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Medication nonadherence: health impact, prevalence, 
correlates and interventions

Sarah-Jane F. Stewart , Zoe Moon and Rob Horne

centre for Behavioural Medicine, Research Department of Practice and Policy, Ucl school of Pharmacy, 
University college london, london, UK

ABSTRACT
Nonadherence to medicines is a global problem compromising 
health and economic outcomes for individuals and society. This 
article outlines how adherence is defined and measured, and exam-
ines the impact, prevalence and determinants of nonadherence. 
It also discusses how a psychosocial perspective can inform the 
development of interventions to optimise adherence and presents 
a series of recommendations for future research to overcome com-
mon limitations associated with the medication nonadherence 
literature. Nonadherence is best understood in terms of the inter-
actions between an individual and a specific disease/treatment, 
within a social and environmental context. Adherence is a product 
of motivation and ability. Motivation comprises conscious 
decision-making processes but also from more ‘instinctive’, intuitive 
and habitual processes. Ability comprises the physical and psy-
chological skills needed to adhere. Both motivation and ability are 
influenced by environmental and social factors which influence 
the opportunity to adhere as well as triggers or cues to actions 
which may be internal (e.g. experiencing symptoms) or external 
(e.g. receiving a reminder). Systematic reviews of adherence inter-
ventions show that effective solutions are elusive, partly because 
few have a strong theoretical basis. Adherence support targeted 
at the level of individuals will be more effective if it is tailored to 
address the specific perceptions (e.g. beliefs about illness and 
treatment) and practicalities (e.g. capability and resources) influ-
encing individuals’ motivation and ability to adhere.

Introduction

The prevalence of long-term health conditions is high and rising with an ageing 
population. In the USA, an estimated 117 million people are living with a long-term 
condition (Ward et  al., 2014). In the UK, it is estimated that 15 million people live 
with a chronic physical illness, with this estimated to increase to 18 million by 2025 
(Abraham et  al., 2016). The prescription of a pharmaceutical medicine is one of the 
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most common interventions in developed health economies where medicines are 
essential treatments for most long-term conditions. However, nonadherence remains 
a significant barrier to achieve optimum outcomes from appropriately prescribed 
medicines, especially in long-term conditions. In a classic review, the World Health 
organisation (WHo) estimated that around half of medicines prescribed for long-term 
conditions were not taken as advised (Sabaté, 2003; Simpson et  al., 2006), and a 2018 
report from the organisation for economic Co-operation and Development estimated 
that poor adherence results in 200,000 premature deaths in europe each year 
(organisation for economic Co-operation and Development (oeCD, 2018). The high 
health and economic costs of nonadherence are a considerable challenge to society 
and the economy, representing a fault line in medicine.

The adherence literature is vast with a PubMed search with the keywords (‘medi-
cation adherence’, ‘medication nonadherence’, ‘medication non-adherence’) retrieving 
41,655 results, with 20,662 results from the last 5  years alone. An exhaustive review 
of this literature is beyond the scope of this article, which aims to provide an overview, 
identifying key themes and issues and providing a framework for understanding the 
causes on nonadherence and the implications for the design of interventions. We will 
discuss how adherence is defined and measured, and review the prevalence, impact 
and determinants of nonadherence. Finally, we will consider interventions to support 
adherence and discuss future directions for research and practice.

Definitions and measurement of adherence

Terminology

Adherence may be defined as ‘the extent to which the patient’s behaviour matches agreed 
recommendations from the prescriber’ (Horne et  al., 2005, p.33). The term adherence 
has generally replaced compliance which was prevalent in older articles. Compliance 
may be defined as the extent to which the patient’s behaviour matches the prescrib-
er’s recommendations (Haynes et  al., 1979; Horne et  al., 2005). However, this term 
has been criticised because it seems to denote a relationship in which the role of 
the clinician is to decide on the appropriate treatment, issue the relevant instructions 
and the role of the patient is to passively ‘follow the doctor’s orders’ (Horne et  al., 
2005). Conversely, adherence recognises the importance of patient autonomy and 
that an ‘agreement’ is implicit in adherence. The term concordance has also been used 
in relation to medication taking behaviour, referring to the interaction between patient 
and prescriber and the degree to which their views about the prescription agree. 
However, the term does not describe patient behaviour and cannot be used as a 
synonym for adherence (Horne et  al., 2005).

Beyond terminology, the definition of adherence becomes even more controversial. 
This is simple if adherence is conceptualised as an ‘all or nothing’ response in which 
the patient either follows the prescriber’s instruction to the letter (adherence) or 
deviates from it in some way (nonadherence). But such a strict definition is of little 
use in practice. The extent of adherence necessary to achieve the desired effect varies 
between medicines and between and within individuals. A cut off of 80% is often 
used to categorise patients into adherent vs. nonadherent groups (Nieuwlaat et  al., 
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2014). Such categorisations are based on estimates of the level of nonadherence that 
is likely to be clinically significant. However, this varies between patients and medi-
cines and cut-offs can only provide approximate indicators of clinical relevance.

The behavioural components of medication adherence

Vrijens et  al. (2012) developed a taxonomy for medication-taking behaviour; separating 
adherence into three behavioural components: initiation, implementation and discon-
tinuation (Figure 1). Initiation refers to the patient taking the first dose of a prescribed 
medication. once treatment has been initiated, implementation refers to the extent 
to which a patient’s behaviour corresponds with the prescribed dosing regimen. 
Discontinuation refers to the last dose of the medication taken. An additional term, 
persistence, refers to the length of time between initiation and discontinuation, and 
non-persistence is where the patient unilaterally decides to stop the medication early 
without consulting the prescriber.

Measurement techniques

There is also widespread variation in how nonadherence is measured, with limita-
tions associated with each. For example, direct observation or electronic adherence 
monitoring has been suggested to be the ‘gold standard’ of adherence measure-
ment (Chan et  al., 2013). However, these methods can be costly and invasive, 
whereas other non-invasive methods that are easier to administer tend to be more 
subjective in nature. The range of measures used in the literature adds to the 
complexity of the subject and makes synthesising the nonadherence literature 
challenging.

Figure 1. Illustration of the process of adherence to medication (light blue) and the process of 
management of adherence (dark blue). Reprinted from Vrijens et  al. (2012).
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Objective measures
objective measures of adherence include measures such as direct observations of the 
patient taking a medication, detection of the drug in the bloodstream  or urine and 
electronic monitoring. Measuring drug concentration in the bloodline has been used 
to assess adherence and is often considered to be the most objective method. 
However, it is invasive and risky and due to variations in how drugs are prescribed 
by individuals (pharmacokinetics), the amount of drug in the blood does not always 
equate to the amount taken and is therefore not a reliable method for assessing 
adherence. As well as measuring drug levels in the blood, clinical parameters can 
also be used as an indication of adherence. For example, one of the most commonly 
used methods for determining adherence to anti-retroviral medication in HIV is the 
achievement of undetectable viral load, as this was thought not to be possible  without 
high levels of adherence. However, as modern treatment improves and becomes more 
forgiving to missed doses, it has been suggested that suppression of viral load may 
no longer be an indicator of high rates of adherence (Castillo-Mancilla & Haberer, 2018).

A less invasive method is to count how many doses a patient takes using electronic 
monitors. one way of measuring this is via electronic monitoring through devices 
such as medication event monitoring systems (MeMS) caps. This records when a 
packet of medication has been opened. MeMS caps are currently considered to be 
one of the best measures of adherence because they provide reliable and more 
detailed data about patient adherence including dose timings, intervals, time and 
frequency. However, the use of MeMS caps has been criticised because they do not 
provide data on whether the medication was ingested, nor any reasons for nonad-
herence. In addition, for research to be considered ethical, patients must be informed 
in advance of testing that their adherence behaviour is being measured, which can 
lead to patients temporarily improving their behaviour to match the expectations of 
both the prescriber and observer.

Prescription refill rates have been used to assess adherence. Discontinuation can 
also be measured by identifying gaps in prescription refill. This method is widely 
used, especially in the USA, because data can be easily collected on a very large 
scale. However, much like with MeMS caps, this method does not necessarily provide 
data on how much medication a patient has ingested. obtaining accurate medication 
start dates can be difficult as the container specifies the date dispensed or collected, 
rather than the date started.

