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A B S T R A C T

Background: Methamphetamine (METH) use is a public health crisis that disproportionately affects men who
have sex with men (MSM). There are currently no FDA-approved pharmacological interventions to treat me-
thamphetamine use disorder (MUD). MUD is associated with social impairments and extremely high treatment
attrition rates. Administration of oxytocin, a neuropeptide involved in social attachment, may be a novel ap-
proach to addressing these issues. Moreover, oxytocin administration has shown promise for reducing METH-
related addictive behavior in animal models, but has not yet been investigated in clinical trials for MUD. Last,
oxytocin is known to modulate stress responsivity via regulation of the autonomic nervous system, which is
dysregulated in METH users. We hypothesize that oxytocin, in combination with group psychotherapy, will
increase treatment engagement, reduce addiction behavior, and mitigate stress hyperreactivity.
Methods: This is a randomized, double blind trial of oxytocin 40-IU (n = 24) or placebo (n = 24) administered
intranasally prior to each of six weekly motivational interviewing group therapy (MIGT) sessions for MUD in
MSM. Primary outcome: (a) session attendance. Secondary outcomes: (b) group cohesion, (c) anxiety, (d) METH
craving, (e) METH use, and (f) in-session cardiac physiology.
Results: Participants receiving oxytocin had significantly higher group therapy attendance than those receiving
placebo, OR 3.26, 95% CI [1.27–8.41], p = .014. There was a small effect of oxytocin on group cohension, but
not anxiety or craving. METH use did not change over the six-week MIGT course in either treatment arm.
Participants receiving oxytocin had lower average heart rates during MIGT sessions and higher heart rate
variability. There were positive main effects of MIGT over Time regardless of study drug.
Conclusions: This evidence, and the lack of any serious adverse events, suggests that oxytocin may safely increase
treatment attendance. One possible mechanism by which it may do so is its modulation of the autonomic nervous
system. Further investigation is warranted.

1. Introduction

Methamphetamine (METH) is a potent psychostimulant with high
addiction potential (Insel, 2003; Taylor, Lewis, & Olive, 2013). METH
use is a widespread global health concern (UNODC, August, 2018).

SAMHSA estimated prevalence of past year use in 2018 in the United
States to be 0.7% (SAMHSA, 2019). However, among lesbian, gay, and
bisexual individuals in the United States, estimated prevalence was
2.4% (SAMHSA, 2019), and prevalence of METH use over the past six
months for men who have sex with men (MSM) in San Francisco was an
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estimated 8% (SFDPH, 2019). High concentration of METH use among
MSM is a public health crisis and is associated with significant psy-
chosocial and biomedical harm (Knight et al., 2019). METH-related
fatalities have been on the rise (SFDPH, 2019), primarily due to car-
diovascular failure (Hassan, Wearne, Cornish, & Goodchild, 2016;
SFDPH, 2019).

Treatment options for methamphetamine use disorder (MUD) are
limited and poorly utilized. Behavioral interventions are the gold
standard treatment for MUD (Baker & Lee, 2003; Shearer, 2007).
However, METH use is associated with drastically high treatment drop-
out rates. Almost 25% of patients drop out of addiction treatment
within 30 days (Stevens, Radcliffe, Sanders, & Hunt, 2008) and >75%
within 180 days (Bhatt et al., 2016; Cook, Quinn, Heinzerling, &
Shoptaw, 2017; Hermanstyne et al., 2014; Maglione, Chao, & Anglin,
2000; Stevens et al., 2008). Moreover, in clinical trials investigating
treatments for MUD, >50% of participants drop out prior to study
completion (Bhatt et al., 2016; Cook et al., 2017), and ongoing METH
use is associated with poor adherence to experimental pharmacological
interventions (Hermanstyne et al., 2014). Poor retention in clinical
trials reduces internal validity, making results difficult to interpret and
limiting the development of much-needed innovative treatment stra-
tegies for MUD. Despite significant effort, there are currently no phar-
macological treatments that are FDA-approved for any stimulant use
disorder (Knight et al., 2019; Morley, Cornish, Faingold, Wood, &
Haber, 2017).

METH use has been linked to maladaptive social impairments, such
as social withdrawal and misperceiving neutral social cues as threa-
tening (Homer et al., 2008; Payer et al., 2008), which may help to
explain difficulties engaging with treatment. Conversely, lack of social
support has been linked to treatment drop-out in stimulant users
(McMahon, Kouzekanani, & Malow, 1999). It is important to note that
there is a dose-response relationship between duration of retention in
addiction treatment and positive outcomes (Brecht & Herbeck, 2014;
Moos, Finney, Federman, & Suchinsky, 2000; Siqueland et al., 2002).
Given the notoriously high drop-out rates associated with METH use
juxtaposed against the significant positive impact of longer treatment
duration, there is a critical need for novel approaches that combat
METH-related social impairments and enhance treatment engagement
and efficacy (Volkow, 2020).

Oxytocin is a hypothalamic neuropeptide known to increase social
salience (Shamay-Tsoory & Abu-Akel, 2016), has demonstrated anti-
addiction properties (Lee, Rohn, Tanda, & Leggio, 2016; Sarnyai &
Kovacs, 2014), and modulates stress reactivity (Flanagan, Baker,
McRae-Clark, Brady, & Moran-Santa Maria, 2015; Sippel et al., 2017).
In the context of safety, oxytocin, via its central role in mammalian
attachment, facilitates selective social engagement with trusted in-
dividuals and supports emotion regulation (Carter, 2017). Intranasal
administration of exogenous oxytocin together with social support from
a friend have been found to synergistically ameliorate reactivity to a
laboratory stress test (Heinrichs, Baumgartner, Kirschbaum, & Ehlert,
2003; Riem, Kunst, Bekker, Fallon, & Kupper, 2020). Conversely, oxy-
tocin's effects on addiction and psychophysiology have been linked to
increased motivation and capacity for social engagement (Kemp et al.,
2012; Tops, Koole, Ijzerman, & Buisman-Pijlman, 2014). Thus, oxytocin
administration may be ideal for increasing treatment retention and
engagement among METH users, which would improve clinical treat-
ment outcomes and boost internal validity of clinical trials aimed at
investigating new treatments for MUD.

Our research group previously conducted a randomized, controlled,
pilot study of intranasal oxytocin administered twice daily for two
weeks to cocaine users in a methadone clinic (Stauffer et al., 2016). An
exploratory analysis revealed improved clinic attendance for partici-
pants receiving oxytocin versus placebo. Though we provided a sup-
portive environment, which has been shown to bolster oxytocin's
therapeutic effects (Heinrichs et al., 2003; Riem et al., 2020), the study
did not involve any manualized psychotherapeutic intervention. Other

researchers have begun to explore the effects of oxytocin administration
to augment psychotherapy for post-traumatic stress disorder (Flanagan,
Sippel, Wahlquist, Moran-Santa Maria, & Back, 2018) and major de-
pressive disorder (Ellenbogen, Cardoso, Serravalle, & Virginia, 2018).
Research has found motivational interviewing (MI), a supportive,
client-centered, therapeutic approach designed to help individuals
overcome ambivalence and change problematic behavior (Miller &
Rollnick, 1991), to be effective for the treatment of MUD among MSM
(Parsons, Lelutiu-Weinberger, Botsko, & Golub, 2014; Zule et al., 2012).
Moreover, although a recent Cochrane review (Klimas et al., 2018)
found no difference in treatment retention between MI and other
standard psychosocial interventions for addiction, MI implemented
during intake has been shown to improve retention in subsequent ad-
diction treatment (Carroll et al., 2006). Therefore, the combination of
oxytocin administration and MI, conducted in groups geared toward
fostering a supportive context among peers, may help to boost treat-
ment engagement as well as address other symptoms of MUD.

