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Abstract

Background—Methamphetamine use has been previously associated with poor medication

adherence, but, to date, there have been no studies that have conducted event-level analyses on

correlates of medication adherence in studies of pharmacologic agents for methamphetamine

dependence.

Methods—We pooled data from two previous, randomized controlled trials (using bupropion

and mirtazapine, respectively) for methamphetamine dependence and used a mixed effects logistic

model to examine correlates of daily opening of the medication event monitoring system (MEMS)

cap as a repeated measure. We explored whether periods of observed methamphetamine use via

urine testing were associated with study medication adherence based on MEMS cap openings.
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Results—We found a significant negative association between methamphetamine-urine

positivity and event-level study medication adherence as measured by MEMS cap openings

(AOR: 0.69; 95% CI: 0.49–0.98). In addition, age (AOR: 1.07; 95% CI: 1.02–1.11) and depressive

symptoms (AOR: 0.78; 95% CI: 0.64–0.90) were significantly associated with adherence. Finally,

participants were more likely to open their study medication bottles on days when they presented

for in-person urine testing.

Conclusions—Our event-level analysis shows that methamphetamine use can be associated

with reduced medication adherence as measured by MEMS cap openings in pharmacologic trials,

which corroborates prior research. These findings may suggest that medication adherence support

in pharmacologic trials among methamphetamine users may be needed to improve study

compliance and could be targeted towards periods of time when there are more likely to not open

their study medication pill bottles.
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methamphetamine; medication adherence; men who have sex with men

1. INTRODUCTION

Methamphetamine is a psychostimulant with significant physical and psychological

consequences (Darke et al., 2008) that has been linked with high-risk sexual behavior

(Rawson et al., 2002) and HIV and STI incidence for men who have sex with men (MSM;

Koblin et al., 2006; Colfax et al., 2011). Researchers have evaluated various medications in

clinical trials to treat methamphetamine dependence, but there is currently no

pharmacotherapy approved by the Food and Drug Administration (FDA) for this use

(Elkashef et al., 2007; Colfax et al., 2011). Many trials among methamphetamine-dependent

populations have been inconclusive and complicated by challenges including low levels of

medication adherence (Longo et al., 2009; Colfax et al., 2011; Anderson et al., 2012).

Methamphetamine use is broadly associated with decreased medication adherence,

particularly for HIV antiretroviral therapy (Hinkin et al., 2004, 2006; Marquez et al., 2009,

Reback et al., 2010). Previous studies have described how methamphetamine use can

negatively affect medication adherence via disrupted sleep, altered eating behavior,

difficulty maintaining a schedule, and planned medication holidays during

methamphetamine binges (Reback et al., 2003; Hinkin et al., 2006). In addition,

methamphetamine use can lead to psychiatric symptoms such as depression and

neurocognitive changes that may also affect adherence (Hinkin et al., 2006; Zweben et al.,

2004). Studies of interventions for methamphetamine dependence have had difficulty

retaining participants (Elkashef et al., 2007; Shoptaw et al., 2008), but even among those

studies with good retention, adherence to pharmacologic therapies has made results difficult

to interpret. A trial of modafinil showed no effect, but adherence was at most 50%

(Anderson et al., 2012). We documented a significant reduction in methamphetamine use

with mirtazapine, although adherence by MEMS caps was only 48% overall; the effect of

mirtazapine was positively associated with adherence (Colfax et al., 2011). Self-report has

been observed to overestimate medication adherence (Das et al., 2010); using more complex

methods such as medication labeling, which is limited by preparation and analysis costs, and
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electronic medication event monitoring systems (MEMS) based on pill bottle opening may

provide data that is more objective than self-report despite several MEMS measurement

limitations (e.g., if a person is using an additional, external device to store pills or has

removed several capsules during a pill bottle opening; Liu et al., 2001; Colfax et al., 2011).

