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Abstract

Objectives—Medication adherence is a complex problem and can be evaluated using a variety of 

methods. There is no single or perfect strategy to assess adherence. The “best” measure depends 

on contextual factors. Our objective is to provide a practical, illustrative guide for selecting the 

most appropriate measure of medication adherence in common contexts.

Methods—We present three case studies – from the perspectives of an academic researcher, 

health care payer, and clinical care provider – to describe common problems and processes for 

measuring medication adherence, as well as proposing possible solutions.

Results—The most appropriate measure will depend on the context (tightly controlled clinical 

trial setting vs. clinical setting), intended purpose (research vs. clinical), available resources (data, 

personnel, materials, and funding), time (quick screening vs. comprehensive review), and phase of 

interest (initiation, implementation, persistence or discontinuation). Framing the problem of 

medication non-adherence and methods for measuring adherence are discussed using three 

representative case studies.

Conclusions—A simple tool is provided that may help stakeholders interested in medication 

adherence make decisions regarding the appropriate selection of measures.

Practice Implications—A medication adherence measure should be selected through the lens 

of each situation’s unique objectives, resources, and needs.
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1. The Problem of Medication Non-Adherence

Medication non-adherence is a significant, global public health concern. In fact, 

approximately 30–50% of patients with chronic diseases fail to take their medications as 

prescribed [1–3]. A myriad of factors contribute to non-adherence, spanning the levels of the 

individual patient (e.g., low health literacy), healthcare system (e.g., formulary restrictions), 

and often national health policy (e.g., insufficient prescription drug coverage) [4–6]. 

Because factors contributing to non-adherence are complex and occur on multiple levels, 

accordingly, solutions to improve adherence often require complex interventions (provider 

or system-related) and behavior change (patient-related) on multiple levels in order to ensure 

effectiveness [4, 7, 8]. Even then, the resulting improvement in adherence is often small [8].

Measuring non-adherence can also be challenging. Proper medication taking is not a single 

action, but instead a complex series of behavioral support including initiation, 

implementation and persistence, and discontinuation [9, 10]. Depending on which 

behavior(s) of medication adherence are of interest, it may be important to select a measure 

of medication adherence that adequately captures the relevant levels (individual, healthcare 

system, etc.) and phases (initiation, implementation, etc.). For example, consider patients 

diagnosed with Type II diabetes. They may face challenges in initiating new medications 

(e.g., metformin, insulin) along with implementation of a therapeutic lifestyle program and 

then must persist in continuing a comprehensive treatment plan over time. It is also critical 

that the patient understands the diagnosis and appreciates their individual role in self 

management, including the proper use of medical therapy. Central to successful diabetes 

control is not only persistence with prescribed regimens, but also discontinuing medications 

and perhaps replacing them with different therapies under a healthcare provider’s 

supervision. Depending on which phase of this trajectory is of interest, different measures 

might be better suited than others [11].

Predictors of medication non-adherence have been well-documented [1, 2] and there are 

systematic reviews describing various measures of adherence [12] and interventions to 

improve it [7, 8, 13–15]. However, guidance on selecting appropriate medication adherence 

measures is lacking. Navigating the myriad of measures requires thoughtful consideration of 

the advantages and disadvantages of medication adherence measurement methods. These 

advantages and disadvantages may be a matter of perspective; however, guidance is needed 

on how to choose the most appropriate medication adherence measure. The purpose of this 

article is to provide a practical, illustrative guide for selecting the most appropriate measure 

of medication adherence in common contexts. This guide complements existing medication 

adherence literature and expands the thought process regarding measurement selection 

through the presentation of case studies. This guide is intended for readers who are 

somewhat familiar with available measures of adherence. Readers seeking information on 

specific definitions pertaining to medication adherence and general issues relating to 
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measurement may consult existing reviews on this topic [12, 16–19]. A medication 

adherence measure should be selected through the lens of each situation’s unique resources 

and needs.

2. Methods of Measuring Medication Adherence

Measures of medication adherence are vast and include, but are not limited to, self-reported 

adherence, evaluation of biomarkers, electronic monitors and pillboxes, pharmacy-based 

measures, and assessment of a patient’s physiologic status among others [6, 12, 17–19]. 

