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Abstract 
 

Context: Interventions have been developed to improve adherence to medication, but 
trials have generally shown only small effects. This may be due in part to poor 
methodology, especially concerning the measurement of adherence and patient 
recruitment.  
 
Objective: To provide an overview of the state of trial methodology concerning 
measurement of patient adherence and patient recruitment, and explore how the 
quality of these methods impact the adherence results found in trials.  
 
Data sources: Major bibliographic sources, reference lists, and clinicaltrials.gov were 
searched for relevant trials up to January 2013.   
 
Study selection: Approximately 150 trials were included in the full systematic review, 
from which 50 trials were selected to represent several methods of measuring 
adherence.  
 
Results: There were a variety of different measures of adherence with qualities ranging 
from valid and unobtrusive, to unreliable and subjective. The median overall quality of 
adherence measures was 5 (IQR 3, maximum score 9, higher is better). The overall 
correlation of the quality of the measures of adherence and the coefficient of variation 
(CV) or proportion adherence suggested that adherence measures rated as higher 
quality were associated with a higher CV but not associated with a lower proportion 
adherence. The median overall quality of patient recruitment methods was 2 (IQR 1, 
maximum score 6, higher is better). Only 3 studies recruited only nonadherent patients. 
The correlation of the power of a trial and the quality of the patient recruitment 
methods, was slightly positively correlated for both binary and continuous data. 
 
Conclusions: The quality of methods employed in adherence trials varies considerably 
and affects at least some findings of these trials. Very few studies recruited nonadherent 
patients or measured adherence at baseline. The importance of these differences in 
quality merits further study, but it is clear that better standards of adherence 
measurement are needed to support adherence research.  
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1.0 Introduction 
 

The primary goal of any clinician is to decrease the adverse effects of disease. 

This goal can be undermined by many factors, including low levels of patient adherence 

to medication regimens, which is common in chronic diseases such as diabetes and 

cardiovascular disease1. Low patient adherence to medications including placebo,  has 

been shown to be related to patient outcomes, including mortality, in systematic 

reviews2. Adherence to medications in chronic disease has, to-date, been inadequate, 

averaging around 50%3. Adherence to clinician recommendations is even lower for 

lifestyle modifications such as diet and exercise1,3.  

 

1.1 Patient adherence defined  

 

Patient adherence may be defined as the extent to which a patients’ behaviour 

corresponds with the instructions they are given for a self-administered treatment 4–6.  

Medication adherence is quantified as the amount of medication consumed by the 

patient divided by the amount of medication the patient should have consumed had 

they adhered to their prescribed treatment. Other terms historically used in the 

literature to describe this phenomenon include compliance and concordance. 

Compliance, or the extent to which a persons’ behaviour coincides with medical advice7, 

has been deemed too paternalistic, casting the patient in a passive role8. Concordance 
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attempts to improve upon compliance by placing the patient in the role of decision-

maker while emphasizing a harmonious doctor-patient relationship8. Thus, concordance 

is what an informed patient decides to do, and there is “disconcordance” only if the 

patient does not do what they had agreed to do.   This is a different concept than 

adherence, and will not be considered further here.  Adherence is currently the 

preferred terminology for this complex issue; however, adherence and compliance are 

used interchangeably in the literature.  

The problem of poor adherence was first reported by Hippocrates around 400 

B.C., when he noted patients pretended to consume their medication, yet the problem 

persists to this day8.  Poor adherence is also very common, with typical adherence rates 

averaging 50%, though adherence can range from 0 to over 100% for different 

regimens5,9. It has been estimated that only about half of patients consume enough 

medication to experience a therapeutic effect, though it is important to note that the 

threshold of adherence required for a therapeutic effect varies with different diseases 

and treatment regimens6,7,10. This is of importance to clinicians and patients as multiple 

studies have indicated the role of good adherence in improving clinical outcomes, such 

as controlling blood pressure1,4,6,10. Further, low adherence has been shown to be an 

independent predictor of patient outcomes, including mortality2. Interestingly, 

researchers have identified a “healthy adherer effect”, wherein participants in trials who 

adhere to a placebo control have demonstrated better patient outcomes than 

participants who do not adhere to the active treatment2,11. Nonadherence complicates 
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the treatment of patients, as clinicians often respond to poor patient outcomes such as 

high blood pressure by prescribing a higher dose, providing a new diagnosis, or 

discontinuing medication1,10. Last, nonadherence is often considered to be a waste of 

resources in a constrained health care system, and estimates of its costs have been 

upwards of $100 billion annually10. However, the term adherence indicates the patients’ 

ability to decide whether they will adhere to a treatment or not, and although 

adherence is central in improving health outcomes, respecting a patient’s right to refuse 

treatment is also important12,13.  

 Reasons for nonadherence vary among patients, and nonadherence may be 

either intentional or unintentional, each of which have different causes and should be 

addressed uniquely. Common reasons for nonadherence include concern over the 

perceived or real side effects of medication, the complexity of the treatment regimen, 

the patient’s quality of life, the patient’s awareness or knowledge about the disease and 

treatment regimen, health care system issues such as whether the patient has a family 

doctor, the cost of the medication, and general forgetfulness4. Doctors and researchers 

have attempted to improve adherence by developing interventions that target these 

reasons. 

  

1.2 Testing interventions to improve adherence to medication  
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Attempts have been made to improve patient adherence to medications through 

interventions such as reminders and education, though studies have found singular 

interventions often fail6,14. Adherence is a complex issue requiring complex 

interventions, and poor adherence is often due to multiple factors2,15. Further, the 

conduct of trials of interventions to enhance adherence to medication can be 

complicated and must assess both changes in adherence as well as patient outcomes, as 

interventions must decrease morbidity and mortality to be of use16. Though no single 

intervention is likely to prove a cure-all for nonadherence, methodological issues in 

intervention trials also may explain some of the failures and inconsistencies in the 

evaluations of these interventions6.  

Well-designed randomized controlled trials (RCTs) are the cornerstone for testing 

the efficacy of interventions in healthcare7,17.  However, flaws in trial methodology can 

limit the validity and accuracy of the results found6,18–20. This was further supported by a 

meta-analysis by Moher et al. investigating the impact of the quality of the methodology 

used in RCTs on outcomes21. Methodological issues in adherence intervention trials 

include the measure of adherence, touted to be the single most difficult question in the 

realm of adherence research, the recruitment of patients into trials, as well as others 

such as the reporting of outcomes1,22,23. Trials from the previous systematic review6 

showed considerable variation in these areas, and it is hypothesized variations in these 

methods are a source of disparity in the conclusions of the trials. This is supported by a 

meta-analysis of the correlation between patient outcomes and adherence rates, which 
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included an analysis of some methodological factors and their impact on the effect size1. 

Dimatteo’s review, however, looked at adherence outcome reporting, whether self-

report was used, and whether one or multiple adherence measures were used, not the 

impact of individual measures on this relationship1. Further, this study suggested future 

research into the impact of study methodology on adherence rates and clinical 

outcomes is necessary, but did not discuss the impact of patient recruitment methods, 

that is, how subjects were identified, declared eligible and entered into trials, might 

have on adherence intervention trials. Other literature has discussed the importance of 

patient recruitment and retention in ensuring reliable results18.  

Despite the acknowledged importance of these methodological aspects, a search 

for studies that quantify the quality of these methods did not return any results. 

Therefore, to determine the impact of trial methodology on outcomes, criteria for the 

quality of adherence measures and patient recruitment were sought based on reviews 

and studies assessing measurement properties of measures of adherence. A scale was 

created out of this review of the literature to allow for assessment and comparison of 

methods between trials of adherence interventions, drawn from an update of a 

Cochrane review on interventions to improve patient adherence to prescribed 

medications6.  

This project investigated two key methodological aspects of studies of interventions 

to improve patient adherence to medication. Such methodological problems as the 

measurement of adherence and patient recruitment have been understudied, though 
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adherence measurement has been acknowledged to be the single most difficult 

question in the realm of adherence research4,8,14,24. There have been calls for 

standardization of measurement of adherence so intervention trials become 

comparable, yet this is difficult when no gold standard exists 24. Patient recruitment in 

particular has a paucity of information available, despite acknowledgments of its impact 

on study quality and validity20. Terms frequently used are defined in the glossary under 

Appendix 1. 

 

1.3 Research Questions and Hypotheses 

 

Overall Research Question 

What is the quality of the methods used in adherence trials, specifically the quality of 

measurement of adherence methods and patient recruitment methods, and what is the 

impact of that quality on the adherence results in these trials?  

 

Sub-Research Questions and Hypotheses 

1.3.1 Measures of Adherence Primary Research Questions  

1. Based on an overview of the literature, what are the advantages, disadvantages 

and quality aspects, including the validity, reliability, objectivity, unobtrusiveness 

and longitudinality, of different measures of patient adherence to prescribed 

medications?  
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2. What are the types of adherence measures used in a sample of randomized trials 

of interventions to increase patient adherence to prescribed medications, and 

what are their measurement qualities? (an analytic survey) 

1.3.2 Measures of Adherence Secondary Research Question  

1. How does the quality of measures of adherence affect adherence results in 

randomized trials of interventions to increase patient adherence to prescribed 

medications?  

1.3.3 Hypotheses for Secondary Research Question 

a) In trials with continuous adherence rates, higher quality measurement of 

adherence is correlated with a higher value of a measure of precision of the 

adherence results, defined by the coefficient of variation (CV).  

b) In trials with binary adherence data, the proportion of control group patients 

who are found adherent decreases with higher quality measures, as bias for 

lower quality measures tends to overestimate adherence.  

1.3.4 Patient Recruitment Primary Research Questions:  

1. What is the quality of patient recruitment methodology in a sample of adherence 

intervention trials, based on important methodological features of patient 

recruitment, including recruitment of patients with low adherence rates, 

representativeness of recruited patients, and stratified reporting of adherence 

levels according to baseline adherence? (an analytic survey) 
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1.3.5 Patient Recruitment Secondary Research Question:  

1. How do patient recruitment methods affect the statistical power of adherence 

results in adherence intervention trials?  

1.3.6 Patient Recruitment Secondary Question Hypothesis: 

Studies with higher quality patient recruitment methods are more likely to be 

powered to detect a clinical effect.  

 

The hypotheses for each research question are based on the assumption that study 

methods quality, for measuring adherence and selecting patients, and adherence 

outcomes and patient outcomes would not be associated. This is due to the abundant 

confounding factors in these trials, such as the heterogeneity and potency of the 

intervention, the multitude of different diseases being considered, or the variability of 

patient characteristics. For example, disease states in this review range from asthma and 

infection to diabetes, and corresponding patient outcomes range from quality of life to 

glycated hemoglobin (HbA1c) levels.  Thus the above hypotheses will be tested to 

investigate the relationship between the quality of the methodology, and the precision, 

magnitude, or power of adherence results. 

These variables were chosen based on whether the data were binary or 

continuous. The precision of the results is an important consideration that may be 

impacted by the measurement method and is a question that is yet to be answered.  For 

continuous data, precision can be investigated with the standard deviation alone, but 
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the coefficient of variation (CV) was chosen here to eliminate the units from the 

analysis, as most outcomes are measured in different ways across trials. For example, 

adherence results based on a measure of the amount of drug in a patient’s blood may 

be in the units of mol/L, whereas a pill count measure of adherence may be reported as 

number of pills counted. By dividing the standard deviation by the mean, the units 

cancel and measures become comparable for their variance in relation to their mean. 

This relationship was not explored for binary data, however, because the 

standard deviation of a proportion is directly related to that proportion. Thus we 

investigated the correlation of the proportion adherent with the measurement quality 

instead. This relationship was thought to be a valuable investigation, as it is often 

suggested that poor quality measures of adherence overestimate adherence. We only 

explored the proportion adherent in the control group because the proportion adherent 

in the intervention group would vary with the potency of the intervention, and would 

therefore not demonstrate the true association between the quality of the measure and 

the proportion adherent.  

Different variables were used for patient recruitment methods as it is self-

evident that the value of an estimate of precision of adherence estimates will increase 

when certain patient recruitment methods are implemented, such as recruiting only 

nonadherent patients. Thus the relationship of the precision of results to the quality of 

the methods was not worth exploring. Instead, we chose to investigate the relationship 

between the power of a study to detect an effect and the quality of patient recruitment 
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methods employed, as this relationship has not been established. Finding adequately 

powered results is integral to allowing researchers to draw inferences from those 

results. Given that results of trials to improve adherence often show no effect, it will be 

worthwhile to establish whether the methods of recruiting patients into the trial might 

impact the power of the overall study.  

 

2.0 Methods 

 

This analytic survey is based on data from a subset of randomized controlled 

trials included in a systematic review update on interventions to improve patient 

adherence to medications, which was a separate study. Methods for obtaining this 

dataset are detailed elsewhere6. In brief, the systematic review searched MEDLINE, 

EMBASE, CINAHL, PsychInfo, Sociological abstracts and the Cochrane Library, using key 

terms such as “compliance”, “medication” and “clinical trial”. Articles retrieved from this 

search were screened by title and abstract, then by full text in duplicate by independent 

reviewers and disagreements were resolved through adjudication by a third reviewer. 

Data was then extracted and disagreements were resolved in the same manner.  The 50 

articles included in this thesis were extracted first by the review team, prior to 

extraction of all other trials included in this systematic review update, with me as one of 

two reviewers on each extraction. The data from these extractions are used here, as my 

thesis, and was analysed separately by me. Methods to categorize adherence 
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intervention methods for measuring patient adherence and recruiting patients for such 

trials are summarized here. The remainder of the methods will describe the approach 

used to answer the research questions is section 1.3, beginning with the methods used 

to provide an overview of the measures of adherence currently in the literature, 

followed by the development of the quality scales, and the extraction and analysis of 

data from a sample of trials in the full systematic review for the secondary research 

questions’ analyses.  

 

2.1 Measures of adherence: classification 

 

A chart of measurement methods was created based on a review of the 

literature in order to answer our first research question on what are the advantages and 

disadvantages of different measures of adherence. This overview involved a key word 

search in MEDLINE and PubMed Clinical Queries of the terms "weights and 

measures"[MeSH Terms] OR measure [Text Word] and "patient compliance"[MeSH 

Terms] OR "compliance"[MeSH Terms] OR compliance [Text Word]. This search strategy 

was developed in collaboration with a research librarian. The results of the overall 

systematic review search were also screened for trials that related to this objective, by 

allowing screeners to flag articles that appeared to discuss adherence measurement for 

later review. This approach allowed the overview of measures of adherence to be 

comprehensive. Articles that addressed measurement properties such as reliability and 
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validity, or systematic reviews that discussed the merits of different measures, were 

included in this overview. This chart included information on the features listed in Table 

1, as well as values for the sensitivity, specificity, or reliability of each measure, to 

compare the relative merits of each adherence measure to other measures. Information 

from articles was categorized into each quality aspect and each type of measure by 

extracting this key information from each article. This extraction was done by myself, 

not in duplicate, as this aspect of the thesis was not the main objective, and thus it was 

deemed unnecessary to complete this via a systematic review. Measures were not 

organized in any sort of hierarchy given that there is no gold standard in adherence 

measurement and the debatable relative importance of each feature listed in Table 1. 

For example, though an objective and valid measure may theoretically give an accurate 

picture of adherence, if that measure is obtrusive to the patient, they may alter their 

adherence behaviours and pretend to consume their medication. Also, some objective 

measures such as drug concentration in patient blood depend on patient 

pharmacodynamics. This overview of measures of adherence and important 

methodological features of those measures was used during the development of the 

quality scale to answer the other research questions related to the measurement of 

adherence outlined above. 
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2.2 Development of dataset 

2.2.1 Desirable features of adherence measurement method  

 

Based on the overview of the literature on measures of adherence, a scale was 

developed based on important methodological aspects identified through that search. 

Many aspects of measures of adherence were identified in the literature to be of 

methodological importance, including reliability and validity, objectivity, 

unobtrusiveness, and the degree to which the measure provides longitudinal data 

(“longitudinality”), described in Table 11,7,14. Other features noted in the literature 

include directness, sensitivity and specificity, and feasibility; however, these aspects 

were judged to be covered by the five listed previously, thus including these aspects in 

our scale would double count that aspect of a measure giving it more weight in our 

quality scale25. For example, sensitivity and specificity are ways of expressing validity, 

and feasibility in part relates to the reliability and obtrusiveness of a measure.  Thus we 

have chosen the five features in Table 1 as a basis for surveying the methods of 

measurement used in trials of adherence interventions.  

 Reliability and validity, as aspects of quality of a measure of adherence, refer to 

whether the scale reproducibly and accurately measures what it purports to25. Reliability 

includes test-retest and inter-rater reliability, while validity includes content validity, 

criterion validity, and/or construct validity, all of which are important to investigate 

when developing a measure of adherence. The objectivity of a measure of adherence 
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relates to the minimization of bias based on the design of the measure. For example, pill 

counts are designed to be objective, whereas self-report by patients and judgments by 

providers are inherently subjective. An unobtrusive measure would be one in which the 

patient is unaware the measurement is being taken, minimizing the risk of bias.  

Pharmacy refill data provide an unobtrusive measure,  as long as patients are unaware it 

is being used to measure adherence, avoiding the Hawthorne effect14.  Last, the period 

of follow-up covered by data is important when measuring adherence. Longitudinal data 

refers to a measure that provides adherence over a period of time. This period should be 

longer than 6 months for chronic medication adherence, and timing is important even 

when measuring adherence to antibiotics over a shorter period of time, as early 

adherence frequently is higher than adherence towards the end of the prescription 

period.  

