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Sleep disturbances (SDs) are among the most distressing and commonly reported symptoms in posttraumatic stress disorder
(PTSD). Despite increased attention on sleep in clinical PTSD research, SDs remain difficult to treat. In Phase 2 trials, 3,4-
methylenedioxymethamphetamine (MDMA)–assisted psychotherapy has been shown to greatly improve PTSD symptoms. We hypoth-
esized that MDMA-assisted psychotherapy would improve self-reported sleep quality (SQ) in individuals with PTSD and be associated
with declining PTSD symptoms. Participants in four studies (n = 63) were randomized to receive 2–3 sessions of active MDMA (75–125
mg; n = 47) or placebo/control MDMA (0–40 mg, n = 16) during all-day psychotherapy sessions. The PSQI was used to assess change
in SQ from baseline to the primary endpoint, 1–2 months after the blinded sessions. Additionally, PSQI scores were measured at treat-
ment exit (TE) and 12-month follow-up. Symptoms of PTSD were measured using the CAPS-IV. At the primary endpoint, CAPS-IV total
severity scores dropped more after active MDMA than after placebo/control (−34.0 vs. −12.4), p = .003. Participants in the active dose
group showed more improvement in SQ compared to those in the control group (PSQI total score �M = −3.5 vs. 0.6), p = .003. Com-
pared to baseline, SQ had improved at TE, p< .001, with further significant gains reported at 12-month follow-up (TE to 12-months�M=
−1.0), p= .030. Data from these randomized controlled double-blind studies provide evidence for the beneficial effects of MDMA-assisted
psychotherapy in treating SDs in individuals with PTSD.
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Sleep Quality Improvements After MDMA-Assisted
Psychotherapy for the Treatment of Posttraumatic Stress

Disorder

The associations between sleep disturbance and posttrau-
matic stress disorder (PTSD) are complex and multidirectional,
with evidence supporting a causal association between trau-
matic stress and sleep disturbance (Harvey et al., 2003). Adding
to this complexity, sleep disturbance is not a unitary construct,
and different aspects of sleep disturbance are likely related in
different ways to the risk, pathophysiology, maintenance of, and
recovery from, PTSD (Richards et al., 2020). Trauma-exposed
individuals report disturbed sleep at increased rates compared
to the general population, including difficulty initiating and
maintaining sleep, atypical sleep-disruptive behaviors, recur-
rent nightmares, and frequent awakenings, and sleep distur-
bance can be seen as a core feature of PTSD (Spoormaker &
Montgomery, 2008). Sleep disturbances may precipitate and
perpetuate PTSD symptoms, creating a vicious cycle (Germain
et al., 2017; van Liempt, 2012). Disturbed sleep due to night-
mares increases the risk for PTSD, and PTSD, in turn, leads
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to increased sleep fragmentation, frequent nightmares, and de-
creased growth hormone secretion, which may then compro-
mise fear extinction, synaptic plasticity, and degree of recovery
(van Liempt et al., 2013; van Liempt et al., 2011).
Among mental health disorders, PTSD is unique in that sleep

problems represent two of the diagnostic criteria listed in the
fifth edition of theDiagnostic and Statistical Manual of Mental
Disorders (DSM-5; American Psychiatric Association, 2013).
Recurrent nightmares are part of the intrusion symptom cluster,
and insomnia is a component of the cluster of symptoms catego-
rized as alterations in arousal and reactivity. Both subjective re-
ports and objective data on sleep quality and continuity suggest
that most individuals with PTSD also suffer from at least one
type of sleep problem (Germain, 2013; Krakow, Germain, et al.,
2001; Krakow et al., 2004). In addition, PTSD patients who re-
port significant sleep disturbance also report higher levels of
substance use, more severe health-related complaints, depres-
sion, and suicidality (Clum et al., 2001; Krakow et al., 2000;
Nishith et al., 2001; Saladin et al., 1995; Vermetten et al., 2018).
Improvements in sleep quality have been associated with

