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Abstract

Objectives: Problems with sleep are a common and detrimental occurrence among individuals
who receive methadone maintenance for opioid use disorder (OUD).

Methods: We enrolled ten methadone-maintained persons with insomnia (60% female, mean age
40) in a double-blind trial using actigraphy to confirm daily sleep reports. After a no-medication
week to establish baseline sleep patterns, each participant received one week each of mirtazapine
(30mg), zolpidem (sustained-release 12.5 mg), mirtazapine (30 mg IR) plus zolpidem (10mg), and
placebo with a wash-out week between each medication week. Study medication order was
randomized so that the order of each 1-week medication treatment was different for each
participant, but all participants received all four regimens.

Results: We found that mirtazapine alone improved total sleep (mean, 23 minutes), sleep latency
(mean, 23 minutes), and sleep efficiency (mean, 3%), surpassing the other regiments.

Conclusions: This pilot work suggests that mirtazapine is worthy of further testing as a sleep

aid for persons with OUD receiving methadone maintenance.
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Objectives

Opioid use disorders (OUDSs) are a costly and burdensome health concern, affecting
approximately 5% of the population each year (Substance Abuse and Mental Heath Services
Administration, 2017). Medication-assisted therapy has become part of standard practice in
OUD treatment, and includes methadone maintenance therapy (MMT). Despite its
effectiveness (Connock, 2007), MMT has been associated with negative effects. For
example, more than three quarters of persons receiving MMT report sleep complaints
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(Oyefeso et al., 1997; Peles, E. et al., 2006; Stein et al., 2004). Sleep disturbance affects
quality of life, daytime functioning (Ustinov et al., 2010) and work productivity. Methadone
patients with sleep disturbance obtain, on average, less than 6 hours of sleep (Sharkey et al.,
2010). These short sleep durations represent sleep restriction that could manifest in daytime
impairment (Balkin et al., 2008), lower methadone treatment adherence, and increased
relapse risk through behavioral and physiologic mechanisms. Poor sleep efficiency can lead
to daytime symptoms such as cognitive difficulties and risk of injury and motor vehicle
accidents (National Sleep Foundation, 2009; Solowij et al., 2002). Severity of sleep
symptoms in methadone-maintained persons has been associated with comorbid psychiatric
disorders, chronic pain, and other drug use (Peles, E. et al., 2006; Stein et al., 2004). More
than half of MMT patients report use of both illicit drugs and approved medications to help
with sleep (Burke et al., 2008; Peles, E. et al., 2006). Yet those who report using illicit drugs
also report more sleep-related problems and greater functional impairment (Burke et al.,
2008).

The most common sleep complaints among individuals in methadone treatment include
increased sleep latency (difficulty falling asleep) and increased time awake after sleep onset
(Peles, E et al., 2006). Subjective sleep complaints have been corroborated by
polysomnographic studies by our group and others (Sharkey et al., 2009; Wang and
Teichtahl, 2007), demonstrating sleep abnormalities such as decreased REM and slow wave
sleep, and shortened total sleep time.

There are several postulated mechanisms to explain insomnia among methadone patients.
Opioids decrease acetylcholine release in some brain regions, such as the pontine reticular
formation, and therefore may inhibit REM sleep (Lydic and Baghdoyan, 2005). Acute opioid
administration suppresses inhibitory GABAergic transmission in the dorsal raphe nucleus,
promoting wakefulness. A third potential pathway to sleep disruption in MMT patients is
opioid-induced reduction of the nucleoside adenosine in the basal forebrain (Nelson et al.,
2009). The notion that reduced adenosine — a neurochemical modulator of the homeostatic
drive for sleep — may be responsible for sleep disturbances in MMT patients is further
supported by the observation that MMT patients fail to show typical recovery responses after
a sleep-deprivation challenge (Trksak et al., 2010).

