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Abstract

Background: Alcohol use disorder (AUD) is highly comorbid with depression and posttraumatic
stress disorder (PTSD) and can complicate their treatment. Transcranial magnetic stimulation is a
promising treatment for these disorders, yet prior research often excluded AUD patients out of
concern for safety or poorer outcomes. To this end, we revisited a prior study of intermittent theta
burst stimulation (iTBS) for PTSD, to evaluate whether mild AUD impacted safety and clinical
outcomes.

Methods: Fifty veterans with PTSD (n=17, with comorbid AUD) received 10 days of sham-
controlled iTBS, followed by 10 unblinded sessions. Stimulation was delivered at 80% of the
motor threshold for 1800 pulses to the right dorsolateral prefrontal cortex. Safety, PTSD and
depressive outcomes were evaluated with repeated measures analysis of variance, to examine the
effects of time, treatment group and comorbid AUD.

Results: iTBS was safe, although AUD patients reported more adverse events, regardless of
whether they received active or sham stimulation. Regarding clinical outcomes, patients with AUD
who received active stimulation demonstrated a greater rate of improvement in depression
symptoms than those without comorbid AUD. The presence of AUD did not impact PTSD
symptom change.

Limitations: Limitations include a modest sample size and use of a categorical, rather than
continuous, index of AUD diagnosis.
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Conclusion: While these results require replication, they indicate that iTBS is likely safe in
patients with mild comorbid AUD. We propose that comorbid AUD should not preclude clinical
use of iTBS, and that iTBS should be further investigated as a novel treatment option for AUD.
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PTSD; depression; alcohol use; neurostimulation

INTRODUCTION

Alcohol use disorders (AUD) is highly prevalent, and remains one of the leading causes of
death in the USA and worldwidel. Furthermore, AUD is often comorbid with other
psychiatric disorders, particularly major depressive disorder (MDD) and posttraumatic stress
disorder (PTSD), among others®: 2, Furthermore, the relationship between AUD and other
psychiatric disorders is often bidirectional. AUD complicates clinical treatment, as AUD can
precipitate episodes and prolong the course of depression, while MDD (and other disorders)
puts patients at risk for developing AUD?. Due to this complicated relationship, patients
with comorbid AUD are often excluded from clinical trials due to concerns related to safety
and potential negative impact on outcomes. This leaves our field with important gaps in our
knowledge about how to treat these commonly comorbid conditions.

This issue is particularly important when considering the development of new, non-
pharmacological options, such as transcranial magnetic stimulation (TMS). TMS is an FDA-
cleared treatment for MDD and obsessive-compulsive disorder=8, with promising data for
PTSD and other psychiatric conditions’. A small but growing body of literature indicates
TMS may have a therapeutic role in AUD treatment; a number of experiments and
randomized controlled trials indicated TMS can be used to reduce craving and improve
clinical outcomes®.

However, in daily clinical practice, there remains significant hesitation about the use of brain
stimulation for AUD. One major factor leading to this hesitation is the known effect of
alcohol on cortical excitability; TMS-evoked measurement of cortical excitability is used to
determine TMS treatment intensity (also called the motor threshold). Acute alcohol use can
reduce cortical excitability®, whereas alcohol withdrawal can significantly increase
excitability (e.g.,10) and lead to seizures. Thus, in the context of alcohol use, motor threshold
determination can be incorrect, leading to the risk of under-dosing TMS (i.e., related to
artificially low motor threshold) or over-dosing TMS (related to artificially high motor
threshold). In both these cases, TMS efficacy and safety can theoretically be impacted.
Because of these potential issues, patients with AUD have been systematically excluded

from the major randomized controlled trials informing clinical practice with TMS (i.e.,
4-6,11, 12

To this end, we revisited our prior study of a new kind of TMS, called intermittent theta
burst stimulation, where we demonstrated positive outcomes early!3 and over the following
year after stimulationl4. This study, performed in a sample of US veterans utilizing broad
inclusion/exclusion criteria, permitted entry of participants as long as they did not have a
severe alcohol use disorder, and thus permits a secondary evaluation to evaluate whether
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iTBS can be used safely and effectively in patients with comorbid PTSD, depression and
AUD.