Though Table 1 outlines examples of measures for each feature, it is important to 

note that there is no perfect measure and the properties for each measure that appear 

desirable can be compromised by poor methodology. For example, medication event 

monitoring systems (MEMS), wherein medication is dispensed in an electronic pill bottle 

that counts each time the lid is removed and theoretically each time medication is 

consumed, cannot determine if the medication has actually been consumed by the 

patient and is therefore an indirect measure of adherence. MEMS can only determine 

objectively the pattern and number of times the bottle is opened as a proxy for 

medication consumption. Further, MEMS are obtrusive to patients as it can become 
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obvious the bulky lid is monitoring bottle use, and this certainly becomes clearer when 

researchers emphasize the importance of using the bottle properly and returning it at 

follow up appointments.   

An ordinal rating scale was developed in this thesis to assess the quality of 

measurement employed in each included trial. This scale was based on the principles of 

measurement, using the features of an ideal measure (valid, reliable, unobtrusive, 

objective and provides longitudinal data in Table 1) as a reference point for the 

measurement of adherence. The scale for each aspect was scored as Yes, No or 

Uncertain26. These ratings were given “dummy” values of 0 to 2, so that I could translate 

the rating of the trials’ methodology into a value to correlate with adherence 

statistically. In this scale, a “No” received a value of 0, a “Yes” received a value of 2, and 

“Uncertain” received a value of 1, as it is neither certainly absent nor certainly present.  

The ratings within each aspect of the scales for the two research questions (the 

measurement of adherence methods and patient recruitment methods) were derived 

through a literature search detailed above in the classification of measures. The 

categorization of each feature is detailed in Table 2 for the measurement of adherence 

quality scale.  The phrasing of each category was revised repeatedly through pretesting 

with data extractors to try to improve the reliability of this scale.  It is important to note 

the properties of each measure that was found in the review of the literature and 

reported in Table 4 are general and may not apply in all situations. If a study in our 

analytic survey mentions that the measure of adherence used is reliable, or any other 
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property of interest, or if the authors cited a study that demonstrated a property of the 

measure, that measure was categorized higher than it would be otherwise. For example, 

self-reports can be elicited in any number of ways (eg, patient diaries, questioning by a 

doctor or nurse or third party, formal questionnaire), many of which are of unknown 

reliability and validity. Thus a self-report can be categorized as valid if the authors cited a 

validity study that documented significant correlation with a criterion or concurrent 

measure (given there is no gold standard in adherence measures). For example, the ASK-

20 self-report questionnaire was validated by correlating the results with those collected 

from pharmacy refill records27–29.   

 

2.2.2 Patient recruitment methodology 

 

The methods related to the recruitment of participants in trials of adherence 

interventions were investigated, as recruitment and the subsequent reporting of patient 

adherence have important methodological implications7,18,19. In general, recruiting 

patients based on their baseline adherence levels, the representativeness of the sample, 

and whether the results are reported by baseline adherence, were sought and 

analyzed20,30. This aspect of this thesis is referred to as “patient recruitment 

methodology”.  

Recruiting only nonadherent participants will result in more powerful detection 

of intervention effects, as adherent patients may blunt the effect of the intervention to 
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improve adherence through a ceiling effect30. An adherence estimator was recently 

validated to predict patient nonadherence, based on preconceived health beliefs, which 

could also be used as a recruitment tool31. However, lumping patients into groups of 

compliers or noncompliers on a purely statistical basis (above or below a certain level of 

adherence) ignores important behavioural and biological considerations, such as the 

level of adherence required to achieve the desired therapeutic response24. Yet recruiting 

patients with low initial adherence is important to ensuring the full effect of the 

intervention may be detected.  

The representativeness of the study sample was measured by assessing the 

number of patients asked to participate in the study prior to the investigators reaching 

their sample size. This aspect is based on the assumption that a sample is less 

representative (i.e., suffers from selection bias) if a large proportion of eligible patients 

decline before the study population is recruited. Though this comparison might not take 

into account other biases such as volunteer bias, this approach was the most feasible 

and objective method for assessing representativeness. 

Last, reporting of results by initial adherence status may clarify whether the 

intervention had an effect in those who needed it most. If the results were analyzed in 

two groups when adherent and nonadherent patients were recruited with baseline 

adherence measurements taken, then the study was considered to have done this. If 

only nonadherent patients were recruited, the study received the highest rating in this 

category as results would be reported based on all patients being initially nonadherent.  
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These aspects of patient recruitment, representativeness and reporting 

methodology may partially explain inconsistent findings of adherence intervention 

efficacy across trials. The scale gave each of these three items an assessment of Yes, No 

or Uncertain26. These ratings were then given “dummy” values of 0 to 2, to translate the 

rating of the trials’ methodology into a number to correlate with adherence statistically. 

In this scale, a “No” received a value of 0, a “Yes” received a value of 2, and “Uncertain” 

received a value of 1, if it was neither certainly absent nor certainly present. The 

categorizations of these dimensions are detailed in Table 3. The phrasing of each 

category was revised repeatedly through pretesting with the data extractors to 

maximize the reliability of this scale.   

 

2.2.3 Data extraction  

 

Data extraction was completed in combination with the update of the Cochrane 

review upon which the dataset for this thesis was based. The full extraction form is 

available in Appendix 2, and the aforementioned scales (Table 2 and 3) were a part of 

this extraction and were the main focus of this thesis.  In brief, data extraction involved 

duplicate extractors reading included trials and extracting data through an online data 

management system. Disagreements between extractors were resolved through 

adjudication by a third extractor. The data extraction form was tested extensively during 

its development in an attempt to improve the reliability of the form’s use. 
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2.3 Outcome variables 

2.3.1 Primary outcome 

 

Adherence outcomes, both binary and continuous, were included during data 

extraction and used in this analysis. Quality scores were a primary outcome of interest, 

though only adherence measurement methods that had accompanying adherence 

results in each trial were used for the quality score for trials. Only one quality score was 

available for each trial’s patient recruitment methodology, and this too was a primary 

outcome of interest.  

When multiple measures of adherence were used in trials, a composite quality 

score was calculated by taking the maximum score for each domain (2 on a 0-2 scale, for 

a maximum of 9). This was done when multiple measures of adherence were used and 

no single measure had the maximum possible quality score for that trial. Using multiple 

methods to measure adherence may provide more valid adherence data, as one 

measure may provide information or an aspect that another measure lacks.   

 

2.4 Statistical analysis 

 

2.4.1 Sample selection 
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The analysis was done on a sample of 50 purposively selected studies, half (25 

studies) from the review published in 2008 (for which the literature search was 

completed in 2007) and half from the current update of the review (2007-2013). A 

sample of both new and old studies was used to acquire a distribution of quality scores, 

given the hypothesis that newer studies may have a higher quality score.  A purposive 

sample was selected instead of a random sample given our desire to include all 

measures of adherence in our analysis, thus studies with various measures of adherence 

were selected to ensure heterogeneity. Though a stratified random sample may have 

been the best approach for sampling these articles, this approach was not possible as 

the article extractions have not yet been completed. In order to choose the 50 studies, 

the measures of adherence used in each study were assessed for all studies included in 

the published review, and studies were then selected based on the measures used, 

aiming for at least 3 studies per measure. However, few studies used some types of 

measures such as attendance, drug concentration from blood or urine, and direct 

observation, so studies that included those measures were included and the remaining 

studies aimed to balance the other measures (self-report, pill count, MEMS, etc.). Some 

studies were found to be excluded based on inclusion/exclusion criteria for this review 

after they were included in our sample, and were subsequently replaced in the manner 

studies were originally selected, that is, through a purposive selection of studies with a 

certain measure of adherence. For example, some articles were found during extraction 
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to not meet the inclusion criteria of 80% follow up, which was missed during initial 

screening due to the complexity of reporting in some articles32. 

 

2.4.2 Primary analysis  

 

This study was an analytic survey which aimed to describe, classify and rate the 

measures of adherence and participant recruitment methods in trials of adherence 

interventions. The primary analysis consisted of descriptive statistics, including a 

summary of the median quality of the studies’ methodologies, the frequency of different 

types of measures and quality scores, and the range or interquartile range for each 

median quality score. 

 

2.4.3 Secondary analyses 

 

The association between adherence intervention trial methodology, in terms of 

measures of adherence and patient recruitment methods, and the precision, magnitude 

or power of adherence results reported in the trial was investigated. This was quantified 

by a correlational analysis, using a Spearman correlation, the dependent variable varying 

for each hypothesis, which differed by the methods aspect and the type of data (binary 

or continuous), and the independent variable being the summary quality score of 

methods for measurement of adherence and patient recruitment, quantified by the 
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scale developed for this thesis. For continuous adherence outcomes for the adherence 

measurement research question, the dependent variable was the precision, as 

measured by the coefficient of variation for each trial’s adherence outcome. The 

coefficient of variation (CV) was calculated for each study by dividing the standard 

deviation of the data for a measure by the mean of that data for that measure (CV =SD / 

mean) (the “noise to signal” ratio). For example, in an article by Hederos et al.33, a self-

report questionnaire that was quantified as a visual analogue scale (VAS) found a mean 

of 16.4 for adherence in their population and a standard deviation of 24.2 for this 

measure33. Therefore the CV was 1.48 (=24.2/16.4) in this study for this measure. A 

higher quality measure of adherence is hypothesized to be correlated with a wider range 

of adherence in each trial, i.e. the quality will be positively correlated with the CV. This is 

because a biased method of measuring adherence consistently overestimates 

adherence, therefore the standard deviation for the distribution of adherence scores 

would be lower. Binary adherence outcomes for the measurement of adherence 

research questions used the proportion adherent, as defined by the study, as the 

dependent variable in a bivariate, Spearman correlation. The proportion adherent was a 

value ranging from 0-1 reported in the study when adherence was dichotomized 

through the use of cut-offs. For example, 57.6% of patients took greater than 80% of 

their pills based on a pill count in a study by Henry and Batey34.  

The patient recruitment method quality investigated how the overall quality 

score (for both continuous and binary adherence outcomes) correlates with the power 
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of the study to detect an effect (using the Spearman correlation). The hypothesis was 

that studies that recruited nonadherent patients ought to have greater power to detect 

the effect of an intervention to improve adherence. The scores for each quality feature 

were dichotomized for a within scale item comparison, from 0-1-2 to 0-1, due to the 

large difference in the number of studies with certain quality scores. The two 

consecutive scores with relatively smaller values compared to the other score were 

lumped together. This varied for the three aspects of recruiting patients. For the quality 

scale items of whether studies recruited patients based on baseline adherence (i.e. only 

recruited nonadherent patients) and for the item of whether results are reported based 

on baseline adherence levels, the scale values of 1 and 2 were lumped into a score of 1 

and compared to the 0’s in this analysis. For the other scale item of recruiting a 

representative patient sample, the 0 and 1 scores were lumped into a 0 score and the 2 

score became a score 1, as there were few 0’s in this aspect and we aimed to make the 

sample size in the two scores most comparable through this dichotomization. A 

Wilcoxon rank sum test (i.e. Mann-Whitney U test) was used to analyse the effect of 

each quality aspect, comparing the two quality score’s power to detect a difference. 

Power was evaluated by comparing the study sample size to a calculated theoretical 

sample size, using a clinically important difference in means or proportions of 25%, 2-tail 

α= 0.05, and β=0.8. A ratio of actual sample size over the sample size theoretically 

powered to detect an effect was then calculated and used as the dependent variable 

(i.e., % recruitment= actual sample size / theoretical sample size). For instance, in a 
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study by Peveler et al35, 48 patients were included in the control group, but a sample 

size of 57 patients in each group was required to detect a 25% difference in the 

intervention group based on the proportion adherent of 0.51 in the control group. The 

percentage recruitment in this situation would then be the actual sample size divided by 

the theoretical sample size, or 48 / 57 = 0.85, or 85% of the recruited sample size was 

obtained in this study.  If the proportion adherent in the control was greater than 75%, 

thus p1+MID > 1, a maximum proportion of 100% was imputed for such instances. An 

example of this is when the reported proportion adherent in the control group in a study 

is 80%, thus the calculated proportion in the intervention group once the 25% minimal 

difference is added would be 105%, which would not allow for a sample size calculation. 

Thus a minimal difference of 20% is imputed instead to create a ceiling of 100% 

adherence.  

Analyses were completed in SPSS version 20 and a 2-tail p<0.05 was used to 

determine statistical significance. Data were originally going to be transformed using an 

inverse (1/x) or the natural logarithm (ln(x)) transformation. These transformations are 

used when data is skewed and J-shaped, to make the data more normally distributed. 

However, even after transforming data to allow for t-test assumptions to be valid (i.e. 

normality of data), the data was still too skewed for a t-test to be used. Therefore a 

Wilcoxon rank sum test was used to test differences between the two groups. Inter-

rater agreement was quantified for data extractions and scale ratings using an 

unweighted kappa (κ). 
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2.4.4 Exploratory Analyses 

 

For the investigation of the quality of measurement of adherence methods, 

when a composite measure quality score was higher than any single measure’s quality, 

that composite score was substituted for that study. These new quality scores were 

compared to the overall correlation with the precision or proportion as a sensitivity 

analysis. For the patient recruitment methods correlation of power with quality, we also 

tested clinically important differences of 15% and 35% and qualitatively compared these 

extremes to the main 25% minimum difference. The effect size (=mean (p1-p2)/ SDpooled, 

where p=proportion adherent, p1 is the intervention group and p2 is the control group) 

was compared across dichotomized patient recruitment categories to investigate the 

comparison of low quality patient recruitment methods’ mean effect size observed to 

the effect size found in higher quality patient recruitment methodology studies. Trends 

in study quality over time was also looked at by comparing the quality in studies 

published by year of publication using a Spearman correlation and visually examining the 

scatterplot of this data.  

 

3.0 Results 

 

The flow of studies in this systematic review is shown in Figure 1 and is discussed 

in greater detail in the full systematic review update6. 50 studies were included in this 
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analytic survey based on the types of measures of adherence they utilized, as detailed in 

the Methods. Table 4 summarizes the measurement qualities of different measures of 

adherence in the literature. Tables 5 and 11 provide the methodological quality of each 

trial for measurement of adherence and patient recruitment methods, respectively. 

Table 6 reports the frequency of different measures of adherence and the median 

quality overall and per quality feature for each measure. Table 7 reports the number of 

studies with different numbers of adherence measures, from one to five measures. 

Tables 8 and 13 provide all of the data used in this study to compute correlations to 

answer our secondary research questions for both the measure of adherence and 

patient recruitment methodological areas. Tables 9 and 10 report the correlations found 

between the quality of measures of adherence and the precision or proportion 

adherent. Figure 2 illustrates the correlations found as a graph with a line of best fit for 

the overall correlation between the quality of the measure of adherence and the 

proportion adherent. Table 12 reports the patient recruitment methodological quality 

summary, while Tables 14-19 report the Wilcoxon rank sum test results for each quality 

feature of patient recruitment quality.  

For screening and extracting of data, agreement between extractors was fair, 

with kappa values of 0.342 (95% CIs 0.114 to 0.678) for 50 extractions. Disagreements 

between extractors were resolved by a third extractor. Authors were contacted to 

provide their revisions on our extractions of their article, which resulted in some 

changes to our original data, based on authors’ comments. A substantial proportion of 
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authors, 29/50 (58%), replied after three emails were sent to them, the maximum 

number of attempted contacts. 

 

3.1 Classification and description of adherence measures 

 

The overview of the adherence measurement literature to answer the primary 

research question related to the measurement of adherence methods, found 36 

different measures of adherence from the initial review of the literature during the scale 

development for this thesis. The analytic survey of 50 randomized controlled trials of 

interventions to improve adherence, for the second primary research question related 

to the measurement of adherence methods, identified an additional 8 unique measures, 

giving a total of 44 different measures. These include a generic self-report of adherence, 

as well as different methods of pill counts. Many of these measures were specific self-

report questionnaires, which often contained similar questions and generally had the 

same advantages and disadvantages of being easy to use and economical but obtrusive 

to patients and subjective. These have been grouped into the measures listed in Table 4, 

which summarizes their advantages and disadvantages, as well as what the literature 

notes for each aspect of quality of measurement. 

Twenty of these measures were considered by the literature to be valid in 

contexts in which validity has been tested, and three were considered not to be valid 

based on empirical assessments by the study author or by another study of that 
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measure, including the physician assessment. Other measures have not been tested for 

validity or may have multiple types of measures within a method of measuring 

adherence, with some subtypes being valid and others not valid or not validated. For 

example, this table does not include all possible methods of measuring therapeutic 

response, though different therapeutic response measures are of variable validity. 

Twenty-six measures of adherence were considered to be reliable in the literature.  

Twelve measures were considered objective, though only four of those are direct 

measures of adherence. Nine measures were considered unobtrusive. Most measures of 

adherence are capable of measuring adherence over a long period of time 

(longitudinality), however self-reports are often only capable of measuring the previous 

week of adherence due to recall bias, and blood drug concentration assessments are 

only capable of measuring short periods of time when the drug in question has a short 

half-life. Certain measures are often considered to be a “gold standard” (for example, 

MEMS4,28,36–38), yet Table 4 illustrates the drawbacks of each measurement type, which 

exemplifies the lack of a true gold standard in this area of measurement, including for 

MEMS39.   

