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Study Objectives: Sleep disturbance is a hallmark feature of
cannabis withdrawal. In this study we explored the effects of
lithium treatment supplemented with nitrazepam on objective
and subjective measures of sleep quality during inpatient
cannabis withdrawal.

Methods: Treatment-seeking cannabis-dependent adults
(n = 38) were admitted for 8 days to an inpatient withdrawal unit
and randomized to either oral lithium (500 mg) or placebo, twice
daily in a double-blind RCT. Restricted nitrazepam (10 mg) was
available on demand (in response to poor sleep) on any 3 of the
7 nights. Dependent outcome measures for analysis included
repeated daily objective actigraphy and subjective sleep
measures throughout the 8 day detox, subjective cannabis
withdrawal ratings, and detoxification completion rates.
Results: Based on actigraphy, lithium resulted in less
fragmented sleep compared to placebo (p = 0.04), but no
other objective measures were improved by lithium. Of the
subjective measures, only nightmares were suppressed by
lithium (p = 0.04). Lithium did not have a significant impact on
the use of nitrazepam. Sleep bout length (p < 0.0001), sleep
efficiency (p < 0.0001), and sleep fragmentation (p = 0.05)
were improved on nights in which nitrazepam was used. In
contrast, only night sweats improved with nitrazepam from

the subjective measures (p = 0.04). A Cox regression with
daily repeated measures of sleep efficiency averaged across
all people in the study a predictor suggests that a one-unit
increase in sleep efficiency (the ratio of total sleep time to the
total time in bed expressed as a percentage) resulted in a 14.6%
increase in retention in treatment (p = 0.008, Exp(B) = 0.854,
95% Cl =0.759-0.960). None of the other sleep measures, nor
use of lithium or nitrazepam were significantly associated with
retention in treatment.

Conclusions: Lithium seems to have only limited efficacy
on sleep disturbance in cannabis withdrawal. However the
nitrazepam improved several actigraphy measures of sleep
disturbance, warranting further investigation. Discord between
objective and subjective sleep indices suggest caution in
evaluating treatment interventions with self-report sleep data
only.
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leep difficulties and cannabis use appears to be a bi-direc-

tional relationship. Individuals often start using cannabis
when they experience sleep difficulties during stressful times,
often for coping reasons'; and this is a risk factor for cannabis
lapse (within the first 2 days out of 7) following a self-guided
quit attempt.>* The most prevalent sleep disturbances with
cannabis withdrawal include difficulty getting to sleep, staying
asleep, nightmares and strange dreams, and night sweats.* Dur-
ing the withdrawal process, sleep difficulties predict relapse to
cannabis use.’ ® There is some evidence that pharmacotherapy
during cannabis abstinence attenuates withdrawal related sleep
disturbances,’ including improvements in polysomnographic
measures of sleep efficiency (but not latency) with the non-
benzodiazepine GABA(A) receptor agonist zolpidem.'® While
there is a plethora of studies exploring self-reported sleep dis-
turbances associated with cannabis withdrawal, there are very
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Sleep disturbance is the most
consistent, prevalent, and severe symptom of cannabis withdrawal.
However, there are currently no evidence-based medicines to assist
with cannabis dependence or cannabis withdrawal.

Study Impact: This formal RCT demonstrates that, contrary to positive
open label clinical findings, lithium carbonate does not improve cannabis
withdrawal related sleep disturbances. However, the hypnotic benzodi-
azepine rescue medication nitrazepam significantly improved multiple
objective measures of sleep disturbance during cannabis withdrawal.

few that quantify sleep patterns using objective means, with
the exception of the paper by Vandrey et al."”

Poor sleep is often the last symptom to remit, and recent
trials have started to specifically target sleep disturbances
during withdrawal. Haney and colleagues conducted a small
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laboratory study examining the muscle relaxant baclofen and
the antidepressant mirtazapine." Mirtazapine improved sleep
but was not effective in relation to withdrawal symptoms or re-
lapse rates. Vandrey and colleagues recently ran the first phar-
macotherapy trial specifically targeting sleep disruption during
cannabis withdrawal in an inpatient setting.'”” The researchers
randomized 20 adults, using a within-subject crossover de-
sign of extended release of zolpidem, a non-benzodiazepine
GABA(A) receptor agonist during short periods of cannabis
abstinence. Zolpidem was found to attenuate symptoms of
sleep disruption during cannabis withdrawal, but there was a
trend for sleep to become progressively worse over the short
three-day abstinence period.

Sleep disturbances following cannabis cessation have in-
dicated reductions across total sleep time, sleep efficiency,
latency, and amount of REM sleep, with these disturbances
lasting at least 2 weeks.'>"* It should be noted that premorbid
sleep patterns were not assessed in either of these studies; thus
it was not clear whether these sleep disturbances were directly
related to cannabis cessation. Similar observations were made
by Vandrey, who also noted decreased sleep efficiency and in-
creased sleep latency among 20 subjects in a controlled labora-
tory study."” An increase, rather than reduction in REM sleep
was observed in the Vandrey study. It is uncertain whether
the differences between these studies were due to participant
variations or research-design differences. Specifically, obser-
vations were only taken for 3 days post-withdrawal, whereas
Bolla et al. (2008; 2010),'>!* have noted that sleep disturbances
were observed two weeks post withdrawal.