Newer advances in measurement include wearable devices and smart pills, such 
as the Ingestible Sensor System (eisenberger et  al., 2013), where microsensors are 
incorporated into oral pharmaceuticals. These microsensors are activated once the 
tablet is ingested and send a signal to an adhesive personal monitor worn by the 
patient, which transmits data to a smartphone. Similar tools include necklaces that 
can detect swallowing (Kalantarian et  al., 2016) and smart watches to detect pill 
bottle opening, pill removal and other pill taking behaviours (Kalantarian et  al., 2015). 
Whilst these devices have clear potential in providing reliable measurement of 
whether a pill has been taken, there are considerable drawbacks around patient 
acceptability, and concerns that these technologies are an unwelcome form of sur-
veillance (Aldeer et  al., 2018; Kamal et  al., 2020) which could compromise the doctor/
patient relationship (Martani et  al., 2020).
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Self-report measures
Self-report methods such as validated questionnaires, interviews and medication 
diaries are commonly used because they are simple to administer and low cost, with 
the ability to reach large numbers of respondents (Holmes et  al., 2014). Self-report 
measures can be considered advantageous because they allow for the measurement 
of both intentional (e.g. a deliberate decision not to take a medicine) and uninten-
tional (e.g. forgetting to take a medicine) nonadherence. However, reports of nonad-
herence are often more reliable than reports of adherence due to recall and 
self-presentational bias (a tendency to respond in ways that are perceived to be 
socially desirable).

Despite these limitations, research suggests that these self-report methods (espe-
cially questionnaire and diary methods) may have some level of agreement with more 
objective measures of adherence (Selinger et al., 2019; Shi et al., 2010). These self-report 
measures are the most feasible and easy to implement both within clinical practice 
and research, and although subjective, procedures can be put in place in efforts to 
improve reliability, such as the use of validated scales, using optimised question 
response formats and reducing social desirability biases by using non-judgemental 
statements to normalise nonadherence (Chan et  al., 2020).

Variation across measurement techniques
There are several available methods to measure nonadherence, each of which may 
provide considerably different estimations of adherence. For example, a review of 
adherence in breast cancer survivors found that estimates of adherence to endocrine 
therapy varied considerably when measured using MeMS (93%), self-report (82%) and 
prescription refill rates (75%) (Moon et  al., 2017). There are strengths and weaknesses 
associated with each measure; consequently, there remains no current ‘gold standard’ 
for measuring adherence. objective measures of adherence are often preferred by 
researchers and clinicians; however, these measures may not always be as effective 
as they seem. For example, most methods do not provide a wholly accurate and 
reliable measure of adherence, and those that do are often impractical to implement 
which limits their utility, whereas subjective measures are cheap and easy to imple-
ment, providing that their limitations are understood and accounted for. Despite the 
limitations of self-report methods, a meta-analysis of 35 studies has shown that the 
majority of studies reported moderate (62.7%) or high (11.6%) correlations between 
self-report methods and MeMS, although self-report questionnaires did show higher 
rates of adherence (9.2% difference) (Monnette et  al., 2018).

Another consideration is that some self-report measures of adherence such as the 
Medication Adherence Report Scale (MARS) (Chan et  al., 2020) assess adherence 
behaviour (what the person did with the medication). other measures are less specific 
to adherence behaviour. For example, the Morisky Medication Adherence Scales 
(MMAS-8 and MMAS-4) (Moon et  al., 2017; Morisky et  al., 1986) include items assessing 
the reason for nonadherence (e.g. missing medications if I feel better) and the 
Intentional Nonadherence Scale (INAS) encompasses adherence behaviours and the 
potential reasons for nonadherence (e.g. beliefs about treatment) (Weinman et  al., 
2018). Differences in what adherence scales are actually measuring can make it 
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difficult to adequately compare the performance of self-report adherence measures 
across studies. Table 1 presents an overview of methods for measuring medication 
adherence, and the advantages and disadvantages associated with each.

Combining methods
There is increasing interest in combining techniques for measuring adherence 
(Dobbels et  al., 2010). For example, combining self-report measures capturing actual 
medication-taking behaviour, with objective forms of adherence such as prescription 
refill rates or electronic monitoring to produce amalgamated, comprehensive assess-
ments of adherence could function to improve measurement accuracy (Chan et 
al., 2020). It would, therefore, be useful for future research to explore a combined 
approach to measuring nonadherence. Further, in clinical practice, most nonadher-
ence is likely to be undisclosed (Horne et  al., 2005); therefore, it is also important 
that methods for eliciting honest disclosure and non-judgemental discussions 
surrounding medication-taking behaviour within medical consultations are 
developed.

Health impact of nonadherence

The implicit assumption behind adherence interventions is that adherence improves 
patient outcomes. This premise was not, however, thoroughly tested until DiMatteo 
et  al. (2002) reviewed 63 studies investigating the relationship between adherence 
to medical advice (including prescribed medication, diet modification, physical activity 
and eye patching) and outcomes (including survival, reported pain, blood pressure 
control, visual acuity, cholesterol levels and organ rejection). overall, the odds of 
having a good treatment outcome were three times higher amongst high adherers 
than low adherers. Further, the increased likelihood of individuals dying as a result 
of ‘poor’ adherence compared to those with ‘good adherence’ is 2–3 fold (oeCD, 2018; 
Simpson et  al., 2006). It has been suggested that increasing medication adherence 
may have a greater impact on the health of the population than improvements in 
any specific medical treatment (Haynes et  al., 2002). Not taking a medication as pre-
scribed is likely to mean the patient is not receiving the full therapeutic benefit of 
the medication.

Depending on the role and outcome of a given medicine, the impact of nonad-
herence is likely to be more problematic for some health conditions compared with 
others. Nonadherence and non-initiation are arguably most important in those health 
conditions in which nonadherence has been demonstrated to have an impact on 
clinical outcomes (e.g. increase in severity of symptoms, morbidity and mortality) 
such as HIV, cancer, diabetes, asthma, cardiovascular disease (CVD), mental illness, 
organ transplant, etc. (Horne et  al., 2005). For example, a study of over 8000 breast 
cancer survivors found that early discontinuation of endocrine therapy was associated 
with a 26% increase in all-cause mortality, and of the women that continued treat-
ment, nonadherence was associated with a 49% increase in all-cause mortality 
(Hershman et  al., 2011). Similarly, low adherence has been associated with increased 
risk of mortality in CVD (Khalaf et  al., 2021), diabetes (Ho et  al., 2006) and end-stage 
renal disease (Saran et  al., 2003).
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However, it is important to recognise that nonadherence may not always be bad 
for the patient. It may be protective if the prescription is inappropriate and potentially 
toxic, or have a neutral effect if the prescription is sub-optimal (Horne et  al., 2005). 
In their classic review of the topic, Sackett et  al. (1985) consider the prescription of 
a medicine to be a ‘therapeutic experiment’, the outcome of which is influenced by 
actions of the prescriber, in selecting an appropriate diagnosis and treatment, as well 
as the patient in adhering to the regimen. However, if the prescription was 
evidence-based and appropriate for the patient, then we can probably assume that 
higher adherence will be associated with greater therapeutic efficacy (Horne et al., 2005).

In a review of adherence to long-term therapies the WHo noted that the impact 
of nonadherence grows as the burden on chronic disease grows worldwide and that 
the poor are disproportionately affected with a ‘two-way interdependent relationship 
between economic poverty and chronic disease’ (Sabaté, 2003, p.8).

Costs of nonadherence

Nonadherence can have numerous costs in addition to the missed opportunity for 
health gain for the patient. Nonadherence to medication places a substantial financial 
burden on healthcare systems. It has recently been estimated that nonadherence 
costs the european union €80–125 billion each year (european Union/european 
Commission, 2011), and the US $105 billion per year (oeCD, 2018). These increased 
costs are largely driven through increased resource use, with nonadherent patients 
having higher odds of hospital admissions and Accident and emergency (A&e) visits 
(lee et  al., 2016; Mongkhon et  al., 2018; Sun et  al., 2008), in addition to the costs 
associated with wasted medications - with unused medicine costs in the UK exceeding 
£300 million each year (Trueman et  al., 2010).

