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Abstract
Background and aims. The success of a treatment depends on the effectiveness 
of the medication regimen, provided that patients take the medicines as prescribed. 
A low rate of adherence in chronic conditions is associated with poor outcome and 
decreased quality of life, which constitutes an additional burden for the healthcare 
systems. To correctly identify the dimension of this problem may be a challenge, as 
there are numerous methods, definitions, patient settings and factors, each with their 
specific roles. Our aim was to give an appropriate overview of the most common 
validated methods that can be used to identify non-adherent patients. 
Methods. This overview is based on an online search of PubMed database and 
includes the relevant articles in this field.
Results. We included both direct and indirect methods for measuring treatment 
adherence and presented concise information that can help researchers and clinicians 
when choosing an appropriate method. Both subjective and objective methods 
have advantages and disadvantages that should be fully understood and taken into 
consideration. 
Conclusions. Choosing a simple, accurate and inexpensive method that can give 
supplementary information about the patterns, beliefs and barriers of adherence 
would be desirable. But because this perfect method to measure treatment adherence 
does not exist, the best solution seems to be the combined use of at least two methods. 
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Background 
Optimal treatment adherence is 

essential for the management of chronic 
conditions and the effectiveness of 
prescribed therapies. A World Health 
Organisation (WHO) report underlines the 
fact that adherence to chronic treatments 
is as low as 50% [1]. More recent data 
describe low-adherence as being a “silent 
epidemic”, which is likely to play a role in 
21-37% of preventable adverse drug events 
[2]. The implications of low adherence 
translate into negative outcomes, such 
as increased morbidity and mortality 
and supplementary cost for healthcare 
systems. This has been repeatedly 
demonstrated for a number of chronic 
conditions: asthma, diabetes, tuberculosis, 
cardiovascular disorders, HIV, mental 
disorders, rheumatic conditions [1-8].

Being able to correctly identify 
and estimate treatment adherence has 
become a research focus in many chronic 
conditions, and the importance of 

increasing the effectiveness of adherence 
interventions is considered to “have 
a far greater impact on the health of 
the population than any improvement 
in specific medical treatments” [1,8]. 
However, effective interventions to 
improve treatment adherence can only 
be developed if research can also provide 
additional information about predictors 
and factors related to adherence, for a 
better understanding of the individual 
causes.

Treatment adherence continues 
to be an incredibly complex subject. 
This is associated with the terminology 
used (terms like compliance, persistence, 
discontinuation are still being used as 
synonyms or equivalents to adherence), 
the multitude of measurements methods 
that exist and the vast amount of factors 
and predictors influencing adherence that 
have been studied [9,10].

One of the first terms introduced 
was “compliance”, and was defined as 
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Methods of assessment Advantages Disadvantages Parameter measured
Direct
Measurement of drug/
metabolite levels

Accurate
Objective, proving the 
ingestion of the drug

Costly
Invasive
Inter individual differences

Concentration of the drug/metabolite 

Indirect
Pill counts Simple 

Mostly used in clinical trials
No evidence of ingested 
medication

Number of doses missed

Electronic databases Easy to use
Inexpensive
Non-invasive, patients not 
aware that they are being 
monitored 
Especially specific to identify 
non-adherent patients 

Evidence of the drug being 
dispensed but not ingested

Medication possession ration (MPR)
Proportion of days covered (PDC)

Self-reported 
(questionnaires, visual 
analogue scales)

Easy to use
Inexpensive

Overestimate adherence
Subjective, influenced by 
recall or reporting bias

A value that is interpreted in regards 
to a pre-established cut-off point

Electronic monitoring 
systems

Objective
Additional information on 
degree of adherence
One of the most accurate 
methods

The patient is aware of the 
evaluation 
No actual evidence that the 
medication is being ingested

Overall percentage of doses taken
Dosing regime

“the extent to which a patient acts in accordance with the 
prescribed interval and dose of a dosing regimen”. This was 
viewed as having the negative connotation that patients are 
obedient to healthcare providers (HCP) instructions. As it is 
viewed today, the act of prescribing a treatment is based on 
a shared decision between patient and HCP, thus both have 
the ability to influence medicine taking behavior [11-13]. 
The current definition of treatment adherence, as given by 
the WHO, is “the extent to which a person’s behavior- taking 
medication, following a diet, and/or executing lifestyle 
changes- corresponds with the agreed recommendations 
from a healthcare provider” [1]. Medication persistence 
is another concept related to adherence, and refers to the 
pursuing of treatment for the prescribed duration, and is 
defined as being “ the duration of time from initiation to 
discontinuation of therapy”[12,14,15]. 

