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Abstract

Medication adherence is essential for achieving therapeutic outcomes. However, many
patients do not follow their prescribed medication regimens. About 50% of patients do not adhere
to their pharmacotherapy, making medication adherence a widespread issue. Accurately
measuring adherence is essential for effective care planning and intervention. This paper reviews
various methods for measuring medication adherence, highlighting the advantages and
disadvantages of each approach. Many factors can affect medication adherence. This review
focuses on practical ways to measure adherence and strategies to enhance it, underscoring its
importance in achieving better healthcare results. Healthcare providers must prioritize medication
adherence, as it directly impacts the effectiveness of treatment and overall public health outcomes.
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Introduction

Medication adherence, the extent to which patients follow their prescribed medication
regimens, is essential for achieving optimal therapeutic outcomes and improving overall
health (1, 2, 3). Medication nonadherence affects not just individual patients but also
healthcare providers, caregivers, and the entire healthcare system (1). It has been shown that
more than 50% of patients do not adhere to their prescribed treatment regimens (4). Given
the global rising prevalence of chronic conditions requiring long-term treatments, this
represents an increasingly major healthcare problem. Chronic illnesses are often linked to
even lower adherence rates, contributing to adverse health outcomes, increased hospital
admissions, and healthcare costs (4, 5). Good medication adherence has been consistently
linked to better disease control, prevention of complications, improved quality of life, and
reduced mortality. Research shows that a range of complex factors can contribute to
medication nonadherence (6). An accurate evaluation of medication adherence is crucial for
developing effective treatment strategies and interventions (7, 8). Several methods are
available to assess medication adherence, each with advantages and limitations (9). The
selection of an appropriate assessment method is essential, as it directly influences the
accuracy and dependability of the adherence data collected. This review explores medication
adherence, focusing on factors contributing to nonadherence, methods to measure
adherence, and potential solutions for improving patient outcomes. Taking medications as
prescribed is essential for achieving optimal health outcomes. To improve adherence, a well-
rounded approach is necessary to better understand the behaviors affecting it.

Methods

A comprehensive review of the literature on medication adherence and its
assessment was conducted by searching the PubMed database. The search was done using
these key words: “medication adherence” AND “medication adherence assessment
methods” AND “factors affecting medication adherence” AND *“intervention”. The
inclusion criteria consisted of articles in English and clear study design and methodology
descriptions. The articles that included original research and literature reviews,
highlighting factors influencing medication adherence, evaluating specific adherence
assessment tools, and examining related interventions, were selected.

Results and discussion

Understanding Medication Adherence: Definition and Importance

Hippocrates, with his words, “keep watch also on the faults of the patients, which
often make them lie about the taking of things prescribed”, was the first who addressed
the problem of not taking medications as prescribed (10). However, it took many centuries
for the importance of these observations to be fully recognized. The starting point for
many medication adherence research studies is the well-known statement by C. Everett
Koop, which is frequently referenced in literature focused on medication adherence —
“Drugs don't work in patients who don't take them” (11). Various definitions of adherence
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exist throughout medical literature and within different organizations. In 2003, the World
Health Organization (WHO) defined adherence to long-term treatment as “the degree to
which an individual's behavior — including taking medication, following a diet, and
making lifestyle changes — matches the agreed-upon recommendations from a healthcare
provider” (12). One of the main obstacles in measuring adherence is the need for
standardization, which results in varied methods that are often difficult to compare
accurately (13). To address the variability in adherence definitions and the complexity of
adherence data, Vrijens et al. proposed a new taxonomy in 2012, the Ascertaining Barriers
for Compliance (ABC) taxonomy on medication adherence (14). The ABC taxonomy
outlines medication adherence as patients taking their medication according to
prescription. It is divided into three fundamental phases: (A) initiation, (B)
implementation, and (C) persistence (14). The first phase, initiation, is when patients
begin their medication regimen by taking the first prescribed dose. Initiation can be
classified as a binary variable: patients either begin their medication regimen or do not.
The second step, implementation, refers to how closely a patient's actual medication
dosing matches the prescribed regimen from the start of treatment through the final dose.
The final step, defined as persistence, refers to the ongoing continuation of treatment,
encompassing the duration and the occurrence of unscheduled breaks (prolonged periods
of consecutively missed doses, with the minimum duration differing based on the specific
treatment and condition) (13, 14).