clinically relevant reductions in the severity and impact of
PTSD symptoms (Germain, 2013), highlighting the importance
of specifically targeting sleep as part of a multifaceted approach
to PTSD treatment. Primary therapies that specifically target
PTSD, such as cognitive behavioral therapy (CBT) for PTSD,
are often insufficient to completely improve sleep disturbances
despite reductions in other PTSD-attributable symptoms. Con-
comitant sleep problems can affect the efficacy of first-line
treatments and have been shown to negatively impact psychi-
atric treatment resistance (Germain, 2013). Currently, CBT for
insomnia (CBT-I) is the only recommended psychotherapy in-
tervention for sleep disturbances among PTSD-diagnosed vet-
erans; however, previous research has shown that up to 40% of
research participants drop out of CBT-I treatment (Miller et al.,
2019), and El-Solh et al. (2019) reported that among individu-
als who complete treatment, fewer than half experience clinical
improvement in insomnia at 6-month follow-up.
Among the available pharmacological approaches to sleep

disturbance, prazosin is thought to attenuate central arousal dur-
ing sleep. Despite conflicting results, this pharmacological ap-
proach is still being recommended (Germain et al., 2017; Zhang
et al., 2020), as is doxazosin and terazosin (Pallesen et al.,
2020; Smith & Koola, 2016). Targeting the endocannabinoid
system also has yielded promising results (Jetly et al., 2015;
Krediet et al., 2020). However, evidence of the underutilization
of (Seal et al., 2010) and high attrition rates for (DeViva, 2014)
standard-of-care PTSD treatment, coupled with findings that
SD often persists following trauma-focused treatment, demon-
strate that there is a need for novel interventions that can target
both sleep disturbance and PTSD (Germain et al., 2017).
Randomized, placebo-controlled trials investigating the

efficacy of 3,4-methylenedioxymethamphetamine (MDMA)–
assisted psychotherapy for individuals with chronic, treatment-
resistant PTSD have demonstrated statistically significant
improvements in PTSD symptoms as measured by standard

symptom scales (Mithoefer et al., 2013, 2011, 2018, 2019;
Oehen et al., 2013; Ot’alora et al., 2018), including the
Clinician-Administered PTSD Scale for DSM-IV (CAPS-IV;
Weathers et al., 2001). The pharmacological profile of MDMA
is unique and distinct from psychostimulants (Bershad et al.,
2016), and it has been reported to decrease feelings of fear
while maintaining a clear-headed, alert state of consciousness
(Greer & Tolbert, 1998). The effects of MDMA typically last
3–6 hr and are characterized by feelings of euphoria, increased
well-being, and sociability, along with slight changes in per-
ception and anxiety (Feduccia et al., 2018; Kamilar-Britt &
Bedi, 2015; Kirkpatrick et al., 2014; Liechti et al., 2001).
Long-term follow-up data collected an average of 45 months

after the completion of the first MDMA-assisted psychotherapy
trial for PTSD showed that participants, on average, maintained
statistically and clinically significant gains in PTSD symptom
relief (Mithoefer et al., 2011, 2013). The study authors found
that 63% of participants reported improved sleep at long-term
follow-up, as measured using a single item on the CAPS-IV.
Subsequent Phase 2 studies replicated the promising safety and
efficacy findings forMDMA-assisted psychotherapy in individ-
uals with PTSD (Mithoefer et al., 2018, 2019; Ot’alora et al.,
2018). In four of six Phase 2 randomized, placebo-controlled
trials investigating the safety and efficacy of MDMA-assisted
psychotherapy for the treatment of PTSD, investigators in-
cluded the Pittsburgh Sleep Quality Index (PSQI; Buysse et al.,
1989) as a secondary outcome measure to more fully elucidate
the changes in sleep observed in participants in the first study
(Mithoefer et al., 2011).
For the present study, we conducted secondary analyses us-

