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Background: Nonadherence with medication is a complex and multidimensional health care 

problem. The causes may be related to the patient, treatment, and/or health care provider. As a 

consequence, substantial numbers of patients do not benefit optimally from pharmacotherapy, 

resulting in increased morbidity and mortality as well as increased societal costs. Several 

interventions may contribute to improved adherence. However, most interventions have only a 

modest effect. Thus, despite the many efforts made, there has been little progress made as yet 

in tackling the problem of nonadherence.

Methods: This paper summarizes the definitions and taxonomy of adherence with medication, 

as well as types and causes of nonadherence. In addition, interventions aimed at improvement 

of adherence are discussed.

Conclusion: There is not just one solution for the nonadherence problem that fits all patients. 

Most interventions to improve adherence are aimed at all patients regardless of whether they 

are adherent or not. Recently, a number of tailored interventions have been described in the 

literature. Modern techniques are useful. Electronic pill boxes combined with Short Message 

Service reminders are specifically designed to improve unintentional adherence and have resulted 

in an increase in refill adherence in diabetic patients with suboptimal adherence. Tailored Internet 

interventions are a possibility for influencing patient drug-taking behavior and show promising 

results. Tailored counseling interventions targeted at the underlying causes of nonadherence 

seem an attractive method for supporting patients with their use of drugs. However, despite the 

plausible theoretical framework, data on long-term health effects of the various interventions are 

not available. To improve adherence effectively, there is a need for a tailored approach based 

on the type and cause of nonadherence and the specific needs of the patient.
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Introduction
Nonadherence with medication is a complex and multidimensional health care 

problem. Adherence is defined as the extent to which patients are able to follow the 

recommendations for prescribed treatments. Patients may be nonadherent during 

different stages of their treatment.1 They may decide not to fill their prescriptions in 

the pharmacy and not start their treatment at all. Patients may use more or less than 

the prescribed treatment or use their medication at the wrong time. They may also 

discontinue treatment prematurely. Patients’ reasons for deviating from the (agreed) 

treatment plan are diverse and may be intentional or unintentional.2–4 The causes of 

nonadherence may be related to the patient, treatment, and/or health care provider. 

For example, patients may not believe the treatment is necessary,5 complex treatment 
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plans may increase the risk of nonadherence,6,7 and there 

may be insufficient communication between patient and 

provider.8,9

A meta-analysis of 569 studies of medication adherence 

revealed an average nonadherence rate of 25%.10 Adherence 

is highest in patients with human deficiency virus infection, 

arthritis, gastrointestinal disorders, or cancer, and lowest 

in patients with pulmonary disease, diabetes mellitus, or 

sleep disorders. It is generally thought that the gravity of the 

disease motivates patients to take their medication exactly 

as prescribed.11

Cancer patients appear to have adherence rates similar 

to those of patients with other diseases.12 Due to the often 

short life expectancy, most oral anticancer agents are used 

for a relatively short period. However, medication in chronic 

malignant diseases like chronic myeloid leukemia is used for 

several years. Studies concerning adherence with medication 

for chronic myeloid leukemia highlight serious problems, 

with a quarter to one third of patients being nonadherent,13–15 

which is accompanied by a reduced molecular response. 

Adjuvant hormonal pharmacotherapy for patients with breast 

cancer is another example of long-term treatment of a serious 

disease with adherence problems.16,17

As a consequence of nonadherence, substantial numbers 

of patients do not benefit optimally from medication, 

resulting in increased morbidity and mortality as well as 

increased societal costs.18–23 In 2006, Simpson et al reported 

a meta-analysis of observational studies and control arms of 

randomized clinical trials on the association between non-

adherence and mortality.24 Eight studies included patients 

with a recent myocardial infarction, seven studies reported 

on patients with human deficiency virus infection, and the 

remaining studies included predominantly patients with 

cardiovascular diseases other than myocardial infarction. The 

results, based on data from observational studies, showed 

that patients who were adherent with treatment survived 

significantly longer, ie, 1462 of 31,439 (4.7%) adherent 

patients died, as compared with 1317 of 15,408 (8.5%) 

patients with suboptimal adherence (odds ratio [OR] 0.56, 

95% confidence interval [CI] 0.50–0.63). In control groups 

from randomized trials, adherence was also associated with 

a significantly lower mortality (OR 0.56, 95% CI 0.43–0.74). 