Exploring the Factors Contributing to Nonadherence

Medication nonadherence is a widespread and persistent issue in the management
of chronic diseases. Nonadherent patients are those who fail to follow their prescribed
medication regimen, often taking lower doses less frequently than instructed or
discontinuing the treatment on their initiative (15, 16). Medication nonadherence affects
more than just the patient — it also impacts doctors, pharmacists, caregivers, families, and
the healthcare system (17, 18). Studies indicate that nonadherence contributes to nearly
200,000 deaths each year and incurs costs of approximately €125 billion across Europe
(19). This lack of adherence is linked to worsening health conditions, accelerated disease
advancement, higher demand for medical services, rising healthcare expenses, and an
increased risk of mortality (20, 21). Research has highlighted a wide range of factors
influencing nonadherence. According to the comprehensive review by Kardas et al.,
nearly 800 distinct variables linked to medication-taking behavior were identified (22).

The WHO proposes a range of factors that interact and mutually reinforce each
other within a multidimensional framework for understanding and addressing medication
adherence. These factors include those related to the patient, the specific condition, the
treatment, social and economic aspects, and the healthcare team and system (23). Patient-
related factors involve individual characteristics such as forgetfulness, lack of
understanding of illness or treatment, low health literacy, psychological resistance, and
poor motivation. Factors such as age, beliefs about medication, and involvement in
treatment decisions also significantly influence adherence. Condition-related factors refer
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to the nature and severity of the illness. Chronic and asymptomatic diseases often lead to
lower adherence, particularly when patients do not perceive immediate benefits from
therapy. Comorbidities and disease duration can further complicate adherence behaviors.
Therapy-related factors include the complexity of medication regimens, dosing
frequency, side effects, and the route of administration. Adherence tends to decrease with
more frequent dosing schedules and increases when treatments are well-tolerated and
simple to follow. Social and economic factors such as low income, limited education,
unemployment, and unstable living environments can hinder access to medications and
health services. Cultural beliefs, stigma, and distrust in the healthcare system may also
discourage patients from adhering to prescribed treatments. Healthcare team and system-
related factors involve the quality of communication between healthcare providers and
patients, the availability of educational support, coordination of care, and continuity of
services. A poor patient-provider relationship and inadequate explanations about
medication use are common contributors to nonadherence (24).

Adherence can be either supported or hindered by these factors, generally
categorized as perceptual or practical, following the framework outlined in the National
Institutes of Clinical Excellence (NICE) adherence guideline (25). Perceptual factors
refer to factors which arise primarily from internal cognitive processes, including
motivation, emotions, and personal views on illness and treatment. Practical factors refer
primarily to external environmental factors relating to the environment, treatment details,
or societal influences, and they can also impact behavior. These perceptual and practical
factors may result in either intentional or unintentional nonadherence. However, a widely
accepted method for categorizing adherence factors needs to be developed. Categorizing
medication-taking behaviors as intentional or unintentional is a commonly applied
approach to better understanding patient adherence actions and decision-making
patterns (26, 27, 28). Intentional nonadherence is considered a process in which the
patient actively decides not to take medication or follow treatment recommendations.
This type of nonadherence often occurs after weighing the treatment's potential benefits
and risks. Unintentional nonadherence refers to unplanned behavior; it is passive and is
sometimes due to factors beyond the patient’s control. This classification is essential for
healthcare professionals because it helps them understand medication-taking behaviors,
which in turn influences the choice of strategies to improve adherence (29).
Nonadherence to medication therapy leads to poor disease control and increased
healthcare utilization (30). Nonadherence can be categorized into eight types based on
the framework given by Arnet et al. (31). These include primary nonadherence, sporadic
medication breaks (often called “drug holidays™), the “toothbrush effect” (inconsistent
adherence due to routines), perfect adherence to the wrong medication, dosage mistakes
(such as overdosing, underdosing, or inconsistent dosing), incorrect timing of doses,
premature discontinuation of treatment, and challenges related to polypharmacy (31).
Primary medication nonadherence (PMN) occurs when a new medication is prescribed
for a patient. However, the patient does not obtain the medication or an appropriate
alternative within an acceptable period after it was prescribed. This includes prescriptions
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that patients present (or are electronically prescribed) and those that never reach the
pharmacy. Secondary nonadherence measures prescription refills among patients who
previously filled their first prescriptions (32).