ing pooled data collected in the four previously discussed ran-
domized, placebo-controlled trials to explore sleep quality and
the associations between sleep quality and PTSD symptom
severity. We hypothesized that reductions in PSQI scores at pri-
mary endpoint, 1 to 2 sessions after blinded sessions, would be
correlated with reductions in CAPS-IV total scores such that
improvements in sleep quality would be associated with overall
posttreatment PTSD symptom reductions. Similarly, we sought
to understand whether a clinically meaningful (i.e., decrease of
3 points or more) drop in PSQI scores at primary endpoint (TE)
would be associated with larger reductions in CAPS-IV scores
at TE and 12-month follow-up.

Method

Participants and Procedure

Four randomized, double-blind Phase 2 studies with simi-
lar study designs took place at four sites. The sites were lo-
cated in the United States (MP-8, MP-12), Canada (MP-4),
and Israel (MP-9). Three sites were private practices, and one
site was a government-funded psychiatric hospital. Data were
collected from January 2012 to March 2017. Studies were ap-
proved by the Western-Copernicus Institutional Review Board
(Research Triangle Park or Cary, NC; (MP-8, MP-12), IRB
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Figure 1
CONSORT Flow Diagram

Services/Chesapeake, Aurora ON (MP-4), and the Helsinki
Committee of Beer Yaakov Hospital (MP-9). The first two
Phase 2 trials investigating MDMA-assisted psychotherapy for
PTSD did not include the PSQI; data from these studies were
not included herein. All procedures contributing to this work
complied with the ethical standards of the relevant national and
institutional committees on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2008.
Participants were recruited through referrals by health pro-

fessionals, Internet advertisements, and by word of mouth.
Studies enrolled civilians, veterans, and first responders aged
18 and older with previous inadequate response to at least one
pharmacotherapy and/or psychotherapy. The CONSORT flow
diagram for studies is presented in Figure 1. The studies re-
stricted enrollment to individuals with PTSD symptoms that
had lasted at least 6 months and a CAPS-IV total severity score
of 50 or higher for MP-8, MP-12, MP-9, and 60 or higher
for MP-4 (Weathers, 2004). Volunteers with anxiety disorders
and/or depression were enrolled but excluded if they reported
past or current psychotic disorders, bipolar disorder I, border-
line personality disorder, eating disorders with active purging,
or substance abuse disorder within 60 days (MP-8,MP-12,MP-
9) or 6 months (MP-4) of screening. Major medical conditions
except for controlled hypertension or adequately treated hy-

pothyroidism were excluded. In addition, pregnant or lactating
women, women who were not using effective contraception,
and individuals who weighed under 48 kg were excluded.
All psychiatric medications were tapered and discontin-

ued prior to participation, with the exception of anxiolytics
and sedative-hypnotics used as needed between experimen-
tal sessions, gabapentin for pain management, and attention-
deficit/hyperactivity disorder medications, which were halted
on the day of an experimental session but could be resumed
10 days after each experimental session. All participants con-
firmed comprehension of study procedures and provided writ-
ten informed consent.
Participants in randomized, controlled, double-blind stud-

ies underwent 8-hr blinded sessions with either active-dose
MDMA (i.e., 75 mg, 100 mg, or 125 mg initial dose, fol-
lowed by an optional supplemental half dose) or a control
dose (0 mg, 25 mg, 30 mg, or 40 mg MDMA, followed by
an optional supplemental half-dose; (Mithoefer et al., 2018,
2019; Ot’alora et al., 2018b). Therapists performed manualized
psychotherapy (Mithoefer, 2017) throughout the study. Prior to
the experimental sessions, participants met with a co-therapy
team during three 90-min preparatory therapy sessions with-
out drug administration. Subsequently, there were two blinded
experimental sessions, spaced 3–5 weeks apart, each followed
by three 90-min integrative nondrug sessions. The MDMAwas
synthesized byDavid Nichols at PurdueUniversity (MP-8,MP-
12), or Lipomed A.G. in Arlesheim, Switzerland (MP-4, MP-
9), and encapsulated with lactose to create equivalent-weight
gelatin capsules across dose groups.
Therapy occurred in a designated space with a sofa or fu-