Prevalence of nonadherence

Although it is widely cited that up to 50% of medications are not taken as prescribed 
(Sabaté, 2003), these rates vary considerably across different treatments and conditions, 
and even within conditions based on the definition and measurement of nonadher-
ence, as well as the stage of nonadherence outlined by Vrijens et  al. (2012).

At initiation, it is estimated that around 20–30% of new prescriptions do not get 
filled (Fischer et  al., 2011; oeCD, 2018; Sabaté, 2003). A recent systematic review 
compared initiation rates across asthma, chronic obstructive pulmonary disease (CoPD), 
depression, diabetes mellitus, hyperlipidaemia, hypertension and osteoporosis and 
found rates of non-initiation were highest amongst those with osteoporosis and 
hyperlipidaemia (25%) and lowest in those with depression (12%) and diabetes (10%) 
(Cheen et  al., 2019).

The majority of research on adherence focuses on implementation, with between 
50% and 70% of patients estimated to take their medicine as prescribed, although 
this varies considerably across conditions. Briesacher et  al. (2008) compared adherence 
rates, measured using prescription refill rates, for 706,032 patients with gout, hyper-
cholesteremia, hypertension, hypothyroidism, osteoporosis, seizure disorders and type 
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2 diabetes. Adherence rates were highest in hypertension, with 72% of participants 
having an 80% adherence rate, compared to 55%, 51% and 36% for those with 
hypercholesteremia, osteoporosis and gout, respectively.

Non-persistence with medicines prescribed for long-term conditions is often prob-
lematic with rates of non-persistence increasing steadily from initiation to 2  years 
(oeCD, 2018; yeaw et  al., 2009). For example, estimates suggest that 16–50% of 
patients with hypertension discontinue treatment completely within the first 12 months 
of initiation (Brown & Bussell, 2011). estimates also suggest that 73% of patients with 
diabetes are persistent 6  months after initiation, with only 39% persistent at 2  years 
(oeCD, 2018), and 25–50% of patients with hypercholesterolemia discontinue their 
statin medication within the first 6–12 months since initiation (Svensson et  al., 2015). 
one study exploring adherence to urate-lowering therapy in a large cohort study of 
9823 patients with gout found that within 12-month of initiation, non-persistence 
rates were 56% (Solomon et  al., 2008). In a longitudinal database study of 4783 
patients with hypertension, approximately only 50% of patients who were prescribed 
an antihypertensive drug continued taking it 12  months after initiation (Vrijens 
et  al., 2008).

Correlates and determinants of nonadherence

Studies have identified numerous correlates of nonadherence, with one review of 51 
systematic reviews extracting nearly 800 individual factors associated with 
medication-taking behaviour (Kardas et  al., 2013). The sheer complexity of the topic 
presents a challenge for the development of interventions to improve adherence. 
Unsurprisingly, an important aspect of the adherence literature over the past few 
decades has been the search for a pragmatic framework to summarise and categorise 
the numerous correlates of adherence/nonadherence and guide the development of 
interventions. In a classic review of adherence, the WHo suggested five categories of 
adherence-related factors that could be targeted in interventions to improve adher-
ence: (i) condition related, (ii) therapy related, (iii) socio-economic-related, (iv) health-
care and system-related and (v) patient-related factors (Sabaté, 2003). The approach 
is based on the observation that adherence can be influenced by a wide range of 
factors both personal and environmental but also that characteristics of the disease 
or regimen can also influence adherence. However, when comparing across studies 
conditions and contexts, the evidence relating to the relative importance of these 
factors is mixed with many apparent contradictions and conflicting findings as exem-
plified below using the WHo category labels.

Condition-related factors

Some studies suggest that nonadherence is generally higher in chronic conditions 
than acute (Cramer et  al., 2003; Haynes et  al., 2002; Jackevicius et  al., 2002; Sustersic 
et  al., 2019). Adherence to prophylactic medicines prescribed to prevent a disease 
may be lower than those to medicines prescribed to treat a disease after diagnosis. 
For example, a meta-analysis found only 17% of high-risk women prescribed tamoxifen 
to prevent breast cancer fill their prescription (Smith et  al., 2016). This is considerably 
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lower than the estimated 75% of those already diagnosed with breast cancer (Sheppard 
et  al., 2018). evidence on the importance of illness severity or disability in predicting 
adherence is more mixed. Whilst some reviews have suggested that the more severe 
illness symptoms or disability are, the more adherent a patient is likely to be (Brandes 
et  al., 2009; Costello et  al., 2008; Heestermans et  al., 2016), other studies (Khdour 
et  al., 2012; lee et  al., 2018) and reviews (Broekmans et  al., 2009; Jackson et  al., 2010) 
suggest this not to be the case with either null or opposite results. It is clear that 
severity or seriousness of the condition per se does not determine adherence, as 
clinically significant rates of nonadherence have been found in life-threatening con-
ditions such as cancer (Mcgrady & Pai, 2019), HIV (ortego et  al., 2011) and heart 
disease (gupta et al., 2021). There is consistent evidence that the presence of comorbid 
conditions such as depression, anxiety and drug or alcohol misuse can negatively 
impact adherence (Arrieta et  al., 2013; DiMatteo et  al., 2000; Kader et  al., 2015; Khdour 
et  al., 2012; langebeek et  al., 2014; lee et  al., 2016; Rehm et  al., 2017; Smaje et  al., 
2018; yu et  al., 2018).

Therapy-related factors

Characteristics of a medication regimen can act as barriers to adherence. Although 
there is little consensus regarding the definition of regime complexity, it comprises 
various aspects of a regimen, such as number of medicines, number of doses, dose 
form and the requirement of additional instructions to accompany its use (e.g. to 
crush tablets, take with a specific fluid or food) (george et  al., 2004). Some conditions 
have a relatively simple medication regimen, for example hypercholesterolemia is 
most commonly treated by taking statins, whereas treatment for non-insulin depen-
dent diabetes can comprise sulfonylurea, biguanide, aspirin, angiotensin-converting 
enzyme inhibitors/angiotensin receptor blockers and statins. Research clearly suggests 
that regimen complexity may impede adherence (DiMatteo et  al., 2012; liddelow 
et  al., 2020; Manzano-garcía et  al., 2018; Pantuzza et  al., 2017). However, reducing 
the frequency of dosage administrations does not always solve the problem (Claxton 
et  al., 2001; Ingersoll & Cohen, 2008). We need to look beyond regimen complexity 
to see how the regimen impacts on the individual (Cooper et  al., 2010). Some research 
suggests that the effectiveness of a medicine in terms of symptom relief is related 
to adherence (Costello et  al., 2008; Croome et  al., 2017; Kardas et  al., 2013; Munro 
et  al., 2007; van der laan et  al., 2017; Weiner et  al., 2008), but this is not consistent 
across studies (lacro et  al., 2002; olthoff et  al., 2005).

Social and economic factors

Higher costs of drugs (co-payments) and lack of adequate medical/prescription cov-
erage are associated with decreased odds of adherence across conditions (gourzoulidis 
et  al., 2017; Hershman et  al., 2015; Kardas et  al., 2013; Sadigh et  al., 2021; Vermeire 
et  al., 2001). There is evidence in some conditions, such as cancer, that a better 
financial or socioeconomic status has a positive impact on adherence (Hershman 
et  al., 2015; Roberts et  al., 2015), but many other conditions show inconsistent results 
(Alsabbagh et  al., 2014; gast & Mathes, 2019; Kardas et  al., 2013). The impact of 
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economic factors on adherence is complex and an individual’s behaviour in response 
to financial strains cannot be predicted solely based on their level of income or 
financial burden, with many patients continuing to take mediation in the face of 
many financial constraints (Piette et  al., 2006). The impact of drug costs and income 
on adherence may vary across different socioeconomic groups, with white Americans 
and older patients being less likely to see the effect of financial pressures on adher-
ence (Steinman et  al., 2001). There is evidence that social support, particularly with 
regards to the quality of the support rather than the mere presence of other people, 
is associated with increased odds of adherence (DiMatteo, 2004; Kardas et  al., 2013). 
However, this is not consistently seen across the literature (gast & Mathes, 2019; ladin 
et  al., 2018). There is evidence from conditions such as TB and HIV that social stigma 
associated with a condition can be associated with decreased adherence, due to fear 
of disclosure and avoidance of taking medications in public places (Munro et  al., 
2007; Rintamaki et  al., 2019).

