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Abstract

The current study compared adherence rates as measured by two indirect measurement methods 

(pill count and daily medication diary) to two direct measurement methods (urine riboflavin and 

serum 6-OH-buspirone level measurement) among participants (n=109) in a medication treatment 

trial for cannabis dependence. Pill count and diary data showed high levels of percent agreement 

and strong kappa coefficients throughout the study. Riboflavin levels indicated lower level of 

percent in adherence during the study as compared to both pill count and self-report. In the subset 

of participants with 6-OH-buspirone levels (n=58), the kappa coefficient also showed low to 

moderate agreement between the pill count and medication diaries with 6-OH-buspirone levels. In 

contrast to pill count and medication diaries, adherence as measured by riboflavin and 6-OH-

buspirone significantly decreased over time. The findings from this study support previous work 

demonstrating that pill count and patient self-report of medication taking likely overestimate rates 

of medication adherence, and may become less reliable as the duration of a clinical trial increases.
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1. Introduction

Medication adherence is of critical importance in clinical trials, as poor medication 

adherence in research studies may obscure potential effects of a pharmacologic intervention 

(Farmer, 1999; Spilker, 1991; Williams et al., 2013). Adherence can be a particular 

challenge for researchers in the addiction field, as substance use can directly impair 
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judgment, which may negatively impact treatment adherence. There can also be 

ambivalence surrounding the use of medications in this population, which could further 

reduce adherence (Sowers & Golden, 1999).

Both direct and indirect methods to measure medication adherence are commonly utilized in 

substance use clinical trials. Direct methods of adherence measurement include directly 

observed medication administration, detection of the drug or drug metabolite in a biologic 

fluid, and detection of a biological marker administered with the drug. Indirect methods of 

adherence measurement can be objective, such as pill counts and electronic medication 

event monitoring systems (MEMS), or subjective, such as participant or collateral self-

report. Each method has advantages and limitations. Directly observing participant ingestion 

of a medication should ensure adherence, but places significant burden on both participants 

and research staff. Measurement of a drug, metabolite, or biological marker in a biological 

fluid provides objective confirmation that a dose of medication has been ingested by an 

individual; however, such “spot” levels may not be reflective of steady state drug 

confirmation. Advantages of pill counts include low burden and costs. However, pill counts 

may be inaccurate due to participants not returning all medication as directed. Further, 

although a total number of medication ingestions may be estimated from pill counts, it is not 

possible to confirm an individual took the medication as prescribed. Although MEMS are 

widely regarded as the gold standard measure of participant adherence, a potential 

shortcoming of this approach is that actual medication ingestion is not measured; rather, the 

system is limited to registering times when the medication container is opened and when it is 

closed. Cost is also a consideration with use of MEMS, as the product components and 

software required for data retrieval can be expensive. Participant self-report is the most 

common method used to assess medication adherence. Advantages of self-report include 

low participant and provider burden and essentially no cost. Disadvantages of self-report 

include recall bias and potential inaccuracy in reporting.

Given the critical importance of accurate adherence measurement in interpretation of 

medication trial results, data on validity of measurement methods are needed to inform 

clinical trial design. The current study expands on limited previous research in this area by 

comparing adherence rates as measured by two indirect measurement methods (pill count 

and daily medication diary) to two direct measurement methods (urine riboflavin and serum 

metabolite level measurement). Further, as clinical trials commonly exceed four to eight 

weeks in length, evaluations of reliability of measurement methods over an extended time 

period are needed. It was hypothesized that indirect methods of adherence would 

overestimate adherence as compared to direct methods, and that all adherence measurements 

would demonstrate a reduction in adherence over the course of the study.

2. Methods

2.1. Design and Procedures

Participants were primarily recruited through media and internet advertisements between 

November, 2009, and March, 2014, to participate in a 12-week, double-blind, placebo-

controlled trial of a medication and behavioral intervention in cannabis-dependent 

individuals. All procedures were conducted in accordance with Good Clinical Practice 
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Guidelines and the Declaration of Helsinki and received approval from the Medical 

University of South Carolina Institutional Review Board. All participants gave written, 

informed consent prior to study participation.