ton and aesthetically pleasing surroundings. The approach was
largely nondirective, wherein each participant was encouraged
to spend periods of time focusing attention on their inner experi-
ence, using eyeshades and headphones if they were comfortable
doing so, alternating with periods of time interacting with the
co-therapy team to process emotions and memories that arose.
Participants remained at the study site overnight and were sup-
ported by a trained night attendant until an integration session
with the therapists the following day.
Participants and investigators were unblinded to group as-

signment after completing the primary endpoint, 1–2 months
after the second blinded experimental session. Full-dose par-
ticipants (i.e., 100 mg, 125 mg) had one additional open-label
session except those enrolled in MP-9, which did not include a
third session. Participants assigned to receive 0–75 mgMDMA
crossed over to receive two (MP-9) or three (MP-4, MP-8,
MP-12) open-label MDMA sessions (i.e., 100–125 mg) in
the open-label crossover segments. Participants completed the
CAPS-IV and PSQI at baseline, the primary endpoint, at TE
(i.e., 2 months after the third active MDMA session for MP4,
MP8,MP12, and 2months after two activeMDMA sessions for
MP-9), and at a 12-month follow-up assessment. Because the
PSQI was added as a study amendment in MP-8, only 76.9%
(20 of 26) of participants completed the PSQI. Among the re-
maining participants from the other three studies, all but one
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participant completed the measure at least once after baseline.
Details of the study methods and secondary measures can be
found elsewhere (Mithoefer et al., 2018, 2019; Ot’alora, et al.,
2018).

Measures

Sleep Quality
The 19-item PSQI was used to assess participants’ sleep

quality. The PSQI is a self-report questionnaire used to as-
sess past-month disturbances related to seven clinically rele-
vant components of sleep quality. Each component is rated on
a scale of 0 (not in the past month) to 3 (3 or more times in a
week), with a composite score derived from the frequencies of
each type of disturbance (range: 0–21). A PSQI global score is
then calculated as the sum of these seven component scores. A
cutoff score of 5 has been shown to discriminate between good
and poor sleepers. The PSQI has demonstrated high internal
consistency, (Cronbach’s α = .83) good test–retest reliability
(.85–.87; (Backhaus et al., 2002), and a diagnostic sensitivity
and specificity of 89.6% and 86.5%, respectively (κ = .75, p<

.001) in distinguishing good and poor sleepers (Buysse et al.,
1989). In the present sample, Cronbach’s alpha for the PSQI
was .63 at baseline, .71 at the primary endpoint, .69 at treat-
ment exit, and .80 at long-term follow-up.
Although a PSQI global score of 5 or higher has been asso-

ciated with clinically significant sleep disturbances in civilians,
mean PSQI global scores in samples of civilians and military
veterans with PTSD can range from 10 to 15 (Germain et al.,
2004; Krakow, Hollifield, et al., 2001; Krakow, Melendrez,
et al., 2001; Mellman et al., 1995; Ulmer et al., 2011). For this
reason, we chose to adopt the clinically meaningful difference
utilized by the authors of the instrument, who have conducted
sleep-focused PTSD trials and determined that a 3-point drop
represents a clinically meaningful difference (Buysse et al.,
2011; Germain et al., 2006; Vermetten et al., 2018).