Other measures that are considered by some to be the best measure of 

adherence, such as pharmacodynamic measures, were not included in this overview 

because no trials that discussed measures of adherence or test interventions to improve 

adherence used these methods. Only measures of adherence that were explicitly stated 

in an article to be a measure of adherence were included here. However, given the 
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broad classes of some measures of adherence, such as therapeutic response which can 

include outcomes such as glycated hemoglobin (HbA1c) so long as the trial states that 

that measure is quantifying adherence, these other measures might be included.  

 

3.2 Analytic survey of measurement methods used in trials 

 

Table 5 provides the raw data of the quality of each measure per study. Table 6 

summarizes the quality per measure overall in the 50 studies included in this analytic 

survey as well as the median quality in each feature for each measure. The median 

overall quality of measures of adherence was 5 (IQR=3; maximum, possible score 9). 

Though studies were selected based on their measure of adherence, few studies in the 

full systematic review included certain types of measures, such as “appointment 

keeping”, “clinician judgment”, “direct observation”, and “therapeutic response”. These 

infrequently used measures of adherence generally had low quality scores, though 

therapeutic response was an outlier with a median quality score of 6 (out of maximum 

9). Other measures of adherence, such as MEMS, pill counts and pharmacy records, 

were used more frequently in the literature and were of higher quality than other 

measures. Self-reports were an anomaly in this regard, as they were used quite 

frequently but were of lower quality (median score of 3). Self-reports are often used in 

conjunction with other, higher quality measures, as they are user friendly, economical, 

and able to provide qualitative data on patterns of adherence. Pharmacy refill records 
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and body drug concentration measures had the highest median quality score of 8 and 7, 

respectively. These measures fulfill all of our scale criteria, as they are usually 

unobtrusive to patients. Direct observation is also a good measure of adherence as it is 

direct and objective; however it is very obtrusive to patients and was thus of lower 

quality (median score 4.5). Clinician judgment continues to be considered the poorest 

method of measuring adherence, as it has been previously invalidated40.    

Table 7 reports the number of measures of adherence per study and proportion 

of studies reporting each number of measures. One study used six and five measures of 

adherence for the adherence assessment, two studies used four measures for the 

adherence assessment, five studies used three measures, and 18 studies used two 

measures (Table 7). It is thought that using more measures will lead to a more 

representative assessment of adherence, as different aspects of adherence can be 

evaluated by different measures. This was found to be the case in eight of 27 (29%) trials 

that included multiple measures of adherence, which had a composite quality score that 

was higher than any single measure of adherence quality. This was because different 

measures often have different drawbacks, such as a pill count being obtrusive or a 

questionnaire not being valid. In the other 20 studies the quality of a single measure was 

higher in all quality aspects (validity, reliability, etc.) than any other measure included in 

that study.  
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3.3 Secondary analysis of measurement of adherence data  

 

Table 8 provides the data from each study. Out of 50 studies, 21 (42%) reported 

adherence data in a continuous manner, though four of those studies did not report 

exact p-values or standard deviations to allow the data to be used in the analysis, but 

did include adherence data reported in a binary manner and therefore were still 

included in this study. The proportion of studies reporting adherence data as a binary 

variable was 38/50 (76%). Ten of 50 (20%) studies reported data both continuously and 

as a binary adherence outcome. As some articles that included multiple types of 

measures of adherence did not report data per measure, not all measures were included 

in secondary statistical analysis; however, these measures were still included in the 

overall descriptive analyses. 

  

3.3.1 Continuous data 

 

The overall Spearman’s correlation of the quality of the measures of adherence 

and the coefficient of variation of adherence results for a given measure of adherence 

was 0. 663 (95% CIs 0.386 to 0.830, p<0.001), meaning that higher quality scores were 

associated with a larger variation in the estimate of adherence, as quantified by the 

coefficient of variation. This indicates that the quality of the measure may impact the 

adherence results that are found in a trial. Table 9 contains the Spearman correlations 
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for each measure.  Several measure types did not have data reported continuously or 

not enough data to compute a correlation. While the values could easily have arisen by 

chance as the correlation for all three measures was nonsignificant, the direction of 

correlation corresponded to our hypothesis of a positive correlation between quality 

and precision for three measures, MEMS, pharmacy refill record, and pill count.  

 

3.3.2 Binary data 

 

The overall correlation and correlations for individual correlations were not 

statistically significant. The overall Spearman’s correlation of the quality of the measures 

of adherence and the proportion adherent was -0.210 (95% CIs -0.436 to 0.041, 

p=0.101), meaning a higher quality measure of adherence may be associated with a 

lower proportion adherent in a trial. This further supports the idea that the quality of 

the measures of adherence used might impact the adherence results found in a trial. 

Table 10 contains the Spearman correlation of each measure. Although none of the 

results for individual measures was statistically significant, some individual measures’ 

correlations corresponded to the hypothesis of a negative correlation between quality 

and proportion of patients who were reported as adherent, while others had a positive 

correlation contrary to the hypothesis. 
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3.4 Patient recruitment methods  

 

The overall median quality of patient recruitment methods was 2 (IQR=1, 

maximum possible score 6).  Table 11 details the patient recruitment quality scores in 

each study while Table 12 summarizes that information. Few studies (3/50) recruited 

only nonadherent patients. This is a key finding of the study. Most studies in our sample 

recruited “representative groups” of patients. A study’s sample was considered to be 

representative in our quality scale if they recruited more than half of the patients that 

were eligible for entry into the trial, as reported in the trial. For instance, a study by 

Rickles et al. reported that 98 patients who met the eligibility criteria were approached 

for entry into the study of which 63 were included, which exceeds our required ratio of 

less than 2:1 eligible to included patients41. Thus in this study, the sample was 

considered to be representative of the eligible population.  Though this approach to 

estimating representativeness does not take other biases such as volunteer bias into 

account, this method was considered the most feasible and objective way to estimate 

this quality aspect. Fewer studies recruited patients based on their baseline or 

background adherence rate than studies that recruited a representative number of 

patients, and few studies reported their results based on baseline adherence.  The data 

from each study and calculated percentage recruitment are provided in Table 13.  
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3.5 Patient recruitment secondary analysis  

 

3.5.1 Continuous data (Tables 14-16) 

 

The overall Spearman correlation between the quality score and the percentage 

of sample size recruited in a study was not statistically significant (0.038 (95% CIs -0.347 

to 0.412) p=0.851). Each of the three quality aspects that were included in the patient 

recruitment methods quality scale were investigated individually. The quality score of 

each scale aspect was dichotomized to 0 or 1, rather than the original 0, 1 or 2, due to 

the uneven spread of the scores, as discussed in the Methods section. These 

dichotomized quality scores were then compared to the power of a trial to detect an 

effect using a Wilcoxon rank sum test, to compare the two groups. This test was used in 

order to determine if there was a difference between the power of a trial to detect an 

effect based on the quality of the method used for each quality aspect. The results of 

the Wilcoxon tests for each quality aspect, comparing the percentage recruited across 

dichotomized quality scores, are reported in Tables 14-16. Overall, with the exploratory 

nature of these analyses and lack of significant differences in mind, our findings on the 

relationship between the quality of patient selection methods and the power to detect 

an effect for continuous data were inconclusive. Thus we cannot determine with 

certainty whether any of the quality aspects impacts the power of a trial to detect an 

effect. 
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Though p-values for ANOVA and Wilcoxon rank sum tests were similar, only the 

results of Wilcoxon tests were reported because analysis by three quality score 

categories had largely disparate numbers in each category making a dichotomization of 

the quality score more appropriate for analysis. The statistical appendix provides 

distributions of the three quality scale scores for the three aspects of patient 

recruitment quality (Figures 1-3). The two consecutive scores with smaller values were 

lumped and compared to the other score, which varied for the three aspects. For the 

quality scale items of whether studies recruited patients based on baseline adherence 

(i.e., only recruited nonadherent patients) and for the item of whether results are 

reported based on baseline adherence levels, the scale values of 1 and 2 were lumped 

into a score of 1 and compared to the 0’s in this analysis. For the other scale item of 

recruiting a representative patient sample, the 0 and 1 scores were lumped into a 0 

score and the 2 score became a score 1, as there were few 0’s in this aspect and I aimed 

to make the sample size in the two scores more comparable through this 

dichotomization.  

 

3.5.2 Binary data (Tables 17-19) 

 

The overall correlation of the overall quality and the percent recruitment was 

also not statistically significant (0.140 (95% CIs -0.127 to 0.388), p=0.303). The results of 

the Wilcoxon rank sum tests comparing transformed percentage recruited across 
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dichotomized quality scores are reported in Tables 17-19. Overall, the relationship 

between the quality of patient recruitment methods and the power of the trial to detect 

an effect for binary data was indeterminate. No comparisons were significant, thus it 

remains to be seen whether the quality of these methods might impact studies’ power.  

Though p-values for ANOVA and Wilcoxon rank sum tests were similar, only 

results of Wilcoxon tests were reported because analysis by three quality score 

categories had largely disparate numbers in each category making a dichotomization of 

the quality score more appropriate for analysis. The statistical appendix provides 

distributions of the three quality scale scores for the three aspects of patient 

recruitment quality (Figures 1-3). The two consecutive scores with smaller values were 

lumped and compared to the other score, which varied for the three aspects. For the 

quality scale items of whether studies recruited patients based on baseline adherence 

(i.e. only recruited nonadherent patients) and for the item of whether results are 

reported based on baseline adherence levels, the scale values of 1 and 2 were lumped 

into a score of 1 and compared to the 0’s in this analysis. For the other scale item of 

recruiting a representative patient sample, the 0 and 1 scores were lumped into a 0 

score and the 2 score became a score 1, as there were few 0’s in this aspect and we 

aimed to make the sample size in the two scores more comparable through this 

dichotomization.  
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3.6 Exploratory Analyses 

 

The impact of a composite adherence measure score was tested by investigating 

the overall correlation of the quality of the measures to the adherence results for both 

binary and continuous data. The addition of a composite measure, wherein a total 

highest score was assigned to each study if the highest score in each quality scale 

category was not already in a single measure, altered the correlation between the 

quality and the precision slightly, but the correlations remained not statistically 

significant. The new Spearman’s rho became 0.546 (95% CIs 0.232 to 0.757, p=0.002), a 

slight decrease in the positive correlation found without the inclusion of composite 

quality scores. The new Spearman’s rho for binary data, between the quality and the 

proportion, also changed slightly to -0.162 (95% CIs -0.383 to 0.077, p=0.183). These 

slight changes in the correlation for continuous and binary data indicate that the 

addition of a composite measure of adherence does not substantively alter the 

relationship between the quality of a measure and the adherence outcomes in a trial.  

The effect size in the two quality score groups for the patient recruitment 

methods questions was investigated in another exploratory analysis. One of the six 

comparisons between the effect sizes for dichotomized high versus low quality scores (1 

vs. 0) for continuous and binary data were statistically significant (p<0.05) (Table 20-21).  

It was hypothesized that the effect size in groups that recruited nonadherent patients 

(high quality, score of 1) would be higher than that of studies that did not recruit 
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patients based on their baseline adherence rates. This was because the difference 

between the mean in the intervention group and the mean in the control group would 

be greater if baseline adherence was lower. This was not supported through this 

investigation of the effect size between these two groups, with studies recruiting 

nonadherent patients having a median effect size of 0.278 (IQR 0.353) and studies that 

did not include this eligibility criterion had a median effect size of 0.370 (IQR 0.626) for 

continuous data. This hypothesis was also not supported for binary data, with studies 

recruiting nonadherent patients having a median effect size of 1.508 (IQR 3.177), and 

studies not recruiting based on baseline adherence having a mean effect size of 2.434 

(IQR 3.614). However, this difference was statistically significant for binary data; yet this 

analysis was exploratory and thus no conclusions may be drawn from this finding. No 

hypotheses were made for the other two quality scale aspects. 

Different minimally important differences were tested to determine the effect of 

choosing a difference other than 25%, on the power of the trial to detect an effect for 

the patient recruitment questions. Using a 15% minimally important difference in 

adherence resulted in not meeting the required sample size for a study to be powered 

much more frequently and sample sizes needed to be moderate to large more 

frequently. A 35% minimally important difference in adherence, conversely, resulted in 

much smaller required sample sizes and therefore studies were adequately powered 

more frequently. The distribution of results for the percent recruitment for each 

minimally important difference is illustrated in Figures 3-5. I believe a 25% minimally 
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important difference is the most appropriate as the other two values test, 15% and 35%, 

resulted in extremes of sample size, compared to the moderate 25% difference that has 

been noted in the literature previously.  

The quality of the methods in these trials was correlated with the year of the 

trial’s publication to determine if there was an association between quality and time. 

Figure 6 illustrates this relationship of quality of measurement of adherence over time, 

based on publication year. The Spearman correlation of measurement quality and time 

was -0.141 (95% CIs -0.338 to 0.068). Figure 7 illustrates the relationship of quality of 

patient recruitment methods over time. The Spearman correlation of patient 

recruitment quality and time was -0.022 (95% CIs -0.244 to 0.202). Neither correlation 

was statistically significant, thus this relationship remains inconclusive. Interestingly, the 

correlation between the quality of the methods and time (year of publication) was 

slightly negative, contrary to the hypothesis that quality might increase over time. 

Though the reason for this result is unclear, it is important to keep in mind this analysis 

was exploratory and inconclusive. 

  

4.0 Discussion 

 

4.1 Summary of findings 
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This thesis investigated the types and quality of methodology used in trials of 

interventions to improve patient adherence to medication. A scale to assess the quality 

of the methods used in these trials was developed here to allow for a descriptive 

analysis of the quality of the methods. The types of measures of adherence discussed in 

the literature and used in trials of interventions to improve adherence ranged from poor 

quality, such as attendance, to high quality, such as pharmacy refill records. Lower 

quality measures of adherence were used less frequently in the literature than those 

with overall higher median quality scores, such as pharmacy refill records and MEMS. 

Over half of included studies used more than one measure of adherence, which might 

explain the high frequency of self-report use in these trials, as self-reports are of lower 

quality but were the second most frequently used measure. In terms of the patient 

recruitment methodology, the overall quality was low as few studies completed steps 

that we hypothesized to be important to detect an effect from the intervention. For the 

secondary research questions involving analyses of the relationship between the quality 

of the methods and the results of the trials, all results were not statistically significant. 

The quality of measures correlated positively and moderately for most measures with 

the precision of adherence results. The quality of measures correlated slightly negatively 

for most measures with the proportion adherent. The hypothesis for patient recruitment 

methodology was also supported through our analysis and this result was also not 

statistically significant. A larger sample size may have allowed us to detect an effect in 

the patient recruitment methodology questions. Few trials reported adherence results 
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continuously, despite a recent meta-analysis finding that reporting continuous 

adherence data compared to reporting binary data was significantly related to the 

adherence outcome effect1.   

 

4.2 Interpretation of results 

 

The methodological aspects of each measure of adherence were summarized 

here and it is thought that Table 4 can be used by future trialists to determine which 

measure(s) of adherence best suit their trial, while considering key methodological 

features such as validity and objectivity. Though it is difficult to create a hierarchy of 

these measures as different trials prioritize different aspects of a measure of adherence, 

researchers may consult this table as well as the scale created here to maximize the 

quality of the measures they use. Based on the overview in this thesis, some methods of 

measuring adherence have been invalidated, are subjective, and are obtrusive to 

patients, and therefore should not be used or only be used in combination with at least 

one other, higher quality measurement of adherence to increase the overall quality of 

the measurement. Many methods have been validated, though such validations are 

limited without a true gold standard, thus the validation column in Table 4 must be 

interpreted with caution. Though few measures were objective, researchers can 

improve the quality of a subjective measure by blinding outcome assessors to the 

patients’ treatment allocation to minimize bias, as the Hawthorne effect may impact the 
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accuracy of trial results. Many measures may be done unobtrusively, though some of 

the measures that were considered to be the most accurate such as direct observation 

and MEMS are obtrusive to patients, which can bias results. Last, most measures were 

longitudinal in their measurement, and those that only measure the past week of 

adherence may become longitudinal by administering serial measurements. This, 

however, may be infeasible. Overall, some measures were better in certain categories of 

quality than others, therefore composite measures of adherence with complementary 

strengths might provide the best estimate of adherence.  

Similarly to the overview of the literature on measures of adherence, multiple 

types of measures were used in the sample of 50 randomized controlled trials of 

interventions to improve adherence.  These range from poor quality such as clinician 

judgments to high quality such as pharmacy refill records. Given the low quality of 

adherence measurement in some studies, it would appear not all researchers are 

currently aware of the importance of this aspect of methodology in adherence trials. On 

the other hand, some trials used three to six measures of adherence, as they noted the 

importance of composite outcomes in establishing a fuller, more detailed picture of 

adherence. It is also interesting to note that some of the best, yet most difficult to 

implement measures, such as MEMS and pharmacy refill records, were used frequently 

in trials. Though these measures may be of high quality based on this quality scale, the 

translatability of these measures into clinical practice may be an important feature of a 

measure that was not assessed in this thesis.    
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Based on the results of this analytic survey, the quality of measures of adherence 

appears to relate to the adherence results in these trials. This finding, though 

exploratory, further supports the importance of this methodological aspect in trials. 

Only one correlation was statistically significant, but most measures for which this 

relationship was calculated upheld the pre-specified hypothesis.  

