas-
cular readmission and all-cause mortality (17.6% intervention vs. 22.3% usual care, 
P = 0.42; and 3.4% intervention vs. 4.2% usual care, P > 0.99, respectively) [97].

The healthcare team plays an important role in patients’ adherence by identifying 
medication nonadherence and adherence barriers and providing interventions that 
address these barriers. One of the consistent features of successful interventions has 
been regular follow-up with the healthcare team [98].

5.7 Fixed-dose therapy (polypill)

The relationship between polypill therapy and CVD outcomes was studied 
enormously, and most studies found positive findings. A systematic review and 
meta-analysis of eight studies involving 25,584 patients demonstrated that the use of 
polypills (1) significantly enhanced drug adherence (RR 1.31, 95% CI 1.11–1.55, (2) 
significantly reduced CVD risk factors (hypertension) and the risk of all-cause mor-
tality (RR 0.90, 95% CI 0.81–1.00, P < 0.05) and MACEs (RR 0.85, 95% CI 0.70–1.02, 
P > 0.05) [99]. Another systematic review indicated that polypills improved adher-
ence and reduced secondary ASCVD (86% intervention vs. 65% control, OR 1.33, 
95% CI 1.26–1.41) [79]. A meta-analysis demonstrated significant improvement in 
adherence with the use of polypill of two or more antihypertensive drugs (OR 1.21, 
95% CI 1.03–1.43, P = 0.02), but beneficial trends in BP and adverse effects [100]. 
Challenges can explain this in matching patients to a specific polypill and adjusting 
the dose of a component in a polypill.

In summary, since nonadherence factors are patient-specific, personalized 
interventions are required to enhance the impact of an intervention to improve 
medication adherence in CVD [98]. Evidence demonstrated that simple strategies 
requiring low healthcare resources such as simplifying the regimen, organizing 
medications in pillboxes, obtaining family and social support, using motivational 
interviewing, and educating patients on the importance of medication adherence 
appear cost-effective.

6. Conclusions

Adherence to cardiovascular medication reduces substantial morbidity and 
 mortality and reduces healthcare costs. Despite these advantages, medication non-
adherence remains common due to multiple barriers from patients, providers, and 
system levels. Various interventions have been tested to overcome these barriers, and 
most of them have illustrated positive findings. A combination of interventions is 
more likely to be effective as several factors simultaneously influence adherence. The 
heterogeneity of effect within each intervention may result from the inappropriate 
matching of intervention and factors influencing adherence. Thus, after identifying 
medication nonadherence, clinicians should consider potential factor(s) influencing 
adherence to select intervention(s) targeting the identified factor(s).
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