Different tools and measurements have been 
developed and validated in order to effectively and 
accurately assess adherence and persistence in a wide 
range of diseases. Each has advantages and disadvantages 
that should be thoroughly taken into consideration when 
designing and choosing a suitable method. 

Aims
To write an up-to-date overview of the validated 

methods most frequently used to measure treatment 
adherence, in order to give researchers and clinicians basic 
guidance in choosing the most appropriate method. 

Methods
We conducted a literature search on the PubMed 

database limited to articles published in English. Relevant 
articles (reviews, reports, opinions) were included, based on 
screening of the abstract or/and full text and their importance 
in the field. We considered that an extended review on 
this subject may prove to be excessive, since the purpose 
was to offer a summary of the available methods used to 
measure treatment adherence and for this reason we selected 
representative articles to be included in this research. 

Results 
Different approaches have been developed and 

validated to be used in various conditions and settings. 
Generally they are divided into subjective and objective 
methods, and in addition they can also be classified into 
direct and indirect methods. 

Adherence is usually measured over a period of time 
and reported as a percentage, offering information about 
dose taking behavior in relation to what was prescribed. In 
some cases adherence is reported as dichotomous variable 
(adherent/ non-adherent) or classifying levels of adherence 
(low/high adherers) and even as a mean value. 

Maintaining a treatment regimen (continuing to 
take any amount of medication) is mainly consistent with 
the definition of persistence. Persistence is expressed as a 
continuous variable, reporting the number of days for which 
treatment was available. Sometimes even as a dichotomous 
variable or as an average for the entire study period.

A brief overview of the methods available to 
measure different aspects of treatment adherence, including 
advantages and disadvantages, as well as parameters that 
are measured, are presented in Table I.

Table I. Adherence methods.
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Discussion
The commonly used classification of the adherence 

assessment methods, used by the WHO, refers first of all 
to subjective and objective methods. Subjective methods 
involve the patient’s assessment of their medication 
taking behavior or healthcare provider (usually with the 
help of a questionnaire) and they are inclined to a certain 
degree of bias. On the other hand, objective methods 
(such as measurements of clinical outcomes, dose counts, 
pharmacy records, electronic monitoring of medication 
administration) have the apparent potential to best measure 
treatment adherence. Further classification refers to direct 
and indirect methods of assessment [16]. Direct methods 
refer to the direct observation of therapy or measurement 
of the drug (or metabolite) or a biological markers levels 
in blood or urine, that prove that the medication has been 
taken by the patient. Indirect methods involve patient 
questionnaires, patient self reports, pill counts, rates 
of prescription refills, assessment of patient’s clinical 
response, electronic medication monitors, measurement 
of physiologic markers, or patient diaries. We will further 
discuss each of the methods, underlining their specifics 
advantages and disadvantages. 

Direct methods 
Direct methods include measurements of the drug 

(or a metabolite) concentration in body fluids. Although it 
may be considered as being an adequate and precise method, 
which can offer strong evidence of the ingestion of the drug, 
there are some variables that should be considered. Drug 
metabolism, individual variation in the pharmacokinetics of 
the drug, drug-drug interactions and drug-food interactions 
may interfere with the accuracy of the method, making it 
inapplicable for some drugs that have long halving time 
and can be detected long after the patient has stopped the 
treatment. The method is appropriate for the measurement 
of adherence to one drug therapy regimen only and it 
offers no supplementary data on the additional causes of 
non-adherence and does not report on any patterns of non-
adherence. It is also quite expensive, and could be viewed as 
interventional by some patients. Potential bias should also 
be considered, with some patients beginning taking their 
medication before upcoming examinations. The parameter 
measured, the presence of the drug (or metabolite), simply 
generates a yes/no result. Therefore this method does not 
offer additional information regarding patterns or levels of 
adherence or factors that could influence it [17-19]. 

The direct observation of the patient’s medication-
taking behavior by healthcare practitioners (HCP) can 
provide proof of the ingestion of the medicine, but in some 
cases can be impractical and not entirely accurate (patients 
can mimic the administration of the medicine, only to 
discard it afterwards) Moreover, direct observations are 
possible only for hospitalized or institutionalized patients 
and impractical to use in large population settings. Bias can 
easily be introduced if patients administer the medication 

only when they receive visits from the HCP, leading to false 
adherence [17-19]. 