In addition to its social effects, oxytocin appears to demonstrate
anti-addiction effects for a wide variety of substances (Lee et al., 2016;
Sarnyai & Kovacs, 2014). For example, oxytocin has been found to di-
minish several aspects of METH-related reward in animals (Baracz &
Cornish, 2016). Specifically, oxytocin administered to animal models of
addiction has demonstrated reduction in METH self-administration and
conditioned place preference (Baracz et al., 2012; Carson, Cornish,
Guastella, Hunt, & McGregor, 2010; Cox et al., 2017; Hicks, Cornish,
Baracz, Suraev, & McGregor, 2016; Qi et al., 2009); METH-induced
locomotor hyperactivity (Carson et al., 2010; Qi et al., 2008); cue-,
drug-, and stress-induced reinstatement of METH use (Baracz, Everett,
& Cornish, 2015; Baracz, Everett, McGregor, & Cornish, 2016; Carson,
Cornish, et al., 2010; Cox et al., 2017; Everett, Baracz, & Cornish, 2019;
Everett, Baracz, & Cornish, 2020; Hicks et al., 2016; Qi et al., 2009);
and METH-induced cFos expression in the nucleus accumbens (Everett
et al., 2019). While early clinical trials have investigated oxytocin's
effects on alcohol, cannabis, opioid, cocaine, and tobacco use disorders
(Lee & Weerts, 2016; Stauffer et al., 2016), no clinical trial has yet
investigated the effects of oxytocin administration on METH use in
humans.

Oxytocin generally increases vagal tone (i.e., parasympathetic ner-
vous system activity) and plays a cardioprotective role (Gutkowska,
Jankowski, & Antunes-Rodrigues, 2014). Moreover, intranasal oxytocin
administration acutely modulates heart rate variability (HRV) in re-
sponse to laboratory stressors in humans (Kemp et al., 2012;
Kubzansky, Mendes, Appleton, Block, & Adler, 2012; Norman et al.,
2011; Riem et al., 2020; Romney, Hahn-Holbrook, Norman, Moore, &
Holt-Lunstad, 2019; Tracy, Gibson, Labuschagne, Georgiou-Karistianis,
& Giummarra, 2018). HRV refers to variation in the interval between
successive heart beats, a marker of autonomic flexibility and ability to
regulate emotional responses (Appelhans & Luecken, 2006). Interest-
ingly, the direction of oxytocin's effects on HRV depends on social
context, emphasizing the intimate link between oxytocin's social and
physiological properties. In samples of healthy individuals, adminis-
tration of oxytocin, compared to placebo, in a challenging context
seems to decrease HRV, essentially reducing vagal tone and allowing
the sympathetic nervous system to increase arousal and orchestrate a
fight-or-flight response; whereas, oxytocin administration in a non-
threatening context (e.g., at rest) seems to increase HRV, allowing vagal
regulation of emotional processes underlying social approach behavior
(Appelhans & Luecken, 2006; Kemp & Guastella, 2010). The presence of
a supportive friend (Kemp et al., 2012; Kubzansky et al., 2012; Norman,
Cacioppo, Morris, Malarkey, et al., 2011; Riem et al., 2020; Romney
et al., 2019; Tracy et al., 2018) and loneliness ratings (Norman,
Cacioppo, Morris, Malarkey, et al., 2011) further moderate the effects
of oxytocin on HRV. On the other hand, METH use is associated with
acute sympathomimetic effects (Gutkowska et al., 2014; Henry,
Minassian, & Perry, 2012; Schwarzbach, Lenk, & Laufs, 2020) as well as
chronic reductions in HRV (Henry et al., 2012). Recent studies have
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focused on interventions to increase HRV as a correlate for symptom
improvement in substance use disorders (Dolezal et al., 2014; Eddie,
Kim, Lehrer, Deneke, & Bates, 2014). Despite the evidence above out-
lining oxytocin's effects on cardiac physiology in healthy individuals,
along with the negative cardiac effects of METH, to our knowledge this
is the first investigation of the effects of oxytocin administration on
HRV in individuals with a substance use disorder.

The purpose of the current study was to test the hypothesis that
intranasal oxytocin, compared to matched intranasal placebo, ad-
ministered immediately before each of six sessions of motivational in-
terviewing group therapy (MIGT) will improve clinical treatment out-
comes for MUD in a sample of MSM. We will refer to this
psychopharmacology-psychotherapy combination treatment as oxy-
tocin-enhanced motivational interviewing group therapy (OE-MIGT). In
addition to being well tolerated (e.g., no serious adverse events), we
specifically hypothesized that OE-MIGT will (a) increase group therapy
session attendance. Secondarily, we hypothesized that OE-MIGT will
(b) increase self-reported group cohesion, (c) decrease self-reported
anxiety, (d) reduce METH craving and (e) METH use, and (f) reduce
heart rate and increase HRV during group therapy sessions (i.e., psy-
chophysiology reflecting social approach-related motivation) (Kemp
et al., 2012).

2. Methods

2.1. Trial design

This was a randomized, double-blind, placebo-controlled, clinical
trial (NCT02881177) examining the effects of OE-MIGT for MUD
among MSM. The rationale, study design, and analytic plan have been
previously published in greater detail (Stauffer et al., 2019), but we
outline them here.

We compensated participants $50 for each study visit (i.e., a pos-
sible total of $350 for attending the baseline screening assessment and
all six MIGT sessions). For the MIGT sessions, participants received $25
immediately after the session and an additional $25 was placed into a
“bonus pot”, which they would receive only if they attended the final
session (i.e., they would receive a total of $175 at session 6 if they had
attended all sessions prior). The University of California, San Francisco
(UCSF) Institutional Review Board provided ethics review and safety
monitoring for this study.

2.2. Participants

2.2.1. Inclusion/exclusion criteria
To be eligible for participation, individuals had to be between 18

and 65 years old, male-identified (or genderqueer and assigned male at
birth), have a history of sexual contact with men, and meet criteria for
severe MUD as defined by the Diagnostic and Statistical Manual of Mental
Disorders, fifth edition (DSM-5). At the time of screening, we required
participants to be treatment-seeking for MUD and have used METH at
least once in the past 30 days.