Self-reported sleep disturbance is one of the hallmark features
of cannabis withdrawal and is considered a potential therapeutic
target for cannabis cessation.*>*!® Recent studies have demon-
strated high endorsement frequencies on ratings of sleep distur-
bances across research and clinical treatment seeking samples
(67% to 73% of adults and 33% to 43% of adolescents) lasting
months after cessation of cannabis use.*'“7 Clinically, this
is an important issue warranting further attention as it is likely
that sleep disturbance during withdrawal impacts on the suc-
cess of the quit attempt or is associated with relapse. Thus the
development of interventions to ameliorate sleep disturbances
may improve outcomes in treatments for cannabis dependence.
Possibly due to its effects on stabilising mood and reducing de-
pression (two key symptoms of cannabis withdrawal), lithium
carbonate has proven effective at reducing precipitated cannabis
withdrawal symptoms in rats'®> as well as in humans in an open
label inpatient study.'® Owing to the effects of lithium on can-
nabis withdrawal in rats being blocked by a selective oxytocin
receptor antagonist a working mechanistic hypothesis is that
lithium may exert its effects on cannabis withdrawal by stimu-
lating oxytocin release.” Intranasal oxytocin administration in
humans significantly improves sleep architecture, including re-
ducing sleep latency, increasing sleep efficiency, and increasing
the percentage of REM episodes.” In addition, lithium has pre-
viously been shown to significantly improve sleep disturbances
during depressive episodes. Combined these observations make
lithium a worthy target for exploring possible amelioration of
sleep disturbances in cannabis abstinence in humans.'®"

This paper is a secondary analysis of data from a pharma-
cotherapy RCT testing the effects of lithium vs. placebo on
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cannabis withdrawal symptoms in an inpatient setting, which
demonstrated no positive benefits of lithium on cannabis with-
drawal symptoms.?® As the study protocol allowed for a strictly
limited amount of “rescue” medications, and the detox unit that
we performed the study in used the hypnotic benzodiazepine
nitrazepam as a matter of routine course for sleep disturbances,
we opportunistically explore the impact of nitrazepam use
on subjective and objective sleep outcomes. Nitrazepam has
previously been shown to have dramatic effects on reducing
nightmares,”’ which are one of the most prevalent and persis-
tent cannabis withdrawal symptoms. The aims of the present
paper were: (1) to evaluate the effects of lithium vs. placebo
on subjective and objective measures of sleep patterns while
controlling for baseline sleep quality (AIS scores, and base-
line plasma THC and oxytocin levels), (2) to evaluate if sleep
disturbance during cannabis abstinence is predictive of more
severe cannabis withdrawal symptoms, (3) to explore whether
the benzodiazepine nitrazepam results in better subjective and
objective sleep patterns during cannabis withdrawal, and (4)
to explore whether sleep quality during the first 7 nights of
cannabis abstinence is associated with retention in treatment.

METHODS

Cannabis smokers who were dependent according to the
DSM-1V criteria were recruited to an RCT testing the effects
of lithium vs. placebo on cannabis withdrawal symptoms in an
inpatient setting for 7 nights.?

Participants

Inclusion criteria were: 18 years of age or older; DSM-IVR
criteria for cannabis dependence?; and self-reported with-
drawal symptoms as a barrier to achieving abstinence from
cannabis in previous quit attempts. Exclusion criteria were:
current alcohol dependence; more than twice weekly use of
drugs other than cannabis, caffeine or tobacco, and/or inject-
ing drug use more than once per week in the prior 30 days,
current prescriptions (methadone, buprenorphine, mood sta-
bilizing, antidepressant and/or antipsychotic medications);
history of schizophrenia, bipolar affective disorder, recent psy-
chosis, significant suicide risk or admission to mental health
unit within the 3 months prior to recruitment; significant re-
nal, thyroid, or hepatic disease; abnormal electrocardiogram
in subjects aged over 45 years; lactose or lithium intolerance;
and for females, current breastfeeding, pregnant, or planning
to become pregnant in the month following study entry.

Procedures

Following a medical examination to assess eligibility, sub-
jects signed written informed consent on day 1 upon arrival at
the inpatient unit, which triggered randomization procedures
to either the lithium or placebo condition. Placebo medication
was administered to both groups on day 1 of their inpatient stay,
with lithium dosing commencing for that group on the morn-
ing of day 2, lasting until the evening of day 7. Follow-up in-
terviews were undertaken 30 days after discharge to assess for
relapse to cannabis use by means of self-report and urine anal-
ysis. Study procedures were approved by Royal Prince Alfred
Hospital Human Research Ethics Committee (09/RPAH/274)



and were in accordance with the 1964 Declaration of Helsinki.
The trial was registered with the Australian New Zealand Clin-
ical Trials Registry (ANZCTR) (12610000182099).