There have been several systematic and other review articles detailing various measures of 

medication adherence [6, 16, 18, 20–24]. These reviews have classified adherence measures 

into direct or indirect measures. In other words, whether the medication-taking is directly 

observable (e.g., direct face-to-face observation) or indirect (e.g., pill counts, self-report, 

clinical response and biomarkers) [6, 16]. Beyond whether a measure is a direct or indirect 

assessment, measures of adherence differ in a number of additional ways. Measures may be 

better suited to measure a particular phase or phases of adherence (e.g., initiation, 

discontinuing). Additionally, measures rely on different data sources, vary with regard to 

validity and reliability, require differing amounts of time and expertise to collect, and have 

differing associated costs (Figure 1).

While a combination of subjective and objective measurement is generally best [1], the most 

appropriate measure will depend on the context (tightly controlled clinical trial setting vs. 

clinical setting), intended purpose (research vs. clinical), available resources (data, 

personnel, materials, and funding), time (quick screening vs. comprehensive review), and 

phase of interest (initiation, implementation, or discontinuation). While many of these issues 

have previously been elucidated, we assert that an applied guide is needed. Thus, we present 

a practical consideration for selecting the “best” medication adherence measure from three 

perspectives: an academic researcher, health care payer, and clinical care provider.

3. Case Study 1: Academic Researcher

3.1. The Problem

Dr. Jones is a researcher at Acme University. She is designing an efficacy trial to 

demonstrate the therapeutic effect of an oral chemotherapy medication among patients with 

breast cancer. She knows that adherence is not often reported in cancer clinical trials, but is 

important in evaluating the effects of the medication [25]. The study population is comprised 

of adults receiving care in oncology clinics affiliated with academic medical centers. Dr. 

Jones will follow trial participants over a 10-month time period.

Because this is an efficacy trial, Dr. Jones has a tightly controlled research environment. She 

is looking for a measure of medication adherence that is objective, validated, and reliable. 

Dr. Jones requires a measure that has been used among patients with cancer. Her study 

results must be comparable with other published studies of oral chemotherapy to the best 

possible extent. Dr. Jones has research staff available to support the project, but is 

insufficiently staffed to personally observe participants taking their chemotherapy at home. 

She does, however, have a reasonable budget for adherence measurement.

Zullig et al. Page 3

Patient Educ Couns. Author manuscript; available in PMC 2018 July 01.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



Although the oncology clinics are affiliated with different academic medical centers that do 

not share pharmacy or electronic health record information with one another, Dr. Jones has 

access to participants’ individual electronic health record data. She could use this 

information to calculate adherence rates, but wants more granular information about 

participants’ daily behaviors. Specifically, because doses are designed to keep constant 

levels of drug in the body, taking the medication at the same time of day is important. Dr. 

Jones is concerned that patients might alter the time of day when they are taking their drugs 

to avoid experiencing side effects at an inconvenient time, so she decides against using a 

pharmacy or claims-based measure. In order to detect improvements during the trial, Dr. 

Jones wants to select a measure that is sensitive to longitudinal changes. She considers 

diaries or other measures of self-report, but has a low tolerance for recall bias.

3.2 The Process

Because Dr. Jones is interested in adherence to one specific medication, she considers using 

an electronic monitoring system. She searches the scientific literature and discovers several 

studies using electronic monitoring systems to assess adherence to oral chemotherapy 

regimens and hormonal therapy for breast cancer [26–28]. The monitors are expensive, but 

Dr. Jones determines that the cost is justified – there is a high correlation between electronic 

monitoring adherence estimates and clinical outcomes for many conditions. For example, a 

study among people with HIV found that the sensitivity of electronic monitoring of 

antiretroviral adherence to be 75% and the specificity was nearly 86% [29].

Dr. Jones is interested in a smart pill bottle, such as the Medication Event Monitoring 

System (MEMSCap), but is concerned that the bottle may be cumbersome for patients to 

open and/or that the using the smart pill bottle itself might be an intervention of sorts. She 

knows that patients sometimes remove medications and put them in their own weekly 

pillboxes. Because oral chemotherapy drugs have specific handling instructions, she is less 

concerned about the use of weekly pillboxes. Dr. Jones conducts a small pilot study and 

determines that participants can use the bottle.

3.3 A Solution

As part of the trial design, Dr. Jones allows a 30-day observational run-in period when 

participants use the smart bottle, but their data is discarded. After this run-in period, the 

smart pill bottle data is collected for the research study. The smart pill bottle data provides 

Dr. Jones with specific information about when patients open their pill bottle each day, 

which affords her with detailed information about approximately when each dose is taken 

and/or when doses are missed.