Exclusion criteria included: (a) diagnosis of bipolar I disorder; (b)
severe alcohol use disorder with withdrawal symptoms; (c) suicidal
ideation with intent or plan, a suicide attempt in the past six months,
and/or homicidal ideation within the past ninety days; (d) evidence of
opioid use in the past month; (e) cognitive impairment or behavioral
issues precluding participation in group therapy; (f) diseases likely to
influence hormonal or neuroendocrine status; (g) conditions preventing
nasal spray administration (e.g., nasal obstruction, frequent nose
bleeds); and (h) known allergic reaction to the preservatives within the
nasal spray.

2.2.2. Recruitment and screening
We recruited participants from March 2017 through July 2018 in

San Francisco, CA, USA, from various community health centers

specializing in the treatment of substance use disorders among MSM
populations. We also posted study flyers throughout the community.
Interested participants contacted study staff and underwent a brief
screening interview prior to being invited to attend a more thorough in-
person screening assessment. We obtained written informed consent
before we performed any study procedures. A trained clinical inter-
viewer with at least master's level training in clinical psychology con-
ducted screening assessments, which included pertinent sections of the
Mini International Neuropsychiatric Interview (MINI) 7.0.0 (Sheehan
et al., 2015) and the suicide subsection from the Structured Clinical
Interview for DSM-5 (SCID-5) (First, Williams, Karg, & Spitzer, 2016).
Last, a study physician conducted a brief medical history and physical
examination, including assessment of the nasal parenchyma.

2.2.3. Randomization and blinding
We randomly assigned eligible individuals to an MIGT cohort, with

a 1:1 chance of being placed in an OE-MIGT cohort or a control MIGT
cohort receiving intranasal placebo prior to each session. Each member
of a cohort received the same study drug as the other members of their
cohort, and each cohort received the same study drug for all six ses-
sions. Wellspring Compounding Pharmacy (Berkeley, CA, USA) im-
plemented and maintained blinding procedures.

2.3. Interventions

2.3.1. Study drug
Study drug was oxytocin 40 International Units (IU) or matched

placebo. Wellspring Compounding Pharmacy prepared the drug.
Oxytocin concentration was 40-IU per milliliter (mL). Prior work has
shown the onset of oxytocin's effects to occur within 30 min and last at
least 90 min (Norman et al., 2011). The study psychiatrist administered
the study drug intranasally, with all participants present in the group
therapy space, 30 min prior to the beginning of each MIGT session. The
study psychiatrist separated each study drug dose into two 1-mL Luer
lock syringes and administered, one per nostril, in a standardized
fashion (Guastella et al., 2013) through an attached mucosal atomiza-
tion device (MAD300; Teleflex technologies, Mooresville, NC).

2.3.2. Motivational interviewing group therapy (MIGT)
MI is a conversational technique designed to address ambivalence

and strengthen an individual's own motivation to change a behavior.
Participants generate their own goals for change, along with persona-
lized plans for attaining stated goals. Reducing or discontinuing METH
use or increasing engagement in treatment are examples of goals for
healthy behavioral change within the context of our study. In MIGT,
therapists normalize the fact that participants in the group may be at
different stages of change and have different goals and plans for
treatment (Wagner & Ingersoll, 2013).

Two therapists, a licensed psychiatrist and a mental health trainee
(either a clinical psychology Ph.D./Psy.D. candidate or a psychiatry
resident in their final year of training), co-facilitated each of the MIGT
sessions in this study. Each closed-admission MIGT cohort consisted of
four to six research participants. We adapted a treatment manual from
Wagner and Ingersoll (2013) for OE-MIGT for MUD in MSM (see Sup-
plemental Material). We gave special attention to social context in our
study design, as oxytocin administration can enhance “in-group/out-
group” dynamics (De Dreu, 2012; De Dreu, Shalvi, Greer, Van Kleef, &
Handgraaf, 2012; Ten Velden, Daughters, & De Dreu, 2017; Zhang,
Gross, De Dreu, & Ma, 2019). In other words, we specifically designed
our harm reduction intervention to provide a generally supportive and
nonjudgmental social context in an attempt to maximize the potential
benefits of intranasal oxytocin related to social approach behavior
while minimizing risks, such as scapegoating.

Participants arrived 45 min prior to the beginning of each 90-min
MIGT session for study drug administration, to complete ques-
tionnaires, and to provide a urine sample. Participants also completed
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questionnaires for approximately 15 min after each MIGT session. The
sixth and final MIGT session lasted only 60 min to provide time for
completion of additional post-session measures. We recorded all MIGT
sessions (n = 60) for ongoing review and clinical supervision.

We randomly selected audio recordings from one third of the MIGT
sessions (n = 20), half from oxytocin cohorts and half from placebo
cohorts, for two expert raters to assess treatment integrity using the
Motivational Interviewing Treatment Integrity Coding Manual (MITI)
4.2 (Moyers et al., 2014). The MITI 4.2 includes global ratings and
behavior counts. Global rating categories include “relational”, which
describes the extent to which therapists exhibited partnership and
empathy, as well as “technical”, which describes the extent to which
therapists engaged in techniques designed to strengthen change talk
and soften sustain talk in relation to participants' behavioral goals.
Global ratings range from 1 to 5. Behavior counts describe how often
therapists engaged in MI-adherent interventions (e.g., affirmations,
seeking collaboration, and emphasizing autonomy) and MI-non-
adherent behavior (e.g., persuade, confront). We double-coded a
random sample of five sessions to establish inter-rater reliability. We
determined inter-rater reliability using a two-way absolute single-
measures intra-class correlation (ICC), which provides a conservative
estimate of reliability that is generalizable to single- and double-coded
sessions (Hallgren, 2012).

2.4. Outcome measures

See Table 1 for timing of the outcome measurements described here.
We collected self-report data using Research Electronic Data Capture
hosted by UCSF on Google Nexus 7 tablets.

2.4.1. Baseline measures
At the screening assessment, the clinical interviewer collected

baseline sociodemographic factors, including sexual orientation using

the Kinsey scale (Weinrich, 1990). We assessed relative frequency of
use for various substances: (1) number of days used over the past
30 days and (2) lifetime use = (number of years on average participant
used ≥3 days per week)/(age in years). We asked participants their
preferred term for METH, and all subsequent references to METH in
self-assessment questionnaires used the individual respondent's pre-
ferred term. Baseline self-assessment measures included: the Adverse
Childhood Experience Questionnaire (Felitti et al., 1998), the State-
Trait Anxiety Inventory (Spielberger, Gorsuch, Lushene, Vagg, &
Jacobs, 1983), the Experiences in Close Relationships – Short Form
(Wei, Russell, Mallinckrodt, & Vogel, 2007), and the Readiness to
Change Questionnaire (Heather & Hönekopp, 2008).

2.4.2. Tolerability
After each MIGT session, participants responded to a list of the most

commonly reported side effects from previous oxytocin studies, adapted
from MacDonald et al. (2011). Each participant rated each side effect
reported was subjectively rated by the participant as mild, moderate, or
severe. We asked participants to report any moderate-severe or un-
expected (i.e., not on the list) side effects directly to the study physician
for further assessment.