Methadone patients also have high rates of sleep disordered breathing (both central sleep
apnea and obstructive sleep apnea), although neither accounts for complaints of disturbed
sleep (Correa et al., 2015; Sharkey et al., 2010; Teichtahl et al., 2001; Van Ryswyk and
Antic, 2016; Wang et al., 2005; Webster et al., 2008). Risk factors for sleep-disordered
breathing in patients with OUD include smoking, female gender, and increased body weight
(Hassamal et al., 2016). Obstructive sleep apnea in this population is likely due to opioid-
induced reductions in airway muscle activation. Central sleep apnea may arise from
depression of hypoxic and hypercapnic ventilatory drives (Hajiha et al., 2009), which are
already reduced during sleep (Van Ryswyk and Antic, 2016).

Clinicians, aware of methadone patients’ sleep problems, prescribe a wide assortment of
sleep aids without any evidence basis. For instance, trazodone is the second most commonly
prescribed medications for treatment of insomnia (after zolpidem) in the United States
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(Mendelson et al., 2004) and is the most commonly prescribed soporofic for drug and/or
alcohol problems (Friedmann et al., 2008). However, we have demonstrated that trazodone is
no better than placebo in its effects on total sleep time or sleep efficiency when tested in
methadone patients (Stein et al., 2012).

We considered a variety of FDA-approved medications demonstrated to be safe and effective
in persons with sleep disturbance in the search for a potentially efficacious agent to treat
insomnia in methadone patients. We wanted to test agents where a broad range of safety
parameters have been monitored during prolonged use (De Micco et al., 2006; Richardson,
2005), physical exams and laboratory studies are unnecessary, there is no evidence of
rebound insomnia or withdrawal effects (De Micco et al., 2006; Mayer et al., 2009; Roth et
al., 2006), there is little potential for drug interaction with methadone, and there is limited
addiction potential (Johnson et al., 2006) particularly when used for a short duration. As
such, we chose zolpidem because it was the most commonly-prescribed sleep aid and
mirtazapine because there was evidence for associated improvements in sleep among
individuals in recovery from alcohol use disorder (Alam et al., 2013; Cornelius et al., 2013).

In this randomized, double-blind pilot clinical trial, we used a crossover design to test
whether two different active medications and one medication combination (zolpidem CR
12.5 mg, mirtazapine 30 mg, and zolpidem 10 mg plus mirtazapine 30 mg) improved
subjective judgment of sleep as compared to placebo among methadone-maintained persons
with sleep complaints. Objectively-measured sleep was the primary outcome, and we used
wrist actigraphy to objectively corroborate sleep-wake patterns. We hypothesized that
compared to baseline and placebo, each of these medication options would be associated
with improved sleep quality.

Participants were recruited from three methadone clinics in the Providence, Rhode Island
metro area. Study researchers posted flyers in the public areas of the clinics, asking “Having
trouble sleeping? Call to see if you are eligible for a research study.” Interested individuals
were screened in person by study staff at their respective clinics during clinic dosing hours.

Eligibility criteria included: 1) age 21-65; 2) a Pittsburgh Sleep Quality Index (PSQI
(Buysse et al., 1989)) score greater than 5, indicating clinically significant insomnia; 3) the
ability to sleep, read, and understand English; 4) having been in methadone maintenance
treatment for at least the past 6 months and planning to remain for the next 3 months without
a methadone taper; 5) access to a phone; 6) Live in a house or apartment (not homeless or
transiently housed); and 7) the ability to provide at least two contacts. Individuals who
reported current use of any medication known to affect sleep or whose urine toxicology
tested positive for illicit substances (opioids, cocaine, amphetamines, benzodiazepines,
marijuana) were excluded, as were women who reported current breastfeeding or pregnancy.
Any individual with a prior diagnosis of a sleep disorder (e.g., restless leg syndrome or sleep
apnea), organic brain disorder, bipolar disorder, psychatic disorder, major depression, a
major medical condition that may affect sleep (such as poorly controlled diabetes mellitus or
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emphysema), and those who worked a swing shift or nighttime hours were also excluded
from participation.

