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IMPORTANCE Treatment-resistant major depression (TRMD) in veterans is a major clinical
challenge given the high risk for suicidality in these patients. Repetitive transcranial magnetic
stimulation (rTMS) offers the potential for a novel treatment modality for these veterans.

OBJECTIVE To determine the efficacy of rTMS in the treatment of TRMD in veterans.

DESIGN, SETTING, AND PARTICIPANTS A double-blind, sham-controlled randomized clinical
trial was conducted from September 1, 2012, to December 31, 2016, in 9 Veterans Affairs
medical centers. A total of 164 veterans with TRD participated.

INTERVENTIONS Participants were randomized to either left prefrontal rTMS treatment
(10 Hz, 120% motor threshold, 4000 pulses/session) or to sham (control) rTMS treatment
for up to 30 treatment sessions.

MAIN OUTCOMES AND MEASURES The primary dependent measure of the intention-to-treat
analysis was remission rate (Hamilton Rating Scale for Depression score �10, indicating that
depression is in remission and not a clinically significant burden), and secondary analyses
were conducted on other indices of posttraumatic stress disorder, depression, hopelessness,
suicidality, and quality of life.

RESULTS The 164 participants had a mean (SD) age of 55.2 (12.4) years, 132 (80.5%) were
men, and 126 (76.8%) were of white race. Of these, 81 were randomized to receive active
rTMS and 83 to receive sham. For the primary analysis of remission, there was no significant
effect of treatment (odds ratio, 1.16; 95% CI, 0.59-2.26; P = .67). At the end of the acute
treatment phase, 33 of 81 (40.7%) of those in the active treatment group achieved remission
of depressive symptoms compared with 31 of 83 (37.4%) of those in the sham treatment
group. Overall, 64 of 164 (39.0%) of the participants achieved remission.

CONCLUSIONS AND RELEVANCE A total of 39.0% of the veterans who participated in this trial
experienced clinically significant improvement resulting in remission of depressive
symptoms; however, there was no evidence of difference in remission rates between the
active and sham treatments. These findings may reflect the importance of close clinical
surveillance, rigorous monitoring of concomitant medication, and regular interaction with
clinic staff in bringing about significant improvement in this treatment-resistant population.
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I n any given year, major depressive disorder (MDD) occurs
in 1 in 20 adults.1 Traditional treatments for MDD include
a mix of pharmacologic and psychotherapeutic interven-

tions, although up to 20% of patients fail to respond to these
traditional treatments.2,3 Nonresponders can be classified as
having treatment-resistant MDD (TRMD). Management of
TRMD is complex and involves treatments such as mono-
amine oxidase inhibitors or electroconvulsive therapy (ECT).
Although such approaches may be reasonable for patients with
severe depression or patients with suicidality, for most pa-
tients with moderate TRMD symptoms, the decision to esca-
late treatments is more difficult because these treatments come
with increased risks and associated costs. New TRMD treat-
ments are needed, preferably without major safety concerns
or adverse effects as seen with aggressive polypharmacy or ECT.

Repetitive transcranial magnetic stimulation (rTMS) is a
noninvasive method of delivering brain stimulation using an
electromagnetic coil that is positioned on the head near the brain
region of interest. A systematic review and meta-analysis of
studies shows efficacy in TRMD4 with effect sizes comparable
to those in studies of contemporary antidepressant medica-
tions. Repetitive transcranial magnetic stimulation has fewer
of the risks associated with ECT or the potential adverse
effects and risks of monoamine oxidase inhibitors and is less
expensive to administer than ECT.5 Thus, there is the potential
for a significant advance in Veterans Affairs (VA) mental health
care, with associated cost savings, if rTMS were to be shown as
effective in the treatment of TRMD in VA patients.

To our knowledge, no other large-scale clinical trial has ex-
amined the efficacy of rTMS in VA patients with depression.
This trial is an important next step because veterans may
experience a different treatment response compared with
civilians. This differential treatment response is well docu-
mented in studies of treatment of posttraumatic stress disor-
der (PTSD), in which veterans did not show the same treat-
ment gains seen in civilians in both pharmacologic and
psychotherapeutic trials.6,7 Veterans experience medical and
psychiatric comorbidities that complicate their clinical presen-
tation and can reduce their treatment response.8 Clinical trials
in civilians often include a narrow subset of the patient popu-
lation that is free from medical and psychiatric comorbidities;
thus, it is unknown if these positive findings seen in civilian
populations would translate into similar effects in VA practice
settings. To address this question, we conducted a double-
blind, sham-controlled trial of rTMS in veterans with TRMD.