2.4.3. Primary clinical outcome
MIGT session attendance was the primary clinical outcome. At the

screening assessment, participants provided a primary contact number
as well as contact information for a secondary individual who would
know how to get ahold of them (e.g., family member, friend, case
manager, etc.). If study staff were unsuccessful in reaching the parti-
cipant via their primary contact information, they would try the sec-
ondary contact. Study staff called each participant the day prior to each
weekly MIGT session as a reminder and left a discreet voicemail if the
participant did not answer. If a participant was not present by 40 min
prior to starting group therapy (i.e., 5 min late), and study staff had not
yet heard from them, one of the therapists attempted to contact them by
telephone at this time. If they arrived with <15 min before the start of
the MIGT session, they were unable to participate that day. Participants
were aware that missing more than two MIGT sessions was grounds for
termination. We encouraged participants to discuss with study staff as
soon as possible any unexpected circumstances leading to an inability
to attend sessions.

2.4.4. Secondary outcome measures
2.4.4.1. Group cohesion. Study staff administered the 30-item Group
Questionnaire (GQ; (Krogel et al., 2013) after each MIGT session to
assess the quality of the therapeutic relationships within the group. The
three GQ constructs, Positive Bonding (cohesion, engagement, and
emotional bond), Positive Working (agreement on therapeutic goals
and tasks), and Negative Relationship (conflict and empathic failure),
are subscales of the GQ.

2.4.4.2. Anxiety. We used the Six-Item State-Trait Anxiety Inventory
Short Form (STAI-6; [Spielberger et al., 1983]), using the three highest
anxiety-present and three highest anxiety-absent items from the full
State-Trait Anxiety Inventory (Spielberger et al., 1983), to measure self-
reported state anxiety before and after each MIGT session.

2.4.4.3. METH craving. We used the Methamphetamine Craving
Questionnaire-Brief (MCQ-Br), which we adapted from the 10-item
Stimulant Craving Questionnaire-Brief (Northrup, Green, Walker,
Greer, & Trivedi, 2015), to measure self-reported METH craving
before and after each MIGT session.

2.4.4.4. METH use. Study staff collected a urine sample at each MIGT
session, and we analyzed it using a point-of-care, CLIA-waived, 10-
panel, Toxicology iCup Dx (Alere Inc., Waltham, MA) to screen for
METH and other common substances of abuse. We also measured

Table 1
Eligibility and assessment timetable.

BL 0b MIGT Sessions 1–6a

Pre During Post

Enrollment
Informed consent X
Medical screen X
Allocation X

Assessments
Sociodemographic X
MINI 7.0.0 X
SCID-5, Suicide Assessment X
ACE X
ECR-S X
STAI (full) X
OTSE X
Session attendance X
GQ X
STAI-6 X X
MCQ-Br X X
Urine toxicology X X
TLFB X
Physiology recording X

ACE = Adverse Childhood Experience Questionnaire, BL = Baseline, ECR-
S = Experiences in Close Relationships – Short Form, GQ = Group
Questionnaire, MCQ-Br = Methamphetamine Craving Questionnaire-Brief,
MINI = Mini International Neuropsychiatric Interview, OTSE = Oxytocin Side
Effect Checklist, SCID-5 = Structured Clinical Interview for DSM-5,
STAI=State-Trait Anxiety Inventory, STAI-6 = State-Trait Anxiety Inventory
Short Form, TLFB = Timeline Follow Back.

a Intranasal study drug was administered 30 min prior to each MIGT session.
“Pre”, “During", and “Post” refer to timing around MIGT session.

b Enrollment.
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METH use through a self-administered (Sobell, Brown, Leo, & Sobell,
1996) Timeline Follow Back assessment of quantity used each day over
the past week (Hoeppner, Stout, Jackson, & Barnett, 2010).

2.4.4.5. Psychophysiology. We equipped each participant with a
Zephyr™ BioHarness v3.0 (Zephyr Technology, Auckland, New
Zealand), wearable, wireless, psychophysiology data collection
equipment, prior to each MIGT session. The Zephyr™ TEAM System
OmniSense Software (Version 4.2.4) then recorded continuous ECG
data for each 90-min MIGT session, sampled at 250 Hz.

2.5. Analysis plan

2.5.1. Sample size calculation
The general purpose of this early phase clinical trial was to in-

vestigate preliminary outcomes, collect participant and clinician feed-
back, and to evaluate feasibility and acceptability for the purpose of
refining our intervention. Therefore, we set the sample size of N = 50
(25 in each of the two conditions) primarily for practical and clinical
reasons; it was not driven by hypothesis testing. We did, however, plan
to conduct a preliminary evaluation of the outcomes and conduct sta-
tistical tests (see NCT02881177 as well as our previous publication of
the protocol design and analysis plan; [Stauffer et al., 2019]). A sample
size of 25 per treatment condition provided us with >99% power to
detect an effect size comparable to the large between-condition effect
size (d = 1.44) observed for attendance from our preliminary 3-week
trial in cocaine users (Stauffer et al., 2016). We used a two-tailed alpha
of 0.05 for all analyses.

2.5.2. Statistical methods
Our modified intention-to-treat sample comprised all participants

who were randomized to treatment and received at least one dose of
study drug (i.e., attended at least the first MIGT session). Participants
who did not attend session 1 did not receive any study intervention, and
we excluded them from further participation.

We performed a chi-square test of independence to assess for sig-
nificant differences in frequencies of each reported side effect between
those receiving oxytocin and those receiving placebo.

We compared session attendance (present or absent) and urine
toxicology (METH-positive versus METH-negative), dichotomous vari-
ables, between the oxytocin and placebo treatment conditions using
generalized estimating equations (GEE) to estimate odds ratios. GEE
accounted for correlations among the observations originating from the
same participant. For attendance GEE, attendance for session 1 was
100% in both treatment groups. Therefore, we omitted session 1 data
from analysis. We also omitted attendance data from session 6 from
analysis given the increased financial incentive to attend this final
session compared to other sessions. For urine toxicology GEE, we
omitted screening visit and session 1 toxicology data as dependent
variables, but we included session 1 results in the model as a baseline,
because they reflect METH use prior to receiving any study interven-
tion. At session 1, almost twice as many participants assigned to the
placebo arm had METH-positive urine (70.83%) compared to those
assigned to the oxytocin arm (37.5%). This is despite more comparable
METH use between the two treatment arms at screening when rando-
mization took place (41.67% versus 34.78%, respectively, see Fig. 3f).
Because we did not equally distribute active METH users were not
equally distributed between the two treatment arms at session 1, and
because active METH use versus abstinence may be confounding, we
controlled for METH use in our analysis of session attendance. When
assessing for the influence of METH on attendance, we used the pre-
vious session's toxicology result in our GEE analysis as a predictor (i.e.,
urine toxicology from sessions 1–4 to correspond to attendance at ses-
sions 2–5, without imputing missing data). In analysis of urine tox-
icology, we imputed missing data (i.e., absences) to be METH-positive.