In addition to these multifactorial influences, it is also important to recognize the
specific challenges and barriers that hinder effective medication adherence. While factors
describe broad areas of influence, barriers refer to concrete, often day-to-day obstacles
experienced by patients. These include a lack of understanding or misinformation about
medications, low motivation, psychological distress, or practical difficulties such as
complex regimens and fear of side effects. Systemic challenges — like long wait times,
poor communication with healthcare providers, fragmented care, and limited follow-up
can further exacerbate adherence issues. Cultural stigma, religious beliefs, logistical
burdens, and financial hardship also frequently interfere with consistent medication use.
Addressing these barriers through patient-centered and context-sensitive strategies is
essential for developing effective adherence interventions (33).

Measuring medication adherence

Medication adherence is usually measured over a set period and given as a
percentage, showing how well patients follow their prescribed medication. Adherence
among patients can be divided into two groups: those who adhere and those who
don’t (34). Precise measurements of adherence are also vital for researchers and
healthcare providers. Adherence can be measured using (a) direct and (b) indirect
methods (Figure 1). Each of these methods has its own set of advantages and
disadvantages, which will be explored further (35).

Drug assays/biomarker analysis

Direct methods

Direct observation of therapy

Self-reported questionnaires/

Measuring adherence scales

Electronic adherence monitoring
devices

Indirect methods Pill

Insurance data/ Pharmacy refill
data

Clinical response assessments

Figure 1. Methods for measuring medication adherence
Slikal.  Metode za merenje pridrZzavanja terapije
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Direct methods

These methods can validate subjective assessments and provide the most accurate
measurement of medication adherence. However, while they offer high precision, they
are not practical for large-scale research or community settings due to the considerable
resources they require, especially when compared to indirect methods. Direct methods
for assessing adherence include: therapeutic drug monitoring (TDM), detection of a
biological marker present in the medication, and direct observation of medication intake.
While these methods provide objective adherence data, they can be costly, time-
consuming, and influenced by patient behavior.

Therapeutic drug monitoring (TDM) remains a reliable approach (36, 37).
However, detecting a drug in an assay does not confirm adherence, just as its absence
does not necessarily indicate nonadherence. TDM is an invasive and costly procedure that
requires blood or urine samples and is applicable to a limited number of medications, with
results influenced by individual metabolic differences. This makes it challenging to
accurately quantify drug levels, particularly for drugs that are metabolized either very
quickly or very slowly, as their concentrations may be minimal in the bloodstream even
after taking the medication. Additionally, patients may demonstrate improved adherence
right before a scheduled appointment (white coat adherence) while continuing to be
nonadherent during other periods (36, 38). It also offers information on short-term
adherence, but it fails to capture a complete picture of long-term adherence
behaviors (39). TDM helps clinicians tailor optimal treatment regimens for patients and
is routinely applied in select clinical scenarios. It plays a crucial role in adjusting
individual dosages by considering biological variations. TDM is primarily used for drugs
with narrow therapeutic windows, significant pharmacokinetic variability, challenging
target concentration monitoring, or a high risk of both therapeutic and toxic effects (39,
40). An increasing number of studies highlight the reliability of TDM in detecting
medication nonadherence across various clinical conditions. Variability in drug levels can
serve as a valuable indicator of nonadherence, particularly when combined with other
methods such as clinician assessments or self-reporting (41). Implementing TDM
requires teamwork from different healthcare professionals, including scientists, doctors,
nurses, and pharmacists. Clear communication is key to ensuring the best use of TDM in
patient care. Effective communication among these professionals is essential to uphold
best practices and optimize the clinical utility of TDM (42, 43).