PTSD Symptoms
The CAPS-IV is a 23-item, semistructured interview that is

used to assess the frequency and intensity of individual DSM-
IV PTSD symptoms on separate 5-point (i.e., 0–4) Likert scales
that can be summed to create a 9-point (range: 0–8) severity
score for each symptom. Total symptom severity scores range
from 0 to 136, with higher values signifying higher levels of
symptom severity. The CAPS-IV assigns diagnosis as being
present or absent. Test–retest reliabilities have been reported to
range from .77 to .96 for the three symptom clusters and from
.90 to .98 for the 17-item core symptom scale (Blake et al.,
1995). The CAPS-IV has demonstrated high internal consis-
tency, with alpha values for the three symptom clusters ranging
from .85 to .87 and an alpha value of .94 reported for the total
score (Blake et al., 1995). In all four studies, the CAPS-IV was
assessed by an independent rater who was not present during
any of the psychotherapy sessions.

Data Analysis

Data from the four studies were pooled into two treatment
groups (control: 0–40 mg; active: 75–125 mg) for a modi-
fied intent-to-treat set that included data from all participants
who completed at least one blinded experimental session and
at least one follow-up assessment. One participant completed
the CAPS-IV at the primary endpoint but did not complete the
PSQI at baseline and was therefore omitted from the analy-
ses. Data aggregation was based on the designation of doses
as control or active within individual study protocols and by
inspection of posttreatment CAPS-IV scores, which indicated
grouping individual doses (Mithoefer et al., 2019). For the pri-
mary analyses, we conducted independent samples t tests, with
an alpha value of 0.05 (two-tailed), to evaluate the change in
CAPS-IV total scores and PSQI total scores from baseline to
the primary endpoint for treatment groups. Between-group ef-
fect sizes were calculated with Hedges’ g. We analyzed PSQI
subscale scores in a similar manner. Because the pilot studies
were not powered to detect statistical significance, no power
analyses were performed prior to the individual Phase 2 trials
or for this exploratory analysis.
As participants from both groups had received active doses of

MDMA in blinded or open-label stages, amixed-effect repeated
model (MMRM) was performed. We utilized an unstructured
variance/covariance structure to impose as few assumptions on
the data as possible. Restricted maximum likelihood was used
for the estimation of the parameters. Outcome scores from all
participants were aggregated at three time points and analyzed
via MMRM. The base model included time (baseline, TE, 12-
month follow-up), baseline CAPS-IV score, and study as fixed
effects, and participant was specified as a random effect. A test
for an interaction of dose versus visit failed to reject the null
hypothesis. To explore whether a clinically significant drop of
3 points or more on the PSQI at the primary endpoint impacted
CAPS-IV scores at TE and 12-month follow-up, we performed
a subgroup analysis. In an MMRM, the base model included
PSQI group (3-point or more drop or drop of 3 points or less),
time (baseline, TE, 12-month follow-up), baseline CAPS-IV
scores, and study as fixed effects, and participant was entered as
a random effect. To assess the associations among age, PTSD
duration, sex, race, and prestudy self-reported “ecstasy” use
(i.e., substances assumed to contain MDMA), these covariates
were added to the base model one by one. The base model in-
cluded a fixed effect for the visit, and each candidate predictor
was fitted in the model one by one. A prespecified cutoff of p
≤ .01 was used to choose candidate predictors to be included
in a full model. Among the candidate predictors, age and race
met the cutoff and were added to the full model. In the full
model, race did not meet the prespecified criteria of p < .05.
The Akaike information criterion calculated to assess model fit
showed a 22.2-point drop from the base model to the model that
included age and baseline PSQI score. Pearson’s correlations
(two-tailed) were calculated to assess the association between
change in CAPS-IV and PSQI scores from baseline to TE. A
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chi-square test was performed to test the associations among
categorical variables between groups. All analyses were per-
formed using SPSS (Version 20), and SAS (Version 9.3) was
employed for the MMRM.