METHODS

Participants

Participants were veterans who participated in a randomized controlled clinical trial
examining the effectiveness of iTBS as a treatment for PTSD at the Providence VA Medical
Center. Of the 56 veterans who provided informed consent, 50 were randomized to treatment
condition between May 2016 to December 2017 (see [16] for a detailed description of these
procedures). Participating veterans had a current DSM-5 PTSD diagnosis (assessed via the
Structured Clinical Interview for DSM-5,1%), a history of trauma exposure (assessed using
the Life Events Checklist!®), and were between the ages of 18 and 70. Veterans who
exhibited PTSD symptoms for at least 6 weeks prior to undergoing study procedures despite
psychiatric or psychotherapeutic treatment were also eligible to participate. Participants
were permitted to continue regular treatment over the course of the study.

Veterans were excluded if they had implanted medical devices or metal implants above the
upper thoracic spine, or medical conditions that could impact safety of iTBS administration
(i.e., lifetime history of moderate or severe traumatic brain injury, per VA/DoD Clinical
Practice Guidelines; at risk of pregnancy; history of seizure or other significant neurological
disorder; history of stroke, CNS tumor, or cerebral aneurysm). Veterans with a primary
psychatic disorder, bipolar | disorder, current moderate or severe alcohol and/or substance
use disorder, or active suicidality were also excluded from participation. All study
procedures were approved by the Institutional Review Board at the Providence VA Medical
Center.

Study Design

This study used a modified parallel-group double-blind sham-controlled design. Following
informed consent, eligible veterans were randomized to the active (/#7=25) or sham-controlled
(7=25) iTBS condition by a study member uninvolved with TBS delivery. Randomization
was performed using a 1:1 design stratified by sex and PTSD symptom severity. Motor
threshold was determined by visual inspection of movement in the contralateral hand, and
defined as the intensity at which movement was detected in 50% of single pulse TMS trials.
Consistent with clinical practice, motor threshold determination was only reassessed when
clinical factors occurred that, in the judgment of the treating physician, motor threshold
determination needed to be measured. Stimulation intensity was delivered at 80% of the
active motor threshold.

During the intervention phase, a staff member uninvolved in iTBS delivery and
administration of self-reports set up the appropriate coil (i.e., either active or sham coil)
before each session to maintain study blinding. Participants received 10 sessions of active or
sham-controlled iTBS. Following the 10 days of sham-controlled iTBS, participants could
elect to receive another 10 sessions of unblinded iTBS (/7=45). Outcome measures (i.e.,
PTSD and MDD symptoms) were collected using self-reports at baseline, after the double-
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blind phase, after the unblinded phase, and at a 1-month follow-up visit. The 1-month
follow-up visit was intended to evaluate treatment outcomes during the follow-up period as
well as to determine if cumulative dose of iTBS affected clinical outcomes.

Clinical Measures

Intervention

MDD symptoms.—The Inventory of Depressive Symptomatology- Self-Report (IDS-SR;
17y was used to assess depression symptom severity over the past week. Responses range
from O, (i.e., “I do not feel sad”) to 3, (i.e. “I feel sad nearly all of the time™), with higher
scores indicating greater symptom severity. Total scores were used to analyze the change in
depressive symptoms following each time point.

PTSD symptoms.—The PTSD Checklist (PCL-5;18) was used to assess PTSD symptom
severity over the past month. The PCL-5 is a 20-item self-report that corresponds to the
DSM-5 symptom criteria for PTSD. Participants were asked to rate how bothered they have
been by PTSD symptoms in the past month on a 4-point severity scale (0 = “not at all
bothered by” to 4 = “extremely bothered”) for each item (i.e., “Repeated, disturbing, and
unwanted memories of the stressful experience”). The total symptom severity scores from
each time point were used in analyses.

Alcohol use disorder.—Alcohol use disorder was assessed via the Structured Clinical
Interview for DSM-5 [18], in combination with chart review to verify verbal reports.

Safety.—Safety was measured through spontaneously reported events and through
systematic query at the end of participation; chi square (and Fischer’s exact) tests were used
to compare rates of any adverse event reporting across groups. Breathalyzer and urine
toxicology testing was available in the event that a participant reported alcohol (or
substance) use at a study visit. Participants were not intoxicated during brain stimulation.
Serious adverse events were recorded through participant report and through regular query
of the medical record. Motor threshold was recorded in percent of stimulator output, and
rates of motor threshold redetermination were counted as simple frequencies.