Biological markers, or biomarkers, refer to specific substances in blood, urine,
saliva, or other bodily fluids that can confirm the intake of a medication. Some
medications include unique molecular tags, excipients, or isotope-labeled compounds that
can serve as identifiable markers. For example, in psychiatry or infectious disease
management, the detection of specific drug-related metabolites (e.g., in antipsychotics or
tuberculosis therapy) can act as adherence biomarkers. These markers help provide direct
evidence that a drug has been ingested and metabolized, supporting the assessment of
recent medication intake. However, biomarker testing is limited to certain drugs, may
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require specialized equipment, and does not always provide information about long-term
adherence patterns (38).

Direct observation of therapy means that the patient's use of prescribed treatments
is monitored directly by a healthcare provider or family member. This method is regarded
as one of the most reliable ways to assess adherence. Observing a patient's medication-
taking behavior can confirm the patient's self-reports or provide essential support when
the patient is unable to do so, as in the case of young children or those with dementia.
When family members help remind patients to take their medication or assist with
treatments like injections, direct observation becomes an effective strategy to ensure
adherence (44). On the other hand, in direct observation, patients may conceal medication
under their tongue and discard it later, making routine monitoring unreliable. As a result,
this method is primarily used for patients receiving single dose therapy, intermittent
treatment, or those in hospital settings, making it difficult to implement in larger
population groups. This approach is also susceptible to bias, as patients may only take
their medication when they know they are being observed, leading to inaccurate
adherence reports (45).

Indirect methods

Indirect methods are the most widely used approach for evaluating medication
adherence, as they are generally non-invasive, cost-effective, and feasible for use in both
clinical practice and research settings. These methods do not directly measure the
presence of a drug in the body but instead infer adherence through related behaviors and
records. Common examples include patient self-report questionnaires, pill counts,
electronic monitoring devices such as smart pill bottles or medication event monitoring
systems (MEMS) and pharmacy refill data.

Self-reported questionnaires and scales — Self-reporting remains the most simple,
subjective and indirect method for measuring medication adherence. These methods
usually involve using scales or questionnaires where patients report their adherence based
on specific questions. Whether administered online, through structured interviews, or as
written questionnaires, these tools are widely used in adherence research and can be easily
adapted to different patient populations (46, 47). Self-report measures are useful for
assessing medication adherence as they are cost-effective, noninvasive, easy to
administer, and cause little burden on patients. They also allow for flexibility in timing
and method of collection. In clinical practice, self-reporting is one of the simplest ways
to identify nonadherence. It gives healthcare providers valuable information that can help
address issues before they lead to serious health problems (36, 48). However, they have
limitations that may impact the accuracy of patient-reported adherence. A common
challenge is that patients often overreport their adherence, especially if they worry that
admitting to nonadherence might disappoint their healthcare provider. The article by
Stirratt et al. highlights the advantages of self-reporting in clinical settings, particularly
its speed and efficiency. The importance of using validated, easy-to-use self-report tools
that meet high standards for accurate adherence reporting was also highlighted (49).
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Several self-reported questionnaires are commonly used to measure medication
adherence, across different patient populations. The Morisky scales are extensively
utilized, with more than 110 versions available and translations in over 80 languages. The
Medication Adherence Questionnaire (MAQ), developed by Morisky et al., is a 4-item
tool assessing forgetfulness, carelessness, and medication used based on symptoms. It is
publicly available for research and clinical use (50). The 4-item Morisky Medication
Adherence Scale (MMAS-4) includes the same questions but is copyrighted (51), while
the MMAS-8 expands on it with situational and emotional factors (52). Both MMAS-4
and MMAS-8 require licensing and fees, making it essential to consider alternative
validated self-report tools for research and clinical practice. These include the Medication
Adherence Rating Scale (MARS), available in 10- and 5-item versions, the Adherence to
Refills and Medications Scale (ARMS), the Simplified Medication Adherence
Questionnaire (SMAQ), the Hill-Bone Scale, and the ProMAS questionnaire (27, 53).
Some of these questionnaires address the issue of general adherence, others also contain
items that offer information to address specific conditions. The tools vary in terms of what
they measure, including whether they capture barriers to nonadherence, self-efficacy and
perceptions or beliefs about medications, which can be considered as consequences of
medication adherence itself (54). Recently, new tools have been created to assess barriers
to medication adherence, meeting the need for instruments that capture patients'
challenges. Recent questionnaires assessing adherence barriers are the Adherence
Barriers Questionnaire (ABQ) and the Identification of Medication Adherence Barriers
Questionnaire (IMAB-Q). These questionnaires are suitable for assessing beliefs and
concerns that may serve as barriers to medication adherence (55, 56). Research on
medication adherence has expanded to include various questionnaires and validation
techniques, aiming to enhance the accuracy and reliability of adherence assessments.