Results

Sample Characteristics

Table 1 displays the demographic and baseline characteris-
tics of the sample. Demographic characteristics were approxi-
mately the same between treatment groups. The mean partici-
pant agewas 40.80 years (SD= 11.49), and the sample included
34 male (54.0%) and 29 female participants (46.0%). The sam-
ple was largely White/Caucasian 85.7%, with other races and
ethnicities including Latino/Hispanic (3.2%), Native American
(3.2%), Middle Eastern (1.6%), and other/biracial (6.4%). The
mean duration of PTSD was 225.30 months (SD = 208.66),
with various trauma types reported. The most commonly expe-
rienced traumatic event was combat (71.4%), followed by sex-
ual assault (46.0%), child abuse (30.2%), accidents (15.9%),
and “other” (69.8%). Many participants had a lifetime history
of suicidal ideation (87.3%) and/or behavior (30.2%). Regard-
ing prior ecstasy use, 28.6% of participants reported trying ec-
stasy one or more times prior to enrolling in the study.

Blinded Endpoint

At the primary endpoint (Table 2), there was a significant
treatment effect on change in CAPS-IV total scores (active
group:M= −34.0, SD= 26.46; control group:M= −12.4, SD
= 16.38), p= .003, and PSQI scores (active group:M= −3.53,
SD= 5.03; control group:M= 0.56, SD= 3.05), p= .003, in-
dicating that active doses of MDMA improved outcomes (Fig-
ure 2). More participants in the active group (53.2%), χ2(df, 1,
N = 61) = 8.87, p = .003, reported a PSQI score drop of 3
points or more than in the control group (12.5%). It is worth
noting that sleep-specific items from the CAPS-IV were not re-
moved for the analyses; removal may have provided a more ac-
curate assessment of the relation between changes in CAPS-IV
and PSQI scores.
Regarding PSQI subscale scores, significant differences be-

tween groups were detected at the primary endpoint for three of
seven subscales (Table 2). Improvements in Sleep Quality sub-
scale scores (e.g., “During the past month, how would you rate
your sleep quality overall?”) were significantly greater in the
active group compared to the control group, with a mean score
drop of −0.62 (SD = 0.98) among individuals in the active
group, reflecting improved sleep quality, compared to a mean
increase of 0.19 (SD = 0.91) in the control group, reflecting
worsened sleep quality, p= .006. Individuals in the active-dose
group also saw more improvement in sleep latency (i.e., requir-
ing less time to fall asleep), with a mean score change of −0.42
(SD = 1.01) among active participants compared to a mean in-
crease of 0.38 (SD = 0.72) among control participants, p =

Figure 2
Change over time (A) Pittsburgh Sleep Quality Index (PSQI) and (B) Clinician-
Administered PTSD Scale for DSM-IV (CAPS-IV) Total Scores

Note. The primary endpoint occurred 1 month after the second blinded 3,4-
methylenedioxymethamphetamine (MDMA)/placebo session. The blind was
broken after the primary endpoint. The active dose groups (100–125 mg) had
one additional open-label MDMA session and completed an assessment 2
months after the third session (i.e., TE). The comparator group (0–40 mg) and
the 75–mg group crossed over to receive three open-label (100–125 mg) ses-
sions, with an assessment 1 month after the second open-label MDMA session
(i.e., secondary endpoint) and again 2months after the third open-labelMDMA
session (i.e., TE). The 12-month follow-up visit occurred after the final open-
label MDMA session. Groups were pooled for TE and 12-month follow-up
endpoints, as all participants had received active doses of MDMA in either
the blinded or open-label crossover segments. PTSD = posttraumatic stress
disorder.

.005. Finally, participants in the active-dose group reported less
daytime dysfunction (i.e., difficulty staying awake and main-
taining adequate enthusiasm to carry out the day-to-day activ-
ity) at the primary endpoint, reporting a mean score change
of −0.82 (SD = 0.89) compared to a mean increase of 0.25
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Figure 3
Correlation Plot of Change in Pittsburgh Sleep Quality Index (PSQI) and Clinician-Administered PTSD Scale for DSM-IV (CAPS-IV) Total Scores Baseline to
Treatment Exit

Note. The change in CAPS-IV and PSQI scores from Baseline to TE (TE; n = 58) was significantly correlated, r = .371, p = .004.