Indirect methods
Indirect methods are by far more popular in 

adherence research, and include: pill count, electronic 
monitoring devices, the use of electronic health records, 
and self reported measures. 

Pill count is a simple method that calculates the 
number of doses that have been taken between appointments, 
and compares it with the total number of doses that the 
patient has received. An adherence ratio is then calculated. 
This is a straightforward and low cost method that can be 
easily applied for different type of formulations (tablets, 
inhalers). It can assess an average adherence, but does 
not give specific information about daily adherence or 
patterns of adherence. It is based on the assumption that 
removing the correct number of tablets from the dosing unit 
is equivalent with taking the medicine as recommended. 
However, this method does not prove actual ingestion of 
the drug. Potential variations in the dosing regimen should 
also be considered, especially in chronic conditions [17-19]. 

Measuring adherence and /or persistence using 
electronic databases (pharmacy and insurance claim 
databases, registries), is based on the assumption that 
prescription refilling patterns coincides with medication-
taking behavior. This requires the existence of a 
centralized, electronic system with consistency among 
prescribers and dispensers, and can be a convenient and 
inexpensive method to measure adherence [14,15,20]. 
Prescription refill data has the capacity to provide rough 
adherence estimations, since it offers information on the 
possession of medication and not proof on actual intake of 
medicine, and in some cases could give overestimations. 
It gives the opportunity to assess non-adherence in a large 
population over an extensive period of time, including 
multi-drug non-adherence. This method has the down-side 
of not being able to give very much information regarding 
barriers or factors associated with non-adherence (besides 
demographic features). By studying registries, we can 
obtain valuable data on causes of discontinuation (like 
ineffectiveness, suspected adverse drug reactions), since 
most registries give accurate information about different 
aspects of the patient treatment regimen [17-20]. However, 
it does not give information on individual patients’ rates 
of adherence, being mostly used for research purposes. 
Pharmacy records are accurate, inexpensive and easy and 
practical for adherence and persistent assessment. 

The two, most commonly, measured parameters in 
pharmacy claim databases are Medication Possession Ratio 
(MPR) and Proportion of Days Covered (PDC). MPR is 
frequently defined as “the proportion (or percentage) of 
days supply obtained during a specified time period or 
over a period of refill intervals”. When interpreting and 
analyzing data from literature it is important to assess how 
the MPR was calculated, since there are various methods 
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for MPR calculation. PDC is the number of days when the 
drug was available divided by the number of days in the 
study period. A cut-off point is commonly advised (at least 
80% adherent), which categorizes the patients as being 
adherent and non-adherent [21,22]. Some studies even use 
this as a continuous variable. 

Electronic monitoring devices, such as Medication 
Event Monitoring System (MEMS) are devices incorporated 
in the container that stores the dosing history of the patient’s 
prescribed medication. The opening of the container is 
assumed to coincide with the ingestion of the medication. 
It has been proven to be highly accurate in several studies, 
and it is used as a reference standard for validating other 
adherence methods [17,19,23-25]. It gives precise and 
detailed information about the number of doses taken and 
other deviations from the dosing regimen. Incorrect use of 
the device and opening the container without taking the 
medication could lead to false results [23-25]. The use of 
MEMS in large populations is limited by the relative high 
price of the device, as well as some practical issues like 
potential complications that may arise with refilling the 
prescription in the local pharmacy or some medication 
formulations.

Self-reported methods are among the most cheap 
and simple procedures for measuring adherence. Whether 
they are distributed online, administrated as structured 
interviews, or written questionnaires they enjoy a high 
degree of popularity in adherence research and can easily 
be adapted in different patient populations [15,18,19]. 
They are generally perceived as tending to overestimate 
adherence, in comparison to direct methods, since the 
patients can be influenced by recall or reporting bias. 

Questionnaires are a standardized self-reported 
measure for evaluating adherence to a specific medication 
regimen and can also give additional information about 
attitudes, behaviors and intentions. They are customarily 
validated against other measures, and a large number have 
been also strongly correlated with objective measures in 
different patients populations [25,26]. A cut-off point is 
chosen (commonly at 80%, thought in some studies this 
can be as low as 60%) to differentiate between adherent and 
non-adherent patients. 

Depending on the type of information that they seek 
to collect, they can be grouped into questionnaires that 
assess: 

•	 Only medication-taking behavior
•	 Medication-taking behavior and barriers to 

adherence
•	 Only barriers to adherence
•	 Only beliefs associated with adherence
•	 Barriers and beliefs associated with adherence [26].
According to this classification some of the 

most commonly used adherence scales fall into distinct 
categories, and attention is recommended both, when 
choosing and, when interpreting results from different 

studies. We will briefly discuss hereby the most frequently 
used scales: Medication Adherence Report Scale (MARS), 
The Compliance Questionnaire Rheumatology (CQR19) 
and Belief about Medicines Questionnaire (BMQ).