Methods
Study participants were veterans with TRMD who received care
in the VA health care system. Diagnosis of TRMD required both
the classification of MDD as determined by the Structured
Clinical Interview for DSM-IV and the failure of at least 2 prior
pharmacologic interventions rated as adequate by a modified
version of the Antidepressant Treatment History Form.9 The An-
tidepressant Treatment History Form findings are described in
eTables 1 and 2 in Supplement 1. Veterans with comorbid PTSD
and a history of substance use disorders were not excluded from

study participation. Veterans had to be stable while receiving
psychotropic medications for 4 weeks prior to randomization
and continue receiving concomitant medications throughout
rTMS treatment. Detailed inclusion/exclusion criteria can be
found in the Box and drug screen results are in eTable 3 in
Supplement 1. Study participants were recruited from a vari-
ety of settings where veterans receive mental health services
in the VA health care system. These settings include traditional
outpatient mental health clinics, primary care clinics, residen-
tial treatment programs, and inpatient settings at VA medical
centers in Waco, Texas; Charleston, South Carolina; Cincin-
nati, Ohio; Palo Alto, California; Philadelphia, Pennsylvania;
Pittsburgh, Pennsylvania; San Francisco, California; Salt Lake
City, Utah; and White River Junction, Vermont. The protocol
is available in Supplement 2.

All 9 participating medical centers were reviewed and ap-
proved by the VA Central Institutional Review Board. Data were
processed, managed, and analyzed by the VA Cooperative Stud-
ies Program Coordinating Center, Perry Point, Maryland. An
independent data safety and monitoring board reviewed safety
issues and study progress. All participants provided written
informed consent; those who completed the study received
financial compensation. Furthermore, all participants re-
mained under the care of the primary mental health clinician
and continued to receive stable doses of psychotropic medi-
cations throughout their participation in this trial.

Interventions
Study participants were randomized to either left prefrontal
rTMS treatment (10 Hz, 120% motor threshold, 4000 pulses/
session) or to sham (control) rTMS treatment for up to 30 treat-
ment sessions. Repetitive transcranial magnetic stimulation
was administered using a modified MagPro R30 (MagVen-
ture) device with Cool-B65-A/P coil. The A (active) side of the
unmarked coil delivered active treatment and the P (placebo)
delivered sham treatment. For both groups, treatment was de-
livered in 5 session blocks over a period of 5 to 12 calendar days.
Approximately 4000 stimulation pulses were delivered in each
treatment session. Participants received between 20 and 30
sessions of rTMS. Participants who experienced remission af-
ter the initial 20 to 30 sessions received another 6 additional
taper sessions that were delivered over a 3-week period.

Key Points
Question Is repetitive transcranial magnetic stimulation an
efficacious treatment for treatment-resistant major depression in
patients who are veterans?

Findings In this randomized clinical trial of 164 US veterans with
depression, the overall remission rate was 39%, with no significant
difference between the active and sham groups. Patients with
comorbid posttraumatic stress disorder showed the least
improvement.

Meaning These findings may reflect the importance of close
clinical surveillance, rigorous monitoring of concomitant
medication, and regular interaction with clinic staff in bringing
about significant improvement in this treatment-resistant
population.
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Randomization to Treatment and Blinding
Study participants were randomized to either active or sham
treatment using an adaptive randomization scheme (biased coin
procedure). On-site study staff (including site investigators,
study coordinators, treaters, and raters) and participants were
blinded to treatment group assignment. Each participant was
assigned a number that was associated with a treatment group.
Before each treatment session, study staff key-entered this num-
ber into the rTMS device to deliver the appropriate treatment
(active or sham) for each participant. Detailed information on
these measures and frequency of assessments is available in the
full protocol (Supplement 2).12

Primary and Secondary Outcomes
The primary outcome of this intention-to-treat study was re-
mission in depressive symptoms, which was defined as a score
of 10 or less, indicating that depression is in remission and not
a clinically significant burden, on the 24-item Hamilton Rat-
ing Scale for Depression (HRSD) (score range, 0-75; from not
clinically significant to very severe depression) at the end of

the acute treatment phase. Secondary outcomes included im-
provements in measures of depression (Montgomery-Åsberg
Depression Rating Scale [score range, 0-50; from no symp-
toms to severe depression], Beck Depression Inventory-II [score
range, 0-63; from minimal to severe depression]), PTSD (PTSD
Checklist–Military [score range, 17-85; higher scores indicate
more severe symptoms] and Clinician-Administered PTSD
Scale for DSM-IV [score range, 0-136; from asymptomatic/
few symptoms to extreme PTSD symptoms]), suicidal ide-
ation (Beck Scale for Suicide Ideation [score range, 0-38; higher
scores indicate great suicidality] and Columbia Suicide Sever-
ity Rating Scale [score range, 2-25; higher scores indicate higher
intensity), and quality of life (Veterans RAND 36-item Health
Survey [higher scores indicate better functioning]).