Interested individuals completed a brief in-person eligibility screen at the MMT site. Persons
who were eligible for the study were administered informed consent (approved by the Butler
Hospital Institutional Review Board) and scheduled an appointment for a baseline interview
(day 0) within one week. Participants were randomized to sequences of medication
conditions following a repeated Latin-Square design, which preserves a balance of
participants receiving each medication protocol across all medication regimens. At baseline,
participants were asked to provide demographic information as well as information
regarding sleep history. Participants agreed to take study medications during 4 specified one-
week intervals (see below). They were asked to wear a wrist actigraph (see below) and speak
with study staff briefly on the phone during weeks 1, 2, 4, 6, and 8. In order to increase
study adherence, research staff contacted participants who did not call on a particular day,
and there was a financial incentive for making all daily calls. Participants were compensated
for phone diaries and in-person interviews, but not for the initial eligibility screen.
Participants agreed to an 8-week follow-up period, including daily diaries (recording self-
reported bedtime and wake time, plus medication adherence and side effects) and weekly in-
person meetings, with follow-up interviews at weeks 2, 4, 6, and 8 at the MMT clinic.
During follow-up interviews, actigraphy data was downloaded.

Study Medication and Medication Procedure

Measures

This randomized, double blind crossover design study utilized three active medications
(zolpidem CR 12.5 mg, mirtazapine 30 mg, and zolpidem 10 mg plus mirtazapine 30 mg)
and placebo. Medications were ordered directly from the pharmacy, compounded to look
and taste identical and were packaged in identical bottles. The medication combination
(zolpidem 10 mg plus mirtazapine 30 mg) was delivered in one pill. Beginning week 2 of
study participation, participants took each medication for one week (7 pills were dispensed),
then took a week “off,” then were given a week’s supply of a different medication. Study
medication order was randomized so that the order of each 1-week medication treatment was
different for each participant, but all participants received all four “medications.”
Participants were instructed to take one pill immediately before going to bed and were told
to expect an immediate effect on sleep. Participants tracked bedtime and wake times,
adherence, and side effects with daily diary. Participants were asked not to use sleep aids,
alcohol, or illicit substances during the course of the study.

Participants wore a wrist actigraph (Micro Motionlogger Sleep Watch, AMI, Ardsley, NY)
on the non-dominant wrist for each of the study weeks. The device is the size of a large
digital wrist watch (1.75” x 1.3” x .38” weighing 2 0z.) and is worn on the non-dominant
wrist. The actigraph contains an accelerometer that detects movement and records
movement counts in 1-minute bins. The device was initialized by the researcher through a
computer interface and required no manipulation by the participant while he or she was
wearing it, enabling continuous monitoring for the full week. Participants were instructed to
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wear the actigraphs 24 hours a day and not to remove them except during bathing or times
when the device would be exposed to physical impact. They were asked to note on their
daily diaries the times that the actigraph was removed, for how long, and for what purpose.
Participants returned the actigraphs to study staff on the day following each recording week
to download data and re-calibrate the devices.

Wrist Actigraphy began the day of the baseline interview and continued until day 14
(baseline week and first medication week). From day 14-20, the participant received no
study medication (a wash-out period) and did not wear the actigraph or complete sleep
diaries. A second randomly assigned study medication was given to participants on day 21
and actigraphy and sleep diaries were re-started. This procedure was repeated with study
medications given on days 35 and 49. The data were scored for sleep using the Sadeh
algorithm in Action-W software (AMI, Ardsley, NY, USA), an algorithm validated using
concomitant polysomnography (Sadeh et al., 1994). First, sleep period time was calculated
as minutes between bedtime (as reported by daily diary) and wake-up time. Variables
derived from actigraphy were total minutes of sleep during sleep period time, total minutes
of being awake during sleep period time, sleep efficiency (total sleep/total wake x100%),
sleep latency (time between waking from sleep and new sleep onset), and minutes of
wakefulness (total wakefulness during total sleep period).