Following assessment to determine study eligibility, participants were randomized to receive 

either buspirone (flexible dose of up to 60 mg/day) or a matching placebo. Medication was 

dosed twice daily, with each dose containing 25 mg of riboflavin. Participants also 

completed three sessions of motivational enhancement therapy focused on cannabis use. 

Escalating contingency management compensation was used to reinforce study visit 

attendance and retention; compensation was not contingent on cannabis abstinence. 

Participants attended weekly clinic visits.

2.2. Adherence Measures

Medication adherence was assessed using (1) pill counts, (2) patient self-report, (3) 

quantitative urine riboflavin levels, and (4) serum measurement of 6-OH-buspirone, a major 

metabolite of buspirone. At each study visit, participants were provided with a supply of 

medication and a diary to record medication intake. Returned pills were then counted by 

study staff to determine the proportion of pills taken from what was prescribed at each 

previous visit, and diaries were also collected weekly. Participants received $10 weekly 

compensation for returned medication diaries, pill bottles, and unused pills. Urine samples 

were collected for riboflavin analysis at every other visit (visits 2, 4, 6, 8, 10, and 12). 

Analysis was conducted using a TECAN microplate reader. Samples were exposed to light 

at a wavelength of 444 nm, and emission fluorescence of riboflavin measured at 515 nm. A 

standard curve was established by measuring the intensity of emitted light of known 

amounts of riboflavin (concentrations ranging from 250 ng/ml to 8000 ng/ml); study 

samples were run against this standard curve. Serum samples were also obtained at every 

other visit (visits 2, 4, 6, 8, 10, and 12) for determination of 6-OH-buspirone concentrations. 

A liquid-liquid extraction procedure was developed following a previously described 

method (Dockens et al., 2006) and samples analyzed using a Waters 2695 HPLC (Waters 

Corp., Milford, MA) equipped with a photo diode array (PDA) detector capable of spectral 

analysis for peak purity and identity confirmation.

Adherence was defined as having reported ≥80% of doses taken (pill count/diary), riboflavin 

≥ 900 ng/ml, and 6-OH-buspirone > 0 (in the active treatment group only). The riboflavin 

cut-off was based on recommendations by Herron and colleagues (2013). Since riboflavin 

was considered the gold standard of adherence measurement in this study, adherence was 

calculated at each visit where riboflavin data and at least one other measure was present. 

Participants taking a multivitamin containing riboflavin were excluded from the analysis.

2.3. Statistical Analysis

Baseline demographics and clinical characteristics were calculated as means and associated 

95% confidence intervals for continuous variables and percentages (n) for categorical 

variables. A t-test was used to evaluate continuous baseline demographic and clinical 

measures while the normal Pearson Chi-Square test was used to assess the relationship for 
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categorical and ordinal variables (Fisher’s exact test was used where appropriate) between 

the analysis cohort and the cohort of participants excluded from the analysis.

Various methods of measuring medication adherence were assessed across several visits 

during the treatment phase of the study (weeks 2, 4, 6, 8, 10, 12). Percentages in agreement 

and kappa coefficients were calculated between each measurement method. Due to very 

high prevalence of self-reported adherence in the study population, kappa coefficients are 

calculated as the prevalence adjusted bias adjusted kappa (PABAK) (Byrt et al., 1993). 

Using riboflavin determined adherence as the reference marker, a clustered logistic 

regression model using the methods of generalized estimating equations (Zeger & Liang, 

1986) was applied to assess the differences in measurement methods on binary adherence 

outcomes over time. Working correlation structures were independently compared and the 

final model structure was chosen using the quasilikelihood under the independence model 

criterion statistic (Pan, 2001). The main effects of adherence measurement method and visit 

as well as the interaction between method and visit were examined for significance. 

Additionally, demographic and clinical characteristics were individually added to the 

primary analysis model to assess possible predictors of treatment adherence. All statistical 

analyses were conducted using SAS version 9.3 (SAS Institute Inc. Cary, NC, USA).

3. Results

Participant characteristics

The present study included all participants from the parent study (n=175) with at least one 

riboflavin adherence measure, either a concurrent pill count or medication diary measure 

and those not taking multivitamins that contain riboflavin (n=109). The cohort was primarily 

Caucasian (n=69, 63.3%) and male (n=82, 75.2 %). The average age was 23.1 years 

(SD=5.3) with an average age of cannabis dependence onset of 19.3 years (SD=3.5). 