It may be important to establish clearer guidelines for selecting measures of 

adherence in these trials, given the potential relationship between the quality of the 

measure of adherence and the outcomes. As there is currently no gold standard for 

measuring adherence, most trials should use composite measures of adherence so that 

one measure is able to fill the gaps in quality that another may leave. This might be 

accomplished by first selecting measures that are appropriate for the trial design, then 

assessing the quality score of each measure and combining those scores until a 

composite score of 9/9 is reached. For example, a trial on adherence to statins in 

patients with high cholesterol might select a pill count as their primary measure of 

adherence as it is able to provide longitudinal, objective data that can be obtained 

unobtrusively if the pill count is done once at the patients’ homes. In order to fill in the 

gaps in quality in the reliability and validity of this measure, a researcher could add a 

validated self-report interview as a secondary measure of adherence to reach a 

composite quality score of 9/9. Though this may be impractical in a clinical setting, this 

approach may be feasible and appropriate for a research setting. Using this approach, 

future trials may achieve a more representative adherence result and therefore be 
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better able to assess the true potency of the intervention being tested. Future trials 

might also determine if there is a quality score threshold, wherein 7 or 8 out of 9 may be 

adequate to ensure accurate adherence results.  

In the sample of 50 studies, the patient recruitment methodological quality also 

varied considerably. Few studies used baseline adherence rates as an inclusion criterion 

for participants, despite the potential importance of this step in establishing the true 

effect of an intervention. Logically, recruiting either just adherent or both nonadherent 

and adherent patients makes it more difficult to detect an increase in adherence 

resultant of an intervention. The exploratory analysis was underpowered and did not 

establish whether this methodological step did correlate with the power of the study or 

not. An exploratory analysis of the effect size for high and low quality studies did find 

that studies that recruited nonadherent patients had a smaller effect size than studies 

that did not recruit patients based on their adherence levels. This analysis was 

exploratory and thus even the statistically significant difference found for this 

comparison may have arisen by chance. This was true for the other two methodological 

aspects, of whether a representative sample was recruited and whether results were 

reported based on baseline adherence, in that no analysis detected a relationship 

between the quality and percent recruitment. Though questions remain as to whether 

patient recruitment methods might impact adherence results or the power of the study 

to detect an effect, it is clear researchers do not often consider these aspects of 

methodology in their trials, as demonstrated by the low overall median quality score.  
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4.3 Comparison to past studies 

 

Over 18 studies in the past have discussed the quality of methodology in 

interventions to improve adherence trials, though no articles that investigated the 

quality of patient related methods or the impact of methods on the results found in 

these studies1,2,4,7,14–24,31,42. The information from these studies has been incorporated 

into the scale development and Table 4, the summary of adherence measures. 

 

4.4 Limitations 

 

This study is limited by several factors, including the sample size, the fact the 

scale developed was not validated nor tested for reliability before implementation, and 

the selection and nature of these intervention trials.  

The sample size for this analytic survey was chosen for feasibility reasons, thus 

the sample size chosen did not allow for a highly powered analysis. However, the 

primary goal of this thesis was not to determine the correlation between quality and 

adherence outcomes, but was to provide an overview of the state of the trial 

methodology, which was accomplished. The analyses were secondary and exploratory, 

thus the fact the sample size was small and underpowered is not considered to be a 

major limitation to this study. Due to sample size limitations correlations for several 

measures of adherence were not calculated. Some measures of adherence such as 
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pharmacodynamic measures (i.e. International Normalized Ratio, glucose), were also not 

included in the review of measures because they were not included in the sample of 

trials included in this study. This limitation of the analysis may be overcome by 

increasing the sample size.  

The scale that was developed in this study to assess the quality of the 

methodology was not assessed for validity or reliability prior to applying it to these 

studies. The online data extraction form was extensively tested, including the scale 

questions, thus the fair inter-rater reliability, calculated via a kappa, was surprising. 

Further, the validity of this scale was not assessed, which may be an important step in 

determining the accuracy of these results. Not only was the validity of the scale not 

assessed, but the scale was based on a semi-systematic review of related literature. It 

was determined that conducting a systematic review to ensure all papers on this topic 

are included in this table for scale development was unnecessary. This was because the 

purpose of this thesis was not to perform a systematic review on the aspects of the 

quality of the methods, but to provide some basis for the quality scale developed for this 

analytic survey. Further, the application of this scale to each trial took the information 

provided by the authors at face value. That is, a measure was considered reliable in this 

scale if the author of the trial noted that measure was reliable. This was done to allow 

the scale to be applied to each trial consistently, rather than searching or insisting on 

hard evidence of each quality aspect in a measure. The validity of this scale was 

supported qualitatively by comparing it to narrative assessments of measures of 
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adherence from the literature. However, it is possible this scale did not include some 

aspects of quality that may be important in distinguishing the quality of different 

measures. For example, though pharmacy refill occasionally received a perfect quality 

score, it is indirect and this may be a limitation of the pharmacy record that should be 

accounted for in its quality. Also, feasibility of use in research or clinic settings could be 

taken into account directly in this scale. The scale could have been developed using item 

generation involving a Delphi method with experts, which may have led to better 

confidence in the validity of this scale. The quality scale may also be insensitive in 

detecting differences in qualities for a given type of measure (for example, home versus 

clinic pill counts). This may be overcome by adding more dimensions to our quality scale 

and therefore increasing the discrimination between good and bad quality methods of 

implementation of the same measure of adherence.  

Poor reporting in trials and incomplete reporting may also limit or bias the 

results of this thesis. Some trials did not report adherence data per measure of 

adherence used, thus some measures of adherence included in the overall quality 

assessment could not be included in the secondary analysis of the data. Completed 

extraction forms were sent to all authors in the hopes they would provide further data 

to reduce this limitation, but no authors have responded with more outcomes data. 

Further, poor reporting could have affected the analyses concerning patient 

recruitment, with an average of 16.5/50 (33%) having unclear ratings across the three 
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scale items. Therefore the quality of the methods may have been rated lower overall 

than if studies had appropriately reported their methods. 

The method used to select the trials that were included in this thesis could have 

biased the results, as trials were not randomly selected. Trials were included in this 

study based on the type of measure of adherence used in the trial, selecting them 

purposively. This approach may have been biased, as the full set of articles included in 

the separate systematic review had not been identified and extracted at that point. 

Though a stratified random sample, stratifying studies by the type of measure used in 

them, may have been the best approach with the least selection bias, this approach was 

not possible given the stage of the full review, and an inability to stratify all studies. 

Further, only trials that tested interventions to improve adherence were included in this 

study, which also might limit the comprehensiveness of the types of measures of 

adherence included in this overview. For example, pharmacodynamic measures of 

adherence are often not explicitly stated to be a measure of adherence, and thus would 

not have been included in this study. Other measures of adherence might have been 

included had the inclusion criteria for this review involved other types of studies that 

tested ways to improve patient outcomes as well. However, including these trials would 

have become unfeasible, given the large quantity of such trials, thus limiting the sample 

to trials focused on adherence was appropriate.    

Last, the nature of these intervention trials to improve adherence makes a 

quantitative analysis of their results complicated due to the diversity of outcomes 
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reported and multiple confounding factors that would need to be controlled for. A 

correlation between adherence and patient outcomes was originally planned, as it was 

thought that this correlation would be stronger in trials with better quality 

methodology. Unfortunately, due to the variability in reporting and diversity of disease 

conditions, this analysis was not possible. Even with the analysis as it is, it is possible the 

quality of the methods is confounded by an overall poor quality of a trial.  

 

4.5 Future Directions  

 

Many trials in the past have lamented the lack of a gold standard for measuring 

adherence as well as the ineffectiveness of tested interventions. Though this study has 

taken steps to address those issues, the limitations listed previously call into question 

the validity of these results. In order to improve the reliability of these results, there are 

steps that may be taken in the future. One such future research direction that would 

improve the validity of this study would be to first improve the reliability of the scale we 

created here, perhaps by rewording each scale item for better clarity. Once an 

acceptable level of reliability is found, the validity of this scale can then be tested by 

comparing it to similar scales or having experts in this field assess the validity.  

Another useful next step in this area would be to come to a consensus among 

adherence experts on a gold standard for measuring adherence. This gold standard 

could either be a new measurement method, such as the emerging “adherence 
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necklace”43, an existing method, or a combination of existing methods. If experts were 

able to deem a measure of adherence a gold standard, this could ensure future trials 

report the most accurate and precise results. Failing that, establishing a quality 

threshold would be useful to ensure a single or composite adherence measure will 

report accurate results.  

 The methodological steps outlined in this thesis should be applied to all future 

adherence trials to ensure the most accurate results are found. This may reduce the 

confounding across trials and reduce the variability in efficacy of a given intervention. 

This may then reduce the heterogeneity across trials to allow for future meta-analyses 

of these studies. Other steps that could be taken by future trials to allow for meta-

analysis include standardizing other aspects of trials in addition to these two 

methodological areas. Standardizing the reporting of results, both clinical and adherence 

outcomes, may increase the likelihood that studies can be pooled. However, even with 

these steps, future meta-analyses may be impossible given the large variability in 

diseases and intervention types.  

 

5.0 Conclusions 

 

The state of the methodology in trials to improve patient adherence to 

medication has been described here, in terms of the measurement of adherence and the 

patient recruitment methods. The qualities of these methods have been quantified 
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through a scale developed here for this purpose, and how this quality relates to the 

adherence outcomes from each study was investigated. The lack of a gold standard for 

measuring adherence is a major issue that needs to be addressed in future research.  

The lack of significant results in these provisional analyses may be mainly related to our 

limited sample size, so this topic deserves further exploration with a larger sample of 

adherence intervention trials. 
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6.0 Tables and Figures 
 

Table 1: Desirable features of measures of adherence and currently available measures 
that fulfill that feature 

Desirable 
features 

Definition of feature Current measures that correspond 
with this definition 

Reliability Reflects the amount of variation in 
repeated measures of the same 

adherence state
25 

-MEMS* 

-biologic measure, such as 
concentration of drug in blood 
 

Validity The extent to which a measure 
assesses adherence compared with a 
“gold standard” or criterion of 

adherence 25 

-MEMS 
-validated questionnaires 

Objectivity The extent to which a measure  
requires little judgment on the part of 
the person measuring (ie, less prone 
to experimenter bias) 

-biologic measure (blood/ urine) 
-pharmacy fill record 

Unobtrusiveness The extent to which the measure is 
unapparent to the patient, minimizing 
risk of bias (obtrusive measures can 
cause the Hawthorne effect)

14 

-pharmacy fill record 
-physician assessment 
-therapeutic response 
-attendance at appointments 

Longitudinality The extent to which a measure 
provides adherence data over a 
period of time 

-MEMS 
-pharmacy fill record 

* MEMS= medication event monitoring system 

 
Table 2: Categorization of features of adherence measures (reliability, validity, 
objectivity, unobtrusiveness, longitudinality) into scale scores based on whether the 
feature is absent (No), uncertainly absent or present (Uncertain), or present (Yes) 
Feature Score 0 (No) Score 1 (Uncertain) Score 2 (Yes) 

Reliability38 
 

Documented not to be 
reliable  
 

Reliability not assessed 
 

Measure documented 
be reliable 

Validity38 
 

Documented not to be valid 
 

Validity not assessed 
 

Measure documented 
to be valid in 
comparison with a 
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criterion standard  

Objectivity7,44 

 

Subjective measure without 
appropriate blinding to 
patients’ treatment group 
(appropriate blinding = 
method of blinding stated 
and blinding of patient and 
assessor, or blinding of 
assessor when impossible to 
blind patients) 
 

Subjective measure with 
uncertain blinding 
(method or blinded 
group not explicitly 
stated) 
 

Objective measure 
(MEMS, pharmacy refill 
data, biologic measure 
of drug

45
) or subjective 

measure with method 
of blinding explained 
and includes 
appropriate blinding  
 

Unobtrusiveness 
 

Obtrusive to patient leading 
to potential Hawthorne 
effect

46
 (eg, electronic 

monitoring
14,45

) 
 

Unclear whether the 
patient is aware 
adherence is being 
measured or the extent 
to which the measure 
would interfere with 
their usual medication 
consumption 
 

Patient is unaware the 
measure is being taken 
and the measure does 
not interrupt the 
normal pattern of 
medication 
consumption (pharmacy 
refill record

14
) 

Longitudinality47 
 

Data provided by measure 
covers the past 1-7 days of 
adherence for a chronic (long 
term) regimen   
 

Data by measure covers 
a longer period of time 
(>7 days) for a chronic 
medication regimen 
 

 
Table 3: Categorization of features of patient recruitment methods into scale scores 
based on whether that feature is absent (no), uncertainly absent or present (Uncertain), 
and present (Yes)  
Feature Score 0 (No) Score 1 (Uncertain) Score 2 (Yes) 

Nonadherent patients 
selected48  
 

0- No (no mention of 
past adherence in any 
capacity, assume both 
adherent and 
nonadherent patients 
recruited) 
 
 

1- Indeterminate (eg, 
only included patients 
with high blood 
pressure or patients 
who had that 
physiologic state 
possibly due to a lack of 
adherence in the past 
but not explicitly stated 
that adherence was 
measured prior to 
selection) 

2- Yes (adherence was 
measured prior to study 
inclusion and only those 
with low adherence 
were included in the 
study, or those with low 
adherence to begin with 
are separately reported) 
 

Representativeness of 
sample (= # recruited/ 
# screened who met 
eligibility criteria) 

0- Number of patients 
asked to join is much 
higher than sample size 
(>2:1 non-enrolled to 
enrolled

18
)  

 

1- Does not report 
number of patients 
asked before reaching 
sample size 

2- The number of 
patients asked to join is 
similar to sample size 
( 2:1 non-enrolled to 
enrolled)  
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Results reported 
based on baseline 
adherence 

0- Baseline adherence 
was not measured  
 

1- Baseline adherence 
measured but results 
were not reported 
according to initial 
adherence level.  
 

2- Yes, results were 
reported based on 
baseline adherence 
level or if only non-
adherent patients are 
recruited, if intention to 
treat analysis is 
followed 

 



Table 4: Overview of desirable features of adherence measurement methods based on a review of the literature and their 
advantages and disadvantages 

Measure/ test Advantages Disadvantages Reliability Validity Objectivity Unobtrusiven
ess 

Longitudinality 

Direct 
observation 

- most direct 
 

- unfeasible in most 
settings

49
 

- patients can still not 
swallow the pills - need to 
check “cheek pouches” 

- reliable - valid - direct (know 
patient takes 
medicine)

50
 

- subjective 
(the observer 
must make a 
judgment and 
could alter the 
judgment 
according to 
the patient 
and other 
influences, eg, 
intervention 
group status) 

- most 
obtrusive 
measure (and 
often 
intended to 
enhance 
adherence) 
 

- could be long 
term  
- depends on 
period of 
observation 

Pill count techniques 

Therapeutic 
drug 
monitoring 
(MEMS- 
medication 
event 
monitoring 
system) 

- seen as the gold standard 
37,51

 
- only method able to 
provide adherence data 
over time without 
inconvenience to 
outpatients (time series)

52
 

- using bottle may be 
incentive to increase 
adherence 
- detects white coat 
compliance

53
 

- more feasible than 
unannounced pill counts

53
  

- Hawthorne effect 
- high cost, proprietary 
software

55
 

- not accepted by some 
patients, difficult to use, 
faulty at times

49
 

- indirect method - 
ingestion cannot be 
confirmed based on data, 
does not tell how much 
med taken at one time

49
  

- requires that patient 
return the pill container 
for downloading 

- “most 
reliable”

56,57
 

 

- valid
53,58

  
- gold 
standard to 
validate other 
methods

37
 

- eye dropper 
Travatan 
Dosing Aid 
(TDA) 
validated

59
 

- Smartinhaler 
(metered-
dose inhaler 
(MDI))

60
 

- objective
63,64

 
- indirect 
 
 

- noninvasive 
though 
patients may 
feel 
“observed”

56
 

- bottle / 
system often 
bulky and its 
purpose is 
inferred by 
patients 

- long term 
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Measure/ test Advantages Disadvantages Reliability Validity Objectivity Unobtrusiven
ess 

Longitudinality 

- generally acceptable 
53

 
- considered tamper-proof 
to some

54
 (though patients 

can still pocket dose or open 
without consuming ) 
- difficult to “consistently 
bias the recordings”

52
 

adherence data (if not 
automatically transmitted) 

- Informedix 
Med-
eMonitor 
System

61
 

-DMAS device 
found to be 
feasible and 
correlated 
with MEMS

62
 

IDAS 
(Intelligent 
Drug Admin- 
istration 
System) II 

56
 

- some patients preferred 
this to MEMS in a trial 

56
 

- Hawthorne effect - uncertain
56

 - uncertain - objective 
- indirect 

- patients may 
feel 
“observed”

56
 

- long term 

Pharmacy 
refill record/ 
medication 
possession 
ratio (MPR)  

- collecting from multiple 
pharmacies is feasible

65
 

- repeat refilling over time is 
a good proxy for good 
adherence

66
 

- important measure, should 
be used in clinical practice

67
 

- overestimates 
nonadherent if do not 
collect pill count in 
addition to pharmacy 
records 

50,65
 

- may differ from pill count 
68

 
- potential for 
documentation errors

49
 

- more reliable 
than self-report 
69,70

 
 

- generally 
valid - New 
Prescription 
Medication 
Gaps (NPMG) 
has been 
validated

40,71
 

- indirect
49

 
- objective 
 

- 
noninvasive

49
 

- long term 
data

49
 

Pill count at 
clinic visit 

- more accurate than self-
report

72
 

- gives quantitative 
indication of adherence 
 

- tedious and difficult to 
administer, laborious, 
indirect (do not know if 
medication removed from 
pill bottle is taken)

68
 

- pill counts at patient 
visits require patient 
cooperation: attend the 
visit, bring all the pills, 
don’t ‘fix’ the count 

- easy for patient 
to alter 
medication, 
patients who are 
nonadherent 
often “forget” to 
bring medication 
to visit or don’t 
attend  

- valid 
compared to 
MEMS, 
correlated

29
 

- objective 
measure

73,74
 

- indirect 

- patient 
cannot know 
the purpose of 
pill count 
(though often 
purpose is 
inferred) for 
this to be 
unobtrusive 

- long term 
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Measure/ test Advantages Disadvantages Reliability Validity Objectivity Unobtrusiven
ess 

Longitudinality 

- easy to bias data
52

 

Pill count at 
home 

- more accurate than self-
report 
- well correlated to drug 
concentration in body if 
single pill count at patient’s 
home with purpose not 
revealed ahead of time 

54
 

 

- pill counts at home are 
costly and logistically 
difficult

54,74
 

- unannounced 
pill counts are 
reliable when 
done in the home 
or on the 
telephone

73,74
 

-unannounced 
pill counts are 
valid when 
done in the 
home or on 
the 
telephone

73,74
 

- objective 
measure

73,74
 

Indirect 

- must be 
unannounced 
or patient 
cannot know 
the purpose of 
pill count 
(though often 
purpose is 
inferred) 

- long term 

Body drug concentration 

Pharmacodyn
amic 
monitoring 
(INR)

51
 

- can provide an accurate 
picture of adherence if 
patient variables are taken 
into consideration 

- influenced by many 
patient variables that may 
or may not be taken into 
account in the 
measurement 

- depends on 
measure and 
laboratory

49
 

- depends on 
measure and 
laboratory

49
 

- direct
50

 
- objective 
 
 

- unobtrusive 
as usual care 
generally 
involves such 
samples 

- long term (>1 
week) 

Body fluid 
drug/ 
metabolite 
concentration 
for drugs with 
a long half life 
(>12hr) (eg. 
digoxin, 
epilepsy 
medicines (eg, 
Dilantin, 
phenytoin, 
phenobarbital
), lithium, 
etc.