The smart bottle allows Dr. Jones to report an individual’s specific medication taking 

behaviors, including time delays in taking the regimen on a particular day. This provides Dr. 

Jones with precise adherence information, which she can use to evaluate associations with 

clinical outcomes (disease progression, survival) and compare with other research studies. 

Given the high cost of newer oncology drugs, understanding adherence on a granular level 

may have importance beyond the trial setting. Dr. Jones also notes that the patients in her 

pilot study reported valuable information about their adherence beyond the information 
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collected through the MEMSCap, such as the reason for delays in getting their medications 

refilled, often due to cost [30, 31]. Dr. Jones recalls that combining both objective and 

subjecting measures is best [1] and collects both smart pill bottle data and patient self-

reported medication adherence.

4. Case Study 2: Health Care Payer

4.1. The Problem

Mr. Smith has read several articles suggesting that adherence to cardiovascular disease 

medications (e.g., regimens to lower cholesterol or blood pressure) may reduce downstream 

healthcare costs. He is interested in understanding adherence to multiple medications among 

enrollees in his insurance group. Mr. Smith wants to know not only about adherence, but 

also about associated healthcare use and spending. Understanding the characteristics of 

enrollees that are most likely to be non-adherent are important to allocate resources. For 

example, Mr. Smith’s company provides a case management program which incorporates a 

behavioral change component focused on improving the way enrollees take their medication. 

Obtaining adherence information would be useful for targeting which enrollees would 

benefit most from a case management program, thus reducing costs for the insurance group 

in the long run.

4.2. The Process

Mr. Smith has access to enrollees’ healthcare claims data beginning at the time of 

enrollment. He reasons that forgoing information about whether the medication was taken 

correctly (e.g., timing, with food, etc.) is reasonable in order to have information on the 

entire population of enrollees. Mr. Smith has access to statistical and programming support, 

but he is on a tight timeline to prepare a report for his management team. He decides that a 

pharmacy claims based measure is best, but struggles between medication possession ratio 

(MPR) and proportion of days covered (PDC) [32, 33].

Both measures rely on prescription refill information and both can be calculated with data 

available to Mr. Smith. MPR is a sum of the day’s support for fills and refills of the drug of 

interest within a particular time period divided by the number of days in that time period. 

MPR may overestimate adherence, for example, this likely happens when a patient refills a 

prescription early. PDC is more conservative estimate of refill. PDC adjusts for overlapping 

days of coverage (e.g., the early refill) and thus, it is impossible to have a PDC above 100%. 

PDC is also the measure endorsed by CMS [34].

4.3. A Solution

Mr. Smith presents both pharmacy refill measures (MPR and PDC) to his team. He 

acknowledges that having multiple measures to triangulate adherence would be best, but is 

limited in data availability. Mr. Smith selects PDC as the adherence measure because his 

team is interested in a medication regimen (e.g., multiple medications per patient as opposed 

to one drug), would prefer a more conservative estimate, and may make comparisons with 

reported CMS adherence metrics.
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Based on the PDC approach to initiate an understanding of medication adherence, Mr. Smith 

is able to establish a focus on the importance of medication adherence in chronic disease 

management. Providers then are able to better understand which patients may benefit from 

education or other interventions to improve the appropriate use of medicines. Furthermore, 

the clinical team may pick up on patients’ cues or patient measures (e.g. ongoing control of 

blood pressure of reductions in LDL cholesterol) to link medication use to improved patient 

care.

5. Case Study 3: Clinical Care Provider

5.1. The Problem

Dr. Taylor oversees a primary care clinic serving a largely hypertensive population. She 

tasks her nurse manager, Mr. Schwartz, with integrating a medication adherence screen for 

patients diagnosed with hypertension into the clinic intake procedures. The screener 

information will be used to prompt a discussion between the intake nurse and patient about 

adherence and may trigger referral into an adherence improvement program before 

intensifying treatment.