We used linear mixed effect models (LMEM) to assess continuous

secondary outcome variables for group cohesion, anxiety, METH
craving, and psychophysiology, because LMEM can accommodate
missing data and multiple time points. LMEM assessed for the effects of
OE-MIGT (versus placebo + MIGT), METH use (versus METH-negative
urine samples), and Time across the six MIGT sessions. For METH use,
we used toxicology results from all sessions in our LMEM (with missing
data imputed as METH-positive). When the main effects of OE-MIGT
and METH were both significant, we then controlled for METH in a
post-hoc analysis of OE-MIGT treatment effect. We calculated Cohen's d
effect size proxy by taking the estimated fixed effect, B, for each sec-
ondary outcome divided by an estimated standard deviation using
standard error, d = B/[sqrt(n)*standard error]. We refer to conven-
tional effect size benchmarks proposed by (Cohen, 1988): small
(d = 0.2), medium (d = 0.5), and large (d = 0.8).

We assessed GQ subscales (positive bonding, positive working, and
negative relationship) separately. Some participants were confused by
the phrasing of the reverse-scored items from the MCQ-Br (i.e., rating
them in the same range as the regularly scored items); therefore, we
used only data for the questions “I have an urge for [METH]” and “I
crave [METH] right now” for analysis rather than the MCQ-Br summary
score. In our LMEM model, we used pre-session anxiety and METH
urge/craving as a marker of sustained effects of OE-MIGT and pre- to
postsession change in these variables as a marker of the acute effects of
OE-MIGT.

We divided all continuous raw ECG data from MIGT sessions into
one-minute segments and pre-processed them using MindWare HRV
software (v3.1.2, MindWare Technologies, Ltd., Gahanna, OH, USA).
MindWare is a program that automatically identifies the R peaks of
successive ECG waveforms to calculate the average heart rate and
markers of HRV, including respiratory sinus arrhythmia (RSA) and root
mean square of successive R-R differences (RMSSD), per 60-second
interval. RSA, derived from frequency-domain methods, is considered a
sensitive operational marker of cardiac vagal control (Berntson,
Cacioppo, & Quigley, 1993) and emotion regulation (Tonhajzerova,
Mestanik, Mestanikova, & Jurko, 2016). RMSSD, calculated using the
beat-to-beat variance in heart rate, is the primary time-domain measure
used to estimate vagally-mediated changes reflected in HRV (Shaffer &
Ginsberg, 2017). We identified artifacts within each segment via
MindWare's dual MAD/MED and IBI Min/Max artifact detection algo-
rithms derived from established strategy (Berntson, Quigley, Jang, &
Boysen, 1990). We then manually reviewed all software-identified R
peaks and artifacts and edited them for accuracy. Lastly, we averaged
one-minute segments for heart rate, RSA, and RMSSD across the entire
MIGT session, and we used session averages for subsequent analyses.

We conducted GEE analyses for dichotomous variables using IBM
SPSS Statistics for Macintosh, version 25.0 (IBM Corp., Armonk, NY,
USA). We conducted LMEM analyses using R, version 3.6.1 (R Core
Team, Vienna, Austria) and the ImerTest package for statistical analysis
(Kuznetsova, Brockhoff, & Christensen, 2017).

3. Results

3.1. Participants

See Fig. 1 for participant flow diagram (Moher, Schulz, & Altman,
2001). Forty-eight participants attended the first MIGT session and
were included in analysis for the primary outcome. There were a total
of 10 MIGT cohorts, 5 cohorts received oxytocin (n = 24) and 5 cohorts
received placebo (n = 24). See Table 2 for demographics and Table 3
for baseline characteristics. One participant from the placebo arm was
removed from analyses of self-report measures due to unreliable data
(answered the maximum rating for every question at each collection
point).
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3.2. OE-MIGT fidelity rating

All fidelity rating codes demonstrated acceptable inter-rater relia-
bility. According to guidelines set forth by Cicchetti (1994), inter-rater

reliabilities were good to excellent for relational (ICC = 0.73), tech-
nical (ICC = 0.94), MI-adherent (ICC = 1.0), and MI-nonadherent
(ICC = 1.0) behaviors (these perfect ICCs were a result of a low fre-
quency of MI-adherent and MI-nonadherent behaviors in the five

215 Individuals assessed for eligibility

105 Individuals completed baseline assessment

110 Excluded
84 Ineligible
26 Lost to follow-up

48 Enrolled

46 Excluded
28 Ineligible
15 Lost to follow-up
3 Declined to par�cipate

1 Terminated
1 Unable to a�end final session
3 Lost to follow-up

24 Assigned to oxytocin 24 Assigned to placebo

20 Completed the final study visit

59 Allocated
11 Excluded

11 Lost to follow-up

1 Terminated
1 Unable to a�end final session
2 Lost to follow-up

19 Completed the final study visit

Fig. 1. Participant flow diagram.

Table 2
Demographics.

Oxytocin (n = 24) Placebo (n = 24) Overall (n = 48)

Age; Mean(SD) 43.96(11.04) 42.75(11.00) 43.35(10.91)
Gender identity; n (%)

Male 22 (91.67%) 23 (95.83%) 45 (93.75%)
Transgender male 0 (0.00%) 1 (4.17%) 1 (2.08%)
Genderqueera 2 (8.33%) 0 (0.00%) 2 (4.17%)

Kinsey Score; Mean(SD) 5.17(1.18) 4.96(1.27) 5.06(1.24)
Race; n (%)

African American/Black 6 (25.00%) 7 (29.17%) 13(27.08%)
Multiracial 1 (4.17%) 6 (25.00%) 7 (14.58%)
Native American/Pacific Islander 3 (12.5%) 3 (12.5%) 6 (12.5%)
White 14 (58.33%) 8 (33.33%) 22(45.83%)

Ethnicity; n (%) Hispanic/Latino 2 (8.33%) 6 (25.00%) 8 (16.67%)
Education; n (%)

≤High school graduate 3 (13.04%) 8 (33.33%) 11 (23.40%)
Some college 14 (60.87%) 9 (37.50%) 23 (48.93%)
College graduate 5 (21.74%) 3 (12.50%) 8 (16.67%)
Graduate degree 2 (8.70%) 4 (16.67%) 6 (12.50%)

Annual Income; n (%) ≤$11,880b 7 (29.17%) 8 (33.33%) 15 (31.25%)
Employed; n (%) 4 (16.67%) 4 (16.67%) 8 (16.67%)
Disability; n (%) 11 (45.83%) 8 (33.33%) 19 (39.58%)
Housing Status; n (%) RTF/SLE 3 (12.50%) 6 (25.00%) 9 (18.75%)

Homeless, past year 5 (20.83%) 11 (47.83%) 16 (33.33%)
Relationship Status; n (%) Primary relationshipc 5 (20.83%) 3 (12.50%) 8 (16.67%)
Hx of Incarceration; n (%) 13 (54.17%) 9 (37.50%) 22 (45.83%)
HIV Positive; n (%) 16 (66.67%) 22 (91.67%) 37 (77.08%)

HIV=Human Immunodeficiency Virus, Hx = History, RTF = Residential Treatment Facility, SD = standard deviation, SLE = Sober Living Environment.
a Assigned male at birth.
b 2016 United States Department of Health and Human Services poverty guideline.
c Someone who you are currently in love with or feel a commitment to.
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double-coded sessions). Overall, therapists demonstrated upper-range
global ratings on the relational, M(SD) = 4.1(0.37), and technical M
(SD) = 3.3(0.48) components of MI. In addition, therapists did engage
in more MI-adherent behaviors M(SD) = 1.5(1.9) than MI-nonadherent
behaviors M(SD) = 0.7(1.5). Using a paired-sample t-test, the differ-
ence between MI-adherent and MI-nonadherent counts was statistically
significant, t(18) = 2.14, p= .05. There were no significant differences
in any MITI outcome between treatment groups.