Medications

Participants were randomized to receive lithium carbonate
500 mg or placebo (lactose) twice a day (10:00 and 18:00) on
Days 2 to 7 of admission. Nitrazepam 10 mg oral as a hypnotic
was available on up to 3 nights of the 7-night admission for
those participants who had sleep disturbance preventing them
from falling asleep within 3 h of unit bedtime, and for whom
standard behavioral sleep hygiene measures had proved unsuc-
cessful. There was no strict lights out regime enforced on the
unit, although all patients were expected to be in their bed-
rooms by 23:30. All subjects were given ad hoc advice from
nursing staff on sleep hygiene and the potential beneficial ef-
fects of minimizing caffeine consumption and maintaining a
regular sleep pattern.

Measures

Objective Sleep Patterns using Actigraphy

An actiwatch is a watch-like device containing an acceler-
ometer which records movement over time, and is used ex-
tensively in sleep research and circadian rhythm disorders.?
Since the publication of the last American Academy of Sleep
Medicine (AASM) practice parameters on the use of actigra-
phy in 2003, there has been a huge increase in the use of ac-
tigraphy. We used the actiwatch to measure sleep efficiency,
fragmentation, duration (total sleep time), sleep onset latency,
and length of wake and sleep bouts for each of the 7 nights of
cannabis abstinence on the ward. Actiwatches were fitted at
randomization on day 1, and were worn continuously, day and
night, for the duration of the patient’s time in the unit. This
means that all objective actigraphy outcomes (sleep efficiency,
sleep fragmentation, sleep duration, etc.) were measured on a
daily basis during the inpatient stay.

Cannabis Withdrawal and Subjective Sleep Patterns

The severity of cannabis withdrawal symptoms (over-
all withdrawal and separate sleep symptoms— woke up early,
nightmares/strange dreams, woke up with night sweats, and
trouble getting to sleep) was quantified daily on a 10-point self-
report scale (0 = Not at all, 10 = Extremely) for each prior 24-h
period using the Cannabis Withdrawal Scale (CWS).* Subjec-
tive sleep assessment at baseline for the week prior to admis-
sion was assessed using the Athens Insomnia Scale (AIS).**
The AIS is a commonly used, validated global insomnia symp-
tom questionnaire designed to assess the severity of insomnia
based on the ICD-10 diagnostic criteria. It is a self-reported
questionnaire consisting of 8 items; the first 5 items assess dif-
ficulty with sleep induction, awakening during the night, early
morning awakening, total sleep time, and overall quality of
sleep, while the last 3 items pertain to the sense of well-being,
overall functioning and sleepiness during the day. The usual
time frame for responding is the last month. Each item of AIS
can be rated 03, with 0 corresponding to no problem at all and
3 to very serious problem. The AIS can identify insomniacs
with 86% positive predictive validity if a score of 6 or above is
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given. Mood was assessed using the Depression, Anxiety and
Stress Scale (DASS) — 21,% also at baseline.

Drug Use and Plasma Assays

Self-reported cannabis use was quantified at baseline as the
average grams used per day over the previous week using a
modified timeline follow-back interview.? Self-report data
was supported by plasma assays of THC levels. THC at base-
line was extracted from 0.5 mL plasma samples using Styre
Screen SSTHCO063 solid phase extraction columns (60 mg/3
mL) from United Chemical Technologies (Pennsylvania, USA)
as per manufacturer instructions. Extracts were dried under
nitrogen and reconstituted in 50 pL initial mobile phase (40%
methanol and 60% 10 mM ammonium acetate) for analysis.
Chromatographic separation was performed on a Pinnacle DB
Biphenyl column (100 mm x 2.1 mm, 1.9 pm) from Restek Inc
(Pennsylvania, USA) via gradient elution at 0.3 mL/min using
a Shimadzu Nexera ultra high performance liquid chromato-
graph (Shimadzu Corp, Kyoto, Japan). Analytes and internal
standard ion transitions were acquired via multiple reaction
monitoring using a Shimadzu 8030 triple quadrupole mass
spectrometer operated in positive atmospheric pressure chemi-
cal ionization mode. QC samples covered concentration ranges
0.5-20 ng/mL for THC, 5-200 ng/mL for THC COOH. The
limits of quantification were 0.5 and 5 ng/mL, respectively.

Baseline plasma oxytocin levels were assayed using a com-
mercially available oxytocin ELISA kit (ENZO Life Sciences,
Ann Arbor, MI). All blood samples were collected in chilled
EDTA-treated tubes, centrifuged at 4°C and plasma stored at
—80°C. Unextracted samples were diluted 1:4 times in assay
buffer.?”?® The oxytocin assay had a sensitivity of 15.7 pg/mL,
and intra- and inter-assay coefficient of variation below 10%
and 15.5%, respectively.