Participants excluded from the analysis (n=66) were slightly older than those included 

(25.6±7.6 vs.23.1±5.3. p=0.017); however the excluded participants were otherwise 

clinically and demographically similar to those included in the analysis (Table 1). 

Demographic and clinical characteristics collected at the baseline visit were assessed for 

univariate associations with both direct and indirect measures of medication adherence. 

These characteristics were additionally added to full models to investigate possible 

confounding effects on the relationship between the measurement method and the level of 

adherence. Of the baseline characteristics, increased cannabis use prior to study entry was 

associated with decreased odds of riboflavin based adherence (p=0.025) but not adherence 

based on medication diaries (p=0.589). No other clinical or demographic characteristics 

were univariately associated with adherence measures during study treatment.

Comparison of riboflavin, pill counts and medication diaries

Pill count and medication diary data showed high weekly and overall proportion of doses 

taken and adherence percentages (Table 2). Participants reported taking greater than 94% of 

prescribed doses in medication diaries and pill count data showed greater than 93% of doses 

taken. Weekly adherence measures were consistent and high across weekly visits for both 

pill count and medication diaries (Weekly Adherence Percentages: Pill Count=84.4–94.0% 
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and Medication Diary=90.0–94.4%). Pill count and diary data showed high levels of percent 

agreement (% in agreement: 90.0–100.0%) and strong kappa coefficients (PABAK=0.80–

1.00) throughout the study. Riboflavin levels indicated lower level of percent in weekly 

adherence during the study as compared to both pill count and self-report (Adherence 

Percent: 62.5–87.2%). Consequently, the percent agreement between the indirect measures 

and the riboflavin measures of adherence are attenuated as compared to the agreement 

between pill count and diary data (% in agreement: Riboflavin/Pill Count=61.9–77.6%, 

p=0.005; Riboflavin/Diary=62.3–80.3%, p<0.001). Additionally, the kappa coefficients 

between weekly riboflavin and pill count/diary data were significantly lower than between 

pill count and diary reports. Further, there was a significant method x visit interaction 

(Figure 1a; X2
10=19.5, p=0.035) in the model, indicating that adherence profiles over the 

course of treatment were dissimilar between the different adherence measure methods. 

Medication adherence determined from pill counts and medication diary data are consistent 

over time while riboflavin determined adherence declines sharply as treatment continues. At 

study visits 2 and 4, riboflavin determined adherence was not statistically different from that 

determined by pill counts or medication diaries (p>0.10); however, from visits 6 to 12, 

riboflavin determined adherence was significantly lower than medication diaries (p<0.01) 

and from visits 8 to 12 it was lower than data from pill counts (p<0.025). Of note, at visits 4 

and 6, adherence determined by pill counts was significantly lower than that determined by 

medication diaries (p=0.021 and 0.007, respectively). To determine if study attrition was 

associated with the decline in riboflavin determined adherence, an additional analysis was 

restricted to participants that attended at least 5 of the 6 treatment visits where metabolites 

were measured. Seventy of the 109 participants (64%) were considered to have complete 

data The analysis of those participants showed results consistent with the analysis of all 

available data (method x visit interaction; X2
10=19.0, p=0.040).

Agreement with 6-OH-Buspirone

Fifty-eight of the 109 (53.2%) participants in the study cohort were randomized to receive 

active buspirone during the study treatment phase. In this sub-cohort, serum samples were 

analyzed for the presence of 6-OH-buspirone, a metabolite of the active treatment 

medication, and compared to the standard measures of adherence from same participants. 

Pill count, diary data, and riboflavin determined adherence were similar in the active 

treatment sub-cohort as compared to the full data cohort (Table 3). As with riboflavin, pill 

count and diary data were only in moderate agreement with the 6-OH-buspirone (% in 

agreement: Pill Count=45.2–77.6%; Medication Diary=44.8–77.1%); similarly, the kappa 

coefficient showed low to moderate agreement between the pill count and medication diaries 

with 6-OH-buspirone (PABAK: Pill Count=−0.10–0.55; Medication Diary=−0.10–0.54). 