Study design.—This study used a modified parallel-group double-blind sham-controlled
design. Following provision of informed consent, eligible veterans were randomized to the
active (1m7=25) or sham-controlled (7=25) iTBS condition by a study member uninvolved with
TBS delivery. Randomization was performed using a 1:1 design stratified by sex and PTSD
symptom severity. During the intervention phase, a staff member uninvolved in iTBS
delivery and administration of self-reports set up the appropriate coil (i.e., either active or
sham coil) before each session to maintain study blinding. This study utilized a Magstim
sham coil. This system delivers the sensation of TMS (so-called “active” sham stimulation),
without sufficient magnetic energy reaching the cortex. This system has been used in
numerous TMS trials, and includes specific coil windings to optimize the blinding
experience. It is also visually indistinguishable from the active coil to minimize accidental
unblinding. Staff who delivered iTBS treatments did not become unblinded during the
course of the study.. Participants received 10 sessions of active or sham-controlled iTBS.
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Following the 10 days of sham-controlled iTBS, participants could elect to receive another
10 sessions of unblinded iTBS (/7=45).Participants were asked to guess their group
assignment after the double-blind phase to assess effectiveness of the blinding.

Stimulation.—Following randomization, and prior to treatment, each participants’ active
motor threshold was determined (i.e., the minimum stimulator output necessary to induce
movement in the contralateral hand >50% of the time). Meta-analytic research indicates that
right-sided and higher-frequency stimulation yield larger reductions in PTSD

symptoms1? 20 and high-frequency TMS administered to the right dorsolateral prefrontal
cortex (DLPFC) can reduce amygdala activation to threatening stimulil. Based on this
evidence, TBS was delivered to the right DLPFC using parameters based on previous TBS
studies?? (80% active motor threshold, 1,800 pulses, 9.5 minutes)) via a Magstim Rapid 2+1
system (Magstim, Whitland, United Kingdom). At each TBS session, the coil was placed
over the right DLPFC using scalp measurements that were checked and monitored at every
session to maintain accurate coil placement.

Statistical Analysis

RESULTS

Data in the full sample and within AUD groups were screened for violations of normality.
We conducted mixed-model repeated measures ANOVAs (RMANOVAS) to examine the
separate and interactive effects of timepoint (double blind, open label, 1-month follow-up),
iTBS stimulation group (10 versus 20 active stimulation sessions), and comorbid AUD on
PTSD or depressive symptom severity.

Sample Characteristics

Safety

Descriptive information for the full sample, and as a function of AUD group (/=25 per
group), is displayed in Table 1. Results of t-tests and chi-squared tests indicated that veterans
with (7=17) versus without (/7=33) a comorbid AUD did not differ on demographic
variables, baseline PTSD or depressive symptom severity, or iTBS stimulation group (all
p5>.10; sham comorbid AUD in sham group: /7=8; comorbid AUD in active group: /=8).
Paired t-tests indicated that the severity of both PTSD (£49)=11.13, p=.000) and depressive
(449)=7.63, p=.000) symptoms improved from baseline to 1-month follow-up in the full
sample.

Three serious adverse events (SAE) occurred in the trial; one occurred in a veteran with
AUD when he was receiving sham stimulation that developed homicidal ideation, and
another SAE in the active group that was associated with alcohol intoxication and suicidal
ideation in a veteran with comorbid AUD. The third occurred in a veteran without AUD who
required hospitalization for anxiety after he signed informed consent but before he received
any stimulation; because of the low rates of SAEs these are provided descriptively. Veterans
with AUD reported adverse events more frequently than veterans without AUD (35% versus
11%, respectively; Fischer’s exact test p = .047), although there were no differences in
adverse events associated with active or sham stimulation (all p>.1). Consistent with the
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broader TMS literature, the most commonly reported adverse event was treatment site
discomfort (i.e., which was reported more often in the AUD group). There were no seizures,
and no participants reported or showed physical signs of intoxication during treatment
sessions.

Pretreatment motor thresholds did not differ between groups. The mean motor threshold
(SD) in the AUD group was 44.9 (6.3) and non-AUD group was 41.2 (6.7) (all p>.1). Motor
threshold redetermination was performed in n=4 participants in the AUD group and n=9
participants in the non-AUD group; upon recheck the motor thresholds were generally stable
(i.e., change less than 2% of stimulator output over the entirety of participation).