Retention in Treatment
Retention in treatment was defined as number of nights of
inpatient treatment completed (range: 0—7).

Statistical Analysis

To test the effect of treatment allocation (lithium vs. pla-
cebo) on sleep patterns, mixed models for repeated measures
(MMRMs) were used with an autoregressive covariance struc-
ture (AR1).%73!" Separate models were constructed for each
sleep quality outcome measure as a dependent variable (i.c.
daily scores from the objective actigraphy measures and CWS
sleep measures were used as repeated measures outcomes in
the MMRM). Independent variables tested were time in treat-
ment (day) and treatment group (lithium vs. placebo) and their
interaction. Baseline Athens Insomnia Scale (AIS) scores and
baseline plasma THC and oxytocin levels were controlled for
in each model but were removed if not a significant predictor.
Statistics are reported for the interaction terms of treatment
day and treatment group allocation only, unless only a main
effect was significant. In the case of significant interactions
post hoc analyses explore the interaction adjusting for multiple
comparisons using the Bonferroni method.

To assess the effects of sleep patterns on the severity of
cannabis withdrawal symptoms, mixed models were again
employed with separate models constructed for each DSM5

Journal of Clinical Sleep Medicine, Vol. 11, No. 10, 2015



DJ Allsop, DJ Bartlett, J Johnston et al.

Table 1—Demographics, cannabis use, and psychosocial functioning at baseline.

Mean age in years (SD)

Gender (% male)

Mean age of first cannabis use in years (SD)
Baseline daily cannabis use in grams (SD)
Baseline THC, ng/mL

Baseline oxytocin, pg/mL

Baseline DASS Depression

Baseline DASS Anxiety

Baseline DASS Stress

Baseline Athens Insomnia Scale

Use of other drugs past month, % (n)

Opiates
Amphetamines
Cocaine

Benzodiazepines

Hallucinogens

Lithium (n = 16)

Placebo (n = 22)

Total Sample (n = 38)

40.90 (12.05) 40.20 (12.93) 4051 (12.49)

68.80 63.60 65.80

15.31 (3.42) 14.36 (1.97) 14.76 (2.68)
3.82(2.79) 3.69 (5.68) 3.83 (4.82)

14.88 (8.82) 11.46 (5.92) 13.25 (7.60)

460.78 (274.74) 433.65 (219.34) 445,82 (241.48)

7.25 (5.37) 8.36 (5.16) 7.89 (5.21)
6.25 (4.44) 7.86 (4.41) 7.18 (4.44)
8.81(6.29) 10.68 (4.99) 9.89 (5.58)
8.69 (4.59) 10.77 (6.54) 9.89 (5.82)
7.00 (1) 0.00 (0) 2,60 (1)
6.00 (1) 23.00 (5) 15.80 (6)
6.00 (1) 0.00 (0) 2,60 (1)

27.00 (4) 14.00 (3) 18.40 (7)
0.00 (0) 450 (1) 2.60 (1)

No significant between group differences found. SD, standard deviation.

cannabis withdrawal symptom as dependent variable (ob-
tained from daily CWS data), testing the effects of the inde-
pendent variables of time in treatment (days), the actiwatch
sleep variables: efficiency, fragmentation, duration (total sleep
time), onset latency, length of wake and sleep bouts and their
interaction with time. All models controlled for experimental
drug treatment (lithium vs. placebo), the use of nitrazepam,
and baseline sleep quality measured by the AIS.

To test whether the use of nitrazepam resulted in better sleep
patterns MMRMs were used with each objective measure of
sleep quality as a dependent variable. Day of nitrazepam use
and a binary nights using vs. not using nitrazepam were used
as the independent measures.

To test the effects of sleep quality during cannabis absti-
nence on retention in treatment, a cox regression was per-
formed with number of days in treatment as the dependent
time variable being predicted, censored at day 7 (last day in
the inpatient unit), with predictor variables consisting of daily
repeated measures of actiwatch data, including sleep effi-
ciency, fragmentation, duration (total sleep time), sleep onset
latency, length of wake and sleep bouts, wake after sleep onset
(WASO), and baseline AIS scores as covariates. Daily acti-
watch predictor data were entered into the model separately
for individual patients in the study, but the algorithm under-
neath a Cox regression takes averages across people to deliver
an overall model response, as with most other inferential sta-
tistics. All models controlled for treatment group (lithium vs.
placebo) and the use of nitrazepam.