Nevertheless, the direct effect of methamphetamine on medication adherence in these trials

is poorly understood. We were unable to identify any studies that conducted an event-level

analysis on the correlates of medication adherence in pharmacologic trials for

methamphetamine dependence using MEMS as a primary measurement outcome. We

evaluated the predictors of events or observed periods of medication adherence within-

person and hypothesized that days of weekly urine collection and periods of

methamphetamine use would be associated with periods of adherence to study medications.

2. METHODS

2.1 Study Design

A total of ninety participants were pooled from two previously published placebo-controlled

medication trials that evaluated bupropion (n = 30) and mirtazapine (n = 60). Full details of

each study were previously described (Das et al., 2008; Colfax et al., 2011). Briefly,

participants were MSM aged 18–60 years with methamphetamine dependence (verified by

the Structured Clinical Interview for DSM-IV) who were interested in reducing their

methamphetamine use or abstaining completely. To be eligible for the study, participants

needed at least one methamphetamine-positive urine toxicology test during the initial

screening period. Both trials excluded men with any acute medical or psychiatric conditions,

abnormal baseline laboratory studies, a history of major depression, or men with HIV

infection and a CD4 count less than 200 cells/µL.

2.2 Measures and Study Procedures

Participants presented for weekly urine collection and received substance use counseling

based on a manualized treatment using both motivation interviewing and cognitive

behavioral therapy techniques. At 4-week intervals, subjects had a repeat physical exam,

laboratory testing, and behavioral assessments. We used audio computer-assisted self-

interview (ACASI) to collect information about various participant characteristics including

drug use (including frequency, type of drug, and route of administration), substance use

treatment, and sexual risk behavior. We assessed depression symptoms based on the Center

for Epidemiologic Studies-Depression Scale (CES-D; Andresen et al., 1994). Based on

previous literature, we deemed participants with a score higher than 16 as having significant

depressive symptoms (Andresen et al., 1994). Participants who also reported use of one or

more illicit substances (e.g., marijuana, poppers, crack-cocaine, powdered cocaine, heroin,

GHB, MDMA, ketamine, or hallucinogens) in addition to methamphetamine were classified

as polysubstance users.

2.3 Primary Outcome

Our primary outcome of interest was adherence to study medications as recorded by the

daily opening of the MEMS cap as a repeated measure. For each participant, days with a

record of a MEMS cap opening were classified as an adherent day.
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2.4 Statistical Analysis

To assess whether there were significant differences in demographic characteristics in the

two trials pooled for this study, we performed Wilcoxon-Mann-Whitney or Fisher’s exact

tests, depending on whether the demographic variable of interest was continuous or

categorical, respectively. We fitted a mixed effects logistic regression model that examined

the relationship between daily opening of the MEMS cap as a repeated measure and

predictors of interest, including methamphetamine use (defined as the last collected

methamphetamine-positive urine test result carried forward for the days between urine

tests), age, treatment group (placebo vs. active arm), presence of significant depressive

symptoms (i.e., CES-D score was greater than16), HIV status, number of days since the last

urine result, polysubstance use, and whether the participant was in the bupropion or

mirtazapine study. In our mixed effects logistic regression model, we accounted for repeated

measures of our main predictor of interest and covariates whose values could change across

the course of the study periods (e.g., CES-D score, polysubstance use). In order to assess for

differential medication adherence in the two studies, we included an interaction term

examining the association between the last collected urine result and the specific study

sample. We also flexibly modeled trends in the baseline rate of bottle opening using a cubic

spline in days since randomization.

3. RESULTS

3.1 Sample characteristics

Participants enrolled in the two trials were similar with respect to age, race, education level,

and employment status. The mean age for the pooled participants was 39 years (standard

deviation = 9.2), approximately 12% reported no income, and 60% were unemployed. Most

participants (93%) had at least a high school education and 66% had a regular healthcare

provider. White, Caucasian, or European Americans made up 59% of the sample followed

by people who were Asian-American or Pacific Islander (16%), Latino (14%), mixed or

multiracial (6%), African-American (3%), or Native-American (2%). Most subjects (92%)

reported using other substances in addition to methamphetamine. The mean CES-D score at

baseline was 18.12 (standard deviation = 11.01). Over 57% of the study sample used

methamphetamine at least three times per week, and over 78% of the participants had tried

to stop or reduce their methamphetamine use in the past.