The authors suggested that adherence is associated with 

healthy behavior in general, known as the “healthy adherer 

effect”. The elderly are a patient group that is vulnerable to 

negative health outcomes due to lack of adherence. Because 

older patients often use a variety of drugs for a number of 

chronic diseases, the consequences of nonadherence may be 

more serious, but nonadherence may be less easily detected 

and resolved than in younger age groups.25

Several interventions may contribute to improved 

adherence, thereby resulting in health gain and cost reduction. 

Complications may be avoided, patients do not need to 

switch to more expensive treatments, and less health care 

may be utilized. In addition, because adherent patients 

may be healthier, their work productivity may increase.26 

However, several reviews summarizing the effectiveness of 

interventions promoting adherence revealed that only half of 

the interventions were associated with a significant increase 

in adherence and even fewer reported an improvement in 

treatment outcomes.10,27–31 Even the most effective interven-

tions had only modest effects.

Thus, despite many efforts, little progress has been made in 

tackling the nonadherence problem. Moreover, interventions 

may also have been applied to patients for whom they are not 

suited. Interventions are often aimed at all patients, regardless 

of whether they are adherent or not. In addition to that, it is 

inefficient and costly to include patients who have no or only 

minor problems in being adherent with their treatment, and 

the indiscriminate use of interventions dilutes their effect. 

Although it may be difficult to identify nonadherent patients, 

an effort should be made, since these patients would benefit 

most from adherence-enhancing interventions.32 Further, 

few interventions have been tailored to the specific needs 

of the individual patient. It seems that there is not just one 

solution for the nonadherence problem that fits all patients, 

and there is a need for a tailored approach based on the type 

and cause of nonadherence.32,33 This paper summarizes the 

definitions and taxonomy of adherence, as well as types and 

causes of nonadherence. In addition, interventions aimed at 

improvement of medication adherence are discussed. We 

focus in particular on tailored interventions.

Definitions of adherence
“Compliance”, “adherence”, “persistence”, and “concordance” 

are terms related to the suboptimal taking of medicine by 

patients. Although often used interchangeably, they impose 

different views on the relationship between the patient and 

the health care professional, collection of medicines from 

the pharmacy, and their appropriate intake. Compliance 

can be defined as the extent to which the patient follows the 

recommendations of the prescriber. In this classic situation, 

the prescriber tells the patient how to use the medication.34 

Adherence is the extent to which medication intake behavior 

corresponds with the recommendations of the health care 

provider.33,35 Patient compliance and medication adherence 
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have been previously defined as synonymous.36 However, in 