Statistical Analysis
Primary analyses were performed using intent-to-treat prin-
ciples on the 164 randomized patients. We performed logistic
regression analyses to evaluate treatment efficacy that were ad-
justed for PTSD diagnosis, history of substance use disorder, and

Box. rTMS Trial Inclusion and Exclusion Criteria

Inclusion Criteria

Between ages 18 and 80 y

Per the SCID for DSM-IV-TR, patients have an MDD diagnosis. HRSD
score �20 no more than 7 days prior to randomization

Exhibit moderate level of resistance to antidepressant treatment
defined, using the ATHF, as failure of �2 adequate medication trials

Duration of current episode of MDD, �10 y

Ability to obtain a motor threshold (should be determined at the end
of the screening process)

Currently under the care of a VA psychiatrist

If receiving a psychotropic medication regimen, that regimen will be
stable for �4 weeks prior to randomization and patient will be
willing to continue receiving a stable regimen during the acute
treatment phase

Has an adequately stable condition and environment to enable
attendance at scheduled clinic visits

Women agree to use 1 of the following acceptable methods of birth
control listed in the protocol: complete abstinence; oral
contraceptive; levonorgestrel implant; medroxyprogesterone
acetate; condom with spermicide; cervical cap with spermicide;
diaphragm with spermicide; intrauterine device; surgical
sterilization

Able to read, verbalize understanding, and voluntarily sign the
informed consent form prior to performance of any study-specific
procedures or assessments

Exclusion Criteria
Pregnancy or lactationa

Unable to be safely withdrawn, at least 2 wk before treatment
commencement, from medications that substantially increase the
risk of having seizures

Cardiac pacemaker

Implanted device (deep brain stimulation) or metal in the brain

Cochlear implant

Mass lesion, cerebral infarct, increased intracranial pressure, or other
active central nervous system disease, including a seizure disorder

Known current psychosis as determined by DSM-IV or SCID (Axis I,
psychotic disorder, schizophrenia) or a history of a nonmood
psychotic disorder

Known current bipolar I disorder as determined by SCID or a history
of bipolar I disorder

Current amnestic disorders, dementia, Blessed Orientation-Memory-
Concentration score >10,10,b delirium, or other cognitive disorders

Current substance abuse (not including caffeine or nicotine) as
determined by positive toxicology screen, or by history via SCID,
within 3 months prior to screening

Elevated risk of seizure due to TBI

Participation in concurrent clinical trial

Prior exposure to rTMS

Active current suicidal intent or plan as evidenced by a score of 4 or
5 on the suicidal ideation portion of the CSSRS11 or the endorsement
of an actual attempt, interrupted attempt, or an aborted attempt in
the past 6 months; all patients will be required to establish a written
safety plan involving their primary VA psychiatrist and the treatment
team before entering the clinical trial

Unstable cardiac disease or recent (<3 months previous) myocardial
infarction

Refusal to sign consent for participation in the study

Abbreviations: ATHF, Antidepressant Treatment History Form; CSSRS,
Columbia Suicide Severity Rating Scale; HRSD, Hamilton Rating Scale for
Depression; MDD, major depressive disorder; rTMS, repetitive transcranial
magnetic stimulation; SCID, Structured Clinical Interview for DSM Disorders;
TBI, traumatic brain injury; VA, Veterans Affairs.

a This is a US Food and Drug Administration–required exclusion. In the future,
if rTMS becomes a proven treatment for major depression, its safety in the
context of pregnancy should be studied separately.

b Scores of 10 or greater are indicative of clinically significant cognitive
impairment.
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study site at the end of acute treatment and 24-week follow-
up. Baseline characteristics between the 2 groups were com-
pared using the Pearson χ2 test or Fisher exact test for cat-
egorical variables and analysis of variance or Wilcoxon
signed rank test for continuous variables. For secondary
analyses, the general linear model and logistic regression
were used for the continuous and binary end points analy-
ses, and a mixed linear model and generalized estimating
equations were used to analyze the continuous and binary
longitudinal measurements, respectively. All of the hypoth-
eses were tested at the significance level of .05, using
unpaired, 2-tailed tests. SAS, version 9.4 (SAS Institute Inc)
was used for statistical analysis.

Results
Participants were enrolled at 9 VA medical centers over a 4-year
period with active enrollment extending from September 1,
2012, to May 31, 2016, and with data collection completed on
December 31, 2016. We screened 342 patients and random-
ized 164 (Figure 1).

Of the 81 participants who were randomized to the active
treatment group, 60 completed the study, 9 terminated during
the treatment phase, and 12 withdrew during the follow-up
phase. Of the 83 participants randomized to the sham treatment
group, 65 completed the study, 9 terminated during the treat-
ment phase, and 9 withdrew during the follow-up phase. The
5 main reasons for discontinuation included lost to follow-up/
unable to contact, burden of visits/interviews, unable to return
to clinic, adverse medical event, and withdrew from study. The
groups did not significantly differ in terms of attrition, reasons
for discontinuation, or number of adverse events.