3.3. Outcomes and estimates

3.3.1. Tolerability
There were no serious adverse events related to the study inter-

vention. The five most commonly reported items from the list of
common side effects were “calm/relaxed” (placebo 28.8%, oxytocin

17.9%), “runny nose” (placebo 14.4%, oxytocin 23.6%), “drowsiness/
sleepy” (placebo 15.4%, oxytocin 15.4%), “nasal irritation” (placebo
5.8%, oxytocin 21.1%), and “anxious/worried” (placebo 14.4%, oxy-
tocin 11.4%). Those receiving placebo reported feeling calm/relaxed
significantly more often than those receiving oxytocin, X2(1,
N = 48) = 3.83, p = .05. Participants more commonly reported nasal
irritation, X2(1, N = 48) = 10.99, p < .001, and runny nose, X2(1,
N = 48) = 3.02, p = .08, after receiving oxytocin versus placebo.
Subjective severity (mild, moderate, or severe) of nasal irritation was
primarily rated as mild (78.1%) and moderate (15.6%), and runny nose
was primarily rated as mild (86.4%) and moderate (11.4%). The pre-
valence of remaining side effects demonstrated no difference between
oxytocin and placebo.

3.3.2. Primary outcome
There was a significant effect of OE-MIGT on session attendance (OR

3.26, 95% CI [1.27–8.41], p = .014). This was after controlling for
METH use (i.e., urine sample from the previous MIGT session), which
had a significant main effect on attendance (p = .037). Overall, there
were 35 absences in the placebo arm and 19 absences in the oxytocin
arm (see Fig. 2). Furthermore, 47.4% of the 19 absences in the oxytocin
arm-while only 34.3% of the 35 absences in the placebo arm-involved
contact with providers (i.e., were either planned absences, the partici-
pant otherwise made telephone contact with providers prior to the
MIGT session, or the participant arrived too late to participate for that
session). The other absences involved no contact with providers prior to
group therapy, and the participants either subsequently returned or
were lost to follow-up.

Five participants in the placebo arm and four participants in the
oxytocin arm did not attend the final MIGT session; thus, they were
considered noncompleters (see Fig. 1). This included two participants
terminated by the study therapists, one from the placebo arm for
making a threat toward another group member during session 4, and
one from the oxytocin arm who was hospitalized with pneumonia

Table 3
Baseline characteristics.

Psychiatric Meds; n (%) Oxytocin
(n=24)

Placebo
(n=24)

Overall
(n=48)

Antidepressant 8 (33.33%) 11 (45.83%) 19 (39.58%)
Anxiolytic 4 (16.67%) 3 (12.50%) 7 (14.58%)
Antipsychotic 6 (25.00%) 4 (16.67%) 10 (20.83%)
Mood stabilizer 3 (12.50%) 1 (4.17%) 4 (8.33%)
None 13 (54.17%) 8 (33.33%) 21 (43.75%)

Substance Use; Mean(SD) 30-day⁎ Lifetime† 30-day⁎ Lifetime† 30-day⁎ Lifetime†

Methamphetamine .38(.35) .23(.16) .43(.33) .24(.16) .40(.35) .24(.16)
Primary IV; n (%) 8 (33.33%) 5 (20.83%) 13 (27.08%)
Alcohol .19(.29) .25(.22) .10(.15) .21(.16) .14(.24) .23(.19)
Cannabis .25(.42) .14(.19) .31(.42) .20(.17) .28(.43) .17(.18)
Cocaine .03(.10) .10(.18) .01(.02) .10(.11) .02(.07) .10(.15)
Poppers (amyl nitrate) .10(.22) .04(.12) .05(.10) .01(.03) .07(.17) .03(.09)

Oxytocin
(n=24)

Placebo
(n=23)

Overall
(n=47)

ACE; Mean(SD) 5.33(2.67) 5.65(2.14) 5.49(2.46)
Trait Anxiety‡; Mean(SD) 48.26(13.93) 52.56(10.14) 50.41(12.51)
Attachment Anxiety§; Mean(SD) 27.87(7.43) 27.09(8.12) 27.48(7.88)
Attachment Avoidance§; Mean(SD) 22.04(7.45) 20.91(5.96) 21.48(6.84)
RTCQ|; Mean(SD) Pre-Contemplation -3.96(2.84) -2.74(2.88) -3.36(2.89)

Contemplation 4.29(2.97) 4.13(2.16) 4.21(2.58)
Action 3.75(3.81) 3.39(3.09) 3.57(3.44)

ACE=Adverse Childhood Experience Questionnaire, IV=intravenous, SD=standard deviation
⁎ Number of days used in past 30 days/30
† Number of years used ≥3 times per week/age in years
‡ State-Trait Anxiety Inventory, trait items
§ Experiences in Close Relationships Scale – Short Form
| Readiness to Change Questionnaire

50%

55%

60%

65%

70%

75%

80%

85%

90%

95%

100%

1 2 3 4 5 6
MIGT Session

Session Attendance

Oxytocin Placebo

Fig. 2. Attendance chart. MIGT = Motivational Interviewing Group Therapy.
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during sessions 3–5 (although he maintained contact with providers
and expressed a desire to attend if he were not in the hospital).

3.3.3. Secondary outcomes
See Figs. 3 and 4 for visualization of secondary outcomes. See

Table 4 for LMEM main effects of OE-MIGT, METH, and Time on sec-
ondary outcomes.

3.3.3.1. Group cohesion. Main effects of OE-MIGT and METH on
positive bonding and positive working were negligible. For negative
relationship, there was a significant main effect of OE-MIGT, such that
OE-MIGT was associated with lower negative relationship ratings, and
of METH, such that METH-positive urine was associated with higher
negative relationship ratings. Positive bonding and positive working
increased across the six sessions for the overall sample, with medium
and small effect sizes, respectively, and negative relationship decreased
overall across the six sessions with a small effect size. See Fig. 3a–c and
Table 4.

When we controlled for METH, OE-MIGT had a small effect on re-
ducing negative relationship, B(SE) = −2.21(1.57), 95% CI
[−5.28–0.86], d = −0.21.