75
 

- long half-life drugs can 
reach a steady state in the 
body and can demonstrate 
if the patient has been 
adherent over the course of 
several days

52,75
 

- can add small sub-
therapeutic amount of these 
to short acting drugs to 
determine compliance

49,52,76
 

- affected by lab errors, 
time of sampling and 
pharmacodynamics/ 
metabolism

49
 

- easily manipulated with 
single doses 
 

- depends on 
measure and 
laboratory

49
  

- depends on 
measure and 
laboratory

49
 

- direct
50

 
- objective 
 
 

- unobtrusive 
as usual care 
generally 
involves such 
samples 

- long term (>1 
week) 
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Drugs with a 
short half life  

- serial extractions provide 
longitudinal data  
- drugs with short half-life 
give “snap shot” for the 
prior few hours of 
adherence

49,52
 

- average for prior period of 
detectable drug up to 6 
times the half-life

75
 (for 

example an assay of a drug 
with a half-life of 3 hours 
would indicate adherence 
for the prior 18 hours) 
 

- affected by lab errors 
and pharmacodynamics/ 
metabolism

49
 

- white coat compliance 
can reduce reliability

58
 

- only demonstrates 
adherence for the 
previous few hours to day 

- depends on 
measure and 
laboratory

2
  

 - direct
50

 
- objective 
 

- may be 
unobtrusive if 
usual care 
involves 
taking such 
samples 

- short half-life 
drugs may 
provide long-
term 
assessment of 
adherence if 
measurements 
are done serially 

Self-report 

Self-report, 
summary

77
 

- easy, simple, economical, 
revealing of patient 
nonadherence reasons 

78
 

- most feasible
70

 
- often can involve simple 
question of “How many 
doses of the drug did you 
miss since the last time we 
met?”

79
 

- could be done using a 
VAS

33
 

- nonjudgmental question- 
“People often have difficulty 
taking their pills for one 
reason or another. How 
many times do you think 
you may have missed taking 
your pills in the last 
week?”

80
 

 

- biased by social 
desirability

52,81
 

- often overestimates 
adherence, compared to 
other higher quality 
measures such as 
pharmacy refill records 

- some self-report 
methods are 
reliable  
- reliability lower 
due to recall 
errors and social 
desirability bias

73
 

- some self-
report 
methods are 
valid  
- others need 
to be 
validated

82
 

- VAS scale 
may be more 
reliable 

- subjective - minimally 
invasive, yet 
obvious to the 
patient the 
measure is 
being taken

73
 

- computer 
interview/ 
questionnaire 
are less 
obtrusive

83
 

- longer recall 
periods result in 
larger non-
adherence 
rates

81
 

- inherent error 
in human 
memory

84
 

- some are 7 day 
recalll  no 
difference 
between 3, 4, 
and 7 day recall 
78,85
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Measure/ test Advantages Disadvantages Reliability Validity Objectivity Unobtrusiven
ess 

Longitudinality 

 

Simplified 
Medication 
Adherence 
Questionnaire 
(SMAQ) 
86

 

- validated, very simple, 
economical, and easy to 
apply  - can be used semi-
quantitatively by assigning a 
percentage of adherence 
- sensitivity 0.91, specificity 
0.72, positive likelihood 
ratio 7.94 (95% CI 6.44, 
9.45)

87
 with MEMS as the 

gold standard 
 

- tends to overestimate 
adherence 

- reliable - valid - subjective  - obtrusive - usually only 
covers past 3 
days 

Haynes-
Sackett 

86,88–90
 

- valid method is one of the 
most simple to use in clinical 
practice

86
   

- brief, economical
86

  
- sensitivity 0.96, specificity 
0.5, positive likelihood ratio 
= 1.92 (95% CIs , 1.45, 
2.49)

89
 

 

- overestimates adherence - reliable  - valid
86,89

 
 

- subjective  - obtrusive - usually only 
covers past 3 
days 

Morisky-
Green 
86,91,92

 
(MMAM/ 
MGT) 

- brief and very easy to 
apply   
- validated and applied in 
numerous pathologies 
- can provide information 
about reasons for non-
adherence  
- Economical 
- 0.81 sensitivity (0.61 in one 
trial

93
), 0.44 specificity, LR+= 

1.43 (95% CIs 1.12, 1.84)
91

 
 

- overestimates adherence 
- may have poor 
psychometric properties 
(acceptability)

94
 

- invalid for patients with 
IBS (irritable bowel 
syndrome)

95
 

- reliable in 
Taiwan setting

96
 

 

- validated in 
Taiwan 
setting

96
 

- subjective  - obtrusive - usually only 
covers past 3 
days 
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Measure/ test Advantages Disadvantages Reliability Validity Objectivity Unobtrusiven
ess 

Longitudinality 

Brief 
Medication 
Questionnaire 
(BMQ) 
86,97

 

- self-applied test 
- not too long and allows for 
analysis of adherence and 
barriers to adherence 
- high sensitivity and can be 
used to validate other tests 
 
 specificity 0.8, sensitivity 1, 
positive likelihood ratio 5.0 
(95% CIs 0.87, 28.9)  small 
sample size used for 
validation

98
 

- presents a complete 
validity procedure  

- reliable - good 
predictive 
validity

97
- 

- subjective  - obtrusive - usually only 
covers past 3 
days 

Medication 
Adherence 
Self-report 
Inventory 
(MASRI)

99
 

- best when combined with 
MD scale (physician 
assessment)

99
 

- sensitivity 0.68, specificity 
0.67, +LR 2.1 (95% CIs 1.1, 
4.3)

99
 

- specific to lupus 
99

 - reliable 
99

 - valid 
99

 - subjective  - obtrusive - usually only 
covers past 3 
days 

Rating of 
Medication 
Influences 
(ROMI) scale 
86,100

 
  
 

- validates patient attitudes 
about medication 
- Cronbach’s alpha 0.41-0.57 
(no values for sensitivity/ 
specificity reported)

101
 

- specifically for 
schizophrenia 
- excessively long scale 

-reliable
100

 - valid
100

 - subjective  - obtrusive - usually only 
covers past 3 
days 

Medication 
adherence 
self-efficacy 
scale (MASES) 
102–104

 

- simple / fast  
- captures useful data on 
adherence self efficacy

104
 

- disease specific - 
hypertension and glaucoma 
have been validated

103,104
 

- factor loadings (validity) 
0.26-0.72, no sensitivity / 

- only 2 diseases have 
been validated  
 

- reliable
102,103

 - use in 
hypertension 
or glaucoma 
validated

102,103
 

- subjective  - obtrusive - usually only 
covers past 3 
days 
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Measure/ test Advantages Disadvantages Reliability Validity Objectivity Unobtrusiven
ess 

Longitudinality 

specificity reported 

Maastricht 
Utrecht 
Adherence in 
Hypertension 
(MUAH) 
questionnaire 
86,105

 
 

- self-applied test validated 
for hypertension 
- presents excellent 
psychometric properties 
and can he used to identify 
factors that provide barriers 
to or facilitate adherence 
- Cronbach’s alpha 0.63-0.8, 
no sensitivity/ specificity 
reported

105
 

- specific to hypertension   
- excessively long, requires 
awareness of adherence 
phenomenon that may not 
be universal (known by all 
participants) 

- reliable
105

 - valid
105

 - subjective  - obtrusive - usually only 
covers past 3 
days 

European 
Heart Failure 
Self-care 
Behaviour 
Scale 
(EHFScBS)

106
 

- reliability score 0.8 
107

 - item total correlation 
ranged from 0.14-0.65 for 
construct validity 

107
 

- appears invalid based on 
values

107
 

- good 
psychometric 
properties

106
 

 

- not validated - subjective  - obtrusive - usually only 
covers past 3 
days 

Hill Bone 
medication 
adherence 
(HBMA)

108
 

- simple, easy to apply, 
economical 
 

- only validated in Korean 
high blood pressure 
population (Cronbach’s 
alpha >0.4 - no sensitivity 
or specificity)

108
 

- may have poor 
acceptability and 
insufficiency, though only 
one trial

94
 

- reliable in 
Korean setting

108
 

- valid in 
Korean 
setting

108
 

- subjective  - obtrusive - usually only 
covers past 3 
days 

Medication 
adherence 
report scale 
(MARS) 
86,109,110

 

- self-applied test 
- used in chronic disorders 
(COPD) 
- validated, significantly 
correlated with other self-
report measures

109
 

- excessively long, thus 
some patients do not 
retake the test or do not 
complete the test 
- no sensitivity/ specificity 
reported 

- reliable
109

 - valid 
109

 - subjective 
but well 
correlated to 
objective 
measures

97
 

- obtrusive - usually only 
covers past 3 
days 

Herz 5-point - simple to use, 5-point scale - likely overestimates - “high degree of - not tested - subjective - obtrusive - only covers 
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Measure/ test Advantages Disadvantages Reliability Validity Objectivity Unobtrusiven
ess 

Longitudinality 

scale
111,112

 (1 = always and 5 = never)  compliance as 
noncompliance was 
conservatively defined as 
“never taking medication” 

reliability”
111

 past 3 days 

Measurement 
of Treatment 
Adherence 
(MTA) for 
Brazilian 
patients

113
 

- simple 
- dichotomous scale once 
scores added, 6 items

113
 

- biased by social 
desirability

52,81
 

- often overestimates 
adherence  

- weak evidence 
of reliability in 
this population

113
 

- weak 
evidence of 
validity in this 
population

113
 

- subjective  - obtrusive - usually only 
covers past 3 
days 

Adult AIDS 
Clinical Trials 
Group studies 
(AACTG) 
Adherence 
Instrument

62,1

14,115
 

 

- AIDS specific 
- simple, feasible

115
 

- may not be generalizable 
to non USA populations

115
 

- not tested - not tested - subjective - obtrusive yet 
feasible

115
 

- covers past 2-4 
days

115
 

Bogus-
Pipeline 
86

 

- very simple, economical 
brief and easy to use 

- tends to overestimate 
adherence 
- not validated 

- not tested  - not tested  - subjective  - obtrusive - usually only 
covers past 3 
days 

Prochasca-
Diclemente 
86

 

- brief, comprehensive, 
economical, and very easy 
to apply 
- applicable to chronic 
disorders 

- tends to overestimate 
adherence 
- not validated 

- not tested  - not tested - subjective  - obtrusive - usually only 
covers past 3 
days 

Hermes 
86

 
- brief, comprehensive, 
economical, and very easy 
to apply 
- applicable to any disorder 

- tends to overestimate 
adherence 
- not validated 

- not tested  - not tested  - subjective  - obtrusive - usually only 
covers past 3 
days 

Herrera 
Caranza 
86

 

- brief, comprehensive, 
economical, and very easy 
to apply 

- can overestimate 
adherence 
-not validated 

- not tested  - not tested  - subjective  - obtrusive - usually only 
covers past 3 
days 
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Measure/ test Advantages Disadvantages Reliability Validity Objectivity Unobtrusiven
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Longitudinality 

- applicable to any disorder 

Drug Attitude 
Inventory 
(DAI)-30 
86

 

- self-applied scale with 
true/ false questions 

- specifically for 
schizophrenia   
- does not cover patient 
motivation for taking or 
not taking medication 
- extremely long 

- not tested  - not tested  - subjective  - obtrusive - usually only 
covers past 3 
days 

Drug Attitude 
Inventory 
(DAI)-10 
86

 
 

- self-applied scale with 
true/ false questions 

-specifically for 
schizophrenia   
- does not cover patient 
motivation for taking or 
not taking medication 
- although it is shorter that 
the DAI-30, it is still longer 
than other self reports  

- not tested  - not tested  - subjective  - obtrusive - usually only 
covers past 3 
days 

Neuroleptic 
Dysphoria 
(ND) 

86
 

  
 

- brief, economical and very 
simple to apply 
- possible predictor of 
immediate and long-term 
adherence 

- specifically for 
schizophrenia  
- does not cover patient 
motivation for taking or 
not taking medication 

- not tested  - not tested  - subjective  - obtrusive - usually only 
covers past 3 
days 

Multidimensi
onal 
Adherence 
Classification 
System 
(MACS)

116
 

- comprehensive method of 
understanding patient 
adherence 

116
 

- no values on validity/ 
reliability provided 

- specific to transplant 
patients

116
 

- not tested - not tested - subjective  - obtrusive - usually only 
covers past 3 
days 

A-14 
adherence 
questionnaire 
63

 

- shows good psychometric 
properties

63
 

- requires validation study 
- study on psychometric 
properties flawed, not 
compared to gold 
standard, 50% response

63
 

- not tested - not tested - subjective  - obtrusive - usually only 
covers past 3 
days 

Adherence 
Self-report 

- easy, simple, economical, 
revealing of patient 

- biased by social 
desirability

52,81
 

- not reliable - invalid based 
on 

- subjective  - obtrusive - usually only 
covers past 3 
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Measure/ test Advantages Disadvantages Reliability Validity Objectivity Unobtrusiven
ess 

Longitudinality 

Questionnaire 
(ASRQ)

55
 

nonadherence reasons 
78

 
- most feasible

70
 

- often overestimates 
adherence 

comparison to 
MEMS

55
 

days 

Patient diary  
Ex. Computer 
based

117
 

- more long term 
information than self-report 

- may forget to enter 
information  
- may enter wrong 
information 
- desirability 

- more reliable 
than self-report 
- theoretically 
highly reliable, 
not tested 
 

- uncertain - subjective - obtrusive - long term 

Other methods of measuring adherence 

Capsule 
photograph

118
 

- less expensive than MEMS 
as cell phones are 
ubiquitous

118
 

- more work for the 
patient, they must 
remember to take photo 
before each pill consumed 
for this to be accurate

118
 

- underestimates 
adherence

118
 

- seems reliable 
compared to 
MEMS, but only 
one reliability 
study

118
 

- uncertain - indirect 
measure and 
objective 

- obtrusive - long term- 
depends on 
instructions 

Adherence 
necklace

43
 

- essentially foolproof 
method of measuring 
adherence, wherein the 
patient wears a “necklace” 
(monitoring device worn 
around the throat) that 
tracks each time a pill is 
swallowed, by manipulating 
the prescribed medication 
to contain small data chips 
that the “necklace” counts 
- direct measure 

- very obtrusive to 
patients 
- likely not feasible in most 
settings 

- uncertain - uncertain - objective 
and direct 
measure 

- obtrusive - long term, 
similar to MEMS 

Therapeutic 
outcomes 

- adherence rates correlated 
to improved therapeutic 
outcomes

50
 

- therapeutic outcomes can 
include anything from blood 

- variable reliability and 
accuracy due to 
lab/clinical measurement 
errors 

- depends on 
measure- blood 
pressure less 
reliable than viral 
load 

- depends on 
specific 
measure 

- may be 
subjective or 
objective 
depending on 
outcome 

- may be 
unobtrusive- 
depends on 
measure 

- long term 
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Longitudinality 

pressure to viral load measure used  

Attendance  - easy, readily available data - studies have shown 
appointment keeping not 
well correlated with 
medication adherence  
(for certain conditions)

1
 

- uncertain - attendance 
not a good 
overall 
adherence 
indicator

12
 

- objective - unobtrusive 
if patient not 
told measure 
taken 

- long term 
generally  

Physician 
assessment 

- convenient; includes all 
medication types 

- overly rely on patient 
outcomes as indicators of 
adherence 

49
 

- 10% specificity
54

 
- biased

1,52
 

- uncertain - invalid - 
overestimates 
adherence

40
 

- subjective - noninvasive - long term 

Table 4 includes jargon defined here: Sensitivity= proportion “compliant” correctly identified, 80% cut point for adherence/nonadherence dichotomy
89