Adherence data from riboflavin and 6-OH-buspirone showed high agreement during early 

visits (% in agreement: 80.6–94.3%) with reduced agreement at visit 10 and 12 (% in 

agreement: 73.5 and 65.6%).

Similar to the direct adherence measured in the whole study cohort, adherence determined 

from 6-OH-buspirone levels, significantly decreased as the study progresses compared to 

pill count and medication diary determined adherence (Figure 1b; X2
15=25.2, p=0.047). In 

this sub cohort, the indirect medication adherence measures (pill count and medication 
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diary) showed similar and consistent patterns over time while the direct measures both 

indicated significant decreases in adherence over time.

Clinical Correlates of Medication Adherence

In addition to baseline predictors of medication adherence, study related treatment and 

outcomes were tested for associations with adherence during the treatment phase of the 

study. Randomized treatment assignment was not significantly associated with direct or 

indirect measures of medication adherence (all p>0.45). Clinical outcome data (number of 

reported weekly use days) was tested to determine if poor medication adherence was related 

to rates of cannabis use. It was hypothesized that cannabis use days during the week prior to 

compliance testing could be correlated with both direct and indirect measures of compliance. 

Lagged weekly use days were not significantly associated with either direct or indirect 

measures of compliance (all p>0.17). Similarly, it was of interest to assess whether 

adherence measures consequently affect treatment outcomes. Neither direct nor indirect 

weekly measures of adherence improved upon, or modified, treatment efficacy models (all 

p>0.08).

Medication side effects were evaluated weekly by a clinician by asking the participant open-

ended questions such as “Have you had any problems or side effects since we saw you last 

(such as cold, flu, nausea, headache, or any other problem)?” The type of adverse event, 

severity of adverse event, relationship to study medication, action taken, and outcome were 

recorded. There was no difference in the rate of events noted between treatment assignments 

(χ2
1=1.34, p=0.25) nor was there a difference in the number of visits with reported events 

between treatment assignments (χ2
1=2.69, p=0.10). During weeks where newly reported 

adverse events were noted, the odds ratio of medication adherence as measured by both 

direct measures were significantly decreased [Riboflavin OR=0.91 (0.83–0.99); p=0.048 and 

6-OH Buspirone OR=0.89 (0.81–0.99); p=0.046]. This relationship did not extend to 

compliance measured by indirect measures [Pill Count OR=0.97 (0.92–1.03); p=0.316 and 

Medication Diary OR=0.98 (0.93–1.03); p=0.414].

4. Discussion

In this evaluation, indirect measurements of medication adherence (pill count and self-

report) were highly correlated, but, as hypothesized, overestimated adherence as compared 

to measurement of adherence by direct methods (quantitative riboflavin or 6-OH-buspirone 

measurement). This finding is consistent with a report by Mooney and colleagues (2004) in 

which self-report was found to estimate a much higher adherence rate than MEMS (87% and 

28%, respectively). In contrast, Feinn and colleagues (2003) reported similar and concordant 

adherence rates with self-report and MEMS (91% and 87%, respectively). Of note, 

participants in the latter study completed medication diaries daily and were provided 

postage-paid, return envelopes to mail the diaries the next day; participants were 

compensated for each diary returned on time as indicated by postmark. In the present 

evaluation, participants were instructed to complete the self-report diary daily, but returned 

it at the next scheduled visit. As such, it is possible that participants delayed completing the 

diary, and did not accurately record medication ingestion.
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Of interest, adherence profiles were dissimilar over the course of the study for the different 

adherence measures. Although riboflavin determined adherence did not differ from the 

indirect methods at early study visits, a statistically significant difference emerged as the 

study progressed, suggesting that self-report of medication taking and pill counts become 

less reliable as the duration of a clinical trial increases. Further, adherence as measured by 

riboflavin and 6-OH-buspirone significantly decreased over time. This phenomenon may be 

of particular significance in substance use disorder research, as abstinence outcomes in the 

final two weeks of treatment are often identified as primary outcome measures, and 

investigations have shown a relationship between medication adherence and positive 

outcomes in alcohol (Baros et al., 2007) and methamphetamine (Anderson et al., 2012) 

using populations. If medication adherence diminishes over time, adjustments to trial design 

may be needed to account for this effect.