Baseline demographic and clinical features of study par-
ticipants by treatment group are reported in Table 1. Demo-
graphic characteristics did not differ significantly between the
groups. There were no significant differences at baseline be-
tween the 2 groups other than on the Beck Depression Inven-
tory in which the sham group rated themselves as being more
depressed than the active treatment group.

Primary Outcome: Remission of Depressive Symptoms
The effects of rTMS treatment on primary and secondary out-
comes are reported in Table 2. For the primary analysis of

Figure 1. CONSORT Diagram

342 Assessed for eligibility

178 Excluded
104 Did not meet inclusion criteria

2 Declined to participate
72 Other reasons

164 Randomized

81 Randomized to receive active rTMS
80 Received rTMS as randomized
1 Did not receive rTMS as randomized

for financial reasons

81 Included in intent-to-treat analysis
(participants assigned for analysis
according to the group to which they
were randomized)

57 Included in the analysis as completers
(participants who were treated according
to the protocol and had <4 TMS sessions
not completed during acute treatment
phase)

52 Included in the analysis as fully adherent
(participants who had <2 sessions not
completed and had no other treatment-
related protocol violations during acute
treatment phase)

83 Included in intent-to-treat analysis
(participants assigned for analysis
according to the group to which they
were randomized)

60 Included in the analysis as completers
(participants who were treated according
to the protocol and had <4 TMS sessions
not completed during acute treatment
phase)

53 Included in the analysis as fully adherent
(participants who had <2 sessions not
completed and had no other treatment-
related protocol violations during acute
treatment phase)

60 Completed study

2 Unable to return for appointment
7 Lost to follow-up
2 Burden of visits or interview
1 Administrative discharge
4 Adverse event
1 Psychiatric problem
2 Other

21 Discontinued
2 Withdrew from study

83 Randomized to receive sham rTMS
83 Received rTMS as randomized

65 Completed study

4 Unable to return for appointment
3 Lost to follow-up
5 Burden of visits or interview
1 Moved
1 Adverse event
1 Lack of effectiveness
1 Other

18 Discontinued
2 Withdrew from study

rTMS indicates repetitive transcranial
magnetic stimulation.
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remission in the intention-to-treat sample (n = 164), there was
no significant effect of treatment (odds ratio [OR], 1.16; 95%
CI, 0.59-2.26; P = .67). Among the predefined covariates (sub-
stance abuse, PTSD status, and sites) in the logistic model, PTSD
status was significantly related to the remission rate (OR, 0.47;
95% CI, 0.24-0.94; P = .03). At the end of the acute treatment
phase, 33 of 81 participants (40.7%) in the active treatment
group who finished the rTMS treatment achieved remission
of depressive symptoms compared with 31 of 83 (37.4%) of
those in the sham treatment group. Overall, 64 of 164 (39.0%)
of the participants achieved remission. At the end of the fol-
low-up phase, 16 (19.8%) of the active treatment group evi-

denced sustained remission compared with 13 (15.7%) of the
sham treatment group.

Secondary Outcomes: PTSD, Suicidality, and Quality of Life
When we examined the effects of the rTMS treatment on PTSD
symptoms, there was no significant effect of treatment at the
end of the acute treatment phase in either the Clinician
Administered PTSD Scale for DSM-IV (treatment coefficient,
5.20; 95% CI, −0.49 to 10.89; P = .07) or the PTSD Checklist–
Military (treatment coefficient, 2.68; 95% CI, −0.84 to 6.19;
P = .13). Secondary outcomes are described in eTable 6 and
eTable 7 in Supplement 1. These nonsignificant findings were

Table 1. Baseline Characteristics

Characteristic
Active rTMS
(n = 81)

Sham rTMS
(n = 83)