RESULTS

A total of 38 subjects were randomized (placebo n = 17,
lithium n = 21) on day 1, and by day 8, only 17 subjects (45%)
remained in the hospital (placebo n = 9, lithium n = 8). The
benzodiazepine medication nitrazepam was used to aid sleep
on at least one occasion during the inpatient stay by 68%

Journal of Clinical Sleep Medicine, Vol. 11, No. 10, 2015 1156

(n=26) of subjects (placebo 82%, n = 14; lithium 57%, n = 12).
Demographics and cannabis and other drug use characteristics
are listed in Table 1. Baseline AIS scores upon entry into the
study were in the high insomnia range for this patient popu-
lation (9.89 [standard deviation; SD 5.82]), and there was no
difference between lithium and placebo treatment groups (lith-
ium = 10.77 [6.54]; Placebo = 8.69 [4.59]; F|, = 1.19, p = 0.3).
Ten of the 38 subjects reported normal sleep patterns on entry
to the study, with the remainder scoring in the insomnia range
(scores of 6 or above). Baseline Depression, Anxiety and Stress
(DASS-21) scale scores were typically in the moderate range
and were not different between the groups (see Table 1). Base-
line use of cannabis and other drugs was not significantly dif-
ferent between the groups (Table 1).

The Effects of Lithium on Sleep Quality

First looking at actigraphy measures of sleep quality, sub-
jects receiving lithium had a significantly less fragmented
sleep pattern (F, |,,, = 2.23, p = 0.04) than subjects receiv-
ing the placebo (Figure 1). None of the other actigraphy sleep
measures were significantly different between lithium and

placebo allocations, including wake after sleep onset (WASO;

Fy 55=1.31,p=0.26), total wake time (F| ;= 1.64,p=0.14),
sleep duration (F; ., = 0.39, p = 0.89), sleep onset latency
(Fy. 10530 = 046, p = 0.84), sleep efficiency (F, ., = 1.89,
p = 0.09), average wake bout length (lithium = 1.03 (SD 0.44);
placebo = 1.39 (SD 1.53); F .., = 0.77, p = 0.59), and average
sleep bout length (lithium = 11.69 [SD 4.43]; placebo = 10.57
[SD 5.96]; F |05 = 1.83, p = 0.09).

Of the subjective sleep measures taken with the daily
CWS, only nightmares and strange dreams were suppressed
by lithium, with a significant main effect of drug treatment
(F 4675 = 4:32, p = 0.04; Figure 2), but not the interaction of
treatment with time (¥, ,, = 0.94, p = 0.47). None of the
other subjective sleep ratings were significantly impacted by

lithium treatment, including overall insomnia (F; |, = 0.62,
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Figure 1—Sleep fragmentation (objective) and nightmares and strange dreams (subjective) were significantly suppressed by

lithium treatment during inpatient cannabis withdrawal.
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Baseline self-reported sleep quality (AIS scores) and base-
line plasma THC and oxytocin levels were tested in all models
described above but did not significantly predict any measure
of sleep quality during cannabis abstinence so were not re-
tained in final models for reasons of parsimony.

Is Nitrazepam Use Associated with Better Sleep
Quality?

Fewer subjects on lithium opted to use the sleep rescue med-
ication nitrazepam during their inpatient stay (n = 12/21; 57%)
than those on placebo (n = 14/17; 82%); however, the trend
did not reach statistical significance (y*> = 2.76, p = 0.09). Of
subjects using nitrazepam, the placebo group used nitrazepam
on a mean of 2.46 (SD 0.88) nights compared to lithium sub-
jects, who took nitrazepam on a mean of 2.83 (SD 0.94) nights
(F,,;= 105, p=0.32).

According to the objective actigraphy data, those nights
when nitrazepam was consumed resulted in significantly bet-
ter sleep quality (Table 2), including improvements in total
sleep duration, sleep efficiency, and sleep fragmentation. Im-
portantly the use of nitrazepam resulted in a whole hour more
time asleep compared to those nights when nitrazepam was not
taken (Table 2). While the remaining actiwatch measures were
not statistically significantly different between nitrazepam
nights and no nitrazepam nights, they all were in the direction
of improved sleep outcomes while taking nitrazepam (Table 2).

Only night sweats from the subjective measures of sleep
quality obtained from the daily CWS were reported as being
significantly different for the nights that nitrazepam was used
(Table 2). There was a trend for lower overall insomnia scores
(F 13=3.76,p=0.06) and trouble getting to sleep (¥ ,,,=3.24,
p=0.07) when nitrazepam was used, although these subjective
variables were not significant.
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Sleep Quality and the Severity of Cannabis Withdrawal

None of the objective measures of sleep quality studied with
the actiwatch were significant predictors of overall cannabis
withdrawal score (p = 0.18-0.91). Similarly when cannabis
withdrawal is broken down into its constituent DSM5 com-
ponents, none of the objective sleep measures predicted sub-
jective withdrawal features, including cravings for cannabis,
restlessness, depression, physical symptoms (e.g., headache,
stomachache), anxiety, insomnia, or irritability.