recent years, compliance has been viewed by many as having 

the negative connotation that patients are subservient to pre-

scribers, and the term “adherence with medication” is now the 

preferred terminology.1 In contrast, concordance refers to an 

agreement between the prescriber and patient on the purpose 

and use of the medication. However, this term is increasingly 

used to address the appropriateness of medication intake 

behavior.37 Concordance is sometimes incorrectly used as a 

synonym for “compliance” or “adherence”. Persistence is the 

length of time between the first and last dose, being applicable 

in the event that a patient discontinues treatment.38 Whereas 

persistence refers to how long patients stay on treatment, 

adherence refers to how well they implement the prescribed 

regimen. Patients often discontinue relatively soon after 

starting treatment. For antidepressants, it was shown that 

patients who have been prescribed these drugs did not start 

their medicines at all in 4.2% of cases and that 23.7% filled 

only a single prescription.39

Taxonomy of adherence
Vrijens et al have recently summarized the history and 

literature on the taxonomy of adherence.1 Around 400 BC, 

Hippocrates was the first to note that some patients did not 

take their medicines as prescribed, and later complained 

that their treatment did not help. For the first time in 

modern medicine, Robert Koch in 1882 commented that 

noncompliant patients with tuberculosis were “vicious con-

sumptives, careless and/or irresponsible.” At the end of the 

seventies, the groundwork for current adherence research 

was performed. At that time, only the term compliance was 

used and studies were focused on the effect of noncompli-

ance on the outcome of treatment in clinical trials. The 

perspective of the patient was not yet recognized. Later 

studies addressed the way prescriptions were generated, the 

influence of patients on this process, and medication intake in 

daily life. Parallel to this development, the term compliance 

was increasingly replaced by adherence. Gradually, the 

idea of cooperation and agreement between prescriber and 

patient was incorporated into adherence, while compliance 

referred to the following of instructions given by prescrib-

ers. These changes finally led to the proposal of using the 

term “concordance” by the joint working group convened 

by the Royal Pharmaceutical Society of the UK.40 Although 

prescriber and patient may have different views, it was 

widely recognized that appropriate medication-taking 

behavior is conditional on agreement between patients and 

prescribers.

The willingness of the patient to use the drug plays 

an important role in adherence. It should be taken into 

account that adherence, compliance, and persistence, but 

not  concordance, are terms that may be used to describe the 

level of inappropriate drug use.

Intentional versus unintentional 
nonadherence
Of great importance for the development of tailored solutions 

to nonadherence is awareness of intentional and unintentional 

adherence. Intentional nonadherence can be considered as 

a process in which the patient actively decides not to use 

treatment or follow treatment recommendations. This usually 

reflects a rational decision-making process in which the 

patient weighs the pros and cons of the treatment.2 Patient 

beliefs and the level of cognition are important factors in this 

process.2–5 This may be difficult for patients. For example, 

on the basis of the patient information leaflet, patients may 

become skeptical about their medication because of side 

effects and other disadvantages, such as drug dependency, 

masking of other diseases, or reduced long-term efficacy. 

In addition, using certain medication can be stigmatizing or 

remind patients that they are ill.33 These factors may contrib-

ute to a lack of motivation to use the necessary medication. 

Communication with patients may provide the health profes-

sional with the insight into these subjective patient norms. 

Patient counseling may improve adherence after exploring 

these norms.

Unintentional nonadherence refers to unplanned behavior 

and is less strongly associated with beliefs and the level of 

cognition than intentional nonadherence.2–5 Unintentional 

adherence may be the result of forgetfulness and not knowing 

exactly how to use medicines.2–4 As such, it is a passive 

process that is specifically associated with the complexity 

of a medication regimen and the patient’s memory (either 

forgetting to take the medication at the prescribed time or 

poor recall of instructions).3,41 Interventions addressing this 

type of nonadherence may need to focus on simplifying the 

regimen, reminding patients to take their medication, and 

supporting patients in making the intake of medication part 

of their daily routine.

Use of multiple medications (polypharmacy) is associated 

with an increased risk of complex dosing schemes. The need 

to manage potential drug-drug interactions may also result 

in complex dosing schemes. For example, the need to take 

tetracyclines or bisphosphonates separately from calcium, 

aluminum, magnesium, or iron salts. Bisphosphonates and 

thyroid hormones should be taken at least half an hour 
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before breakfast. On the other hand, some drugs should not 

be taken on an empty stomach, but with a meal, implying a 

complicated schedule for the patient to follow.

Predictors of nonadherence may contribute to the detection 

and type of nonadherence. Gender and socioeconomic status 

do not appear to influence nonadherence. On the other hand, 

several studies have shown reduced adherence in ethnic 

minorities.39,42 Factors that may predict nonadherence include 

forgetfulness, illiteracy, inability to understand the purpose of 

treatment, not perceiving the treatment as necessary, a lack 

of trust in the treatment, and a lack of knowledge about 

the effects of treatment. In addition, psychiatric problems, 

including depression, cognitive limitations, missing visits, 

and a poor relationship with the health care provider have 

also been found to contribute to nonadherence. Some of these 

factors are associated with intentional nonadherence, while 

others are more likely to be correlated with unintentional 

nonadherence.33

Interventions to improve adherence
Several interventions have been reported in the literature to 

improve nonadherence. A number of these interventions are 

discussed here.