Analysis Plans

Results

We present descriptive statistics to summarize the characteristics of the participants and
describe patterns of medication adherence over time. We used fixed-effects linear regression
(Allison, 2009) to estimate intra-person between-medication differences. The within-effects
estimator uses only within-subject variation and effectively controls for all time-invariant
between subject heterogeneity. To adjust for potential time effects, we included indicator
variables for sequential week of observation and for sequential day within the week for each
medication protocol. We used difference in likelihood ratio chi-square (LR2) to statistically
test for overall differences in medication protocols. We note that given the small sample size,
statistical power to reject the null hypothesis of no between-medication differences is low
and present between-medication differences in mean sleep outcomes (relative to placebo)
and 95% confidence interval estimates for active medication protocols. To facilitate
interpretation we present graphs of the predicted means.

Six of the 10 participants were female and 9 were non-Latino Caucasian. Mean age was 40.5
(£ 7.2, median = 40, range = 29 — 56). Baseline PSQI scores ranged from 6 to 16 (mean =
12.8, SD = 3.1, median = 14). All but 1 subject had PSQI scores = 10. Six participants
reported they had not used any sleep medications in the past month, 3 reported they had used
sleep medications less than once a week, one used 3+ times a week. Mean time in
methadone maintenance was 146.6 (+ 239.8, median = 52, range = 20 to 800) weeks.

Medication adherence data were missing for 1 subject. Among the 9 persons with valid
adherence data, 7 reported 100% adherence to all study medication protocols, 1 reported
85.7% adherence, and 1 reported 96.4% adherence. The overall mean adherence rate was
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98.0% (+ 4.76, median = 100%). Overall adherence rates were 100.0% for mirtazapine,
97.4% for zolpidem, 96.4% for the medication combination, and 98.4% for placebo.
Adherence rates by week (not drug) were 98.4%, 96.8%, 100.0%, and 96.8% for medication
weeks respectively.

Table 1 gives the estimated adjusted mean difference in sleep outcomes contrasting active
medication arms to placebo. Figure 1 graphs the expected means by medication protocol.
With the exception of wake after sleep onset (LR? = 7.97, df = 3, p = .047) between group
differences were not statistically significant at the conventional .05 level. Relative to
placebo, persons slept an average of 23.1 minutes more per night (95%CI -15.2; 61.4) while
receiving mirtazapine, and 16.1 minutes less (95%CI -57.7; 25.6) when receiving zolpidem.
While receiving mirtazapine, participants were awake an average of 23.4 (95%CI -58.2;
11.4) minutes less than when receiving placebo. Mean wake minutes was highest when
persons were receiving zolpidem. Similar patterns were observed for sleep efficiency, sleep
latency, and wake after sleep onset. The highest sleep efficiency, and lowest sleep latency
and wake after sleep onset means were observed when persons were receiving mirtazapine;
zolpidem was consistently observed to have the poorest sleep outcomes of any of the
medication protocols, including placebo.

Conclusions

This pilot randomized, double-blind clinical trial tested three medication regimens for sleep
disturbance among individuals on methadone maintenance. Our findings suggested that
mirtazapine was superior in all measures of sleep quality (sleep minutes, wake minutes,
sleep efficiency, sleep latency, and wake after sleep onset) compared to zolpidem or
combination mirtazapine/zolpidem. Participants were adherent to the medication protocol
and reported no negative side effects of medication. As such, mirtazapine appears to be an
effective and safe medication for improving sleep quality among individuals on methadone
maintenance who have sleep disturbance.

Methadone-maintained persons have many ongoing risks for the chronic insomnia they
experience (Chakravorty et al., 2018). Methadone-maintained individuals have high rates of
depressive symptoms and chronic pain that may interfere with sleep (Garnaat et al., 2017).
Indeed, our sample reported depression symptomatology: eight out of ten reported at least
minimal depression. Nine of our ten participants smoked cigarettes and nine out of ten
reported using caffeine that interfere with sleep. Ongoing use of illicit drugs that affect sleep
is common among persons in methadone maintenance treatment (although excluded here),
but again may limit the ability to find an efficacious treatment for insomnia.