Sleep Quality and Retention in Treatment

A Cox regression revealed that the average daily sleep ef-
ficiency (total sleep time in min/total time in bed in min x
100/1, expressed as a percentage) measured repeatedly for all
patients during their inpatient stay, was a significant predic-
tor of retention in treatment in this study. Specifically, the cox
regression model outputs, which yield average parameter es-
timates across all patient data, suggests that a one % increase
in sleep efficiency resulted in a 14.6% increase in retention
in treatment (Wald(1) = 6.9, p = 0.008, Exp(B) = 0.854, 95%
CI = 0.759-0.960). None of the other sleep measures recorded
were significantly associated with retention in treatment (all
p values > 0.05), nor were the use of lithium (p = 0.8), nitraz-
epam (p = 0.52), or baseline sleep quality measured using the
AIS (p=0.51).

DISCUSSION

This study compares objective and subjective sleep quality
in cannabis-dependent treatment seekers during a 7 day inpa-
tient cannabis detox. Sleep disturbances are one of the most
severe and enduring symptoms of cannabis withdrawal,*>-2-33
and there are no evidence-based treatment options to target
this pervasive withdrawal symptom. This patient population
entered our study reporting significant self-rated insomnia
symptoms despite using cannabis right up until study entry
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Figure 2—All other objective sleep measures from the actiwatch plotted against time in treatment, split by drug treatment

group. None of these measures were significantly influenced by drug treatment.

800+

600+

400+

200+

Sleep Duration (minutes)

Sleep Duration

Drug treatment phase
1

== Placebo (n=20)
=& Lithium (n=13)

40+

304

204

Days in treatment

Sleep Onset Latency

Drug treatment phase
I
== Placebo (n=20)

- Lithium (n=13)

Sleep Onset Latency (minutes)

250+

2004

150+

100+

504

Wake time (in minutes)

Days in treatment

Wake Time
Drug treatment phase

-~ Placebo (n=20)
- Lithium (n=13)

Days in treatment

Average Length of Wake Bout

Drug treatment phase
T
== Placebo (n=20)

= Lithium (n=13)

Average Length of Wake Bouts
(in minutes)
N

80+

60+

40+

20+

Number of Sleep Bouts

Days in treatment

Number of Sleep Bouts

Drug treatment phase
T

== Placebo (n=20)
- Lithium (n=13)

Days in treatment

Sleep Efficiency (%)

Wake After Sleep Onset (minutes)

Sleep time (in minutes) Number of Wake Bouts

Average Length of Sleep Bout

Sleep Efficiency
Drug treatment phase

100+ == Placebo (n=20)
=& Lithium (n=13)
904
3804
704
60 T T T 1
0 2 4 6 8
Days in treatment
Wake After Sleep Onset
Drug treatment phase
T 1
80+ ~= Placebo (n=20)
=== Lithium (n=13)
604
40+
204
0 T T T ]
0 2 4 6 8
Days in treatment
Number of Wake Bouts
Drug treatment phase
T 1
80+ == Placebo (n=20)
- Lithium (n=13)
604
40+
204
0 T T T 1
0 2 4 6 8
Days in treatment
Sleep Time
Drug treatment phase
T
600+ -e- Placebo (n=20)
== Lithium (n=13)
4004
2004
0 T T T 1
0 2 4 6 8
Days in treatment
Average Length of Sleep Bouts
Drug treatment phase
1
20+ -e= Placebo (n=20)
- Lithium (n=13)
. 154
(%)
g
3
£ 104
£
£
S gl
0 T T T
0 2 4 6

Days in treatment

Journal of Clinical Sleep Medicine, Vol. 11, No. 10, 2015

1158



Cannabis Abstinence and Sleep

Table 2—Differences in sleep quality measures on nights when nitrazepam was consumed vs. no nitrazepam nights.

Sleep Variable Nights with Nitrazepam  Nights without Nitrazepam Stats p value

Actigraphy measures
Total sleep time 436.33 (SD 94.84) 373.51 (SD 115.85) F, 7o =13.09 <0.0001*
Time spent in bed 509.95 (225.41) 449.79 (SD 220.35) F 2y =2.88 0.09
Average sleep bout duration 13.60 (SD 5.13) 10.07 (SD 5.04) F, 7e=19.24 <0.0001*
Sleep efficiency 89.04 (SD 6.35) 81.64 (SD 12.01) F, ,=18.74 <0.0001*
Sleep fragmentation 12.09 (SD 12.39) 15.73 (SD 11.42) F, 17g = 3.81 0.05*
Sleep onset latency 15.80 (SD 28.79) 16.30 (SD 26.79) F, 7, =0.012 0.91
Duration of the average wake bout 1.18 (SD 1.07) 1.25(SD 1.24) F, s=0.16 0.69

Subjective sleep measures
Overall CWS insomnia scores 3.59 (SD 2.09) 2.92(SD 2.2) Fi 3 =3.76 0.06
Night sweats 2.70 (SD 3.37) 1.74 (SD 2.74) Fi 1= 441 0.04*
Trouble getting to sleep 4,57 (SD 3.92) 3.57 (SD 3.45) F 1= 3.24 0.07
Waking up early 3.7 (SD 3.63) 4.02 (SD 3.48) F, 15 = 0.36, 0.5
Nightmares and strange dreams ~ 1.17 (SD 2.24) 1.16 (SD 2.42) F, .., =0.001 0.97

*Those variables that were significantly different. SD, standard deviation.