Severity of PTSD symptoms (PCL-5)

Results of a mixed-model RMANOVA indicated that, as expected, PTSD symptoms
improved significantly from baseline to 1-month follow-up, (linear effect; A1, 46)=143.77,
p=.000, np2:.76; large effect), with improvement plateauing at the treatment endpoint
(quadratic effect; A1, 46)=30.11, p=.000, np2:.40; large effect). Improvement was greatest
among Veterans who received the full iTBS dose (Timepoint x iTBS Group; A1,46)=4.84,
p=.03, an:.lo; moderate effect). However, there were no significant effects of AUD group
on PTSD symptoms over time (AUD Group x Timepoint; A2.06)=0.94, p=.40, np2:.02;
small effect), and the AUD Group x Timepoint x iTBS group interaction was also not
significant (H2.06)=0.93, p=.09, an:.OS; small effect). Participants in the AUD group also
did not differ on PCL-5 scores on average (A1, 46)=0.20, p=.66, an:.OO4, very small
effect). Taken together, AUD did not impact PTSD symptom trajectories in response to
active or sham treatment (see Figures 1A & 1B).

Severity of depressive symptoms (IDS-SR)

Veterans with an AUD diagnosis did show different patterns of treatment response with
regards to depressive symptoms. Overall, as observed in PTSD, depressive symptoms
improved from baseline to 1-month follow-up (linear effect; A1, 46)=67.46, p=.000,
nDZ:.GO; large effect), and gains levelled off at the treatment endpoint (quadratic effect; A1,
46)=18.41, p=.000, an:.29; large effect), with improvement greatest among veterans who
received the full iTBS dose (Timepoint x iTBS Group; A1,46)=6.84, p=.01, np22.13;
moderate effect). However, unlike the PTSD analysis described above, AUD group
moderated the effects of iTBS treatment group on depressive symptoms over time (linear
Timepoint x iTBS Group x AUD Group; H1,46)=7.58, p=.008, an:.14; moderate effect).
Patients with an AUD who received the full iTBS dose (versus those who received half the
dose) demonstrated a sharper rate of improvement in depression symptoms from baseline to
1-month follow-up (Timepoint x iTBS Group; A1,15)=8.91, p=.009, npzz.37; large effect;
see Figure 2A). Patients who did not receive the full dose did not significantly improve in
depressive symptoms over time. In contrast, patients without AUD showed similar degrees
of improvement in depressive symptoms over time, regardless of iTBS dose (Timepoint x
iTBS Group; A1,31)=0.02, p=.90, np2:.00; see Figure 2B).
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DISCUSSION

Limitations

Although neurostimulation is a promising treatment for both depression and posttraumatic
stress disorder!3: 23, clinical trials often exclude patients with an AUD due to potential
concerns about the negative impact of AUD on safety and clinical outcomes. To our
knowledge, this study was the first to examine effects of a comorbid AUD diagnosis on
PTSD and depressive symptom improvement, drawing on a secondary data analysis of a
clinical trial of iTBS for PTSD. Overall, iTBS was safe as delivered, and PTSD symptom
trajectories appeared to be orthogonal to AUD diagnosis, in that both groups showed similar
trajectories of PTSD improvement across treatment conditions. However, improvement in
depressive symptoms varied as a function of treatment dose among patients with an AUD.
Taken together, these findings provide initial support for the use of iTBS to treat depression
and PTSD among patients with an AUD, and have important implications for clinical
practice and future research.

These results suggest that a comorbid AUD is not contraindicated for iTBS treatment for
PTSD and depressive symptoms. Indeed, that a comorbid AUD diagnosis was not associated
with PTSD symptom trajectories, or symptom improvement as a function of treatment dose,
suggests that iTBS can be effectively employed for PTSD treatment among patients
regardless of an AUD diagnosis. However, results were more nuanced for treatment of
depressive symptoms among patients with an AUD. Specifically, patients with an AUD
showed significant reductions in depressive symptom severity over time — but only when
given the full iTBS dose. Moreover, patients with an AUD who did not receive the full iTBS
dose showed similar levels of depressive symptoms at baseline and 1-month follow-up. This
indicates that treatment parameters may be an important consideration when designing
future studies of iTBS for depression in AUD patients.

Interestingly, patients with AUD were more likely to report treatment-emergent side effects
during their participation, but this was not associated with receiving active or sham
stimulation. While our interpretation of this finding is speculative, it indicates that patients
with AUD might have a different sensitivity to clinical trial participation more broadly, and
as such these findings can help inform the design and conduct of subsequent brain
stimulation studies with this patient population.

Furthermore, while the impact of AUD on motor threshold is often a clinical concern, we did
not find any concerning patterns. Baseline motor thresholds were nearly identical when
comparing AUD and non-AUD patients. Motor threshold redetermination, when clinically
indicated, found generally stable thresholds. In fact, participants in the non-AUD group
qualitatively required more checking than our AUD participants. Even though motor
thresholds were not rechecked regularly as part of the trial, when they were rechecked
cortical excitability was largely stable, underscoring the safe nature of the stimulation
provided in this patient population.