5.2. The Process

Mr. Schwartz did not receive funding or additional staffing to support inclusion of the 

adherence screen. The clinic staff is already overburdened. Adherence information will need 

to be collected quickly at the point of care, preferably without requiring additional time from 

the nursing staff. Mr. Schwartz notes that there is existing infrastructure to collect 

information about patients’ pain and mental state (i.e., depression screen) while patients are 

in the waiting room. Patients report their level of pain and depression status on a paper form 

when they check in for their appointment. Mr. Schwartz thinks adding the adherence 

screener to the paper form makes sense. While patient-reported data is subject to recall bias, 

collecting it is relatively inexpensive, non-invasive, and quick. While not as precise or 

objective, self-report is at least moderately correlated with electronic monitoring [23] and 

has been validated against pharmacy claim-based adherence measures [35]. Even if the data 

are completely accurate, Mr. Schwartz reasons that patient reported information is 

appropriate to use as a screener and to trigger a referral to the adherence improvement 

program.

5.3. A Solution

Mr. Schwartz is overwhelmed by the number of self-report medication adherence measures 

available [18, 24, 36, 37]. Mr. Schwartz wants to select a measure that has been successfully 

used to assess adherence among people with hypertension in a busy clinic setting; thus, he 

chooses the Hill-Bone Compliance Scale [38, 39]. Mr. Schwartz selects the Hill-Bone 

Compliance Scale for several reasons. While it is a 14-item self-administered scale, it only 

takes approximately 5 minutes to complete. It has good internal consistency, was developed 

to measure adherence to blood pressure medications and other issues of importance to a 

hypertensive population (e.g., sodium intake and appointment keeping), and has been 

associated with clinical outcomes like blood pressure control [18, 38, 39].
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As a result of employing the Hill-Bone Compliance Scale, Mr. Schwartz can more easily 

reinforce with all of his patients that appropriate medication use is integral to their health 

and identify which patients may benefit from readily available resources. Reinforcement 

from educational websites, informational brochures, or community programs may then be 

availed to patients on a select basis to help further support proper medication utilization.

Discussion and Conclusion

5.1 Discussion

Medication adherence remains a major public health concern. While adherence is a problem 

for people of all ages, non-adherence is expected to continue as the population ages and 

becomes increasingly reliant on self-administered medications. There is increasing 

recognition of the importance of medication adherence in the health policy arena. 

Medication adherence is a critical element for chronic disease management – improving 

blood sugar, blood pressure and cholesterol control among people with diabetes. As a result, 

in the U.S. there have been changes to Medicare Part D benefits which may promote 

adherence and several of the Centers of Medicare and Medicare Services (CMS) star-rating 

measurements rely on medication adherence [40]. Additionally, part of the Europe 2020 

Healthy Aging Initiative addresses adherence. Because of its increasing ties to 

reimbursement and improved patient outcomes, we anticipate increased emphasis on 

measuring adherence and subsequently improving it.

This shift in policy and focus comes at an opportune time. Technology is evolving to create 

new ways for measuring and improving adherence [41, 42]. While these methods may be 

innovative, it is important to remember that while technology may allow for many advances 

in the field, the “best” type of measure depends on the context, adherence phase, and 

purpose. Even once the category has been selected (e.g., claims based) there are numerous 

specific measures (e.g., PDC, MPR) from which to select. The case studies presented here 

provide three illustrative examples; however, there may not be a perfect solution. We suggest 

consulting available resources and thoughtfully evaluating the specific need when selecting a 

measure [6, 16, 18, 20–24, 36, 37].

5.2 Conclusion

Selecting an adherence measure requires careful consideration. There is no one best measure 

of medication adherence. Ideally, how one measures adherence should help inform how best 

to address the challenges of non-adherence.

6. Practice Implications

A medication adherence measure should be selected through the lens of each role’s unique 

resources and needs. Selection requires a balance between addressing the needs of 

stakeholders, time required for data collection, and time before being able to act on the 

information, as well as cost, and burden to patients and staff. In light of a lack of evidence- 

or consensus-based standard medication adherence measure for each stakeholder, it is likely 

necessary that individuals may benefit from use of multiple adherence measures. In general, 
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understanding what information each medication adherence measure can and cannot provide 

will ensure better selection of measure(s) and subsequent use of these data.
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HIGHLIGHTS

• Medication adherence is a complex problem that can be evaluated in 

numerous ways.

• There is no single solution to improve adherence and no “best” measurement 

strategy.

• We present case studies illustrating rationales for adherence measurement 

selection.

• Selecting adherence measures requires consideration of stakeholders, purpose, 

cost, and time.
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Figure 1. 
Measure Selection Decision Making
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