; Specificity = 
proportion “noncompliant” correctly identified

89
; Likelihood ratio= (sensitivity)/ (1-specificity); Social desirability bias= a systematic deviation from the truth caused by 

the desire to respond in what is thought to be a favourable way 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Flow of studies through inclusion process 
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Table 5: Table of scores of measurement quality of measures of adherence from analytic 
survey, by study, including score in each feature of measurement quality and overall 
quality score  

Study ID  
Y

ea
r 

o
f 

p
u

b
lic

at
io

n
 

Measurement method 

V
al

id
it

y 
 

R
el

ia
b

ili
ty

  

O
b

je
ct

iv
e 

O
b

tr
u

si
ve

  

Lo
n

gi
tu

d
in

al
  

To
ta

l 
m

ea
su

re
m

en
t 

m
et

h
o

d
 q

u
al

it
y 

sc
o

re
 (

0
-9

) 

Abrahams 2010 pill count 1 1 2 0 1 5 

Abrahams 2010 self report – diary 1 1 0 0 1 3 

Abrahams 2010 self report - interview 1 0 0 0 0 1 

Abrahams 2010 attendance at scheduled 
follow up appointments 

1 1 0 1 1 4 

Al-Eidan 2002 pill count  1 1 2 1 1 6 

Al-Eidan 2002 self report – questionnaire 1 1 0 0 1 3 

Andrade 2005 MEMS 2 2 0 0 1 5 

Andrade 2005 MEMS 2 2 2 0 1 7 

Andrade 2005 self report – questionnaire 2 2 0 0 0 4 

Ansah 2001 self report - interview 1 1 0 0 0 2 

Baird 1984 drug concentration in body 
fluid (quantitative) 

1 1 2 1 1 6 

Baird 1984 pill count 1 1 0 0 1 3 

Becker 1986 pill count 1 1 2 2 1 7 

Becker 1986 self report - interview 2 2 0 0 1 5 

Becker 1986 therapeutic response 1 1 2 1 1 6 

Becker 1986 therapeutic response 1 1 2 1 1 6 

Becker  composite measure 2 2 2 2 1 9 

Berrien 2004 pharmacy refill record 1 1 2 2 1 7 

Berrien 2004 self report – questionnaire 1 1 0 0 0 2 

Brus 1998 pill count  1 1 2 0 1 5 

Chang 2011 pill count 1 1 2 0 1 5 

Chang 2011 pill count 1 1 2 0 1 5 

Chang 2011 self report – questionnaire 1 1 0 0 0 2 

Choudhry 2011 pharmacy refill record 1 1 2 2 1 7 

Colcher 1972 drug concentration in body 
fluid (quantitative) 

1 2 2 1 1 7 
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Cote 1997 pill count 1 1 2 2 1 7 

DiIorio  2008 MEMS 2 2 2 0 1 7 

Farooq 2011 pill count 1 1 2 0 1 5 

Farooq 2011 self report – questionnaire 1 2 1 0 0 4 

Farooq 2011 composite measure 1 2 2 0 1 6 

Gallefoss 1999 pharmacy refill record 1 1 2 2 1 7 

Gallefoss 1999 pharmacy refill record 1 1 2 2 1 7 

Ginde 2003 pharmacy refill record 1 1 2 2 1 7 

Ginde 2003 self report - interview 0 0 0 0 0 0 

Girvin 1999 MEMS 2 2 2 0 1 7 

Girvin 1999 MEMS 2 2 2 0 1 7 

Girvin 1999 MEMS 2 2 2 0 1 7 

Girvin 1999 MEMS 2 2 2 0 1 7 

Girvin 1999 pill count  1 1 2 1 1 6 

Girvin 1999 composite measure 2 2 2 1 1 8 

Haynes 1976 pill count  1 1 2 2 1 7 

Hederos 2005 MEMS 1 1 2 1 1 6 

Hederos 2005 self report – diary 1 1 0 0 1 3 

Hederos 2005 clinician judgment  0 0 0 0 1 1 

Hederos 2005 self report – questionnaire 1 1 0 0 1 3 

Henry 1999 pill count 1 1 2 0 1 5 

Henry 1999 self report - interview 1 1 1 1 1 5 

Henry 1999 composite measure 1 1 2 1 1 6 

Kalichman 2011 pill count 2 2 2 2 1 9 

Katon 2001 pharmacy refill record 2 2 2 2 1 9 

Katon 2001 self report - interview 2 2 1 0 0 5 

Kimmel 2012 MEMS 1 1 2 0 1 5 

Klein 2007 drug concentration in body 
fluid (quantitative) 

1 1 2 2 1 7 

Klein 2007 MEMS 1 2 2 0 1 6 

Klein 2007 pill count 1 1 2 0 1 5 

Klein 2007 self report – questionnaire 1 1 0 0 0 2 

Klein 2007 self report – questionnaire 2 2 0 0 0 4 

Klein 2007 therapeutic response 1 1 2 2 1 7 

Klein 2007 composite measure 2 2 2 2 1 9 
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Lai 2011 self report – questionnaire 1 1 0 0 0 2 

Lai 2011 self report – diary 1 1 0 0 1 3 

Lai 2011 pill count 1 1 2 0 1 5 

Lai 2011 pharmacy refill record 1 1 2 2 1 7 

Lai 2011 therapeutic response 1 1 2 1 1 6 

Laporte 2003 MEMS 1 1 2 0 1 5 

Laporte 2003 pill count  1 1 0 0 1 3 

Matsumura 2012 pill count 1 1 2 0 1 5 

Moshkovska 2011 drug concentration in body 
fluid (quantitative) 

1 1 2 1 1 6 

Mullan 2009 pharmacy refill record 2 2 2 2 1 9 

Mullan 2009 self report - interview 2 2 0 0 0 4 

Nieuwkerk 2012 self report – questionnaire 2 2 0 0 0 4 

Otsuki 2009 pharmacy refill record 2 2 2 2 1 9 

Otsuki 2009 self report – questionnaire 1 1 1 0 1 4 

Perrin 2010 MEMS 2 2 2 2 1 9 

Perrin 2010 MEMS 2 2 2 2 1 9 

Peterson 1984 attendance at scheduled 
follow up appointments 

0 0 0 1 1 2 

Peterson 1984 drug concentration in body 
fluid (quantitative)  

1 1 2 2 1 7 

Peterson 1984 drug concentration in body 
fluid (quantitative)  

1 1 2 2 1 7 

Peterson 1984 drug concentration in body 
fluid (quantitative)  

1 1 2 2 1 7 

Peterson 1984 pharmacy refill record 1 1 2 2 1 7 

Peveler 1999 MEMS 2 2 2 2 1 9 

Peveler 1999 self report – questionnaire 2 2 0 0 1 5 

Purcell 2007 MEMS 1 1 2 0 1 5 

Purcell 2007 self report – questionnaire 2 2 0 0 0 4 

Purcell 2007 composite measure 2 2 2 0 1 7 

Rawlings 2003 MEMS 1 1 2 0 1 5 

Remien 2005 MEMS 2 2 2 0 1 7 

Rickles 2005 pharmacy refill record 2 2 2 2 1 9 

Rickles 2005 self report - interview 2 2 1 0 0 5 

Sackett 1975 drug concentration in body 
fluid (quantitative)  

1 1 2 2 1 7 

Sackett 1975 drug concentration in body 
fluid (quantitative)  

1 1 2 2 1 7 
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Sackett 1975 pill count 1 1 2 2 1 7 

Sarna 2008 direct observation 1 1 2 0 0 4 

Sarna 2008 pill count 1 1 2 0 1 5 

Sarna 2008 self report – questionnaire 2 2 0 0 0 4 

Sarna 2008 composite measure 2 2 2 0 1 7 

Sherrard 2009 self report – questionnaire 1 1 0 0 0 2 

Sirey 2010 self report – questionnaire 1 2 1 0 0 4 

Solomon 2012 pharmacy refill record 2 2 2 2 1 9 

Sorensen 2007 MEMS 2 2 2 0 1 7 

Sorensen 2007 pill count 1 1 2 0 1 5 

Sorensen 2007 self report – questionnaire 1 1 0 0 0 2 

Velligan 2008 pharmacy refill record 1 1 2 2 1 7 

Velligan 2008 pill count 1 1 2 1 1 6 

Villeneuve  2010 pharmacy refill record 2 2 2 2 1 9 

Walley 2001 direct observation 1 1 2 0 1 5 

Weber 2004 MEMS 1 1 2 0 1 5 

Weber 2004 self report – questionnaire 1 1 0 0 0 2 

Wilson 2010 pharmacy refill record 2 2 2 2 1 9 

Wu 2012 MEMS 2 2 2 1 1 8 

 

Table 6: Measurement qualities of all generic types of adherence measures from a 
sample of randomized trials of interventions to increase patient adherence 

Measure
a 

Freque
ncy of 
use in 
sample 
of RCTs 
(n) 

Median  
validity 
score 
(max 2) 
and 
range

b 

Median  
reliabilit
y score ( 
max 2) 
and 
range

b 

Median  
objectivit
y score 
(max 2) 
and 
range

b 

Median  
unobtru-
siveness 
score (max 
2) and 
range

b 

Median  
longitu-
dinality 
score (max 
1) and 
range

b 

Median  
total 
score 
(max 9) 
and IQR 

Attendance 2  0.5 (0-1) 0.5 (0-1) 0 1 1 3 (1) 

Clinician 
judgment  

1 
0 0 0 0) 1 1 (0) 

Direct 
observation 

2  
1 1 2 0 0.5 (0-1) 4.5 (0.5) 

Drug 
concentration 
in body 

6 

1 1 (1-2) 2 1.5 (1-2) 1 7 (0.75) 

MEMS 16  2 (1-2) 2 (1-2) 2 (0-2) 0 (0-2) 1  6.5 (2.25) 

Pharmacy 
refill record 

14 
1.5 (1-2) 1.5 (1-2) 2  2  1  8 (2) 

Pill count 20 1 (1-2) 1 (1-2) 2 (0-2) 0 (0-2) 1  5 (1.25) 

Self-report 
questionnaire 

17  
1 (1-2) 1 (1—2) 0 (0-1) 0 0 (0-1) 3 (2) 

Self-report 3 1 1 0 0  1  3 (0) 
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diary 

Self-report 
interview 

8 1.5 (0 – 
2) 

1.5 (0 – 
2) 0 (0 – 1) 0 (0 – 1) 0 (0 – 1) 4.5 (3.25) 

Therapeutic 
response 

3 
1 1 2 1 (1-2) 1 6 (0.5) 

a- Measures are not meant to be compared against each other as the nature of each quality category (i.e. 
validity, etc.) is not comparable between measure types as criterion standards can differ. Some measures 
are from the same study as some studies used multiple measures of adherence. 

b- Range is only included in brackets if a range is possible to include based on the data   

 
Table 7: Number and proportion of studies with one to five measures of adherence in a 
given study 

 One 
measure of 
adherence 

Two 
measures of 
adherence 

Three 
measures of 
adherence 

Four 
measures of 
adherence 

Five 
measures of 
adherence 

Six 
measures 
of 
adherence 

Number 
of studies 

23 18 5 2 1 1 

Percent 
of studies 
(/50) 

46% 36% 10% 4% 2% 2% 

 
Table 8:  Outcomes for each study, divided into binary and continuous outcomes, for 
measures of adherence secondary analysis 
 

 CONTINUOUS BINARY 

Study ID  Adherence 
outcome mean 
control group 

Adherence 
outcome SD  
control group 

Adherence 
outcome CV = 
SD/ mean 
control group 

Adherence 
outcome 
proportion control 
group 

61894 Villeneuve    0.81 

58320 Solomon   0.303 

58692 Lai 96.17 10.95 0.113861  

58693 Lai 96.46 10.17 0.105432  

58918 Farooq   0.45 

60196 
Kalichman 

0.66 0.22 0.333333  

60980 Abrahams   0.319 

60980 Abrahams   0.516 

60980 Abrahams   0.362 
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61577 Sirey 2.9 1.34 0.462069 0.43 

62574 Otsuki 0.53 0.8 1.509434  

62574 Otsuki   0.9496 

62874 Mullan   1 

62874 Mullan   0.81 

64892 Sarna   0.588 

64892 Sarna   0.953 

64892 Sarna   0.588 

65330 Velligan   0.53 

65442 DiIorio  0.55 0.364 0.661818  

65867 Purcell   0.859 

65867 Purcell   0.859 

66971 
Sorensen 

0.531 0.2922 0.550282  

66971 
Sorensen 

0.784 0.2835 0.361607  

66971 
Sorensen 

0.716 0.2554 0.356704  

75329 Perrin 0.767 0.305 0.397653 0.553 

75329 Perrin 0.737 0.36 0.488467 0.5 

77245 Klein   0.51 

77245 Klein 0.808 0.124 0.153465 0.79 

77245 Klein 0.972 0.136 0.139918  

77245 Klein   0.75 

77245 Klein   0.63 

77245 Klein 0.808 0.124 0.153465 0.51 

83030 Chang   0.742 

83030 Chang   0.979 

83030 Chang   0.815 

85044 Choudhry   0.089 

86690 
Nieuwkerk 

8.86 1.48 0.167043  

86695 Matsumura   0.98 

86842 
Hederos 

72   0.7 

86842 Hederos   0.85 

86844 
Andrade 

0.64 0.082 0.128125  

86847 Rickles 48.6 39.2 0.806584  
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86850 Remien 0.6 0.34  0.39 

86856 Berrien 31.9 3.873 0.121411  

86859 Weber 0.889 0.04 0.044994 0.5 

86864 Rawlings   0.74 

86866 Ginde   0.742 

86866 Ginde   0.968 

86868 Laporte 0.807 0.194 0.240397  

86868 Laporte   0.997 

86873 Al-Eidan   0.237 

86877 Ansah   0.42 

86882 Katon 0.497 0.4325 0.870221  

86883 Walley   0.03 

86889 Girvin 0.901 0.1139 0.126415 0.726 

86889 Girvin   0.296 

86889 Girvin   0.478 

86889 Girvin   0.611 

86889 Girvin 0.949 0.0509 0.053635  

86889 Girvin 0.901 0.1139 0.126415 0.726 

86890 Gallefoss   0.32 

86890 Gallefoss   0.58 

86891 Peveler   0.51 

86894 Henry 0.969   0.576 

86894 Henry   0.39 

86894 Henry   0.576 

86897 Brus 0.84 0.21 0.25  

86899 Cote   0.91 

86906 Becker   0.753 

86906 Becker   0.541 

86906 Becker   0.835 

86906 Becker   0.553 

86906 Becker   0.753 

86907 Peterson   0.65 

86907 
Peterson 

1.9 1.5 0.789474 0.652 

86907 
Peterson 

7.1 4.6 0.647887  

86907 
Peterson 

20.2 7.9 0.391089  

86907 Peterson   0.5 
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86908 Baird   0.9 

86910 Haynes 43.2 42.85 0.991898 0.39 

86911 Sackett   0.51 

86911 Sackett   0.56 

86912 Colcher   0.58 

59167 Moshkovska   0.32 

87229 Kimmel   0.77 

88919 Wu    0.36 

63023 Sherrard   0.497 

 

Table 9: The correlation of measurement quality and the coefficient of variation of 
continuous adherence results in a sample of randomized trials of interventions to 
increase patient adherence 
Measure Number of 

studies with 
this measure 

Median quality 
score (9 
maximum) 

Mean coefficient 
of variation (CV = 
SD/mean) for 
control 

Spearman correlation 
of quality with 
coefficient of 
variation (precision) 
of adherence results 
(r and 95% CIs) 

Attendance
a 

0 3 ---------- ---------- 

Clinician judgment
 

0 2.5 --------- ---------- 

Direct observation
a 

1 4.5 ---------- ---------- 

Drug concentration 
in body 

3 7 0.609 Insufficient data
b 

MEMS 10 6 0.336 0.567 (-0.111 to 
0.903) 

Pharmacy refill 
record 

4 7 ---------- ---------- 

Pill count 7 5 0.319 0.296 (-0.588 to 
0.857) 

Self-report diary 1 3 0.1139 Insufficient data
b
 

Self-report 
questionnaire 

6 3 0.450 0.447 (-0.901 to 
0.984) 

Therapeutic 
response

a 
0 6 --------- -------- 

a- These measures did not report any adherence results continuously and therefore do not have 
corresponding coefficients of variation 
b- Measures with “insufficient data” either had no variability in their quality score therefore no correlation 
was calculated in SPSS, or only one study reported continuous adherence results for that measure and 
therefore no correlation was calculated in SPSS 
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Table 10: The correlation of measurement quality and proportion adherent in a sample 
of randomized trials of interventions to increase patient adherence reporting data as a 
binary variable 
 
Measure  Number of 

studies with this 
measure 

Mean quality 
score (9 

maximum) 

Average proportion 
adherent based on 
adherence results 
across studies in 

control 

Pearson correlation 
of quality with 

proportion 
adherent in control 

group (r and 95% 
CIs) 

Attendance 1 4 0.450 Insufficient data
a 

Clinician judgment  2 1.5 0.705 Insufficient data
a 

Direct observation 1 4 0.516 Insufficient data
a 

Drug 
concentration in 
body 

1 7 0.740 0.725 (-0.436, 0.98)
 

MEMS 11 7 0.767 -0.482 (-0.806 to 
0.065) 

Pharmacy refill 
record 

10 8 0.543 0.394 (-0.43, 0.859) 

Pill count 11 5 0.580 -0.411 (-0.784 to 
0.180) 

Self-report 
interview  

4 3.5 0.587 -0.203 (-0.871 to 
0.728) 

Self-report 
questionnaire 

17 4 0.629 0.180 (-0.559 to 0. 
69) 

Self-report diary 3 3 0.522 Insufficient data
a 

Therapeutic 
response 

2 6.5 0.536 Insufficient data
a 

a- Measures with “insufficient data” either had no variability in their quality score therefore no correlation 
was calculated in SPSS, or only one study reported binary adherence results for that measure and 
therefore no correlation was calculated in SPSS 

 



MSc Thesis- R.A. Jeffery, McMaster University- Health Research Methodology.  