Interventions for unintentional 
nonadherence
Interventions directed towards unintentional nonadher-

ence include simplification of dosing regimens, reminders, 

improved communication between patient and physician, and 

introduction or improvement of patient counseling. A meta-

analysis of 76 studies showed that adherence decreased with 

the frequency of the regimen, ie, 72% of patients on a once-

daily regimen adhered with treatment, 69% with a twice-daily 

regimen, 65% with a three times daily regimen, and 51% with 

a four times daily regimen.27 Adherence can be improved 

by using specific forms of drug packaging. In this respect, 

weekly boxes and single-dose blisters with an indication of 

day and time are commonly used. Zedler et al studied the 

effects of calendar packaging in ten trials, including a total 

of 1045 patients. In seven studies, calendar packaging was 

used as a single adherence intervention. Six of these studies 

reported positive effects on adherence.43

Modern technologies 
and unintentional nonadherence
Attempts to increase adherence are increasingly using 

modern technologies. So far, most of them have been directed 

towards improving unintentional nonadherence. At present, 

the Internet and mobile phone are often used in interventions 

to increase adherence. With the number of mobile phone con-

nections now exceeding six billion worldwide,44 reminding 

patients to take their medication by Short Message Service 

(SMS) is increasingly being used. SMS allows for instanta-

neous delivery of short text messages to individuals at any 

time, place, and setting. As such, SMS reminding is a simple 

method with low intrusiveness and relatively low cost.45

A systematic review of 13 studies by Vervloet et al showed 

positive effects on adherence using electronic reminder sys-

tems, including SMS.31 Four studies investigated the effects 

of SMS reminders, seven concerned audiovisual reminder 

systems, and two investigated electronic text messages. Evi-

dence was found for the short-term effectiveness of electronic 

reminders, with significant improvements in adherence found 

in all but two studies following patients for periods less than 

six months. Only three studies followed patients for a period 

longer than six months, one of which found significant effects 

on adherence as a result of SMS reminders. As such, the long-

term effectiveness of electronic reminders remains unknown. 

All studies included in this review investigated the effect of 

reminders at given time points, regardless of whether the 

medication was taken or not. Real time medication moni-

toring was recently introduced. Similar to the well-known 

Medication Event Monitoring System®, real time medication 

monitoring is an electronic medicine box which registers the 

date and time the box was opened (Simpill; Evalan, Amster-

dam, The Netherlands). In this manner, a detailed record of 

drug intake can be generated. Using a central server, drug 

taking may be followed in real time, offering the opportunity 

to send an SMS in the event that the patient does not open the 

box within a certain time frame. A study including patients 

with type 2 diabetes mellitus and suboptimal refill adherence 

showed that real time medication monitoring combined with 

SMS reminders resulted in more regular drug intake and an 

improved drug refill rate.46

Behavioral interventions  
for intentional nonadherence
Interventions aimed at increasing knowledge about the 

disease and its treatment and addressing patient concerns or 

fears about potential side effects may provide solutions for 

intentional nonadherence. Motivational interviewing is a 

method used to explore the reasons for barriers to medication 

intake. It helps patients to explore their ambivalence and 

can motivate them to resolve their problems as well as 

prevent future intake problems. It is a patient-centered 

method of communication and is intended to stimulate 
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behavioral change.47 With regard to adherence, patients are 