Systematic reviews, like those by Kwan et al., have highlighted the wide variety of
tools available and the different methods used to validate them. However, despite the
wealth of instruments at researchers’ disposal, a significant challenge persists the need to
meet the psychometric standards outlined for patient-reported outcome measures
(PROMs). Many tools used to assess adherence don't always show key qualities like
reliability, validity, and sensitivity. Filling these gaps is important for moving the field
forward. It will help researchers use better, more consistent tools, which can make
medication adherence assessments more reliable and accurate, ultimately improving
patient care and outcomes (57, 58).

Pill count is an indirect and objective method that counts the number of taken
dosage units between appointments and then compares it to the total received dosage from
the patient. After that, the adherence ratio can be calculated. Although this method is
inexpensive and easy to use, it also has certain limitations (38). Removing the correct
dose from its container does not ensure that the medication is taken. This approach does
not show a clear pattern of medication use and does not explain why a patient might not
be following their prescribed treatment. This method often underestimates adherence
because it calculates based only on the date of medication refill, ignoring any leftover

188



supply patients might have. Many patients with chronic illnesses refill their prescriptions
early, leading to extra doses. Also, the standard for defining adherence is often chosen
randomly, which could be more consistent in measuring and comparing adherence
between studies (34).

Electronic Medication Packaging (EMP) Devices — Electronic adherence
monitoring devices (EMDs) offer a more accurate way to track medication adherence by
recording when a medication container is opened. The use of EMDs helps prevent
overestimating medication adherence, which is common with self-reported measures.
These devices can also detect intentional medication disposal, where patients may discard
pills before doctor visits, a behavior that can often go unnoticed with other adherence
measurement methods (27). EMDs are designed to track adherence directly through the
medication's packaging. These devices have several key features: (a) they log each
instance a dose is taken and store adherence records, (b) they provide audiovisual alerts
to remind patients of upcoming doses, (c) they may have digital screens for easy
monitoring, (d) support real-time tracking, and (e) deliver feedback on adherence patterns
to patients and healthcare providers (56). Alder et al. categorized primary electronic
adherence monitoring technologies into four main types: sensor-based systems, proximity
sensors, vision-based technology, and fusion systems that integrate multiple sensing
approaches to improve accuracy and reliability in tracking medication use (59). Smart
pills, or digital ingestion monitoring systems, consist of a microsensor, an adhesive
external monitor worn on the abdomen, and a mobile application (61). These ingestible
devices, resembling small capsules, are swallowed like regular pills and travel through
the digestive system, collecting data on physiological parameters (62). Encased within
the medication, the micro-ingestible sensor is activated upon contact with stomach fluids
after the capsule dissolves. It then transmits a unique signal to the external monitor, which
records the ingestion event and sends the data, along with other physiological
measurements like heart rate, to a mobile application. The app uploads this information
to a central server, allowing real-time adherence monitoring. This technology provides a
direct and objective method for tracking medication intake, improving adherence
assessment, and potentially enhancing treatment outcomes (63-65). Researchers at
Proteus Digital Health, Inc. (Redwood City, CA, USA) have developed a micro biosensor
designed to be integrated into oral medications, such as pills or capsules, to monitor
medication ingestion. Similarly, MyTMed is another adherence monitoring system that
utilizes ingestible biosensors (60). Its core component is a digital capsule capable of
encapsulating oral medications, allowing for real-time tracking of drug intake and
improving adherence assessment. Biosensor-based techniques offer the advantage of
accurately detecting medication ingestion in real time. However, their use raises concerns
about patient privacy and autonomy, as these devices require direct ingestion, making
them inherently intrusive (66, 67). One common EMD used in adherence research is the
Medication Events Monitoring System (MEMS), which accurately tracks dosing
activities for detailed analysis. The MEMS accurately tracks medication use by recording
how often and consistently patients take their medication. It logs the date and time each
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time a medication is used, helping to identify adherence patterns, including irregular or
consistent nonadherence. Research has shown that the MEMS provides more useful
information than self-reports or biochemical tests, as it uncovers patterns of missed doses
or deviations from the prescribed schedule, especially in long-term treatments. This
information helps identify areas where interventions may be needed (38). Despite its
precision, the MEMS's high cost and logistical demands make it less appealing for
extensive studies or routine applications. MEMS devices are expensive, and potential
equipment loss or damage by patients adds to the costs (38, 59). Studies also incur
equipment rental, data retrieval, and supporting patient compliance expenses. A 2001
study found that six months of MEMS usage cost $274 per patient to track adherence in
schizophrenia treatment. Practical challenges include coordinating refills and ensuring
patients use the device correctly to avoid inaccurate adherence classification (68).