3.2 Event-Level Analyses

Results of the mixed effects logistic model revealed a significant, negative association

between a methamphetamine-positive urine test and event-level medication adherence

(AOR: 0.69; 95% CI: 0.49–0.98). There was a significant, positive association between age

and event-level medication adherence (AOR: 1.07; 95% CI: 1.02–1.11). Having a significant

level of depressive symptoms based on the CES-D was associated with decreased odds of

event-level medication adherence (AOR: 0.78; 95% CI: 0.64–0.90). Being in the

mirtazapine study was also associated with lower adherence when compared to the

bupropion study participants (AOR: 0.22; 95% CI: 0.10–0.50) and the interaction term

between study type and having a methamphetamine-positive test had a p-value < 0.05.
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In addition, results indicate a significant negative association between days prior to urine-

testing and event-level medication adherence; AORs for three days prior, two days prior,

and one day prior to testing were 0.63 (95% CI: 0.51–0.79), 0.74 (95% CI: 0.59–0.93), and

0.61 (95% CI: 0.48–0.76), respectively, when compared to the day of the study visit.

Similarly, results indicate a significant negative association between days after urine-testing

and event-level medication adherence; AORs for one day after, two days after, and three

days after testing were 0.78 (95% CI: 0.62–0.98), 0.61 (95% CI: 0.49–0.77), and 0.66 (95%

CI: 0.53–0.83). Participants were more likely to be non-adherent on non-urine testing days

(Figure 1). We later performed subset analyses in which we limited the data sample to urine

testing windows (either 48 hours or 72 hours prior to or after the date of the urine test). The

positive association between age and medication adherence noted in the main analysis

persisted in the subset analyses, and the negative association between having significant

depressive symptoms and medication adherence remained significant in the pre-urine test

windows but not in the post-urine test windows. However, the negative association between

having a methamphetamine-positive urine test and medication adherence lost statistical

significant in these separate analyses.

4. DISCUSSION

In our study sample, we found a significant negative association with methamphetamine-

positive urine tests and using MEMS cap opening as a measure of medication adherence.

Previous researchers have shown a similar association between methamphetamine use and

medication adherence using measures including self-reported methamphetamine use

(Marquez et al., 2009), urine toxicology studies (Hinkin et al., 2006), and diagnostic criteria

for substance abuse or dependence (Hinkin et al., 2004). Past research using semi-structured

interviews among HIV-positive methamphetamine-using MSM revealed that the effects of

methamphetamine can lead to disruptions in eating and sleeping schedules, which in turn led

to unplanned non-adherence to antiretroviral medications (Reback et al., 2003). It is possible

participants in our studies also experienced methamphetamine-related schedule disruptions

that led to less pill bottle opening and subsequent non-adherence to their study medications.

In addition, we found a negative association with symptomatic depression as represented by

repeated measures of the total CES-D score and MEMS cap opening in our sample, which

appears consistent with earlier literature. Previous authors have hypothesized that depression

can affect medication adherence via cognitive deficits, social isolation, and hopelessness

(DiMatteo et al., 2002). Co-occurring psychosocial problems such as substance use and

depression have been linked to increased HIV risk behavior in men who have sex with men

(Stall et al., 2003), and our results may further highlight the need for multilevel interventions

that can address syndemics in this population.