supported to clarify potential barriers to medication use 

and to formulate their own solutions. As such, motivational 

interviewing is a balance between directing, advising, and 

supporting the patient on the one hand and encouraging the 

patient to find possible solutions on the other. A systematic 

review of 72 studies reported that motivational interviewing 

outperformed traditional advice in 80% of cases.48 However, 

it is important to avoid provider-centered communication 

because this affects patient participation in a negative 

manner. Interrupting the patient is an example of provider-

centered communication. Albeit sometimes crucial in order 

to keep control, interrupting may also discourage the patient 

from active participation in the consultation. Interruptions 

must be kept to a minimum. Dialog between patient and pro-

vider is of utmost importance, in particular when discussing 

adherence. Health care providers should never assume that 

a patient is adherent. Questioning the patient about habits of 

medication use is also recommended, and the interviewing 

technique can be improved in clinical practice. In a study 

by Van Dulmen and Van Bijnen, general practitioners were 

shown videotapes of their own consultations.9 Afterwards, 

they were asked why they did not pose certain questions or 

why some of the patients’ questions were ignored. General 

practitioners often mentioned lack of time as the reason for 

this, but there was also an element of assumption that the 

patient was adherent.

Effects of tailored interventions  
on health outcome
Haynes et al reviewed the effects of interventions aimed 

at improving adherence.27 For short-term treatments, four 

of 10 interventions reported in nine randomized controlled 

trials showed an effect on both adherence and at least one 

clinical outcome, whereas intervention in one random-

ized controlled trial resulted in significant improvement in 

patient adherence but did not improve the clinical outcome. 

With regard to long-term treatment, 36 of 81 interventions 

reported in 69 randomized controlled trials were associated 

with improved adherence, but only 25 interventions led to 

improvement of least one treatment outcome. Nearly all 

interventions that were effective in long-term care were 

complex. They included combinations of more convenient 

care, information, reminders, self-monitoring, reinforcement, 

counseling, family therapy, psychological therapy, crisis 

intervention, manual telephone follow-up, and supportive 

care. Although the studies were too heterogeneous to assess 

their effects quantitatively, the authors of this Cochrane 

review concluded that even the most effective interventions 

did not lead to substantial improvement in adherence or 

treatment outcome.

A likely reason for these poor results may be that most 

of the interventions were complex. This may have hampered 

their implementation in daily practice because feasibility 

has been shown to be an important factor contributing to the 

success of an intervention.

Another reason for the poor results may be that most of the 

interventions used were not tailored to the needs of the indi-

vidual patient. Usual interventions are aimed at all patients 

regardless of whether they are adherent or not. Not only is it 

inefficient and costly to include patients who have no or minor 

adherence problems but there is also a dilution of the effect 

of the intervention because these patients have no or little 

room for improvement.31 In 2003, the World Health Organi-

zation stressed the need to tailor interventions to the needs 

of the patient because nonadherence is a multidimensional 

problem.33 Therefore, it is important to get to know the main 

drivers of nonadherence. DiMatteo et al49 recently presented 

a simple clinical approach based on recognition of the fol-

lowing reasons for nonadherence: patients do not understand 

what they have to do; patients are not motivated; and patients 

have no strategy for following treatment recommendations. 

In the event that patients do not understand what they have to 

do, it is important to inform them about what to do in such a 

way that they understand and recall the information. Recall-

promoting strategies that can be used include repeating infor-

mation and offering supporting materials. When patients are 

not motivated, they experience perceptual barriers to taking 

their medication because they doubt the need for medication 

or are concerned about its negative effects.2 Communication 

strategies aiming at reducing such perceptual barriers include 

motivational interviewing techniques but also showing 

understanding by using affective communication strategies. 

In the event that patients have no strategy to follow, a strategy 

should be developed in such way that it fits the patient. For 

example, if the patient has difficulty remembering to take the 

medication, a reminder system may be helpful.

In order to be able to tailor an intervention to the needs 

of the patient, it is important to signal nonadherence, to 

detect the reason for nonadherence, and to discuss potential 

 solutions with the patient. So far, not many studies in the field 

of adherence have followed this approach. One example is a 

study by Herborg et al50 in which an interventional toolbox was 

developed, enabling pharmacy staff and general practitioners 

to tailor a counseling program for individual patients. 