(i.e., average AIS score 9.89 [SD 5.82] when a cutoff of 6 is
considered predictive of insomnia).

Effects of Lithium on Sleep Quality

In this study we found that the original target of our inves-
tigation, lithium carbonate, improved sleep fragmentation and
nightmares during cannabis abstinence (Figure 1)—but did
not affect a range of other measures of sleep quality (Figure 2).
Actigraphic sleep fragmentation can be thought of as a measure
of restlessness during the sleep period expressed as a percent-
age the sleep period spent moving (an defined time period with
more than 2 activity counts is considered moving), and the per-
centage of the number of immobile phases (i.e., an defined time
period with no movement). Fragmentation is an indicator of
sleep disruption or disturbance® and closely approximates the
polysomnography measure of microarousals, which are associ-
ated with poor health outcomes.* While the findings that most
sleep quality measures were not affected by lithium treatment
is in line with our previous analysis of poor efficacy of lithium
carbonate for the overall cannabis withdrawal indication,? the
effects on fragmentation and nightmares does suggest a pos-
sible limited role of lithium in rectifying sleep disturbances
during cannabis abstinence treatment. Sleep quality parame-
ters during cannabis abstinence were not affected by the over-
all quality of self-reported sleep at study entry (baseline AIS
scores), nor by baseline measures of plasma THC or oxytocin,
similar to their effects on cannabis withdrawal in general.?
These factors may not have influenced sleep during cannabis
abstinence owing to limited variability in this population.

Looking in more detail at sleep fragmentation, it is of note
that the level of sleep fragmentation in this population was not
particular high when compared to clinical sleep populations
(e.g., insomnia patients).*® As such the significant effects of
lithium on sleep fragmentation in this study may suggest that
lithium may have clinical benefits in cannabis withdrawal for
people with more severe fragmentation at baseline than that
observed in this population. So it would be of great interest for
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future studies to quantify sleep fragmentation during a base-
line period prior to commencing treatment for cannabis with-
drawal. A 2-week actigraphy data collection is standard for
clinical data collection. It may be that lithium becomes more of
an effective treatment option for those individuals entering the
study with preexisting insomnia levels of sleep fragmentation
(i.e.,>25). Sleep fragmentation may be a particularly pertinent
objective indicator of the severity of cannabis withdrawal, as
it is frequently associated with periodic leg movement, which
is increased in heavy cannabis users’” and during acute can-
nabis withdrawal.”? The effects of lithium on suppressing
withdrawal related nightmares and strange dreams is of in-
terest as increased REM sleep has been documented during
cannabis withdrawal, explaining the occurrence of increased
dream state."?

Is Nitrazepam Use Associated with Better Sleep
Quality?

The use of the hypnotic benzodiazepine nitrazepam was only
intended as a “rescue” medication in this study, with a limited
10 mgs available on only three of the seven inpatient nights
to avoid possible abuse and/or effects on withdrawal.®® Our
secondary analysis demonstrated substantial improvements
to sleep efficiency, length of sleep bouts and sleep fragmenta-
tion on nights when nitrazepam was used (Figure 3). While
other sleep quality indicators were not necessarily significant
in the models, most were affected in a positive direction (i.e.,
improved sleep) by the use of nitrazepam and sample size and
power problems may explain lack of more significant results
here. While this study was not designed to directly examine
the efficacy of nitrazepam upon sleep in cannabis withdrawal,
our findings point towards potential benefits of using benzo-
diazepines for this indication, consistent with previous work
of Vandrey and colleagues with the benzodiazepine-like medi-
cation zolpidem. These findings suggested further research is
warranted to examine the role of benzodiazepines for assist-
ing sleep during cannabis withdrawal. Of interest, the positive
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Figure 3—Nights when nitrazepam “rescue” medication was used had significantly better objective indicators of sleep quality
for length of sleep bouts, sleep efficiency and sleep fragmentation.
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*» <0.05, **p < 0.0001.

effects of nitrazepam on objective measures of sleep quality
using the actigraphy were not reflected in the subjective inter-
pretations of the cannabis users own sleep quality. This finding
has implications for any future research that attempts to study
the effects of interventions on sleep quality during cannabis
abstinence, as the majority of existing studies into the phe-
nomena use subjective measures. It may be that while sleep
was better on nitrazepam, the requirement to have tried to get
to sleep for 3 hours prior to nitrazepam administration means
that the sleep was still relatively poor (an average of 7 h sleep
on nitrazepam (Table 2), which is at the low end of recom-
mended sleep duration for adults).