(SD = 0.93) among control participants (i.e., a worsening of
daytime dysfunction), p < .001.
On the night of Experimental Session 1, no participants

in the control group received a sleep aid (see Supplementary
Table S1). For the active-dose group (n = 46), on the night
of Experimental Session 1, three participants (6.5%) received
zolpidem, two received melatonin (4.3%), and one received
zopiclone (2.2%); on the night of Experimental Session 2,
four received zolpidem (8.7%), and one received melatonin
(2.2%).

Open-Label Endpoints: Treatment Exit and Long-Term
Follow-Up

Because all participants received active doses of MDMA at
some point during the study in either blinded or open-label
sessions, the control and active-dose groups were combined
for analyses of baseline, TE, and 12-month follow-up outcome

analyses (Table 3). In the MMRM analysis, CAPS-IV total
scores significantly decreased from baseline to TE, p < .001,
and baseline to 12-month follow-up, p< .001, with scores con-
tinuing to decline at 12-month follow-up compared to TE, p =
.011. We found similar results for the PSQI, with scores signif-
icantly decreasing from baseline to TE, p < .001, and baseline
to 12-month follow-up, p < .001. Scores continued to decline
at 12-month follow-up compared to TE, p= .030. Age was the
only significant covariate, p = .017, with participants under 30
years of age demonstrating a higher degree of sleep improve-
ment compared to those older than 30. Changes in CAPS-IV
and PSQI scores from baseline to TE (n = 58; see Figure 3)
were significantly correlated, r = .371, p = .004.
To explore whether a clinically significant drop of 3 points or

more on the PSQI at the primary endpoint impacted CAPS-IV
scores, we performed a subgroup analysis. A drop of 3 points
or more on the PSQI at primary endpoint was associated with
lower CAPS-IV scores at TE (group difference: least squares
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(LS)M= −14.41, SD= 7.06), p= .046, and 12-month follow-
up (group difference: LS M = −23.06, SD = 6.00), p < .001.
At 12-month follow-up, 21 participants had a PSQI total score
of 5 or lower compared to only two participants with a total
PSQI score of 5 or lower at baseline.

Discussion

The present results provide evidence for the beneficial ef-
fects ofMDMA-assisted psychotherapy in treating sleep distur-
bance in individuals with PTSD. At the primary endpoint, par-
ticipants in the active-doseMDMAgroup reported significantly
improved scores on measures of both sleep and PTSD symp-
toms compared to control participants, with approximately half
(53.2%) of the active-dose participants showing a clinically
meaningful (i.e., 3-point or more) reduction in PSQI scores,
suggesting that MDMA-assisted psychotherapy promotes im-
provements in both sleep and PTSD symptoms. In addition,
sleep quality and PTSD symptoms improved significantly be-
tween TE and 12-month follow-up, indicating an enduring,
clinically meaningful benefit of MDMA-assisted psychother-
apy on both domains. At 12-month follow-up, 21 out of 63 par-
ticipants no longer met the criteria for sleep disturbance, as ev-
idenced by a PSQI total score of 5 or lower.
We observed a significant between-group difference in scores

on the PSQI Sleep Latency and Daytime Dysfunction sub-
scales at the primary endpoint, such that individuals in the ac-
tive dose group reported requiring less time to fall asleep and
less daytime dysfunction. These findings are in accordancewith
findings from studies of objective measures of sleep showing
that in PTSD, both sleep and wakefulness are characterized by
heightened arousal. Sleep-related characteristics of PTSD in-
clude reduced slow-wave sleep and increased Stage 1 sleep and
rapid eye movement density. Reduced attention, increased dis-
tractibility, and reduced information processing speedmaywell
reflect heightened arousal during wakefulness, suggesting that
decreases in arousal may account for both decreased sleep la-
tency and decreased daytime dysfunction (Koffel et al., 2016).
Although sleep-specific items from the CAPS-IV were re-