These tools were divided in five groups: evaluating medicines 
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and drug-related problems (eg, checking for interactions, 

dose regimens, and adverse reactions); patient counseling 

and coaching (eg, motivation interview techniques); patient 

education and information (eg, written, video, and Internet-

based information sources); reminder technologies (eg, SMS 

reminders, telephone reminders); and communication tools. 

They argue that in order to use this toolbox in a rational way, 

“it is important not to return to simplistic models, but to have 

a professional routine to find the right tools for the individual 

patient”. As such, strong patient-provider communication is 

the basis for every tailored approach.

This was also acknowledged by Adhien et al, who 

developed a tailored, modular pharmacy-based intervention 

for community pharmacists to support nonadherent diabetic 

patients with their medication intake.51 The interventions for 

individual patients are tailored to the underlying causes of 

nonadherence. To gain insight into the causes, a structured 

patient interview is performed by a pharmacy technician. 

Using an intervention guide, the pharmacist is guided to 

one of the following interventions: tackling the motivation 

of patients to take their medicines by means of motivational 

interviewing; tackling the problem of “the current treatment 

does not work” in consultation with the general practitioner, 

so that another dose or drug is selected, and/or counseling 

the patient on the effects of treatment; tackling the problem 

of “side effects” in consultation with the general practitioner, 

a lower dose, another drug, and/or counseling the patient; 

intervention to facilitate swallowing the drug, such as a tablet 

in an empty capsule or a tablet ground into powder; and 

offering a tool to help the patient “remember” to take their 

medication in a timely manner. The intervention appeared 

feasible, but its effectiveness has yet to be demonstrated in 

a randomized controlled trial.51

The Internet can also be used to promote  adherence. 

In a review of 13 studies, Linn et al concluded that 

e-health interventions may be effective in promoting 

adherence.30 Tailored Internet interventions differ in the 

level of sophistication used for message delivery.52 Some 

interventions involve only a form of online assessment 

(low sophistication), whereas others use online assessments, 

tailored feedback (eg, information specifically addressing 

the information needs of a particular patient), and content 

matching (moderate sophistication).

Finally, there are interventions that provide instant 

feedback and a complex tailored health program with several 

tools and activities that may enable patients to achieve 

their health goals (high sophistication). All interventions 

described in the review by Linn et al were moderately or 

highly sophisticated. The authors concluded that: “This 

review shows promising results on the effectiveness of 

Internet interventions to enhance patients’ adherence 

to prescribed long-term medications. Although there is 

 evidence according to the data synthesis, the results must 

be interpreted with caution due to low-quality adherence 

measurements.”

Conclusion
Nonadherence with medication is a complex and 

multidimensional health care problem. Several reviews 

summarizing the effectiveness of adherence-promoting inter-

ventions show that only half of these interventions resulted in 

increased adherence with medication and even fewer reported 

improvement in treatment outcomes. Even the most effective 

interventions had only a modest effect.

The interventions were aimed at all patients regard-

less of whether they were adherent or not, and few were 

tailored to the specific needs of the patient. It is clear that 

there is not just one solution to the problem of nonadher-

ence that fits all patients. Therefore, there is a pressing 

need for a tailored approach based on the type and cause 

of nonadherence. A number of tailored interventions 

have been described in the recent literature. Real time 

medication monitoring combined with SMS reminders 

have resulted in a markedly increased refill adherence in 

diabetic patients with suboptimal adherence. These types 

of interventions are specifically designed to improve 

unintentional adherence. Tailored Internet interventions 

are another strategy for influencing patient drug-taking 

behavior and have shown promising results. A tailored 

pharmacist-based intervention targeted to the underlying 

causes of nonadherence seems to be an attractive method 

for supporting patients in their use of drugs. However, 

despite the plausible theoretical frameworks for inter-

ventions to improve adherence, data on long-term health 

outcomes are not available.
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