Insurance data, pharmacy refill data — Data from pharmacy or insurance records,
which include information on treatments, diagnoses, and medical history, can be used to
study medication adherence patterns. This approach is especially useful for chronic
diseases and polypharmacy, as it analyzes prescription refill patterns to estimate
medication adherence. While this method helps in large studies and provides insights into
adherence, it only estimates medication possession, not actual intake, which can lead to
overestimations. It is useful, but adherence barriers must be addressed beyond
demographics and treatment factors (69). Nonadherence metrics are commonly evaluated
using the Proportion of Days Covered (PDC) and Medication Possession Ratio (MPR).
The MPR generally reflects the percentage of days for which medication supply was
obtained within a set timeframe. Different calculation methods for the MPR can affect
results, so understanding these variations is essential. The PDC is the number of days the
drug was available divided by the number of days in the study period. An 80% adherence
threshold is typically used to classify patients as adherent or nonadherent, though some
studies treat it as a continuous variable (35). To improve the consistency and accuracy of
PDC reporting, Dalli et al. developed the TEN-SPIDERS framework. This tool outlines
specific criteria for standardized reporting, with each letter representing essential
components: Threshold, Eligibility, Numerator/denominator, Survival, Pre-supply, In-
hospital supplies, Dosing information, Early refills, and Switching. By clarifying these
aspects, the TEN-SPIDERS tool provides a structured approach to enable more accurate
cross-study and cross-system comparisons of adherence data (70). Digital databases are
also helpful in researching primary medication nonadherence (PMN) and secondary
medication nonadherence.

Improving adherence — Interventions

A Dbetter understanding and monitoring of medication adherence allow the
development of more effective strategies to improve and maintain it. Some argue that
improving adherence may substantially impact public health more than advances in
specific medical treatments. As highlighted by a WHO report from 2003, “Enhancing the
effectiveness of adherence interventions could have a far greater effect on population
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health than any improvement in specific medical treatments” (34). Interventions to
improve adherence are usually designed for different levels. Each level focuses on
different adherence factors, creating a well-rounded approach to help patients stick to
their medication plans.