tained rather than removed, a subgroup analysis showed that
a 3-point or more drop in PSQI scores at the primary endpoint
was associated with lower CAPS-IV scores at TE and 12-month
follow-up such that participants who had a clinically mean-
ingful improvement in sleep at primary endpoint also demon-
strated more PTSD symptom improvement at TE and 12-month
follow-up. Furthermore, the change in sleep quality was posi-
tively correlated with the change in PTSD symptom severity for
the overall sample at posttreatment.
In contrast to reports of improved sleep lasting weeks or

longer after treatment, MDMA can temporarily hamper sleep
in healthy controls and individuals with PTSD, with reports of
worsening insomnia lasting for approximately 3 days (Liechti
et al., 2001; Mithoefer et al., 2018, 2019; Ot’alora, et al., 2018;
Vizeli & Liechti, 2017). Mithoefer et al. (2019) reported safety

outcomes from six Phase 2 trials, including participants rep-
resented in the present analyses, showing that on the night
of experimental sessions, 38% of participants in the control
group experienced insomnia compared with 29% of those in
theMDMAgroup. The following day, the occurrence of insom-
nia increased for the MDMA group (47%) but stayed nearly the
same for the control group (36%). Improved sleep assessed 1–2
months later demonstrates that these acute effects are transient.
There were several limitations of the present study. First,

the sample size was relatively small and consisted of mostly
White/Caucasian (85.7%) participants. Second, the main out-
come measures of PTSD and sleep quality were based on self-
report assessments. Although the results from some studies that
have compared subjective and objective sleep estimates have
demonstrated that individuals with disturbed sleep tend to un-
derestimate their total sleep time and overestimate their sleep
onset latency (Kobayashi et al., 2012), these findings are in-
conclusive and warrant further investigation. Future studies can
investigate the associations between subjective and objective
measures of sleep after MDMA-assisted psychotherapy to see
if they are related and, if applicable, how they differ.
Given that sleep disturbance is not a unitary construct and

different aspects of sleep disturbance are likely related in dif-
ferent ways to the risk, pathophysiology, maintenance of, and
recovery from PTSD, future researchers should strive to eluci-
date the extent towhichMDMAmay differentially impact sleep
symptoms, including well-established PTSD-associated sleep
symptoms, such as nightmares, distressed awakenings, soaking
sweats during sleep, and short sleep duration, andmore recently
identified PTSD-associated sleep symptoms, such as acting-
out dreams and symptoms of obstructive sleep apnea (OSA).
Researchers can utilize PTSD-specific assessments of sleep
symptoms, such as the PTSD addendum to the PSQI, and addi-
tionally assess OSA symptoms as well as pain and temperature
dysregulation, which are known to interfere with sleep and may
require separate treatment.
Although it is unclear whether MDMA-assisted psychother-

apy impacts the underlying hyperarousal symptoms of PTSD in
a way that current evidence-based treatments for PTSD do not,
there are two important considerations to keep in mind when
considering the present findings. First, some apparent residual
symptoms may have been due to other sleep disorders that re-
quire separate treatment, such as OSA. Moreover, it is possible
that MDMA trials are enrolling a more treatment-resistant pop-
ulation.
The current report included the largest sample to date of data

regarding sleep from participants with PTSD enrolled in clin-
ical trials of MDMA-assisted psychotherapy. At the posttreat-
ment assessment, individuals in the MDMA group experienced
a higher degree of improvements in sleep as well as steeper re-
ductions in PTSD symptom severity compared to the control
group. At 12-month follow-up, these improvements endured,
suggesting that MDMA-assisted psychotherapy may be partic-
ularly suited for promoting sleep regulation in patients with
PTSD.
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