The first variant of the Medication Adherence Report 
Scale (MARS), developed in 2000, included 10 statements, 
with a yes/no answer, validated to be used for patients 
with schizophrenia. It is based on Drug Attitude Inventory 
(DAI) and the MAQ and assesses beliefs and barriers to 
medication adherence general disease control during the 
past week [26,27].

The MARS-5 and 6 are variations of this, including 
five, respectively six statements with a five point rating 
scale, designed to be used in different chronic conditions 
(asthma, chronic obstructive pulmonary disease, diabetes, 
rheumatoid arthritis). Easy to apply, MARS is frequently 
used in adherence research [28,29].

The Compliance Questionnaire Rheumatology 
(CQR19) is the only questionnaire specifically developed 
and validated (against MEMS device) to be used in patients 
with inflammatory rheumatic diseases. The 19 items are 
scored on a 4-point Likert response scale from 1 to 4, 
and the score ranges from 0 (complete non-compliance) 
to 100 (perfect compliance) [26,30]. A cut-off point is 
usually advised when using this scale, but in some cases 
it is also used as a continuous variable. CQR19-describes 
barriers and beliefs and was identified to offer information 
only in the implementation phase, making it to be more 
appropriate for use in first-time users. In an attempt to make 
it more easy to incorporate in clinical practice, a five items 
questionnaire was derived from this, maintaining a good 
level of reliability and validity [26,31].

The Beliefs about Medicines Questionnaire (BMQ) 
is a good example of a scale focused on measuring the 
specifics of treatment adherence-behavior rather than a pure 
quantification of it. It is indented to be used with another 
method of measuring adherence and it gives supplementary 
information about the general and specific necessity beliefs 
and concerns by assessing cognitive representations of 
medication. The questionnaire has been developed based 
on identified beliefs in literature which appeared to be 
common to patients with a wide range of chronic conditions, 
and based on interviews with patients undergoing drug 
treatment for chronic conditions. The complete version of 
the BMQ is composed of two sections: the General section 
(BMQ-General 18 items), which assesses more general 
beliefs about medicines and the Specific section (BMQ-
Specific 16 items), which explores beliefs about medication 
prescribed for personal use. The two sections (with a total 
of 34 statements, which can be administered within 10 
minutes) can be used in combination or separately. The 
BMQ has been translated and adapted to be used in several 
countries and validated in patients with asthma, diabetes, 
psychiatric and cardiac disorders [32,33]. All items have 
a five-point Likert scale answer option, which varies from 
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strongly agree to strongly disagree. Higher scores indicate 
stronger beliefs about the corresponding concepts in each 
sub-scale.

The short administration time makes the BMQ-
Specific a potentially applicable instrument in everyday 
clinical practice. The latest drug adherence research 
underlined the major impact of personal beliefs and 
concerns that arise in patients. They can explain much 
better the individual variations of drug adherence behavior 
than socio demographic and clinical factors [34-37]. 
By such, identifying personal drivers of adherence can 
contribute to the development of effective and special 
tailored interventions to improve adherence. 

For a method to be ideal in adherence measurement 
it should be: easy to apply in any setting, accurate and 
not expensive, and able to provide additional information 
regarding potential barriers, beliefs or concerns that 
patients might have. The choice should be also based on 
the response burden of the patient, and how the final results 
will be used. However, until now, there is no such method, 
as seen above, each method comes with advantages and 
disadvantaged that limits their use in some cases. For 
that reason, a multimodal approach seems to be the most 
appropriate solution. Using two (or if possible more) 
methods can offer more accurate and complex information 
about treatment adherence and can also confirm the original 
findings as seen in recent studies [1,28,37].

Conclusions 
This paper should provide a general direction for 

professionals when choosing an adequate method in their 
adherence research and while this is not a comprehensive 
review of all the methods used in adherence research, it 
gives information on various types and the most frequently 
accepted methods that can be applied in different patients’ 
settings.

Since there is no method that is regarded as “gold 
standard” in evaluating adherence, selecting at least two 
methods can give results that are closer to reality: an 
objective method that gives solid proof of the ingestion 
of medication and a subjective method that completes the 
research with information regarding factors, beliefs or 
barrier of adherence.
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