Sleep Quality and the Severity of Perceived Cannabis
Withdrawal

Despite the fact that the use of objective actigraphy data is
more precise and accurate than subjective measures of sleep
quality® during cannabis abstinence, actiwatch measures of
sleep quality did not predict the severity of subjective canna-
bis withdrawal symptoms. This is somewhat surprising given
that the objective data presented show evidence of fragmented
and disturbed sleep during cannabis abstinence, in support of
previous studies.'” Such observations are typically associated
with negative health outcomes, including mental health distur-
bances such as increased depression and anxiety,*’ two promi-
nent cannabis withdrawal symptoms. It is possible that there
may have been insufficient variation between patients objec-
tive sleep measures to predict subsequent cannabis withdrawal
symptoms, or possibly that withdrawal was not as pronounced
in this carefully controlled inpatient setting owing to lack of
potential triggers of withdrawal related phenomena typically
found in the outpatient environment.*

Sleep Quality and Retention in Treatment

Sleep efficiency predicted retention in treatment, with a
14.6% increase in retention for every percentage unit increase
in sleep efficiency. While sleep efficiency was not significantly
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affected by lithium treatment in this study, it was significantly
improved at clinical levels on those nights when nitrazepam
was taken (along with a range of other sleep measures). Al-
though nitrazepam use in and of itself did not directly predict
retention in treatment, these findings suggest that it could po-
tentially be a mediator of sleep efficiency and its effects on
retention in cannabis treatment, warranting further investiga-
tions in larger samples and with a more systematic approach to
the targeted use of nitrazepam.

Limitations

One of the major limitations of this study is the low sample
size which restricts the analyses that can be performed. Clearly
some positive effects of nitrazepam on sleep variables during
cannabis withdrawal have been highlighted, such as objective
sleep efficiency, fragmentation and average sleep bout length.
However the analysis also showed effects of lithium on a very
narrow set of sleep parameters (fragmentation and nightmares).
The limited sample size produces highly unstable and unre-
liable models when three way interactions are explored, yet
there is an obvious need to explore higher-level interactions to
fully understand the effect of these drugs in combination. An-
other notable limitation that pertains specifically to our find-
ings around nitrazepam are that the study protocol to some
extent confounds interpretation, as subjects were instructed
that they could only have access to the three nights of available
doses of nitrazepam on nights when they were experiencing
significant problems sleeping. Nevertheless the fact that ob-
jective sleep parameters were better on those nights suggests
that nitrazepam use may be a particularly potent treatment for
cannabis withdrawal induced sleep disturbances. However, ni-
trazepam would need to be implemented in a well-controlled
environment and for a short sustained period only to avoid de-
pendence and potential abuse.

Giving individuals in this study a better understanding of
what could be expected in relation to their sleep during the
withdrawal process is potentially beneficial. In this study only



basic sleep hygiene information was given ad hoc and pre-
dominantly relating to caffeine/alcohol consumption and some
sleep timing. In a review exploring the relationship between
sleep disorders and substance abuse only 16 papers were iden-
tified involving the treatment of drug or alcohol dependence.*!
Samples were predominantly small with only one with > 30
patients and only one randomized controlled trial. There was
no evidence that insomnia treatment prevented subsequent re-
lapse. The need for large randomized double blind studies was
emphasized along with consideration of genetic differences
in insomnia vulnerability and common traits of psychologi-
cal dependence relating to other forms of insomnia. Kaplan
et al. set out a cognitive behavioral therapy regime in the re-
covery period based on how common insomnia is during this
process and if persistent after abstinence predicts relapse.*®
Such interventions need to be a core management component
in improving quality of life short and long term. One more
potential limitation of this study may be related to the use of
only a very limited range of assessments to obtain subjective
measures of sleep during the treatment phase (i.e., this study
only used 4 questions on sleep from the Cannabis Withdrawal
Scale on a daily basis during treatment). It may be that the use
of daily sleep diaries or repeat AIS measures throughout treat-
ment could have provided more useful subjective information
for correlating to actiwatch measures than the sleep items on
the Cannabis Withdrawal Scale.*

CONCLUSIONS

In summary, this work suggests that lithium treatment
may not be cost effective for treating cannabis withdrawal
as only a small subset of sleep related dysfunction were im-
proved and there was no observed influence on retention in
treatment. In contrast, nitrazepam resulted in significant sup-
pression of withdrawal related sleep dysfunction according to
objective data collected using the actiwatch. This finding adds
support to previous work suggesting also that hypnotic sleep
medications may be useful adjuncts to cannabis withdrawal
treatment.'” The disconnect between objective sleep indicators
and subjectively reported sleep quality in this study suggests
that future research in the area of sleep during cannabis treat-
ments may need to go beyond self-reported sleep quality to
accurately assess the impact of interventions. While polysom-
nography is the gold standard for objectively quantifying sleep
disturbances, it is a logistically difficult approach demand-
ing much of the patient and is only a one night “snapshot” of
sleep. Actigraphy data is a more cost effective alternative,*
especially for longitudinal studies and those in the outpatient
environment.
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