Total
(N = 164) P Valuea

Age, mean (SD), y 55.6 (12.2) 54.8 (12.6) 55.2 (12.4) .66

Men, No. (%) 67 (82.7) 65 (78.3) 132 (80.5) .48

Married, No. (%) 29 (35.8) 33 (39.8) 62 (37.8) .60

Education above high school, No. (%) 40 (49.4) 49 (59.0) 89 (54.3) .22

Work history (past 4 wk), No. (%) 17 (21.0) 22 (26.5) 39 (23.8) .41

White, No. (%) 63 (77.8) 63 (76.8) 126 (77.3) .78

BMI, mean (SD) 30.8 (6.2) 30.4 (5.1) 30.6 (5.7) .71

PTSD (SCID), No. (%) 40 (49.4) 41 (49.4) 81 (49.4) .99

Substance abuse, No. (%) 45 (55.6) 43 (51.8) 88 (53.7) .63

HRSD-24 score, mean (SD)b 26.2 (4.9) 27.5 (5.1) 26.9 (5.0) .10

MADRS score, mean (SD)c 24.7 (7.6) 26.2 (6.9) 25.5 (7.3) .19

BDI-II score, mean (SD)d 22.6 (10.3) 26.5 (10.0) 24.5 (10.3) .04e

CAPS (life time), mean (SD)f 45.4 (37.8) 44.1 (37.5) 44.8 (37.6) .83

CAPS (current), mean (SD)f 32.0 (31.3) 34.1 (32.2) 33.1 (31.7) .67

PCL-M, mean (SD)g 42.2 (17.5) 43.3 (18.8) 42.8 (18.1) .69

VR-36 (PCS), mean (SD)h 42.4 (11.5) 40.2 (10.0) 41.3 (10.8) .20

VR-36 (MCS), mean (SD)i 27.2 (11.6) 25.1 (10.0) 26.2 (10.8) .22

BSI mean (SD)j 3.7 (6.0) 5.6 (6.7) 4.7 (6.5) .06

BHS, mean (SD)k 9.8 (6.6) 11.2 (5.5) 10.5 (6.1) .16

CSSRS l

Ideation intensity, mean (SD) 7.4 (6.6) 7.8 (6.9) 7.6 (6.7) .67

Ideation, No. (%) 49 (60.5) 51 (61.5) 100 (61.0) .90

Behavior, No. (%) 1.0 (1.2) 0.0 (0.0) 1.0 (0.6) .49m

Suicidality, No. (%) 49 (60.5) 51 (61.5) 100 (61.0) .90

Medical history (neurologic disorder), No. (%) 42 (51.9) 39 (47.0) 81 (49.4) .53

Medical history (psychiatric disorder), No. (%) 79 (97.5) 82 (98.8) 161 (98.2) .55

Medical history (traumatic brain injury), No. (%) 5 (6.2) 5 (6.0) 10 (6.1) .97

Abbreviations: BDI-II, Beck Depression Inventory II; BHS, Beck Hopelessness
Scale; BMI, body mass index (calculated as weight in kilograms divided by
height in meters squared); BSI, Beck Scale for Suicide Ideation;
CAPS, Clinician-Administered PTSD Scale for DSM-IV; CSSRS, Columbia Suicide
Severity Rating Scale; HRSD-24, 24-item Hamilton Rating Scale for Depression;
MADRS, Montgomery-Åsberg Depression Rating Scale; MCS, mental
component scale; PCL-M, PTSD Checklist–Military; PCS, physical component
scale; PTSD, posttraumatic stress disorder; rTMS, repetitive transcranial
magnetic stimulation; SCID, Structured Clinical Interview for DSM Disorders;
VR-36, Veterans RAND 36-item Health Survey.
a P values based on χ2 tests for categorical variables and analysis of variance

tests for continuous variables.
b Score range, 0 to 75; scores indicate from not clinically significant to very

severe depression.
c Score range, 0 to 50; from no symptoms to severe depression.

d Score range, 0 to 63; from minimal to severe depression.
e P value based on Wilcoxon signed rank test.
f Score range, 0 to 136; from asymptomatic/few symptoms to extreme PTSD

symptoms.
g Score range, 17 to 85; higher scores indicate more severe symptoms.
h Higher scores indicate better physical functioning.
i Higher scores indicate better mental health functioning.
j Score range, 0 to 38; higher scores indicate great suicidality.
k Score range, 0 to 20; from none/minimal to severe hopelessness.
l Score range, 2 to 25; higher scores indicate higher intensity.
mP value based on Fisher exact test.
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also observed at the end of the follow-up phase. Further-
more, a similar pattern of nonsignificant findings was seen in
measures of suicidality and quality of life at both the end of
acute treatment and follow-up phases. A similar pattern of re-
sults was seen in both the Montgomery-Åsberg Depression Rat-
ing Scale and the Beck Depression Inventory (eTable 4 in
Supplement 1).

Moderators of Treatment Effect
Figure 2 highlights a potential treatment-moderating effect of
PTSD diagnosis. When stratifying by presence or absence of
PTSD comorbidity, 20 of 41 participants (48.8%) without PTSD
achieved remission (a rate higher than the overall mean); only
13 of 40 participants with MDD (32.5%) with PTSD demon-
strated remission (a rate lower than the overall mean). In the
sham control condition, 18 participants (42.9%) with MDD
without PTSD achieved remission compared with 13 partici-
pants (31.7%) with PTSD. Thus, rates of remission were higher

for MDD (without PTSD) for active compared with sham con-
ditions, whereas there was little difference for MDD with PTSD,
and rates of remission were also lower in this comorbid group.
Comorbidity also had a moderating effect on maintenance of
remission. At the end of the follow-up phase, 14 participants
(34.2%) with MDD (without PTSD) in the active treatment group
maintained remission, compared with only 2 participants
(5.0%) with MDD and PTSD. In the sham treatment condi-
tion, 3 participants (7.3%) with PTSD maintained remission,
compared with 10 participants (23.8%) in the same treatment
group without PTSD.