The positive association between increasing age and MEMS cap opening is also consistent

with prior research. Previous authors have discussed explanations for this association

including the possibility of less medication-related lifestyle disruption for older participants

and a more extensive lifetime history of taking medications (Hinkin et al., 2002, 2004;

Barclay et al., 2007). Our findings indicate that researchers should consider age as one of the

many factors that might influence adherence in future medication trials.
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Participants in our sample were less likely to open medication pill bottles when they were

not providing urine samples for the study, which may suggest that additional efforts are

needed to support adherence on non-visit days. For examples, previous studies have

examined the use of text messages or mobile phone applications as a way to support

improved adherence (Park et al., 2014). An alternative approach would be to have more

frequent study visits, although this has been associated with retention difficulties in prior

studies (Elkashef et al., 2007; Shoptaw et al., 2008). Our findings may support using

strategies that target times when we would expect worse pill adherence without

overburdening participants with frequent reminders or visits.

Our study had limitations. We pooled data from two studies, which would obscure any

contextual differences such as the years the studies were conducted, the different medication

adherence rates and treatment effects in the bupropion and mirtazapine trials, and the slight

trend towards statistical significance (p-value = 0.052) when comparing the mean ages of

the two study groups. We also relied on MEMS caps for adherence rather than a biologic

measure. A MEMS cap could be removed by participants without taking the pills, and while

we considered that any measurement bias should be within-person, we could not confirm

whether trial participants actually took medications. Future studies could bolster our

findings by using biological markers that monitor medication consumption. Finally, our

findings linking depressive symptoms to reduced pill bottle opening should be understood in

the context that both the bupropion and mirtazapine trials excluded people with major

depression.

We did find a significant association between recent methamphetamine use and study drug

adherence as measured by MEMS cap opening, and participants were more likely to open

their pill bottles on study visit days, suggesting a need to support adherence on non-visit

days. In addition, we found that age and significant depressive symptoms are two of several

factors to consider when assessing a participant’s likelihood to be adherent in a

pharmacologic study. Future studies that include multiple strategies to target these potential

barriers to taking medications consistently may result in improved adherence measures and

superior data to support the development of pharmacologic therapies for methamphetamine

dependence.
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Highlights

• We used data from two medication trials that targeted methamphetamine

dependence.

• We examined whether methamphetamine use was associated with medication

adherence.

• There was a negative association between methamphetamine use and MEMS

cap openings.

• People were more likely to open pill bottles on in-person study visit days.
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Figure 1.
The relationship between likelihood of being medication adherence vs. day of urine testing

(72-hour pre- and post-test windows).
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Table 1

Demographic characteristics of the bupropion (n = 30) and mirtazapine (n = 60) participants in the pooled

study

Demographic variables Bupropion Mirtazapine P-values

Age 36.5 (+/−9.34) 40.5(+/− 8.90) 0.052

Education level 0.372

Less than high school graduate 3 (10.00%) 3 (5.00%)

High school graduate or GED 7 (23.33%) 12 (20.00%)

Some college, 2-year college degree, or Associate's Degree 14 (46.67%) 22 (36.67%)

Bachelor's Degree 4 (13.33%) 19 (31.67%)

Master's degree or higher 2 (6.67%) 4 (6.67%)

Racial/Ethnic Background

African American or Black 3 (10.00) 11 (18.33) 0.481

Asian American or Pacific Islander 1 (10.00) 2 (3.33)

Latino, Hispanic, or Chicano 6 (20.00) 7 (11.67)

Native American, American Indian, or Alaskan Native 1 (3.33) 1 (1.67)

White, Caucasian, or European American 16 (53.33) 37 (61.67)

Mixed or Multi-racial 3 (10.00) 2 (3.33)

Employment Status 0.503

Not employed 20 (66.67) 34 (56.67)

Employed full-time 4 (13.33) 11 (18.33)

Employed part-time 5 (16.67) 13 (21.67)

Currently a student, not employed 0 2 (3.33)

Currently a student, employed full or part-time 1 (3.33) 0

*
P-values represent test statistics for Wilcoxon-Mann-Whitney or Fisher Exact tests depending on whether the variable of interest was continuous

or categorical, respectively.
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