3.3.3.2. Self-reported anxiety. The main effect of OE-MIGT on pre-
session anxiety and change in anxiety pre- to post-session was
negligible. METH had a small effect on pre-session anxiety, such that
METH-positive urine was associated with higher anxiety, and a
negligible effect on pre- to post-session change in anxiety. Pre-session
anxiety decreased across the six sessions, with a small effect size, and
pre- to post-session change in anxiety had no notable change over the
course of treatment. See Fig. 3d and Table 4.

3.3.3.3. METH urge/craving. The main effect of OE-MIGT on pre-
session urge and craving for METH was negligible. METH had a small
effect on pre-session METH urge and craving, such that METH-positive
urine was associated with higher METH urge/craving. There were no
notable effects of OE-MIGT and METH on pre- to post-session change in

1 2 3 4 5 6
21

31

41

51

61

71

81

91

Positive Bonding

1 2 3 4 5 6
6

11

16

21

26

31

36

41

46

51

56

Positive Working

1 2 3 4 5 6

ST
AI
-6

Sc
or
e

20

30

40

50

60

70

80

Self-Reported Anxiety

1 2 3 4 5 6
Av

er
ag
ed

Cr
av
in
g/
Ur
ge

1

2

3

4

5

6

7

Meth Craving & Urge

Oxytocin Pre-Session Oxytocin Post-Session

Placebo Pre-Session Placebo Post-Session

1 2 3* 4† 5* 6
9

14
19
24
29
34
39
44
49
54
59

Negative Relationship

Oxytocin Placebo

0%

20%

40%

60%

80%

100%

0 1 2 3 4 5 6

Methamphetamine+ Urine

OxytocinMeth+ Utox Placebo Meth+Utox

Oxytocin Self-Report Use Placebo Sel f-Report Use

a)

b)

c)

d)

e)

f)

Fig. 3. Self-report outcomes and METH use. METH use not controlled for. a-c) Group Questionnaire (GQ) subscale summary scores (subscale score ranges: Positive
Bonding 13–91, Positive Working 8–56, Negative Relationship 9–63), d) STAI-6 (score range: 20–80), e) MCQ-Br items #2 (urge) & #5 (craving) averaged (score
range: 1–7), f) percent with Methamphetamine-Positive Urine Toxicology (solid lines) and any self-reported METH use over the 3 days prior to each urine sample
(dotted lines). x-axes = group therapy session number. a-e = box plots. Missing data imputed by carrying value from previous session forward. †p < .10, *p < .05,
for significant differences between oxytocin and placebo treatment conditions (i.e., Negative Relationship Sessions 3–5).
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METH urge/craving. METH craving/urge tended to decrease across the
six sessions for the overall sample, with small to medium effect sizes.
See Fig. 3e and Table 4.

3.3.3.4. METH use. See Fig. 3f. To control for baseline differences in
METH use between groups, we factored session 1 urine toxicology
results into our GEE model as a baseline predictor. When doing so there
was no significant main effect of OE-MIGT on METH use (p = .866).

3.3.3.5. Psychophysiology. OE-MIGT had small effects on heart rate,
RSA, and RMSSD, such that heart rate was lower and RSA/RMSSD were
higher compared to the control group. METH had small-medium effects
in the opposite direction. There were no notable changes in these
psychophysiological measures across the six sessions. See Fig. 4 and
Table 4.

After controlling for the effect of METH, a small effect of OE-MIGT
remained for heart rate, B(SE) = −6.93(3.27), 95% CI [−13.35 -
–0.51], d = −0.31, and RMSSD, B(SE) = 7.26(4.68), 95% CI
[−1.92–16.44], d = 0.23, counter to the direction of METH's effects.
There was no notable effect of OE-MIGT, after controlling for METH
use, on RSA, B(SE) = 0.35(0.37), 95% CI [−0.38–1.07], d = 0.14.

4. Discussion

Consistent with our hypotheses, participants who received in-
tranasal oxytocin (compared to placebo) prior to each of six weekly
group therapy sessions demonstrated significantly higher session
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attendance, lower in-session heart rate, and higher RMSSD. Aside from
a small effect on negative relationship, we did not detect any notable
differences between oxytocin and placebo administration on self-report
measures of group cohesion, anxiety, METH craving/urge, or on ob-
jective measures of METH use. This randomized, controlled, clinical
trial of OE-MIGT for MUD among MSM is the first published study of
the tolerability and preliminary effectiveness of intranasal oxytocin on
METH-related clinical outcomes. Our findings suggest that intranasal
oxytocin might be used to enhance engagement in treatment inter-
ventions for individuals with MUD, possibly related to changes in
psychophysiology and negative interpersonal perceptions. Given our
previous findings of improved clinic attendance in individuals with co-
occurring cocaine and opioid use disorders (Stauffer et al., 2016),
oxytocin's positive effects on treatment engagement may also generalize
to other substance use disorders or other clinical populations experi-
encing high attrition rates. If true, this would represent an entirely new
target for pharmacological intervention with profound impact on the
effectiveness of psychosocial treatments.

The precise mechanism by which oxytocin increased attendance in
our sample remains unclear. One possibility reflects oxytocin's key role
in mammalian attachment (Carter, 2017), which, at its core, involves
proximity maintenance to trusted individuals and modulation of phy-
siological arousal (Bolwby, 1969). Porges (2011) describes this as
“immobility without fear”, representing a “neural choice to stay in one
place” in the context of safety (Carter, 2017). Attachment behavior is
thought to be a largely automatic process driven by implicit memory
and the autonomic nervous system (Knox, 1999; Ogden, Minton, &
Pain, 2006). This may help to explain why oxytocin administration did
not notably alter self-report measures but did significantly affect ob-
jective measures of social approach and cardiac physiology. Moreover,
the link between attachment insecurity, or difficulty utilizing close re-
lationships to modulate stress, and substance use disorders is well-es-
tablished (Schindler, 2019). Stimulant use is thought to co-opt social
reward circuitry (Insel, 2003; Taylor et al., 2013) and may reflect a
maladaptive effort to regulate autonomic hyperreactivity in response to
stressors when close relationships are lacking or are themselves asso-
ciated with threat (Corrigan, Fisher, & Nutt, 2011). Interestingly, as
measured by the GQ, oxytocin did not seem to affect positive aspects of
group cohesion but did temper perceptions of interpersonal conflict
(i.e., negative relationship). Thus, our findings may reflect an oxytocin-
induced shift in salience (Shamay-Tsoory & Abu-Akel, 2016), allowing
consideration of building trust and utilizing positive social reward, ra-
ther than depending solely on drug-related coping, to modulate stress
(Tops et al., 2014). Anecdotally, childhood abuse and rejection by fa-
milies and communities of origin were common topics brought forth by
participants during MIGT sessions in the current study. From this per-
spective, oxytocin-induced reductions in physiological arousal may re-
flect a widened “window of tolerance”, an optimal arousal state during
which emotions can be tolerated and difficult experiences can be
therapeutically integrated (Corrigan et al., 2011). This is supported by
the fact that those receiving oxytocin reported feeling calm and relaxed
significantly less often than those receiving placebo, despite showing
reductions in physiological arousal. Thus, an oxytocin-induced
widening of the window of tolerance may be linked to our findings of
increased attendance and reduced physiological arousal in a clinical
population with high levels of attachment insecurity and known diffi-
culty with treatment adherence. Such interpretations of our findings are
merely theoretical until future trials can further elucidate the complex
interrelationship among oxytocin, addiction, the autonomic nervous
system, and treatment retention; however, attachment theory is a useful
lens moving forward.