76 
 

 
 

Figure 2: Graph of overall correlation of proportion adherent and measurement quality 
with linear line of best fit 
 
Table 11: Patient recruitment methods quality scores in included studies from analytic 
survey, by study, per feature of quality and overall quality score 
Study ID  
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R
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(m
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im
u

m
 6

) 

Haynes, 1976 2 1 2 5 

Cote, 1997 0 1 0 1 

Brus, 1998 0 1 1 2 

Girvin, 1999 0 1 0 1 

Al-Eidan, 2002 0 1 0 1 
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Laporte, 2003  1 1 1 3 

Weber, 2004 0 1 1 2 

Remien, 2005 2 0 2 4 

Ansah, 2001 0 1 0 1 

Hederos, 2005 1 1 0 2 

Peveler, 1999 0 2 0 2 

Andrade, 2005 0 1 0 1 

Ginde, 2003 0 1 0 1 

Berrien, 2004 1 2 0 3 

Katon, 2001 0 2 0 2 

Walley, 2001 0 2 0 2 

Gallefoss, 1999 1 1 1 3 

Henry, 1999 0 2 0 2 

Becker, 1986 1 1 1 3 

Peterson, 1984 0 1 0 1 

Baird, 1984 0 1 0 1 

Rickles, 2005 0 2 1 3 

Rawlings, 2003 1 1 0 2 

Sackett, 1975  0 2 0 2 

Colcher, 1972 0 1 1 2 

Abrahams, 2010 0 2 0 2 

Lai, 2011 0 1 0 1 

Farooq, 2011 0 2 0 2 

Kalichman, 2011 0 2 1 3 

DiIorio , 2008 0 1 1 2 

Chang, 2011 0 1 0 1 

Villeneuve , 2010 1 1 0 2 

Otsuki, 2009  1 0 1 2 

Mullan, 2009 1 2 0 3 

Sarna, 2008 0 2 1 3 

Purcell, 2007 0 2 1 3 

Velligan, 2008 0 2 0 2 

Sorensen, 2007  2 2 2 6 

Perrin, 2010 0 0 0 0 

Klein, 2007 0 1 0 1 

Choudhry, 2011 0 2 0 2 

Matsumura, 2012 0 2 1 3 

Sirey, 2010 0 2 0 2 
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Nieuwkerk, 2012 0 2 0 2 

Solomon, 2012 1 0 0 1 

Moshkovska, 2011 0 0 1 1 

Wilson, 2010 1 2 1 4 

Kimmel, 2012 0 0 0 0 

Wu, 2012 0 0 1 1 

Sherrard, 2009 0 0 0 0 

 

Table 12: Quality of patient recruitment methods in a sample of randomized trials of 
interventions to increase patient adherence 
 
Dimension of patient 
recruitment 

Frequency of 
studies that did 
not fulfill quality 
dimension n(%)

 

Frequency of 
studies that are 
unclear if 
quality 
dimension 
fulfilled n(%)

 

Frequency of 
studies that 
fulfill that 
quality 
dimension 
n(%)

 

Median score 
in this 
dimension 
and range  

Nonadherent patients 
selected   

36 (72%) 11 (22%) 3 (6%) 0 (0-2) 

Representativeness of 
sample  

8 (16%) 22 (44%) 20 (40%) 1 (0-2) 

Reporting of results 30 (60%) 17 (34%) 3 (6%) 0 (0-2) 
  

Table 13: Data for patient recruitment secondary analysis by study, for binary and 
continuous data  
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86910 Haynes 18 0.39 61 0.293 0.432 0.4285 23.058 0.781 
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86899 Cote  54 0.91 42 1.277     

86897 Brus 30    0.84 0.21 10.683 2.808 

86889 Girvin 25 0.726 25 0.996 0.949 0.0509 7.818 3.198 

86889 Girvin 25 0.296 60 0.418 0.901 0.1164 10.850 2.304 

86889 Girvin 25 0.478 59 0.427     

86889 Girvin 25 0.611 46 0.541     

86873 Al-Eidan 38 0.237 56 0.675     

86868 Laporte 42 0.997 1307 0.032 0.807 0.194 7.930 5.296 

86859 Weber 24 0.5 57 0.419 0.889 0.196 24.472 0.981 

86850 Remien 94 0.39 61 1.531 0.66 0.3 11.302 8.317 

86877 Ansah 144 0.42 61 2.364     

86842 Hederos 24 0.7 31 0.767     

86891 Peveler 48 0.51 57 0.849     

86844 Andrade 29    0.64 0.442 24.534 1.182 

86866 Ginde 31 0.742 20 1.552     

86856 Berrien 15    0.862 0.105 4.544 3.301 

86882 Katon 145    0.497 0.4325 23.491 6.173 

86883 Walley 162 0.03 27 6.072     

86890 
Gallefoss 

66 0.32 61 1.088     

86890 
Gallefoss 

66 0.58 50 1.319     

86894 Henry 59 0.39 61 0.961     

86894 Henry 59 0.576 50 1.169     

86906 Becker 85 0.541 54 1.574     

86906 Becker 85 0.753 15 5.860     

86907 
Peterson 

24 0.65 40 0.593     

86907 
Peterson 

24 0.5 57 0.419     

86908 Baird 196 0.9 38 5.170     

86847 Rickles 32    0.514 0.392 19.297 1.658 

86864 
Rawlings 

99 0.74 21 4.771     

86877 Ansah 144 0.42 61 2.364     

86911 Sackett 112 0.51 57 1.980     

86911 Sackett 113 0.56 52 2.165     

86912 Colcher 100 0.58 50 1.999     

60980 128 0.516 56 2.281     



MSc Thesis- R.A. Jeffery, McMaster University- Health Research Methodology.  

80 
 

Abrahams 

60980 
Abrahams 

128 0.362 61 2.084     

60980 
Abrahams 

128 0.319 61 2.111     

58691 Lai 89    0.9646 0.1017 64.780 1.374 

58691 Lai 89    0.9617 0.1095 64.156 1.387 

58918 Farooq 46 0.45 60 0.767     

60196 
Kalichman 

210    0.66 0.22 6.078 34.550 

65442 DiIorio  106    0.55 0.364 16.639 6.371 

83030 Chang 461 0.815 20 23.222     

83030 Chang 461 0.742 20 23.077     

83030 Chang 461 0.979 186 2.484     

 61894 
Villeneuve  

110 0.68 35 3.118     

62574 Otsuki 77 0.9496 77 1.006 0.53 0.8 80.373 0.958 

62574 Otsuki 77 0.9496   0.6 0.88 97.251 0.792 

62874 Mullan 33 0.81 19 1.711     

64892 Sarna 94 0.953 82 1.144     

64892 Sarna 94 0.588 49 1.914     

65867 Purcell 121 0.859 26 4.569     

65330 Velligan 29 0.53 55 0.527     

66971 
Sorensen 

28    0.716 0.2554 8.192 3.418 

66971 
Sorensen 

28    0.784 0.2835 13.521 2.071 

66971 
Sorensen 

28    0.531 0.2922 10.722 2.611 

75329 Perrin 49 0.5 57 0.856 0.767 0.305 13.449 3.643 

75329 Perrin 49 0.553 53 0.927 0.737 0.36 16.275 3.011 

77245 Klein 21 0.63 44 0.482 0.808 0.124 3.274 6.415 

77245 Klein 21 0.75 14 1.467 0.972 0.136 185.169 0.113 

77245 Klein 21 0.51 57 0.371     

77245 Klein 21 0.79 17 1.213     

85044 
Choudhry 

301
0 

0.089 39 77.823     

86695 
Matsumura 

99 0.98 195 0.508     

61577 Sirey 30 0.43 61 0.495 0.483 0.223 6.245 4.804 
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86690 
Nieuwkerk 

97    0.984 0.167 855.068 0.113 

58320 
Solomon 

102
5 

0.303 60 17.062     

59167 
Moshkovska 

34 0.32 61 0.561     

61989 Wilson 189    0.43 0.3485 3723.68
8 

0.051 

87229 Kimmel 43 0.77       

88919 Wu 28 0.36 61 0.456     

63023 Sherrard 143 0.497 57 2.489     

 
Table 14: Correlation of quality of patient recruitment and power of trials in a sample of 
randomized trials with continuous adherence data of interventions to increase patient 
adherence 
Patient selection Score Median (IQR) proportion 

recruitment of calculated for 
25% increase for continuous 
adherence outcomes

a
 

Wilcoxon rank sum 
test results 

Nonadherent and 
uncertainly 
adherent patients 
selected   

1 2.34 (2.56) p=0.660 

Unspecified 
adherence level 
patients selected 

0 2.81 (3.43) 

a- % recruitment is a measure of the power of the trial and refers to the proportion of the actual versus 
theoretical required sample size to achieve an alpha of 0.05 and a beta or power of 80%.  
 

Table 15: Correlation of quality of patient recruitment methods based on the 
representativeness of the sample and the power of trials in a sample of randomized 
trials with continuous adherence data of interventions to increase patient adherence 
Representativeness Score Median (IQR) proportion 

recruitment of calculated for 
25% increase for continuous 
adherence outcomes

a
 

Wilcoxon rank sum 
test results 

Sample 
representative 

1 2.96 (2.70) p=0.675 

Sample not 
representative or 
uncertainly 
representative 

0 2.30 (2.66) 

a- % recruitment is a measure of the power of the trial and refers to the proportion of the actual versus 
theoretical required sample size to achieve an alpha of 0.05 and a beta or power of 80%.  
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Table 16: Correlation of quality of patient recruitment methods based on whether 
results are reported based on adherence and the power of trials in a sample of 
randomized trials with continuous adherence data of interventions to increase patient 
adherence 
Reporting of results Score Median (IQR) proportion 

recruitment of calculated for 25% 
increase for continuous adherence 
outcomes

a
 

Wilcoxon rank sum 
test results 

Reported based on 
baseline adherence 
levels 

1 2.34 (3.86)  p=0.905 

Not reported based 
on baseline 
adherence levels 

0 3.01 (2.27) 

a- % recruitment is a measure of the power of the trial and refers to the proportion of the actual versus 
theoretical required sample size to achieve an alpha of 0.05 and a beta or power of 80% 

 
Table 17: Correlation of dichotomized quality of patient recruitment methods based on 
whether nonadherent patients were recruited and the transformed power of trials in a 
sample of randomized trials with binary adherence data of interventions to increase 
patient adherence 
Patient selection Score

 
Median (IQR) proportion 
recruitment of calculated for 
25% increase for binary 
adherence outcomes

a 

Wilcoxon rank sum test 
results 

Nonadherent and 
uncertainly adherent 
patients selected   

1 1.53 (2.11) p= 0.560 

Unspecified 
adherence level 
patients selected 

0 1.19 (1.75) 

a- % recruitment is a measure of the power of the trial and refers to the proportion of the actual 
versus theoretical required sample size to achieve an alpha of 0.05 and a beta or power of 80% 

 

Table 18: Correlation of quality of patient recruitment methods based on the 
representativeness of the sample and the power of trials in a sample of randomized 
trials with binary adherence data of interventions to increase patient adherence 
Representativeness 
of sample 

Score Median (IQR) proportion 
recruitment of calculated for 
25% increase for binary 
adherence outcomes

a
 

Wilcoxon rank sum test 
results 

Sample 
representative 

1 1.81 (1.28) p= 0.313 

Sample not 
representative 

0 1.21 (1.87) 

a- % recruitment is a measure of the power of the trial and refers to the proportion of the actual versus 
theoretical required sample size to achieve an alpha of 0.05 and a beta or power of 80%.  
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Table 19: Correlation of quality of patient recruitment methods based on whether 
results are reported based on adherence and the power of trials in a sample of 
randomized trials with binary adherence data of interventions to increase patient 
adherence 
Reporting of 
results 

Score
 

Median (IQR) proportion recruitment 
of calculated for 25% increase for 
binary adherence outcomes

a 

Wilcoxon rank sum 
test results 

Reported based on 
baseline adherence 
levels 

1 1.32 (1.71) p= 0.972 

Not reported based 
on baseline 
adherence levels 

0 1.24 (1.65) 

a- % recruitment is a measure of the power of the trial and refers to the proportion of the actual versus 
theoretical required sample size to achieve an alpha of 0.05 and a beta or power of 80% 

 
Table 20: The mean effect size for each dichotomized quality score (0= low, 1= high 
quality) for each aspect of the patient recruitment quality scale for continuous data and 
significance level for difference between high and low quality scores 

Quality scale 
aspect 

Quality score 
(dichotomized) 
(0= low quality, 
1= high quality) 

Number of 
studies in this 
group 

Number of 
patients in this 
group from all 
included 
studies 

Median of  
effect sizes for 
group 
(ES= 
(meanintervention-
meancontrol)/ 
SDpooled

e
) 

Interquartile 
range (IQR) of 
effect size for 
each group 

Between group 
differences 
(Mann Whitney 
U test) p-value 

Nonadherent 
patients recruited 

No- 0
a  

13 1783 0.370 0.626 p= 0.150 

Yes or 
Uncertain- 1

b 

7 926 0.278 0.353 

Representative 
sample 

No or 
Uncertain- 0

c 
12 1218 0.266 0.243 p=0.336 

Yes- 1
d 8 1491 0.433 0.448 

Report results 
based on baseline 
adherence  

No- 0
a 

9 1029 0.402 0.676 p=0.053 

Yes or 
Uncertain- 1

b 

11 1680 0.266 0.330 

a- 0 quality score for aspect of recruiting nonadherent patients and reporting results based on baseline 
adherence refers to a score of 0 on the original scale before dichotomization, wherein the item was 
NOT done 

b- 1 quality score for aspects of recruiting nonadherent patients and reporting results based on baseline 
adherence refers to a score of 1 or 2 on the original scale before dichotomization, wherein the item 
was done (YES) or it is uncertain whether the item was done (UNCERTAIN)  

c- 0 quality score for aspect of recruiting a representative sample refers to a score of 0 or 1 from the 
original scale, where the item was NOT done or was UNCERTAIN whether it was done  

d- 1 quality score for aspect of recruiting a representative sample refers to a score of 2 from the original 
scale, where the item was (YES) done, i.e. the sample was representative 

e- SDpooled = √ [(SD1
2
+ SD2

2
)/2] 
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Table 21: The mean effect size for each dichotomized quality score (0= low, 1= high 
quality) for each aspect of the patient recruitment quality scale for binary data and 
significance level for difference between high and low quality scores 

Quality scale 
aspect 

Quality 
score 
(dichotomiz
ed) 

Number of 
studies in this 
group 

Number of 
patients in this 
group over all 
included 
studies

g 

Median effect 
size for group 
(ES= 
(meanintervention -
meancontrol)/ 
SDpooled

e,f
) 

Interquartile 
Range (IQR) 
of effect size 
for each 
group 

Between group 
differences (Mann 
Whitney U test) p-
value 

Nonadherent 
patients recruited 

No- 0
a  

28  10513 2.434 3.614 p=0.020 

Yes or 
Uncertain- 
1

b 

11 3429 1.508 3.177 

Representative 
sample 

No or 
Uncertain- 
0

c 

26 5930 2.454 3.210 p= 0.173 

Yes- 1
d 13 8012  1.083 3.174 

Report results 
based on baseline 
adherence  

No- 0
a 

25 11153 2.245 2.862 p= 0.141 

Yes or 
Uncertain- 
1

b 

14 2789 1.864 3.013 

a- 0 quality score for aspect of recruiting nonadherent patients and reporting results based on baseline 
adherence refers to a score of 0 on the original scale before dichotomization, wherein the item was 
NOT done 

b- 1 quality score for aspects of recruiting nonadherent patients and reporting results based on baseline 
adherence refers to a score of 1 or 2 on the original scale before dichotomization, wherein the item 
was done (YES) or it is uncertain whether the item was done (UNCERTAIN)  

c- 0 quality score for aspect of recruiting a representative sample refers to a score of 0 or 1 from the 
original scale, where the item was NOT done or was UNCERTAIN whether it was done  

d- 1 quality score for aspect of recruiting a representative sample refers to a score of 2 from the original 
scale, where the item was (YES) done, i.e. the sample was representative 

e- SD for intervention and control groups = √ (p*q / nintervention or control) 
f- SDpooled = √ [(SD1

2
+ SD2

2
)/2] 

g- Some studies did not report the number of patients in one group at follow up so this value is not the 
complete sample size 
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Figure 3: Distribution of results for patient recruitment for a 25% minimally important 
difference for the sample size calculation, where frequency refers to the number of 
studies with that proportion of the theoretical sample size recruited, with possible 
values for the proportion recruitment lumped into values with intervals of 1 and the 
majority of studies had 0-3 times the required theoretical sample size recruited  
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Figure 4: Distribution of results for patient recruitment for a 35% minimally important 
difference for the sample size calculation, where frequency refers to the number of 
studies with that proportion of the theoretical sample size recruited, with possible 
values for the proportion recruitment lumped into values with intervals of 1.5 and the 
majority of studies had 0-6 times the required theoretical sample size recruited  
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Figure 5: Distribution of results for patient recruitment for a 15% minimally important 
difference for the sample size calculation, where frequency refers to the number of 
studies with that proportion of the theoretical sample size recruited, with possible 
values for the proportion recruitment lumped into values with intervals of 0.5 and the 
majority of studies had 0-1 times the required theoretical sample size recruited  
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* R

2
 refers to the coefficient of determination, which is correlation coefficient (r) squared, and indicates 

the strength of the correlation 

Figure 6: Study quality versus year of publication of article for measurement of 
adherence methodology 
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* R

2
 refers to the coefficient of determination, which is correlation coefficient (r) squared, and indicates 

the strength of the correlation 
 

 

Figure 7: Patient recruitment quality scores versus year of publication of article 
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Statistical appendix  

 
Figure 1: Distribution of results for binary patient recruitment methodology data for 
scores of 0, 1 and 2 for one aspect of the patient recruitment scale, whether 
nonadherent patients were selected 
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Figure 2: Distribution of results for binary patient recruitment methodology data for 
scores of 0, 1 and 2 for one aspect of the patient recruitment scale, whether the study 
sample was representative 
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Figure 3: Distribution of results for binary patient recruitment methodology data for 
scores of 0, 1 and 2 for one aspect of the patient recruitment scale, whether the study 
reported the results from the trial based on baseline adherence levels 
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7.0 Appendix 
 

Appendix 1: Glossary of terms 
 

Adherence results: The outcomes in randomized controlled trials of the amount of 
medication the patient consumed relative to the amount of prescribed medication the 
patient should have consumed had they followed their prescription, quantified by the 
measure of adherence.  
Composite measure: A measure of adherence to medication that is made up of two or 
more measures in a single trial. For example, a single trial might include both a self-
report questionnaire and a pharmacy refill record to quantify adherence.   
Precision: Related to the standard deviation of an outcome or result from a trial, this 
refers to how close the measured outcome is to the true outcome  
Quality: Refers to the superiority of a method over another. For example, a high quality 
measure of adherence may be more objective than a lower quality measure of 
adherence. 
 