Healthcare and system-related factors

Research suggests poor medication distribution services and long waiting times 
(Hardon et  al., 2007), insufficient reimbursement from health insurance plans (Kang 
et  al., 2018) and short consultations (Weiss et  al., 2015) may contribute to nonadher-
ence. Further, research suggests that better patient–clinician communication (e.g. 
support and trust in a patient-clinician relationship) facilitates adherent behaviour 
(Beckmann et  al., 2021; Jackson et  al., 2010; Kvarnström et  al., 2021; Matthias et  al., 
2012; Wilson et  al., 2010). Shared decision making in a consultation opens a dialogue 
between the patient and clinician through which relevant factors such as possible 
adverse side-effects, comparative treatment effectiveness and unrealistic expectations 
can be discussed; the importance of each may vary depending on a patient’s indi-
vidual circumstances. Reviews demonstrate that patients who engage in shared deci-
sion making about their treatment are more likely to be adherent to treatment, 
compared with those who do not (Ben-Zacharia et  al., 2018; Joosten et  al., 2008; 
lofland et  al., 2017; Wheeler et  al., 2019). For example, a prospective cohort study of 
881 women taking tamoxifen for breast cancer found that those who were satisfied 
with the role they had in their medication decision making process were significantly 
more likely to be adherent compared with those who were not (Kahn et  al., 2007).

Patient-related factors

Many studies have investigated the role of patient factors, such as educational status, 
knowledge and personality and socio-demographic factors such as age and gender 
as determinants of adherence but the evidence is mixed and sometimes contradictory. 
There is some evidence suggesting adherence varies with age, although this is not 
shown consistently. For example, whilst some studies suggest that older adults (e.g. 
>65) are more likely to be adherent (Chan et  al., 2010; Curkendall et  al., 2013; gemeda 
et  al., 2012; Karamanidou et  al., 2008; Kardas et  al., 2013; leclerc et  al., 2013), other 
studies (e.g. Hershman et  al., 2015) and reviews (e.g. Moon et  al., 2017) show older 
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adults to be less likely to be adherent. Further, some reviews also suggest younger 
adults to be less adherent (e.g. Karamanidou et al., 2008; Moon et al., 2017; Weingarten 
& Cannon, 1988), or no relationship between age and adherence at all (Jackson 
et  al., 2010).

Some evidence suggests adherence to be associated with ethnicity, with white 
patients reporting the highest rates of adherence, even when controlling for variables 
such as income and education (Chan et  al., 2010; gast & Mathes, 2019; lewey et  al., 
2013; Moon et  al., 2019; Simoni et  al., 2012). However, this is not a consistent finding 
with some reviews suggesting no relationship (Karamanidou et  al., 2008; Kardas et  al., 
2013). Further, there is also mixed evidence for other socio-economic factors such as 
gender, marital status and education (Briesacher et  al., 2008; Chan et  al., 2010; gast 
& Mathes, 2019; Jackson et  al., 2010; Kardas et  al., 2013; Manteuffel et  al., 2014; 
Reisner et  al., 2009). Research investigating the relationship between patient knowl-
edge and adherence is inconclusive (gray et  al., 2018; Shahin et  al., 2019). Although 
some studies report a positive relationship between patient knowledge and adherence 
(Beer & Skarbinski, 2014; Paczkowska et  al., 2021; Tomaszewski et  al., 2017), the size 
of these effects are often small, and other studies have found no evidence of this 
relationship (Chen et  al., 2014; lin et  al., 2017; Smalls et  al., 2012). A similar picture 
emerges in the relationship between health literacy and nonadherence. Some studies 
report a positive relationship between health literacy and adherence (Barat et  al., 
2001; lindquist et  al., 2012); however, meta-analyses suggest any effect is only small 
(Miller, 2016; Zhang et  al., 2014).

Relatively few studies have examined the relationship between personality traits 
and adherence (emilsson et  al., 2011; Horne, 2011). one study suggested that although 
the role of personality may be indirect, personality traits may influence the beliefs 
an individual has about their asthma medicines (emilsson et  al., 2011). In particular, 
all five key personality traits (openness, Conscientiousness, extraversion, Agreeableness 
and Neuroticism) were found to be related to judgements about how necessary 
asthma medication was relative to concerns about taking it, which in turn related to 
increased adherence.

A comprehensive review commissioned by the UK National Institute of Health 
Research (NIHR), noted that adherence rates vary not just between people but within 
the same person over time and across treatments (Horne et  al., 2005). It was clear 
that nonadherence is best understood in terms of the interaction between an indi-
vidual and a particular disease and/or treatment. The review adopted the Perceptions 
and Practicalities Approach (PaPA), developed by Horne and described below.

The Perceptions and Practicalities Approach (PaPA): a patient centred 
framework for explaining nonadherence and designing interventions

The PaPA offers a pragmatic framework to understand the fundamentals of adherence, 
which can guide the development of interventions to support adherence by focussing 
on the interaction between an individual and their treatment, as recommended in 
the NICe Medicines Adherence guidelines (Nunes et  al., 2009). The PaPA applies health 
psychology theory and research to delineate the ‘core’ components of adherence 
support, and highlights the perceptual factors (e.g. medication necessity beliefs, 
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concerns and emotions) and practicalities (e.g. resources and capabilities) that need 
to be considered and addressed (Horne, 2001; Horne et  al., 2005). The PaPA presents 
a pragmatic framework from which to understand both intentional (a deliberate 
decision to not take medicine as prescribed) and unintentional nonadherence (e.g. 
capacity and resource limitations), and is grounded in the proposition that although 
a range of intrinsic and extrinsic factors are relevant to adherence, they act through 
two key factors: motivation and ability.

Whilst much research has sought to identify the role of sociodemographic factors 
(DiMatteo, 2004; gast & Mathes, 2019; Karamanidou et  al., 2008; Kardas et  al., 2013; 
Moon et  al., 2017; Vangeli et  al., 2015) and other factors widely assumed to be asso-
ciated with adherence such as the severity of illness symptoms, prognosis or disability 
(Bouwman et  al., 2017; Briesacher et  al., 2008; DiMatteo, 2004; Moon et  al., 2017), 
there is huge variation in nonadherence estimates across the literature, with evidence 
being inconsistent and relationships often indirect. A sociodemographic/trait charac-
teristics approach to understanding adherence has inherent limitations in relation to 
the design of interventions to support optimal adherence. even if stable associations 
existed between sociodemographic or trait characteristics, they would serve to identify 
certain ‘at risk’ groups so that interventions could be targeted, but could do little to 
inform the type or content of these interventions (Horne, 2011). In contrast, the PaPA 
proposes that because adherence rates vary not just between individuals but within 
the same individual over time and across treatment, adherence/nonadherence is best 
understood in terms of the interaction between an individual and particular disease/
treatment. That is not to say that sociodemographic or dispositional characteristics 
are irrelevant. Rather, the associations with adherence appear to be indirect and are 
best explained by the influence of sociodemographic and dispositional characteristics 
on other relevant parameters. For example, correlations between adherence and 
educational status or race may simply be a reflection of income and ability to afford 
prescription costs (Piette et  al., 2006). The key is to understand how sociodemographic 
and environmental factors influence an individuals’ motivation and ability to engage 
with the treatment (Horne et  al., 2019).