While zolpidem likely affects primarily GABAeric neurotransmission (one potential
biological mechanism of insomnia), mirtazapine’s biological mechanisms are imprecise. As
such, the neurobiological effects of the medications in this population warrant further study.
The sleep outcomes of individuals taking zolpidem were surprising, particularly given the
efficacy of zolpidem in treating insomnia in other populations. Perhaps mechanisms of sleep
disturbance in individuals using opioids chronically differs from more non-drug-using
populations. An alternative speculation is that perhaps the high rates of comorbid depression
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(or other psychiatric disoders) changes GABAergic neurotransmission in this population.
The evidence for efficacious insomnia treatment would be welcome. Sleep disturbance
reduces physical and emotional well-being (Haack and Mullington, 2005). Sleep disruption
lowers pain thresholds (Baghdoyan, 2006; Roehrs et al., 2006) and intensifies chronic pain
for many methadone patients (Rosenblum et al., 2003). Additionally, shortened sleep and
daytime sleepiness might impair engagement with counseling, leading to continued drug use
or relapse.

One potential limitation of this study was our decision to use diary-reported bedtimes and
wake times to define the scoring interval for actigraphy data, rather than using event-marked
bedtimes and wake times (which frequently were missing) or attempting to visually identify
sleep onset and offset times based on inspection of the raw data. We acknowledge that this
method may have introduced error into our sleep measures, if participants went to bed or
awakened earlier or later than the times they stated during their sleep diary interview the
following day. Nevertheless, we believed this method of using self-report data to support
actigraphy data was the least likely to introduce bias and avoided the error introduced by
defining the scoring interval based on low activity levels when quiet wakefulness could be
scored as sleep. Additionally, the study relied on self-report of medication adherence and did
not include a weekly pill count or the use of biological verification. Lastly, the study was
limited by its small size and our lack of measures regarding the effects of sleep disturbance
on daytime function. Given these limitations, the findings of differential effects for these
medications should be viewed as preliminary. As such, the finding that zolpidem was
associated with the poorest sleep outcomes may warrant more definitive research with a
larger sample of persons with opioid use disorder.

This study’s strengths included a randomized, double-blind placebo-controlled design, an
excellent rate of follow-up that did not differ between groups in a vulnerable population, and
the inclusion of an objective sleep measure. We have previously published a comparison of
different approaches to assessing sleep disturbance in this population (Sharkey et al., 2011).

The current study found that mirtazapine was a promising medication for sleep problems
among individuals on methadone maintenance. Attention to common co-morbid conditions
that may contribute to sleep disturbance in methadone patients, such as mental health
disorders, chronic pain, and ongoing substance use, should be emphasized during clinical
care. Combined medication and behavioral therapy protocols have been efficacious in other
populations (Morin et al., 2009) and warrant continued testing.
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Figure 1.
Predicted Mean (and 95% Confidence Intervals) for Five Sleep Outcomes by Medication.
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Estimated Difference in Mean Sleep Outcomes for Active Medication Protocols Minus Placebo. Differences
Adjusted for Sequential Week of Administration and Sequential Day within Week of Administration Using
Fixed-Effects Regression (n = 10 Persons observed on 254 Days).

ESTIMATED DIFFERENCES

Mirtazapine-Placebo

Zolpidem-Placebo
M ean Difference(95%Cl)

Combo-Placebo

M ean Difference(95%Cl)

Sleep Outcome M ean Difference(95%Cl)
Sleep Minutes 23.1(-15.2; 61.4)
Wake Minutes -23.4(-58.2; 11.4)
Sleep Efficiency 3.2(-2.0; 8.4)

Sleep Latency -9.7(-27.7; 8.3)
Wake After Sleep Onset -13.6(-39.3; 12.0)

-16.1(-57.7; 25.6)
LR2=482,df=3,p=.186

20.7(-17.1; 58.6)
LR2=6.13,df =3, p =.105

-3.7(-9.4;1.9)
LR2=7.02 df=3,p=.071

7.5(-12.0; 27.0)
LR2=6.82,df=3,p=.078

20.2(-7.6; 48.0)
LR2=7.97, df =3, p=.047

17.4(-23.0; 57.8)

-5.8(-42.5; 30.9)

1.3(-4.2;6.7)

12.6(-6.3; 31.5)

-11.3(-38.3; 15.6)

Note: LR = likelihood ratio chi-squared results, df = degrees of freedom
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