Additional Analyses
We also used a linear mixed-model approach to examine
whether the lack of a significant difference between active and
sham groups might have reflected missing data. The results of
our primary and secondary analyses did not change. Also, to
examine whether the lack of a significant difference between

Table 2. Effect of rTMS Treatment on Major Study Outcomes Using the Intention-to-Treat Sample

Outcome

Baseline End of rTMS Treatment End of 24-wk Follow-up

Active
(n = 81)

Sham
(n = 83)

Active
(n = 73)

Sham
(n = 77)

Adjusted Effect
Estimate
(95% CI)a

P
Value

Active
(n = 60)

Sham
(n = 65)

Adjusted Effect
Estimate
(95% CI)a

P
Value

Depression symptom
remission rate, No. (%)

HRSD remission rateb NA NA 33 (40.7) 31 (37.4) 1.16
(0.59 to 2.26)

.67 16 (19.8) 13 (15.7) 1.55
(0.62 to 3.86)

.35

HRSD remission rateb

for MDD without PTSD
NA NA 20 (48.8) 18 (42.9) 1.82

(0.68 to 4.93)
.23 14 (34.2) 10 (23.8) 2.69

(0.86 to 8.4)
.09

HRSD remission rateb

for MDD with PTSD
NA NA 13 (32.5) 13 (31.7) 0.73

(0.25 to 2.16)
.56 2 (5.0) 3 (7.3) 0.73

(0.09 to 5.7)
.76

Depression symptoms
severity, mean (SD)

HRSD score 26.2 (4.9) 27.5 (5.1) 14.8 (9.1) 14.4 (8.6) 1.28
(−1.42 to 3.97)

.34 16.3 (9.5) 17.1 (8.9) 0.67
(−2.59 to 3.94)

.68

MADRS score 24.7 (7.6) 26.2 (6.9) 14.3 (11.1) 13.1 (10.5) 2.26
(−0.91 to 5.44)

.16 13.7 (10.2) 15.0 (9.7) − 0.03
(−3.45 to 3.39)

.99

BDI score 22.6 (10.3) 26.5 (10.0) 14.2 (10.9) 13.0 (9.5) 2.22
(−0.64 to 5.08)

.12 9.0 (8.3) 12.8 (10.8) − 1.59
(−6.08 to 2.89)

.48

Suicidality

BSI score, mean (SD) 3.7 (6.0) 5.6 (6.7) 2.0 (4.6) 2.7 (4.9) 0.08
(−1.46 to 1.62)

.91 1.5 (4.2) 2.5 (4.9) − 0.54
(−2.25 to 1.17)

.53

Suicidal Ideation based
on CSSRS, No. (%)

49 (60.5) 51 (61.5) 18 (25.7) 21 (28.8) 0.90
(0.40 to 2.00)

.79 14 (24.6) 15 (23.8) 1.02
(0.43 to 2.46)

.96

PTSD symptom severity,
mean (SD)

CAPS score 32.0 (31.3) 34.1 (32.2) 26.9 (28.2) 23.3 (27.6) 5.20
(−0.49 to 10.89)

.07 26.7 (28.6) 21.3 (23.9) 4.47
(−0.69 to 9.64)

.09

PCL-M score 42.2 (17.4) 43.3 (18.8) 37.0 (16.9) 35.2 (16.7) 2.68
(−0.84 to 6.19)

.13 37.4 (17.4) 35.2 (16.0) 2.68
(−1.49 to 6.85)

.21

Quality of life, mean (SD)

VR-36 standardized
PCS

42.4 (11.5) 40.2 (10.0) 41.9 (10.9) 41.2 (11.9) −1.32
(−3.61 to 0.97)

.27 42.8 (10.8) 40.1 (12.3) 0.08
(−2.67 to 2.83)

.96

VR-36 standardized
MCS

27.2 (11.6) 25.1 (10.0) 35.1 (14.3) 36.0 (14.7) −1.76
(−5.91 to 2.39)

.40 34.5 (12.8) 34.8 (13.4) −0.12
(−4.48 to 4.24)

.96

Abbreviations: BDI, Beck Depression Inventory; BSI, Beck Scale for Suicide
Ideation; CAPS, Clinician-Administered PTSD Scale for DSM-IV; CSSRS, Columbia
Suicide Severity Rating Scale; HRSD, Hamilton Rating Scale for Depression;
MADRS, Montgomery-Åsberg Depression Rating Scale; MCS, mental
component scale; MDD, major depressive disorder; NA, not applicable;
PCL-M, PTSD Checklist–Military; PCS, physical component scale;
PTSD, posttraumatic stress disorder; rTMS, repetitive transcranial magnetic
stimulation; VR-36, Veterans RAND 36-item Health Survey.
a Treatment effects of rTMS estimated from logistic regressions for binary

outcomes adjusted for PTSD, substance use, and site; estimated from general
linear regressions for continuous outcomes adjusted for baseline; and
presented in the Table as odds ratios (95% CI) from the logistic regressions
and treatment coefficients (95% CI) from the general linear regressions.

b The HRSD remission rates were calculated based on 164 randomized
participants. If the HRSD score was missing, the participant was considered as
not achieving remission based on the protocol.