Results of this study should be interpreted in the context of several limitations. Despite
leveraging a rigorous, double-blind, sham-controlled study design, the sample size,
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especially for AUD, used in this study was modest. As such, these results require replication
with prospective study. Moreover, as AUD comorbidity was not the primary focus of
treatment, we were only able to examine effects of a comorbid AUD diagnosis on study
outcomes, and not AUD severity or drinking patterns. We were also unable to examine
changes in AUD symptoms over the course of treatment, and alcohol use during stimulation
was clinically monitored but not formally quantified. We did not find meaningful differences
in motor thresholds or safety reporting between groups over time, but we did not
systematically recheck motor thresholds according to a regular schedule and also relied upon
spontaneous self-reported side effects. Furthermore, while the parent study included
neuroimaging, the sample size of AUD patients was sufficiently small to preclude any
rigorous analysis. Since there is a significant overlap in the neurocircuitry of AUD and
depression (e.g., reward processing as well as executive control circuits?4 22, future studies
should include mechanistic inquiry to identify neurobiological targets to engage. It is
important to be mindful that the intensity used here (80% of active MT) represented
conservative first use in this patient population. Whether and how the safety observed here
corresponds to higher intensity stimulation (e.g., 120% of resting MT) is an important
question for further inquiry.

Conclusions

In closing, this analysis indicates that iTBS can be safely used in patients with comorbid
AUD, and there is preliminary evidence that stimulation to the right DLPFC may improve
clinical outcomes for depression and PTSD. This work provides important data for the
design of future randomized controlled studies to prospectively test the efficacy of iTBS in
this common patient population.
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Highlights
. Comorbid Alcohol Use Disorder (AUD) can complicate treatment of
depression and PTSD
. We examined whether AUD impacts transcranial magnetic stimulation (TMS)
treatment.
. AUD was linked with greater depressive symptom improvement from TMS.

. A mild comorbid AUD did not impact PTSD symptom change.

. These results support the safety and utility of TMS in patients with a
comorbid AUD.
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1A. Changes in severity of PTSD symptoms as a function of time and iTBS group among
veterans with an Alcohol Use Disorder. ZB8. Changes in severity of PTSD symptoms as a
function of time and iTBS group among veterans without an Alcohol Use Disorder.

Note. PCL-5 = PTSD Checklist-5.
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2A. Changes in severity of depressive symptoms as a function of time and iTBS group
among veterans with an Alcohol Use Disorder. ZB. Changes in severity of depressive
symptoms as a function of time and iTBS group among veterans without Alcohol Use

Disorder.

Note. IDS-SR = Inventory of Depressive Symptoms — Self-report.

J Affect Disord. Author manuscript; available in PMC 2022 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Bozzay et al.

Table 1.

Page 14

Demographics and clinical characteristics of participants with and without a comorbid alcohol use disorder.

Measure Full Sample (n=50) Comorbid AUD (n=17) No Comorbid AUD (n=33)
Age M(SD) 50.1(12.3) 54.5(11.4) 49.0(12.5)
Female (%) 8(16%) 4(24%) 4(12%)
Marital status 72(%)
Cohabitating/married 18(36%) 5(29%) 13(39%)
Single/never married 11(22%) 2(12%) 9(27%)
Divorced/separated 20(40%) 9(53%) 11(33%)
Race 1 %)
White 42(84%) 14(82%) 28(85%)
Black/African American 0 or 2 2(4%) 0(0%) 2(6%)
American Indian/Alaskan Native 4  1(2%) 1(6%) 0(0%)
Multiracial 5 3(6%) 0(0%) 3(9%)
Hispanic /(%) 2(4%) 1(6%) 1(3%)
Full active stimulation group (%) 25(50%) 9(53%) 16(49%)
Baseline PCL-5 Score M(SD) 49.7(10.3) 50.1(9.0) 49.5(11.1)
Baseline IDS-SR Score M(SD) 41.0(11.7) 43.2(13.6) 39.9(10.7)
Clinical relapse at 1 year (%) 22(44%) 7(41%) 15(46%)

Note. There were no significant differences in demographics between the two groups (all p>.1). AUD = Alcohol Use Disorder; PCL-5 = PTSD
Checklist -5; IDS-SR = Inventory of Depressive Symptoms — Self-Report.
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