An individuals’ motivation can result from conscious decision-making processes 
and more instinctive, intuitive processes (Kahneman, 2012). Similarly, a variety of 
factors influence an individuals’ ability (e.g. knowledge, clarity of prescribing instruc-
tions) (Horne et  al., 2005; Piette et  al., 2006). Although some literature suggests that 
older adults (e.g. >65) may be more likely to be adherent (e.g. Chan et  al., 2010; 
Curkendall et  al., 2013; gemeda et  al., 2012; leclerc et  al., 2013), the PaPA posits that 
instead of being a product of age itself, adherence may instead be reflective of how 
an individual’s age impacts on their motivation and ability to engage with treatment. 
For example, research has suggested that older adults may be more anxious about 
their mortality which in turn may increase motivations to adhere (Boyer et  al., 1990). 
Research also suggests the presence of comorbid conditions such as depression, 
anxiety, and drug/alcohol abuse can impact negatively on adherence (Arrieta et  al., 
2013; DiMatteo et  al., 2000; Kader et  al., 2015; Khdour et  al., 2012; langebeek et  al., 
2014; lee et  al., 2018; Rehm et  al., 2017; Smaje et  al., 2018; yu et  al., 2018). However, 
these factors may correlate with poor adherence by impeding a patients’ ability to 
take medicines as prescribed.
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An individuals’ motivation and ability can be influenced by a range of extrinsic 
factors which facilitate or enable adherent behaviour (Figure 2) such as poor medi-
cation distribution services and long waiting times (Hardon et  al., 2007), insufficient 
reimbursement from health insurance plans (Kang et  al., 2018), length of consultation 
(Weiss et  al., 2015), having a supportive social network (DiMatteo, 2004) and the 
quality of the communication with healthcare professionals. The importance of such 
factors is also recognised and represented in the ‘opportunity’ construct proposed in 
the Capability opportunity Motivation-Behaviour (CoM-B) model (Michie et  al., 2011) 
and the Motivation opportunity Ability (MoA) model (Ölander & ThØgersen, 1995) 
of behaviour change. The Fogg Behavioural Model (FBM) also highlights the role of 
these external factors, however replacing ‘opportunity’ with ‘Triggers’ (Fogg, 2009), 
which can be internal and external and influence both an individual’s motivation and 
ability. For example, experiencing disease symptoms may motivate adherence if the 
medicine is believed to be effective in alleviating them.

The central role of beliefs
As shown in Figure 2, a key factor influencing a patient’s motivation to adhere to 
medication is the beliefs they hold about the treatment and their illness. This is rec-
ognised in the Common Sense Model (CSM) of self-regulation which seeks to understand 
the processes through which individuals make sense of their illness (leventhal et  al., 
1992, 2016). These beliefs sit across five core domains: i) ‘identity’ describing beliefs 
about the labelling of symptoms and illness, ii) ‘causes’ describing individuals’ perceived 
causes of their illness, iii) ‘timeline’ describing individuals’ beliefs about the duration of 
the illness or symptoms, iv) ‘consequences’ describing beliefs about the physical, social 
and emotional impact the illness has or may have, and v) ‘control’ which describes 
beliefs about whether the illness can be treated and cured, and the extent to which 
an individual believes this to be controllable by either themselves or a medical provider.

From a theoretical perspective, the CSM would assume that those who consider 
the consequences of their illness to be more severe, would be more adherent to 
prescribed treatment (llewellyn et  al., 2003; Schüz et  al., 2014). However, empirical 
studies suggest there to only be a weak relationship between illness beliefs and 
adherence (Aujla et  al., 2016). The explanatory power of the CSM strengthens as its 
content becomes more specific to the health behaviour in question (Francis et  al., 
2012), and therefore to gain a better understanding of nonadherence, it is essential 
to consider how an individual perceives their treatment, as a more proximal driver 
of medication-taking behaviour (Horne, 2003; Horne et  al., 2019).

early studies of beliefs about medicines described two types of beliefs: i) specific 
beliefs about a particular medicine and ii) generalised beliefs about medicines as a 
class of treatment (Horne et  al., 1999).

Specific medication beliefs: The Necessity Concerns Framework (NCF).  Studies 
investigating the beliefs patients hold about treatment have indicated two key 
types of beliefs influencing adherence: beliefs about how necessary the patient 
feels a treatment is for them (necessity beliefs), and how concerned they are 
about taking the treatment (NCF; Horne et  al., 1999).
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Necessity beliefs  Necessity beliefs are representative of a patient’s perceived need 
for a medicine, or the perception of how able a patient is to cope without their 
medicine. They can be thought of as the answer to two questions: ‘How much do 
I need this treatment to achieve a goal that’s important to me?’ and ‘How much can I 
get away with without using it?’. Perceived necessity is not a form of efficacy belief: 
people might believe that a treatment will be effective but not that they need 
it. They might have a low necessity belief even if they understand the scientific 
evidence for the potential benefits of treatment. This might occur because people 
do not ‘value’ that particular benefit or perceive it to be important  enough to 
overcome concerns about taking the medicine.

Beliefs about the necessity of a medication can be influenced by how someone 
perceives their illness. To be convinced of a personal need for ongoing medication, 
people must first perceive a good fit between the problem (the illness or condition) 
and the solution (the medicine) (Horne et al., 2007; Horne & Weinman, 2002). Until they 
experience a chronic condition, most people’s experience of illness is symptomatic and 
acute. However, for many long-term conditions the medical rationale for maintenance 
treatment is based on a prophylaxis model where the benefits of treatment are often 
silent and long-term. This may be in stark contrast to the intuitive model of ‘no symp-
toms; no problem’. Similarly, missing doses may not lead to an immediate deterioration 
in symptoms, reinforcing the erroneous perception that high adherence to the medi-
cation may not be necessary. Related to this is the fact that people often stop taking 
treatment when they judge that the condition has improved. These judgments are 
often based on potentially misleading symptom perceptions rather than on objective 
clinical indicators of disease severity (Cooper et  al., 2009). Determining the necessity 
of a treatment may also be influenced by notions of self. There has been disappointingly 
little research in this area, but perceptions that one can resist the progress of disease 
by drawing on sources of ‘inner strength’, ‘hardiness’ or by keeping a ‘positive outlook’ 
emerged as reasons for deciding not to start clinically indicated antiretroviral treatments 
in interviews with human immunodeficiency virus (HIV) positive men (Cooper et al., 2002).

Figure 2. Perceptions and Practicalities approach (PaPa) incorporating opportunity and triggers. 
Reprinted from horne et  al. (2019).
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The importance of necessity beliefs in explaining nonadherence has been demon-
strated across a range of chronic health conditions (Clatworthy et  al., 2009; Foot et  al., 
2016; Mitzel & Vanable, 2020; West et  al., 2020). For example, a meta-analysis of 94 
studies (N = 25,072) found significant relationships between necessity beliefs and 
adherence with every standard deviation increase in necessity beliefs increasing the 
odds of non-adherence by a factor of 1.7 (oR = 1.742, 95% CI [1.569, 1.934]) (Horne 
et  al., 2013).

Medication concerns  Individuals report a range of concerns about taking medicines. 
Perhaps the most obvious of which surrounds medicine side effects and the wider 
disruption to daily life sometimes caused by medicines. This is illustrated in one 
study by ogden and Sidhu (2006) who interviewed 12 participants taking orlistat 
for weight management and findings suggested that for some, the experience of 
unpleasant and highly visible medicine side-effects was related to nonadherence to 
orlistat. The impact of medication side-effects on nonadherence has been studied 
widely, although has not been demonstrated consistently (Costello et  al., 2008; 
Croome et  al., 2017; Kardas et  al., 2013; lacro et  al., 2002; Munro et  al., 2007; 
olthoff et  al., 2005; van der laan et  al., 2017; Weiner et  al., 2008; yeam et  al., 2018). 
There is evidence to suggest that perceptions of side effects (e.g. how confident 
someone feels about managing the side effects or the relative importance of 
these side effects against necessity beliefs) may be more important influencers of 
adherence than the physical experience of side effects (Shelby et  al., 2014). Many 
people also have concerns that regular medication usage may lead to long-term 
harmful effects or dependence (Chater et  al., 2014; Horne et  al., 1999).

other commonly reported concerns relate to immunity or tolerance to medicines 
changing over time, and preferences for alternative or natural medicine or therapies 
(gill & Williams, 2001; Horne et  al., 2009). These concerns are commonly reported by 
patients across a range of illnesses, illness states and population groups (Chapman 
et  al., 2014; Clatworthy et  al., 2009; Horne et  al., 1999; Horne, 2001; Horne et  al., 
2009). Concerns can also be reflective of the meanings that individuals attach to 
medicines, and changes in how individuals see themselves and how they perceive 
they are seen by others. Regularly taking a medicine may be an unwelcome reminder 
of an illness that has a negative impact on how people see themselves or perceive 
they are seen by others, and therefore nonadherence may sometimes function as an 
implicit strategy to protect their sense of self (Cooper et  al., 2002; Horne, 2003).