Effect of Repetitive Transcranial Magnetic Stimulation on Treatment-Resistant Major Depression in US Veterans Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry September 2018 Volume 75, Number 9 889

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Stanford University Medical Center User  on 03/19/2019

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2018.1483&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2018.1483
http://www.jamapsychiatry.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2018.1483


the active and sham groups reflected any attenuation in power
due to our inclusion of covariates in our model (substance
abuse, PTSD, and site), we conducted the primary analyses
without these covariates included, and again, our findings
remained unchanged.

Safety
Treatment-emergent adverse events did not differ signifi-
cantly between treatment groups and were generally consis-
tent with expected background medical issues in this popu-
lation. The most common nonserious adverse events included
nasopharyngitis (8 participants in both groups), depression (8
active and 3 sham participants), and falls (3 active and 7 sham
participants). Headache, an adverse event commonly associ-
ated with rTMS, occurred in 15 active and 16 sham partici-
pants. There were 18 patients with abnormal results of hear-
ing tests in each group, but this was believed to be an artifact
of frequent, imprecise testing. The most common serious ad-
verse event was suicidal ideation (3 active and 4 sham partici-
pants). No suicides or seizures occurred during the study and
there were no deaths.

Discussion
In this study of veterans with TRMD, we found that the deliv-
ery of rTMS while the participants were receiving other anti-
depressants was safe and well tolerated, with remission in
39.0% of all patients by the end of acute treatment. This find-
ing is consistent with the observation that placebo response
has been increasing over time in clinical trials of antidepres-
sant medication.13 This remission rate is high compared with
other studies of veterans with TRMD. A recent study of 3 phar-
macologic augmentation strategies for veterans who did not
respond to 1 antidepressant showed remission rates at 12 weeks

that ranged from 22% to 29%.14 The higher remission rates seen
in our rTMS study are even better because the patients under-
going rTMS were documented to have 2 failed trials of antide-
pressants, whereas the pharmacologic augmentation clinical
trial required only 1 failed prior trial. Furthermore, this rTMS
study showed that 16 of 33 (48.5%) of active rTMS partici-
pants with acute remission were still in remission 24 weeks
later, as were 13 of 31 (41.9%) of those in the sham group.

Differences With the OPT-TMS Study
We did not observe a significant difference in remission rates
between the active rTMS and sham groups, which differs from
previous rTMS trials in civilians. Specifically, the OPT-TMS trial
reported remission rates in which 14% of participants who re-
ceived active rTMS treatment achieved remission compared
with 5% of those in the sham group (OR, 4.2; 95% CI, 1.32-
13.24; P = .02).15 It is not surprising to find that these veter-
ans had a differential treatment response as this is consistent
with prior pharmacologic and psychotherapeutic trials in which
veterans did not show the same treatment gains seen in
civilians.6,7 Although the veterans in the present study are fairly
representative of the veterans with TRMD seen in the VA, they
are significantly more complex than participants recruited in
civilian trials of rTMS on several factors. First, this study dif-
fered from most rTMS studies in the high proportion of men
(80.5%), which is notable because women may have a better
response rate to rTMS than men.16 The small number of fe-
male participants precluded formal statistical analyses of dif-
ferential response; however, in our small sample, women
generally had higher remission rates (eTable 5 in Supplement
1). Furthermore, compared with participants in the OPT-TMS
trial, the veterans in the present trial were on average 8 years
older (55.2 vs 47.1 years), had not responded to at least 2 prior
antidepressant trials in their current depressive episode (com-
pared with 1.51 on average), had numerous comorbid psychi-
atric disorders, including 49.4% with PTSD and 53.7% with a
substance use disorder (compared with no comorbid Axis I dis-
orders). These comorbidities increased the complexity of the
patients, and thus their need for heightened clinical surveil-
lance. Although the OPT-TMS researchers met with their par-
ticipants with a similar frequency, the visits in the present study
were almost twice the length of those in the OPT-TMS trial.