Our sample consisted of a particularly high-risk group of metham-
phetamine-using MSM, which limits generalizability. Participants en-
rolled in this trial, on average, spent almost a quarter of their lives using
METH ≥ 3 times per week (see Table 3). The chronicity of heavy use in
our sample may indicate treatment resistance, which is why we may not

have seen any change in METH use over the six-week course of treat-
ment. We did, however, see improvements in many of our self-report
measures in both treatment arms across the six-week intervention (see
Table 4, time column). Nonetheless, for the most part, there were no
notable differences between those receiving OE-MIGT and those re-
ceiving MIGT with placebo. Due to limitations in our budget, we were
unable to assess for longer term effects of our treatment intervention
(e.g., effects of OE-MIGT on future relapse compared to those who re-
ceived placebo along with MIGT). Future studies may investigate po-
tential benefits of a longer treatment course of OE-MIGT as well as
incorporate post-treatment follow-up.

Not surprisingly, METH use affected several of our outcome mea-
sures, including all cardiac physiology measures, heightened negative
perspectives on group cohesion, increased self-reported anxiety, and
worsened METH craving/urge. After controlling for METH use, we still
saw a small positive effect of OE-MIGT on session attendance, ratings of
negative relationship, heart rate, and RMSSD (see Table 4). En-
couragingly, even when the effects of oxytocin were negligible, they
consistently trended in the opposite direction from the effects of
METH—a signal that suggests further investigation into the potential
benefits of OE-MIGT for the treatment of MUD.

Our cardiac physiology findings are consistent with literature de-
monstrating that oxytocin's effects on heart rate are generally the in-
verse of the acute sympathomimetic effects of METH (Gutkowska et al.,
2014; Henry et al., 2012; Schwarzbach et al., 2020). Moreover, findings
were consistent with previous literature on oxytocin's HRV effects
(Kemp et al., 2012; Kubzansky et al., 2012; Norman, Cacioppo, Morris,
Malarkey, et al., 2011; Riem et al., 2020; Romney et al., 2019; Tracy
et al., 2018), although oxytocin's effects on RSA were negligible after
controlling for METH (Kemp et al., 2012; Kubzansky et al., 2012;
Norman, Cacioppo, Morris, Malarkey, et al., 2011; Riem et al., 2020;
Romney et al., 2019; Tracy et al., 2018). While the direction of acute
effects of oxytocin administration on HRV are highly dependent on
social context, chronic METH use is associated with persistent and
significant reductions in HRV (Henry et al., 2012). Persistently reduced
HRV indicates impaired vagal function and is linked to increased
arousal in response to stress, compromised implementation of adaptive
coping strategies, cardiovascular disease, and all-cause mortality
(Appelhans & Luecken, 2006; Kemp, Koenig, & Thayer, 2017). The
chronicity of MUD in our sample may indicate more chronically re-
duced HRV and, thus, resistance to significant oxytocin-induced
changes in HRV. Overall, the effects of oxytocin administration on HRV
in METH-using populations is likely to be more complicated than in
previously studied healthy participants (Kemp et al., 2012; Kubzansky
et al., 2012; Norman, Cacioppo, Morris, Malarkey, et al., 2011; Riem
et al., 2020; Romney et al., 2019; Tracy et al., 2018). Further in-
vestigation is warranted and current models of the psychophysiology of
stress (Hughes, Steffen, & Thayer, 2018; Porges, 2011) should guide this
investigation.

Research on the clinical benefits of intranasal oxytocin is known to
suffer from methodological concerns, such as replication issues (Lane
et al., 2015) and a lack of consensus on optimal strategies for delivery
and course of treatment (Erdozain & Penagarikano, 2019; Leng &
Ludwig, 2016). We chose a standard oxytocin dosage for the field, but
future research would benefit from dose-finding studies, particularly in
METH users, given the robust effects of METH in the opposite direction
from the effects of oxytocin. Furthermore, the question of central pe-
netration of oxytocin via the intranasal route remains controversial.
However, peripheral oxytocin levels are known to increase to supra-
physiologic levels after intranasal delivery (Leng & Ludwig, 2016). It
remains unclear, then, whether our findings were the result of diffuse
peripheral effects of oxytocin alone or if they were, at least partially,
due to more targeted and centrally mediated oxytocin effects. Ad-
ditionally, previous evidence suggests that oxytocin administration may
lead to different outcomes based on the gender (Hoge et al., 2014) and
sexual orientation (Thienel et al., 2014) of recipients; thus, our results
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may not generalize beyond MSM. Finally, participants receiving oxy-
tocin experienced significantly more nasal irritation, which may have
impacted blinding. Despite these challenges, our understanding of how
best to utilize oxytocin in a clinical setting continues to evolve.

The current study had several additional limitations worth men-
tioning. First, heart rate is a nonspecific marker of arousal, and the
sample rate (250 Hz) of our cardiac physiology measurement was re-
latively low for HRV analysis (Appelhans & Luecken, 2006), making our
psychophysiological findings difficult to interpret. Second, METH use,
versus abstinence, was unequally distributed between the treatment
arms; although, we did control for this in our analyses. Third, partici-
pants received most of their compensation at the end of session 6,
which was a design element meant to enhance retention; consequently,
this may have influenced attendance at session 6 and rates of non-
completion, which were similar for those receiving oxytocin compared
to placebo. Last, due to our limited sample size, we did not take in-
terdependence resulting from MIGT cohort membership into account in
our analyses.

In conclusion, this is the first trial investigating oxytocin adminis-
tration in human participants using METH. Oxytocin administration
improved treatment engagement while also countering the effects of
METH on cardiac physiology during group therapy sessions. While our
time-limited, six-week intervention did not change METH use in this
relatively small sample, oxytocin administration may improve retention
in future MUD research, introducing the potential to boost internal
validity and facilitate the development of new treatments. Future stu-
dies might also investigate the effects of oxytocin-psychotherapy com-
bination on treatment retention in additional clinical populations and
settings where attrition is known to be problematically high. Further
analyses might assess individual factors (e.g., childhood trauma, at-
tachment insecurity) that have been shown to moderate the effects of
intranasal oxytocin (Olff et al., 2013; Riem et al., 2020) and analyze the
effects of oxytocin on objective measures of group cohesiveness and
synchrony (Gonzales, Hancock, & Pennebaker, 2010; McCraty, 2017).
Based on promising preexisting animal data and results from the cur-
rent clinical trial, larger trials of the effects of OE-MIGT on METH use in
humans are certainly warranted.
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