Although the proportion of compliant participants was similar using riboflavin and 6-OH-

buspirone measurement methods, agreement between these methods was reduced at later 

study visits, highlighting that even direct methods of adherence measurement have 

limitations. In the instances where participants were considered compliant based on 

riboflavin results but did not have measurable 6-OH-buspirone levels, it is possible that a 

“spillover” effect occurred and riboflavin was detected from previously taken doses 

(Babiker et al., 1989), or, alternatively, that participants may have consumed riboflavin 

containing vitamins or supplements that were not reported to study staff. Instances where 

participants were considered compliant based on 6-OH-buspirone levels but did not meet 

adherence criteria for riboflavin levels may be reflective of potential individual differences 

in drug absorption and metabolism. Given the half-life of 6-OH-buspirone (approximately 

six hours; Dockens et al., 2007), it is possible that an individual with slow metabolism had a 

detectable level of medication even after missing one or more medication doses.

Of the adherence measures used in this trial, the method with the least concordance with 

other methods was the medication diary. Although a medication diary may help a participant 

remember to take study medications, its accuracy decreased over time. This may be due to 

participants developing a relationship with the research staff over time, and not wanting to 

“disappoint” the staff by disclosing that they did not take study medication. There may also 

be some participant fatigue when participants have to complete assessments daily over a 

long period of time.

The findings of this investigation should be considered in light of some limitations. The 

population under study was composed of cannabis-dependent individuals; it is possible that 

individuals dependent on other substances may exhibit different patterns in adherence rates. 

As this was a medication treatment trial, it is possible that other factors, such as adverse 

effects as discussed above, may have affected adherence behavior. Finally, 6-OH-buspirone 

levels were only available for individuals randomized to the active treatment group, which 

reduced the size of the sample available for those analyses.

In spite of these limitations, the current study does significantly adds to the limited 

adherence literature, and supports previous work demonstrating that pill count and patient 

self-report of medication taking likely overestimate rates of medication adherence. 
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Quantitative riboflavin and 6-OH-buspirone measurement likely provided a more realistic 

estimate of medication taking behavior. However, these methods may increase costs, and 

availability of laboratory assays may limit availability of some direct adherence 

measurements. Results from measures such as these also may not be immediately available 

to researchers, and as such opportunities for intervening to improve adherence are missed. 

Further research is needed to develop methods to not only accurately measure but also 

enhance medication adherence in clinical trials.
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Highlights

• Indirect and direct methods of measuring medication adherence were compared.

• Pill count and daily medication diary data had high agreement thought out the 

study.

• Lower adherence was measured using riboflavin and 6-OH-buspirone levels.

• Adherence as measured by riboflavin and 6-OH-buspirone also significantly 

decreased over time.
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Figure 1. 
Medication adherence over study treatment visits by adherence measurement method for a) 

all study participants and b) study participants randomized to the buspirone treatment group. 

* p<0.05 as compared to pill count determined adherence; Ɨ p<0.05 as compared to 

medication diary determined adherence
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Table 1

Demographic and clinical characteristics of the study cohort and those excluded from the study analysis.

Characteristic Study Cohort
n=109

Excluded
N=66

Age (yrs) 23.1 (22.0–24.1)* 25.6 (23.7–27.5)

Male % (n) 75.2 (82) 78.8 (52)

Caucasian % (n) 63.3 (69) 65.2 (43)

Graduated HS % (n) 90.8 (99) 89.4 (59)

Buspirone Treatment % (n) 53.2 (58) 45.5 (30)

Age of Onset of Cannabis Dependence 19.3 (18.7–20.0) 20.6 (19.1–22.1)

Ounces used per week 5.2 (4.8–5.7) 5.3 (4.6–6.0)

Sessions Per Day 3.1 (2.7–3.5) 3.2 (2.8–3.7)

Continuous characteristics are shown as their mean and associated 95% confidence interval while categorical characteristics are shown as percent 
(n). Continuous characteristics are compared using a t-test statistic while categorical characteristics are compared using a Pearson chi-square test 
statistic.

*
Age (p=0.017).
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