 

Appendix 2: Full data extraction form 
 
Note: Online extraction form is broken into questions for Objective 2 and 3 and questions for 
Objectives 1 and 4 but has been merged here. Info buttons that appear online have been deleted 
here for ease of reading.  

1. Title of article: [automatically inserted]  
 

2. Citation: [automatically inserted] 
 

3. PubMed ID/Ovid accession number/Database ID: [automatically inserted] 
 

4. Author Abstract:  [automatically inserted] 
 

5. Behavioural Theory Questions 
 

a). Was the intervention explicitly theory based? 
Yes/No/Unclear 

     If yes (indicate theory or theories)__________________ 
 

a) Were stakeholders involved in developing the intervention? 
Yes/No/Not reported 
 If yes (check all that apply) 
 

i. Patients 
ii. Policy makers 
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iii. Healthcare providers 
iv. Others  __________________ 

 
b) Were the reasons for not adhering to the medication(s) reported assessed in the 

studied population? (Check all that apply) 
 

i. No 
ii. Yes, assessed in the studied population in advance of the RCT 

(copy text): ________________  
iii. Yes, assessed during the RCT (copy text):_____________ 

 
c) Was the level of participation with the adherence intervention in the RCT 

reported? 
 

i. No 
ii. Yes (Please copy text; specify numbers, e.g., % attendance to 

education visits):_______________ 
 

     If Yes, were reasons for not participating with the adherence 
intervention in the current study assessed? 

i. No 
ii. Yes  (please copy text):_____________ 

 
d) How many medications were targeted with the adherence intervention? 

 
i. 1 
ii. >1 
iii. Uncertain 

 
e) From the patients’ perspective, when was the adherence intervention started?  

(Check all that apply) 
 

i. At the time of newly starting medication 
ii. Following a major event (e.g., Hospitalization),  

iii. After being on treatment for some time, no triggering event 
iv. Uncertain 

 
f) What was the frequency and duration of the adherence intervention 

application?  [Copy and paste text]:_____________ 
 

6. Study Setting: [cut and paste text from the article and/or type your answer in the format 
to complete the sentence “The study location was:” and enter the site/ State Province/ 
Country]  
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7. Clinical Problem for which the participants are being recruited: [For insertion in the 
Cochrane Adherence and Outcomes Table; typed answer:________________]  
 
 

8. Participant inclusion/exclusion criteria:  
 

a)    Cut and paste text from the article :______________ 
b)  Type the  answer___ in format of  
text box 1: The inclusion criteria were:  __   
text box 2: The exclusion criteria were (if given): __]  

c) Number randomized to Intervention group: [ text box to enter number or “not 
specified”] 

d) Number randomized to Control group: [ enter number or “not specified”]   
e) Nature of medicine regimen:  

i.  study is about a new or old medication prescribed for an acute 
condition (i.e., to be prescribed for < 6 months) 

 
ii.  study is about patients who will be prescribed a new medication for a 

chronic condition at the start of the period of intervention  (i.e., to be 
prescribed for ≥ 6 months) 

 
iii.  study is about testing an intervention to increase adherence with a 

medication(s) that has (have) been prescribed for a chronic condition before 
the study began; if so: 

 
a) Did they measure adherence at baseline?  
          Yes/ No/ Uncertain  

 
b) Did they use the adherence status of the patients for recruitment/ 

as part of inclusion criteria? 
          Yes/ No/ Uncertain 
 

9. Recruitment and drop outs: 
 
a) Number of patients eligible who were asked to join before reaching sample size, 

enter number or N/A if not specified   [] 
 

b) Number of patients in sample size at baseline (enter number or N/A) []  
 

c) Total number of patients randomized (enter number or N/A if not specified) [ ] 
 
d) Number assessed for adherence in Intervention group at least 24 weeks after entry for 

chronic regimens or at final assessment for acute regimens [enter number or “not 
specified” and any details] 
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e) Time period for drop out report (e.g., 1 week; 24 weeks; 1 year, etc)  [enter time periods 
given as # weeks/months/years]  
 

f) Number assessed for adherence in Control group  at least 24 weeks after entry for 
chronic regimens or at final assessment for acute regimens : [ enter number or “not 
specified” and any details] 

g) Time period for drop out report (e.g., 1 week; 24 weeks; 1 year): [enter time periods 
given as # weeks/months/years]    

 
10. Risk of bias *refer to info buttons for judgment:   

 
a) Random sequence generation:  Extractor’s judgment: High risk of bias / Unclear  / Low 

risk of bias  
Support for judgment – [  ] 
 

b) Allocation concealment: Extractor’s judgment: High risk of bias / Unclear  / Low risk  
 Support for judgment – [ ]  

 
c) How was adherence data collected? [List] 

  Blinding of staff and personnel to study group among those collecting adherence 
data: Extractor’s judgment: High risk / Unclear / Low risk    

                     Support for judgment – []: 
d) How many outcomes were collected? [list them] 

Blinding of staff and personnel to study group among those collecting patient 
outcomes: Extractor’s judgment: High risk / Unclear / Low risk  

  Support for judgment – [] 
e) Blinding of patients to study group. Extractor’s judgment: High risk / Unclear  / Low 

risk   
  Support for judgment – [cut and paste text from the article or typed answer]:   

  
f) How many study groups were there?  [list them]Blinding of key study personnel to 

study group. Extractor’s judgment: High risk / Unclear  / Low risk   
Support for judgment – [cut and paste text from the article or typed answer]:   
 

g) How much incomplete outcome data was identified? [list it] 
Incomplete outcome data (refer to Cochrane rules): Extractor’s judgment: High risk / 
Unclear / Low risk  

Support for judgment – [cut and paste text from the article or typed answer]:   
 

h) Was there selective reporting bias (i.e. did they fail to report what they said they 
would report)?   

 Extractor’s judgment: High risk / Unclear / Low risk  
Support for judgment – [cut and paste text from the article or typed answer]:   
 

i) Was there adjustment for multiple comparisons? Yes / Unsure / No /  
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  Support for judgment: [text box]   
 

j) Was the primary outcome clearly stated? Yes /No /Unsure; If Yes, what was the 
primary outcome: 

 
k) Was the analysis plan clearly stated? Yes /No /Unsure; If Yes, copy & paste the 

analysis plan: 
 

l) Was the study sufficiently powered? Yes /No /Unsure   
m) Was there any other type of bias noted?  High risk / Unclear / Low risk   

                     Support for judgment – [cut and paste text from the article or typed answer]:  
n) Was there statistical adjustment for clustering? Yes / Unsure / No / Not applicable (ie, 

not a cluster RCT) 
 

11.  Intervention:    
a) Provide a complete description of the intervention(s) received by one group (if 

more than 1 intervention group, report each intervention group separately here)  
[cut and paste text from the article]:______________________________ 
 

b) Use your own words and fill out the following headings, when possible: 
Heading - Nature of intervention: [textbox]  
Heading- Who did what to whom: [ textbox]  
Heading - Number of sessions: [ textbox] 
Heading - Duration of follow up: [ textbox] 
Heading - Intensity of intervention (if mentioned): [ textbox] 

 
c)  Based on b), who received the adherence intervention?  

 
i. Patient  

ii. Caregivers 
iii. Patients’ family or friends 
iv. Research staff 
v. Other [typed answer _________] 
 

d) Based on the description in a) what type(s) of intervention(s) was (were) tested in 
the intervention group (check all that apply)? 

 
i. Increased supervision from physician prescriber (e.g., more frequent 

visits, phone calls) 
ii. Increased supervision from nurse  

iii. Increased supervision by pharmacist 
iv. Increase supervision by other provider  

[Typed answer: ___________] 
v. Additional medication instructions for patients in the intervention group 

(e.g., verbal, written, or visual material) 
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vi. Additional instructions/ education for patients in the intervention group 
on their disease or adherence (e.g., verbal, written, or visual material) 

vii. Patient counseling (e.g., about the target disease, importance of 
therapy, compliance with therapy, possible side-effects, patient 
empowerment, couple-focused therapy to increase social support) 

viii. Automated patient monitoring and counseling (telephone, cell phone, or 
computer assisted) 

ix. Manual telephone follow-up 
x. Family/social intervention (e.g., involvement of family 

members/significant others in the intervention) 
xi. Increased convenience of care (e.g., provision at the workplace or at 

home) 
xii. Simplified dosing (i.e. changing frequency of medication use) 

xiii. Increased self-care (involving patients more in their care, e.g., through 
self-monitoring their blood pressure) 

xiv. Reminders (e.g., programmed medication devices) 
xv. Special pill packaging (e.g., calendar packs) 

xvi. Dose-dispensing units of medication and medication charts 
xvii. Appointment and prescription fill reminders 

xviii. Reinforcements or rewards for improved adherence  
xix. Reinforcement or rewards for improved treatment response (e.g., 

reduced frequency of visits and partial payment for blood pressure 
monitoring equipment) 

xx. Different medication formulations (e.g., tablet vs. syrup) 
xxi. Crisis intervention conducted when necessary (e.g., for attempted 

suicide, aggressive and destructive behaviour) 
xxii. Direct observation of treatments (DOTS) by health workers or family 

members 
xxiii. Lay health mentoring 
xxiv. Augmented pharmacy services 
xxv. Psychological therapy (e.g., cognitive behaviour therapy, multisystemic 

therapy) 
xxvi. Mailed communications 

xxvii. Group meetings 
xxviii. Social media (eg, Twitter, Facebook) 

xxix. Other(s) [________________________] 
 

e) Provide a description of the Control procedure [cut and paste text from the article 
if possible:________ 

f) And Use your own words and fill out the following headings, when possible: 
Heading - Nature of intervention: [textbox]  
Heading- Who did what to whom: [ textbox]  
Heading - Number of sessions: [ textbox] 
Heading - Duration of follow up: [ textbox] 
Heading - Intensity of intervention (if mentioned): [ textbox] 
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g) Based on the description of the Control procedure, did Control participants receive 

attention or intervention beyond usual care with the intention of offsetting the 
additional attention received by Intervention participants? Yes / No / Unclear 

 
12. Adherence measurements: 

 
a)  What was (were) the measures of adherence?  

 
[Cut and paste article’s description of measure(s) of adherence- include number of 
measures, what measure was the primary measure (if stated), name and types of 
measures, descriptors of measures used (e.g., Valid, sensitive, etc.):________ 
 
 Typed answer:  Put these as headings in the text box: List all the measures (names 
and types) and provide a description of each measure (include if the measure was 
valid, sensitive, etc) ; Indicate the primary measure (if stated): 
________________________________________________ 

 
b)  What was (were) the measures of adherence? Check all measures of adherence that 

apply:  
 clinician judgment  
 therapeutic response, explicitly used to measure adherence  
 attendance at scheduled follow up appointments  
 self report- questionnaire 
 Self- report – diary  
 Self-report- interview 
 drug concentration in body fluid (quantitative) 
 presence of drug in body fluid (qualitative)  
 pill count  
 electronic pill monitor  
 pharmacy refill record  
 direct observation  
 other – name them if not listed above [ textbox] 

   
c) Who is involved in assessing this measure of adherence (if explicitly stated, otherwise 

this is considered to be unclear)?  
       check boxes - check as many as apply 

 caregiver (family or friend) 
 patient 
 physician  
 nurse  
 research staff (not directly responsible for patient medical care)    
 pharmacist 
 unclear  
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 other  [Text box to enter who the Other is (enter more than one thing in text 
box if multiple unlisted persons)] 

 
d)  When was the measure of adherence taken [check boxes]? (check all that apply) 

 Baseline 
Continuously (eg, pharmacy record; MEMS) 
Periodically; if so:  

How many times after baseline: [text box to enter number of times and at 
what time points it was measured] 

 
e)  Quality of measure:  

i. Validity  
0- Documented in the article to not be valid OR stated in the article to be 
documented by another source to be invalid 
1- Validity not assessed within the article  
2- Measure documented to be valid in comparison with a criterion standard 
based on data in the study or citation of another study   

ii. Reliability:   
0- Documented in the article to not be reliable OR stated in the article to be 
documented by another source to be unreliable 
1- Reliability not assessed within the article 
2- Measure documented to be reliable or valid by data in the study or citation of 
another study (reliability is implicitly high if measure is valid) 

iii. Objective:    
0- Subjective measure without appropriate blinding or with uncertain blinding to 
patients’ treatment group  
1- Subjective measure with appropriate blinding (method or blinded group 

explicitly stated) 
2- Objective measure  

iv. Unobtrusive:  
0- Obtrusive/obvious to patients  
1- Unclear whether the patient is aware adherence is being measured 
2- Patient is likely to be unaware the measure is being taken and the measure 
does not interrupt the normal pattern of medication consumption  
 

v. Longitudinal data:  
  0- Data provided by measure covers up to one week of adherence for a chronic 
regimen  
 1- Data provided by measure describes adherence for more than one week, for 
a chronic regimen or for the duration of the acute medication regimen (if less than 
one week) 

13. Measurement of Clinical Health Outcomes:  
[cut & pasted text from article- enter number of clinical outcomes what the 
clinical health outcomes were, , how they were measured, how measured them, 
any descriptors of measures (valid, etc.)_________] 
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Outcomes:  
14. Results for adherence measurements:  

a) How were adherence data provided?  

monitoring) for blood pressure 
 {if checked}  

i. what were the rates?  [narrative and “cut and paste” tables, including 
statistical results comparing intervention and control groups, by adherence 
measure (if applicable):       [____] 

 
ii. Was there a statistically significant effect on adherence or compliance based 

on differences between Intervention and Control groups, as defined by p-
values provided in the results, for continuous outcomes?  Yes / No / Unsure 

[Text box for any explanation/comments] 

of adherence)  
 {if checked}  

i. what were the rates?  [narrative and “cut and paste” tables, including 
statistical results comparing intervention and control groups, by adherence 
measure if applicable:       [____] 

ii. Was there a statistically significant effect on adherence or compliance based 
on proportions of “compliant” patients, comparing Intervention and Control 
patients?  Yes / No / Unsure 

[Text box for any explanation/comments] 
15. Results for clinical health outcomes  

 
a) Results for clinical health outcomes - extract all clinical outcomes in detail and 

their variance for each study group, as well as levels of statistical significance for 
differences between study groups.  

 
[Narrative and “cut and paste” tables] 

 
b) Was there a statistically significant effect on clinical health outcomes?  Yes / No 

/Unsure 
 

[Text box for any explanation/comments] 
 

c) Were clinical health outcome results reported based on baseline adherence?: 
 0- Baseline adherence was not measured,  
 1- Baseline adherence measured but clinical results were not reported according 
to initial adherence level,  
 2- Yes, clinical results were reported based on baseline adherence level or if only 
nonadherent patients are recruited, if intention to treat analysis is followed 

16. Effect on Outcome: [For insertion in the Cochrane Adherence and Outcomes table; 
typed answer based on cut and paste and answers to questions 13 and 14 (all parts)]:   
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17. Other outcomes   

a) Were adverse effects of the intervention assessed?  
Yes / No / Unstated  
 If yes, specify [________________________]   

b) Were incremental costs/resources of the intervention assessed?  
Yes / No / Unclear / Unstated 
 If yes, specify [________________________] 

18. Funding 
    Was a funding source(s) statement reported in the manuscript? Yes/No  

        If yes,     
a) was there public funding? Yes/No/Unclear 

 
b) was there private (industry) funding Yes/No/Unclear 

 
19. Additional comments: 

 [typed answer:_____________________________   
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