There is consistent evidence across conditions to show the importance of medi-
cation concerns in understanding adherence (Clatworthy et  al., 2009; Foot et  al., 2016; 
Mitzel & Vanable, 2020; West et  al., 2020). For example, one meta-analysis of 94 studies 
(N = 25,072) found significant relationships between adherence and reported concerns, 
with the odds of adherence decreasing by a factor of 2 with every standard deviation 
increase in concerns (oR = 0.502, 95% CI: [0.450, 0.560]) (Horne et  al., 2013). Another 
review in HIV showed that concerns had a small but clinically significant impact on 
HIV treatment adherence (Mitzel & Vanable, 2020).

The necessity-concerns differential  Although both necessity beliefs and concerns are 
independent predictors of adherence, it is perhaps more valuable to understand 
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the interaction between the two. For example, research suggests that holding 
strong beliefs that a medicine is necessary does not necessarily lead to adherence, 
unless it is coupled with low concerns about taking a medicine (West et  al., 2020). 
Additionally, research indicates that an individual with high necessity beliefs and 
high concerns may be more likely to experience uncertainty and be less likely to 
be adherent (Moon et al., 2017). To assess the extent to which necessity beliefs and 
concerns may be weighed up against each other, the Necessity Concerns differential 
(NCD) can be used, whereby an individuals’ average concerns about a medicine 
is subtracted from their average beliefs about the necessity of taking a medicine 
(Horne et  al., 2004). A positive NCD score indicates that ratings of personal need 
for the medication are relatively greater than ratings of concern. Although there 
are methodological limitations with this approach, a meta-analysis of 94 studies 
demonstrated the NCD (r = 0.24) to be a stronger predictor of medication adherence 
compared with necessity beliefs (r = 0.17) or concerns (r = −0.18) alone (Foot et  al., 
2016). Findings indicated that those who had greater concerns about medicines 
compared to their necessity beliefs were significantly less adherent.

General beliefs and medicines and pharmaceutical schema.  Representations of 
specific medicines are influenced by more general beliefs (social representations) 
about medicines as a class of treatment (Horne et  al., 1999). Many people are 
suspicious of pharmaceuticals, perceiving them to be fundamentally harmful, 
addictive substances that should not be taken for long periods of time, and 
which tend to be over-prescribed by doctors (Horne et  al., 1999). Moreover, the 
dangerous aspects of medication are often linked to their ‘chemical’/’unnatural’ 
origins and to suspicions of the pharmaceutical industry as well as wider concerns 
about science, medicine and technology (Faasse et  al., 2009; green et  al., 2013; 
gupta & Horne, 2001; Horne et  al., 1999; Howland, 2020; Petrie et  al., 2005).

People also vary in their perceptions of personal sensitivity to the effects of 
medicines, with many believing that they are more sensitive than other people to 
the effects of medicines. People with this view tend to have more negative views 
about pharmaceutical medicines and vaccinations, and to be more reluctant to take 
medication or receive vaccinations (Horne et  al., 2013). Taken together these sets 
of beliefs about medicines and about self in relation to medicines can be thought 
of as ‘pharmaceutical schema’, or how ideas about pharmaceuticals are organised.

Negative pharmaceutical schema are associated with greater concerns that specific 
medication will result in harm, greater doubts about the personal need to take it and 
lower reported adherence (Chapman et  al., 2014; Horne et  al., 2009; Tolu et  al., 2020). 
They influence the way in which information about the potential benefits and harms 
of a specific treatment are processed. In experimental studies, people with a more 
negative pharmaceutical schema are more likely to think that symptoms are caused 
by the drug (i.e. attribute symptoms as side-effects) (Heller et  al., 2015) and less likely 
to recall side-effects correctly (Heller et  al., 2017).

Figure 3 presents a high-level overview of the PaPA, summarising the interplay 
between perceptual and practical barriers (internal) and environmental (external) 
factors impacting on adherence, whereby internal factors are influenced by external 
factors.
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Future directions for research on correlates of nonadherence

Although extensive research has explored the correlates of nonadherence, as outlined 
above, there are considerable limitations with traditional approaches to mapping 
correlates of nonadherence (e.g. the WHo framework). We need research that informs 
the development of innovative ways to help patients get the best from effective 
treatments. There is already extensive research identifying correlates of nonadherence 
which can be used to identify risk factors for nonadherence. But we need to move 
beyond risk factors for nonadherence to a better understanding of how particular 
correlates impact on individuals over time and across treatments. We therefore rec-
ommend that future research should seek to do the following:

Focus on the interaction between an individual and a particular disease/
treatment
A key limitation with traditional approaches of mapping correlates of nonadherence 
is that the extent to which a given correlate will be influential will vary from one 
individual to another, and even within the same individual over time (Horne et  al., 
2005). We therefore suggest that future research focuses on the interaction between 
an individual and a particular disease and/or treatment. There is need for a better 
understanding of how the potential determinants of adherence impact on the moti-
vation and ability of individuals to adhere to the recommendations over time and 
across different treatment modalities. In particular, it would be useful for future 
research to elucidate possible mechanisms of interaction in order to inform theoretical 
frameworks that can form the foundations of pragmatic interventions. We need a 
better understanding of how societal factors (e.g. access to resources and treatment 
opportunities) and environmental factors (e.g. culture and healthcare systems) impact 
on individuals by influencing modifiable correlates of nonadherence.

Figure 3. Perceptions and Practicalities approach – a detailed conceptual map of adherence. 
Reprinted from horne et  al. (2019).
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Focus on modifiable factors relating to nonadherence
Another limitation with sociodemographic/trait characteristic approaches to exploring 
correlates of nonadherence is that they often focus on identifying unmodifiable factors 
relating to nonadherence. even if stable associations existed between characteristics, 
these often only serve to identify groups ‘at risk’ of nonadherence, without furthering 
our understandings of why, or what we can do about it (Horne, 2011). We therefore 
highlight that a key priority for future research should be to identify modifiable factors 
relating to nonadherence which can then be the focus of adherence support inter-
ventions at the level of the individual. Further, it would also be helpful for research 
to consider how unmodifiable factors, such as age or culture may act through mod-
ifiable factors, such as an individuals’ motivation and/or ability to take a treatment, 
for example, by influencing perceptual (e.g. how necessary they perceive their treat-
ment to be) and practical barriers (e.g. difficulty remembering to take their treatment) 
towards taking their treatment.

Apply theoretical frameworks to understand correlates of nonadherence that can 
be used to guide intervention design
even where modifiable factors are explored, these research approaches are often not 
grounded in theory. To be of most use for the development of interventions to sup-
port adherence, future research should seek to develop and apply theoretical frame-
works which aim to synthesise multiple correlates into a coherent and pragmatic 
model that can be used to guide the development of interventions. In this article, 
we discuss the PaPA as an example of a framework that can be used in this way.

Triangulate measurements of nonadherence
As highlighted earlier in this article, there are several limitations associated with how 
nonadherence is often measured. It is therefore suggested that future research seeks 
to explore a combined approach to measuring nonadherence (Dobbels et  al., 2010), 
whereby self-report measures are combined with objective forms of adherence mea-
sures, such as prescription refill rates or electronic monitoring to produce amalgam-
ated, comprehensive assessments of adherence. Taking such an approach could help 
to improve measurement accuracy by overcoming some of the limitations associated 
with using single methods (Chan et al., 2020).

Interventions to support adherence

given the widespread prevalence and health impact of nonadherence, and the rec-
ognition that some of the core determinants of nonadherence are modifiable, inter-
ventions to support adherence hold huge potential and may have a ‘far greater impact 
on the health of the population than any improvement in specific medical treatments’ 
(Sabaté, 2003, p. 21). A complication to the adherence literature is that adherence 
support interventions can target several different ‘levels’: i) the healthcare system (e.g. 
improving the opportunity to access medicines), ii) patient-provider interactions (e.g. 
improving clinician-patient communication) and iii) the patient (e.g. improving an 
individual’s motivation and ability to adhere) (Horne et  al., 2005). Although 
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interventions targeting social and environmental processes and factors are important, 
their effectiveness will also be dependent on patient-level factors, such as an indi-
viduals’ motivation and ability. Therefore, interventions targeting patient-level factors 
are of focus here.