Regimen-based interventions focus on optimizing the medication regimen itself to
promote adherence. Reducing the number of daily doses or combining multiple
medications into one, can significantly improve adherence (71). These strategies focus on
making the treatment plan easier for patients to follow by reducing the complexity of
dosing schedules or the number of medications. Several tools and formulations support
this goal. Fixed-dose drug combinations (FDCs) reduce pill burden and dosing
complexity by combining two or more active ingredients into a single pill. This strategy
is particularly effective in managing chronic diseases such as hypertension, diabetes, and
HIV, where long-term therapy is required (72). Pill boxes and medication organizers are
simple, low-cost aids that help patients manage their medication schedules by separating
doses by day and time. These tools are especially helpful for older adults and those taking
multiple medications, reducing the risk of missed or double doses (73). Once-daily dosing
regimens improve convenience and are consistently associated with better adherence
compared to regimens requiring multiple daily doses. Reducing dosing frequency
minimizes treatment burden and supports routine integration into patients’ daily
lives (74). Research by Boeni et al. showed that multidrug punch cards are a helpful
intervention for supporting adherence, especially in primary care (75). They streamline
complex regimens by organizing medications into a single card for easy daily use. These
cards help patients stick to their medication schedules and feel more satisfied with their
care, especially older adults managing multiple prescriptions. Healthcare providers
should recommend them to patients with complex medication routines. Medication charts
list patient medications, help with adherence, support care transitions, improve provider
teamwork, and ensure accurate records (75, 76).

Patient-level interventions usually include reminders, personalized counseling,
behavioral support, and education about the disease and treatment. These strategies have
been shown to greatly improve adherence. It helps them to better understand their health
and treatment. Research shows that counseling directly for patients can significantly
improve adherence. Programs that combine medication management, patient education,
and behavioral support have been proven to help people stick to their medication plans
for chronic conditions. These approaches focus on personalized patient engagement,
addressing both practical and behavioral factors that impact medication adherence, and
are among the few interventions proven to enhance long-term medication
management (77). Technological tools such as mobile apps, SMS reminders, and smart
pillboxes have also been used to support adherence by sending prompts or tracking
medication intake in real time. Gibson et al. reviewed asthma-related adherence studies,
focusing on interventions grounded in self-management (78). Programs that successfully
incorporated self-monitoring of peak expiratory flow rates or symptoms, routine medical
reviews, and detailed action plans demonstrated significant health improvements.
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These benefits included fewer nighttime asthma symptoms, reduced hospital visits, less
time missed from work or school, and fewer physician consultations, particularly for
adults with asthma (78-80).

Provider-level interventions focus on improving communication and encouraging
shared decision-making with patients. By listening carefully and offering personalized
support, providers can address health concerns and build a strong, collaborative
relationship that helps patients take control of their health. A review by Conn et al. shows
that provider-level interventions significantly enhance medication adherence by
equipping healthcare providers with skills and support to monitor and address adherence
issues actively (81). Studies show that when providers take a more active role in guiding
patients, adherence improves, especially when the focus is on better communication and
coordinated care. These approaches help build trust between providers and patients,
creating a supportive environment where patients feel encouraged to manage their health.
Patient-centered strategies and system-level changes, like continuous care and quality
improvements, can boost adherence. Proper training and support for providers,
customized to their roles, are essential for making long-lasting improvements in
adherence (81).

System-level interventions include synchronizing medication refill dates, extending
prescription durations, and improving access to healthcare. These strategies are designed
to simplify the process and encourage regular medication use. On this way it can help
patients manage their treatment plans more easily (27). The healthcare system and the
quality of the patient-provider relationship shape patient adherence to prescribed
treatments. The trust a patient places in their healthcare provider and the feeling of being
heard play a key role in their willingness to follow medical advice. Also, when patients
understand their diagnosis and why they need their treatments, they're more likely to
follow their prescribed plan. These aspects of care create a sense of partnership and
reassurance, helping patients feel more confident and motivated to stick to their
medication plans (69). A study on patients' roles in a public healthcare system found at
least ten key responsibilities (82). Many of these stress the importance of following
healthcare providers' advice on treatment or lifestyle changes. This highlights the
expectation that patients should follow the advice given by their healthcare provider.
Fragmented healthcare systems make it harder for patients to adhere to their medications
because of the gaps in care coordination and limited access to care. Lack of health
information technology also means that healthcare providers can't easily access full
patient records, which affects continuous care. Additionally, when providers have too
many patients, they have less time to evaluate medication adherence properly. Since
adherence is crucial for patient outcomes, healthcare systems need to improve by focusing
on better care coordination, easier access to patient information, and allowing enough
time to support adherence (15). Community pharmacists play a key role in supporting
patients' adherence to prescribed treatments, which leads to better health outcomes. Their
role in healthcare helps them address medication-related issues like managing
medications and making sure patients follow their treatment plans. Baumgartner et al.
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created a useful framework to improve medication adherence during patient visits to
community pharmacies. This approach outlines adherence interventions into three key
components: identifying who should be targeted, determining how to engage and support
the patient, and assessing how many interventions are needed. This structured model
provides a clear and manageable pathway for pharmacists to address adherence more
effectively in everyday practice (83). Interprofessional collaboration improves patient
care by allowing pharmacists to identify and resolve adherence barriers. They serve as a
crucial link between the patient and the other healthcare team, helping to achieve the best
treatment outcomes (83). A review by Rajiah et al. showed that community pharmacists
play an important role in improving medication adherence and the proper use of
medicines by providing effective patient counseling. This helps patients stick to their
treatments, leading to better health outcomes. On the other hand, poor adherence can lead
to health problems and higher healthcare costs. By focusing on patient-centered care and
clear communication, pharmacists help guide patients toward better health and reduce the
impact of illness. However, pharmacists also need to understand that changes in a patient's
social or financial situation can affect their ability to follow treatment and manage their
health (84).

Limitations and Future Directions

Despite the importance of medication adherence, several limitations affect both
measurement methods and interventions. One significant limitation is the variability in
adherence definitions and assessment tools used across different studies, making it
challenging to compare results or generalize findings. Furthermore, the complex and
multifactorial nature of medication nonadherence presents a challenge for developing
tailored interventions. Many studies focus on specific populations or conditions, which
may limit the applicability of findings to broader patient groups. Finally, healthcare
provider attitudes and the lack of time during consultations can hinder effective
communication about medication adherence, impacting patients' understanding and
motivation. Integrating medication adherence into health policy discussions is essential
for increasing awareness and driving the implementation of effective strategies. Moving
forward, the efforts should concentrate on enhancing the accuracy of adherence
measurement and screening through the use of validated tools. Such improvements are
necessary to better capture the complexities of patient behavior and develop targeted
interventions.

Conclusion

Medication adherence has been a long-standing challenge, and despite years of
effort, it remains an unresolved issue. Improving medication adherence is a team effort.
Healthcare professionals like doctors, pharmacists, and nurses all play an important role
in supporting patients. To promote better outcomes, it's crucial to use different assessment
tools that match the patient's needs, available resources and clinical context. Healthcare
providers need to focus on adherence because it directly affects treatment success and
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public health. Better adherence helps achieve the best results, prevents complications,
lowers healthcare costs, and improves patients' quality of life. Addressing adherence
should be a top priority in healthcare. It ensures that patients get the best care and stick to
their treatment plans for long-term health benefits. While there are many ways to measure
adherence, using them effectively is key to seeing real results. These methods should be
part of routine healthcare practice in order to identify adherence issues. It's also important
to use proven interventions to improve adherence. Combining reliable tools with effective
strategies helps providers support patients, improve treatment success, and boost overall
health outcomes.
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Kratak sadrzaj

Pridrzavanje propisanoj terapiji (adherenca) je od klju¢ne vaznosti za postizanje njenih
ciljeva. Medutim, mnogi pacijenti se ne pridrZavaju propisanog rezima uzimanja lekova. Oko
50% pacijenata ne prati propisani rezim uzimanja terapije, Sto ¢ini adherencu rasprostranjenim
problemom. Precizno praéenje adherence je od sustinskog znacaja za planiranje delotvorne nege
i intervencije. Ovaj rad daje pregled razli¢itih metoda za procenu adherence, isticu¢i prednosti i
nedostatke svakog pristupa. Brojni faktori mogu uticati na adherencu. Ovaj pregled je usmeren
na prakticne nacine merenja adherence i strategije za njeno unapredenje, naglaSavajuci njen
znacaj u postizanju boljih zdravstvenih rezultata. Zdravstveni radnici moraju dati prioritet
adherenci jer ona direktno utice na ishode le¢enja i ukupne rezultate u javnom zdravlju.

Kljuéne reci: pridrzavanje terapije, metode, intervencije, faktori
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