Many interventions have been designed to support adherent behaviour across a 
range of conditions and treatments with varying degrees of efficacy (e.g. Chan et  al., 
2018; Conn et  al., 2016; Conn & Ruppar, 2017; Horne, 1998; Kripalani et  al., 2007; 
MacDonald et  al., 2016; Nieuwlaat et  al., 2014; Pearce et  al., 2022). one systematic 
review found that only 16 out of 37 trials reported an improvement in adherence 
across chronic conditions, and suggested that interventions involving monitoring 
and feedback, or reducing dosing demands were most likely to be effective (Kripalani 
et  al., 2007). Further, a large systematic review and meta-analysis of 771 intervention 
trials found evidence that although interventions can be successful in improving 
adherence, these effects are typically small, with room for improvement (average 
effect size r = 0.29). Findings also highlighted that interventions focussed on habit 
formation and behavioural strategies were most likely to be associated with improved 
adherence (Conn & Ruppar, 2017). one commonly used and successful method for 
habit formation is the development of implementation intentions, linking the taking 
of a medication to a specific environmental cue, such as brushing teeth. 
Implementation intentions have been shown to be an effective tool to improve 
adherence to medicines (Brown et  al., 2009; Jackson et  al., 2006; o’Carroll et  al., 
2013). For example, Brown et  al. (2009) showed this approach to significantly improve 
adherence to antiepileptic medication in a simple randomised control trial of 69 
patients with epilepsy. Participants in the intervention group completed a short 
questionnaire linking taking their medication with a particular time, place or other 
activity; 93.4% of doses were taken in the intervention group compared with only 
55.3% in controls.

Reviews such as these have been augmented by a series of Cochrane reviews, 
using stringent inclusion criteria to explore the effectiveness of interventions to 
improve medication adherence. The most recent review was conducted in 2014 and 
included 182 RCTs with a total of 46,962 participants (Nieuwlaat et  al., 2014). The 
most commonly studied conditions were HIV/AIDS, psychiatric disorders, CoPD, CVD 
or risk, hypertension and diabetes. only 17 studies had a low risk of bias for both 
the study design and the primary clinical outcome; from these, three reported an 
improvement in adherence, and five reported an improvement in both adherence 
and clinical outcomes. Further, the interventions that did report an improvement in 
both adherence and clinical outcomes tended to be complex and difficult to imple-
ment at a low cost. For example, ellis et  al. (2012) reported higher rates of adherence 
and lower HbA1c levels with a highly intensive, home-based tailored family multisys-
temic therapy-based intervention. lester et  al. (2009), however, showed improvements 
in adherence and suppression in viral load in patients with HIV following an interactive 
SMS intervention, which holds more promise for successful implementation, especially 
in low resource settings. overall, the authors of this review concluded that there was 
a lack of convincing evidence among studies with the lowest risk of bias, and that 
there was still a need to pursue effective interventions to support medication adher-
ence to improve clinical outcomes (Nieuwlaat et  al., 2014).
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The disappointing findings highlighted in this Cochrane review may be due to two 
common limitations with adherence support interventions; (1) that they often do not 
have a strong theoretical basis, and (2) that few interventions address both perceptual 
and practical barriers to adherence. Theory-based interventions provide a better 
understanding of what to target in an intervention by specifying a set of potential 
mechanisms of change, which help to evaluate which elements work well within the 
intervention. They also help with replicating the intervention results and reproducing 
the interventions across different contexts or behaviours (Michie et  al., 2008). 
Theory-based interventions also seem to be more effective in improving adherence. 
For example, a meta-analysis investigating the use of theory- or model-linked adher-
ence interventions in 146 comparisons, found an overall effect size of d = 0.32 for the 
intervention groups compared with control groups (Conn et  al., 2016), which although 
is small, is larger than for simple adherence reminder interventions reporting effect 
sizes around d = 0.1 (Fenerty et  al., 2012).

Social cognition models (e.g. Theory of Planned Behaviour (TPB; Ajzen, 1985)) and 
other integrated models of behaviour change (e.g. CoM-B; Michie et  al., 2011) are 
often used to help us understand individual variation in health behaviours by pro-
viding a structural and systematic approach to examining the predictors and anteced-
ents of health behaviour. In terms of applications of the TPB, a meta-analysis of 27 
studies suggests adherence support interventions grounded in the TPB may be effec-
tive (Rich et  al., 2015). Across a range of 12 chronic conditions (e.g. heart disease, 
hypertension, breast cancer and epilepsy) significant effect sizes ranged from r = 0.22 
to r = 0.51, although most of these were either small or medium in size, particularly 
for the intention-behaviour relationship (Rich et  al., 2015). In addition, a recent ran-
domised control trial of 60 participants with asthma, demonstrated an educational 
intervention based on the TPB to be effective at increasing asthma control and 
adherence (Şanlıtürk & Ayaz-Alkaya, 2021). Several studies have begun to apply the 
CoM-B to adherence support (Jackson et  al., 2014). For example, Félix et  al. (2019) 
applied CoM-B and the Behaviour Change Wheel (BCW) to their intervention to sup-
port adherence to antidiabetic medication in older adults via an anthropomorphic 
virtual assistant, and drew upon a range of behaviour change techniques (BCTs), such 
as action planning and biofeedback to address key intervention functions, such as 
enablement and education. Additionally, Ribaut et  al. (2020) have reported on their 
development of an intervention applying the BCW and CoM-B to support adherence 
to immunosuppressants in allogeneic stem cell transplantation. However, as of yet, 
these interventions have not been formally evaluated.

In addition to lacking a strong theoretical basis, few adherence support interven-
tions address perceptions as well as practical barriers to adherence, which may help 
to explain why some interventions that only tackle practical barriers often have limited 
effects on adherence. Although there is some evidence that strategies, such as pro-
viding home delivery of medicines free of charge can improve adherence by removing 
practical barriers and making it easier for patients to access their medicines (Zillich 
et  al., 2012), other interventions show less positive results. For example, in a systematic 
review of 30 studies investigating the effectiveness of medication reminder packaging 
(such as weekly pill boxes), only 16 studies showed a positive effect on clinical adher-
ence outcomes, and only three included studies were deemed methodologically strong 
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(Boeni et  al., 2014). Another review of 17 studies found that interventions using 
regimen simplification strategies were largely not effective at improving adherence 
(elnaem et  al., 2020).

Similarly, a meta-analysis and systematic review of 19 trials exploring the effec-
tiveness of mobile phone interventions to improve adherence to antiretroviral therapy 
(ART) in HIV found that text message reminder interventions largely did not signifi-
cantly improve adherence, however when reminders were accompanied by BCTs, links 
to support and interactivity, there were improvements in adherence (Shah et  al., 2019). 
These findings highlight the importance of addressing both perceptions and practi-
calities influencing adherence. Tailoring support to the needs to the individual, as 
recommend in the PaPA and endorsed by the NICe guidelines in both 2009 and 2016 
for involving patients in decisions about prescribed medicine and supporting adher-
ence (Nunes et  al., 2009), is likely to further increase the efficacy of the intervention 
(Mes et  al., 2018).

The PaPA recommends that adherence support should include three core com-
ponents: (1) address necessity beliefs by providing a common-sense rationale for 
medication necessity, which fits within the patient’s existing beliefs about the illness 
and treatment, (2) elicit and address concerns about the treatment and (3) address 
any practical barriers by making the treatment as easy and convenient as possible. 
In addition to addressing these three elements, a key recommendation of the PaPA 
is to take a ‘no-blame’ approach to facilitating informed adherence (Horne et  al., 
2019), that encourages a frank and open discussion about nonadherence that 
allows the patient to express any doubts or concerns about the prescription. 
Accurate rates of nonadherence are hard to obtain, as patients are often wary of 
disclosing nonadherence for fears of being branded a ‘bad patient’, disappointing 
the prescriber, so it remains a ‘hidden problem’ (Horne et  al., 2005; Thorneloe 
et  al., 2017).

Interventions applying the principles of the PaPA show promise in improving 
adherence-related perceptions and self-reported adherence across a range of health 
conditions (e.g. Chapman et  al., 2020; Moon et  al., 2019; o’Carroll et  al., 2013; odeh 
et  al., 2019). For example, in a brief intervention to improve adherence to preventative 
stroke medication by o’Carroll et  al. (2013), 62 survivors of stroke were randomly 
allocated to: i) either receive a two-session intervention, through which implementa-
tion intentions were developed to help with habit formation and tackle practical 
barriers, and any false patient perceptions about their medication and/or illness were 
addressed, or ii) a control group. Findings showed in a 10% increase in adherence 
for the intervention group. These approaches have also been successfully delivered 
through digital channels (Chapman et  al., 2020; Petrie et  al., 2012). Success has also 
been demonstrated in a pharmacist-led, post-discharge telephone follow-up interven-
tion for polypharmacy patients (odeh et al., 2019). In these telephone calls, pharmacists 
discussed any practical or perceptual problems patients were experiencing with their 
treatment and illness, assessed patients’ ability to manage their medication regime 
and provided practical tailored advice to help patients overcome barriers to adherence. 
Patients in the intervention group had significantly lower hospital readmission rates, 
stronger medication necessity beliefs and self-reported adherence compared with 
controls.
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The PaPA suggests that to have most success in supporting adherence, interventions 
should be tailored to address the specific perceptual and practical barriers experienced 
by an individual (Horne et  al., 2019). This notion is supported by research that con-
sistently demonstrates that tailored interventions are likely to be more effective than 
non-tailored interventions (gatwood et  al., 2016; Horne et  al., 2019; Kassavou & Sutton, 
2017, 2018; lustria et  al., 2013; Noar et  al., 2007, 2011; Sainsbury et  al., 2020). For 
example, a recent multivariable meta-regression analysis found that tailoring to a 
patient’s needs and preferences explained the largest variance in adherence effect 
sizes (Kassavou & Sutton, 2018). once the specific perceptual and practical barriers 
facing that patient are elicited, interventions tailored to address these specific barriers 
can be used to address them. This approach has been demonstrated to be effective 
in improving adherence across a range of conditions and treatments such as stroke, 
asthma, CVD and inflammatory bowel disease (IBD) (Chapman et  al., 2020; Clifford 
et  al., 2006; o’Carroll et  al., 2013; odeh et  al., 2019). For example, one intervention 
to improve adherence in 329 patients with IBD used a pre-screening tool to identify 
participants’ personal beliefs about IBD and maintenance treatment (Chapman et  al., 
2020). Personalised tailored messages then sought to address these beliefs and pro-
vided advice on tackling practical difficulties with taking their medication. At 3-month 
follow-up patients who received the intervention had significantly fewer concerns 
about taking their IBD medication, fewer doubts about the necessity of their treatment 
and higher reported adherence.

Ethics of adherence interventions

It is important to highlight in this article that we recognise adherence may not 
always be a ‘good’ or the ‘right’ thing. Medicines often have side-effects, some of 
which may be mild but unpleasant to experience, such as headache, nausea, fatigue, 
insomnia and others which may be more severe. As such, a result of encouraging 
patients to adhere to their prescribed medicines could be the experience of 
unwanted and sometimes harmful side-effects, emphasising that helping patients 
make informed choices about treatment should be integral to adherence support 
(Horne et  al., 2019). The assumption therefore is that adherence is appropriate and 
beneficial if it follows a process that allows patients to participate in the 
decision-making process, and that an appropriate choice of medicine is facilitated 
by the prescriber.

Recommendations for future interventions

As highlighted above, the PaPA suggests that the key to developing effective adher-
ence support is to make sure that both perceptual and practical barriers to adherence 
are considered, e.g. that interventions address both an individuals’ motivation and 
ability. In lieu of this, and the common limitations and challenges associated with 
many previous interventions to support adherence, this article concludes with our 
recommendations for future interventions based on principles outlined in the PaPA 
and endorsed by NICe.
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Have a strong theoretical basis
existing interventions often lack a strong theoretical basis, which makes it challenging 
to draw conclusions about why an intervention may or may not have been successful. 
Interventions are also often very poorly described with little clarity on what has been 
included in the intervention. even when an intervention is theory based and well 
described, it can still be difficult to disentangle why or how it has worked, without 
the use of process evaluations. one approach to achieve this is through the use of 
the Behaviour Change Technique (BCT) Taxonomy which provides a consistent termi-
nology for describing the active ingredients of behaviour change interventions 
(Abraham & Michie, 2008; Michie et  al., 2013). Conducting a process evaluation and 
investigating mechanisms of action provides important information on how the inter-
vention may be working to improve adherence. Therefore, future interventions should 
(i) clearly describe the content of their intervention, (ii) describe the theoretical basis 
of the intervention and (iii) conduct process evaluations to ascertain how the inter-
vention may have worked.

Consider both perceptual and practical barriers to adherence
Interventions that seek to address both perceptual and practical barriers to adherence 
are likely to be more effective, especially when intentional and unintentional nonad-
herence are considered as separate behaviours (Horne et  al., 2005). This is important 
because studies have suggested them to have unique determinants and therefore 
different strategies may be necessary to address each type of behaviour. Therefore, 
future interventions should seek to address both perceptual and practical barriers to 
adherence. examples for strategies and BCTs to do so can be found in Horne 
et  al. (2019).

Tailor to an individual’s needs
Many previous interventions have employed a ‘one-size fits all’ approach, assuming 
barriers to adherence are similar across patients. However, both perceptions and 
practical barriers are likely to vary significantly between individuals and even within 
the same individual over time. As such, there is now a need for adherence interven-
tions to follow principles of precision medicine, and tailor interventions to the specific 
barriers and issues relevant to each patient to increase the likelihood of success.

Optimise the content, context and channel of delivery
In addition to ensuring that the content of the intervention is appropriate and tailored 
to an individual’s needs, it is also important that the context surrounding the inter-
vention (e.g. employment status, availability of transport, internet connection, etc.) 
and the channel of delivery (e.g. text messaging, digital app, healthcare professional, 
etc.) are optimised to the individual (Dombrowski et  al., 2016; Horne et  al., 2019; 
Tucker et  al., 2017). For example, a digital mHealth intervention to support adherence 
in older adults in residential care may not be the most appropriate choice to achieve 
maximum engagement and efficacy. Therefore, there is value in future interventions 
considering the unique barriers that the channel and context surrounding the 
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intervention may present. This could by achieved by taking a  person-based approach 
to the design and testing of interventions by involving and consulting members of 
the target population (yardley et  al., 2015).

Consider who is at most benefit of interventions
Many adherence intervention trials do not screen for nonadherence in their partici-
pants (Jeffery et  al., 2014), meaning that the majority of included participants may 
have high adherence levels, creating a ceiling effect in which it becomes difficult to 
show any true beneficial effects of the intervention (Mathes et  al., 2014). Moving 
forwards, it is therefore suggested that researchers screen patients and invite those 
who are either already nonadherent or at risk for nonadherence, as these patients 
will benefit most from intervention. This is particularly important considering that 
there is already likely to be a bias in the more adherent patients being more likely 
to agree to take part in a trial.

Conclusions

Prescribing pharmaceutical medicines is one of the most significant investments in 
healthcare and is pivotal in the management of long-terms conditions that count 
the lion’s share of health expenditure. However, health and economic outcomes are 
compromised by high levels of nonadherence which are observed across disease, 
cultures and healthcare systems world-wide. The causes of nonadherence are complex 
but can best be understood in terms of the perceptions and practicalities influencing 
individual motivation and ability to adhere within an environmental and social 
context.

Studies examining patient perspectives of adherence show that nonadherence 
often represents a choice on the part of the patient based on their understandings 
and experience of the illness and treatment. These may differ from the medical view 
or evidence base, but often represent a ‘common-sense’ course of action in the mind 
of the patient. Nonadherence is often hidden because patients are often reluctant to 
admit to nonadherence or reveal the doubts and concerns that underpin because 
they fear the disapproval of healthcare providers.

Improving adherence is challenging, but recent developments in theory and 
research suggest that the PaPA, which emphasises a no-blame interaction with patients, 
in which support is tailored to identify and address the specific beliefs and abilities 
determining adherence, can improve adherence in cost-effective ways.

In light of common limitations associated with medication nonadherence research, 
this article presents a series of recommendations for future research to overcome 
these in terms of identifying correlates of nonadherence, and interventions to support 
adherence.
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