Possible Causes of High Remission Rates
Our findings also differ from those of prior rTMS research in
terms of the high rate of remission seen in both the active and
sham groups. These high remission rates suggest that veter-
ans’ expectations of improvement and extensive attention pro-
vided by the rTMS treatment team may have played a large role
in the significant clinical improvements they experienced. As
with other trials of rTMS, veterans in this study had daily meet-
ings over 20 to 30 days with mental health professionals. How-
ever, unlike past trials of rTMS, veterans in this study were
evaluated for medication adherence before each treatment ses-
sion to confirm their adherence to a stable regimen of psycho-
tropic medication, as this was a requirement for participation
in the trial. Complementing the daily queries regarding medi-
cation adherence were the extensive evaluations of mood,

Figure 2. Hamilton Rating Scale for Depression Remission Rates
Stratified by Presence or Absence
of Posttraumatic Stress Disorder (PTSD)
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suicidality, and substance use at the end of each treatment
block and follow-up visit. Although all participants were fol-
lowed up by mental health clinicians in the VA system, the regu-
lar contact with study staff was more extensive than is typi-
cally provided in outpatient mental health settings. This added
attention may have interacted with the fact that this study was,
to our knowledge, the first large rTMS clinical trial in which
medications were included and contributed to enhanced ad-
herence to pharmacologic treatments. Furthermore, 76.2% of
the participants were unemployed and thus potentially so-
cially isolated and/or inactive. This raises the possibility that
the high remission rate may be in part due to the increased ac-
tivity and contact with study staff, which is consistent with the
substantial effects seen in trials of behavioral activation.17,18

PTSD as a Potential Moderator for Veterans With TRMD
Although prior studies of veterans suggested that they would
have a response to psychiatric treatment different from civil-
ians, we did not anticipate the differences in remission rates
at follow-up seen in patients with TRMD with and without
PTSD. In the active treatment, only 5.0% of patients with MDD
and PTSD remained in remission at follow-up compared with
34.2% in those with MDD without PTSD. Similarly, in the sham
condition, only 7.3% of patients with MDD and PTSD re-
mained in remission at follow-up compared with 23.8% of those
with MDD but without PTSD. Our ability to detect significant
differences between these subgroups is limited by the sample
size. Thus, futures studies should examine if such differ-
ences might be real. Furthermore, it is not known if the PTSD
symptoms predated the current MDD episode, and thus would
be the primary problem that is contributing to or exacerbat-
ing the depressive symptoms. Although PTSD is not a com-
mon comorbidity in rTMS studies of depressed civilians, anxi-
ety disorder comorbidity has been found to be an indicator of
poor outcome with rTMS.19 Treatment of PTSD may be more
effective if targeting dysfunctional neural circuitry in this con-
dition. For example, although studies has shown single-
pulse TMS stimulation of the right ventrolateral prefrontal cor-
tex during concurrent functional magnetic resonance imaging
inhibited amygdala activity in PTSD, greater ability of right dor-
solateral, prefrontal, single-pulse TMS/functional magnetic
resonance imaging to inhibit amygdala activity in patients with
PTSD is an indicator of better outcome with subsequent ex-
posure therapy.20 Ultimately, we anticipate that overall out-
comes will be improved by better aligning in future work
particular aspects of rTMS interventions (eg, brain location,
stimulation protocol including theta burst, TMS coil type) with

biological and clinical heterogeneity, as exemplified here by
PTSD comorbidity. Finally, we note that results of a recent study
of ECT in veterans with MDD and PTSD showed a positive ef-
fect on both MDD and PTSD symptoms.21 Thus, the effects of
rTMS and ECT appear to be quite different in this population
of veterans.

Given this widespread use of rTMS in civilian popula-
tions and the high overall remission rates observed in this
study, it would seem to be reasonable to use rTMS treatment
in veterans. This is occurring in many sites across the nation.
Like the present study, VA clinical use of rTMS involves a com-
prehensive approach to the patients, including pharmaco-
therapy, psychotherapy, and psychosocial support. The fact
that there appears to be a positive response to ECT in veter-
ans with MDD and PTSD suggests that such patients would do
best with ECT.

Limitations
The participants in this study are representative of patients seen
in VA mental health care. These participants had multiple co-
morbidities, including PTSD and substance abuse. Given the
complexity of our participants, a primary limitation of the proj-
ect is that larger sample sizes are needed to discern subgroup
effects. Furthermore, many advances have been made in the
technical administration of rTMS in both MDD and PTSD since
this study was conceived and the treatment would be done dif-
ferently today.

Conclusions
This study supports the clinical observation that a combina-
tion of interventions including rTMS is effective for achiev-
ing symptom remission in 39.0% of veterans with MDD who
were previously treatment resistant. This finding was particu-
larly the case for the subset of veterans who did not have cur-
rent PTSD as 1 of their comorbid characteristics where remis-
sion rate was 45.8%, whereas those with PTSD remission rate
was 32.1%.

Achieving remission rates of 40% and over in treatment-
resistant veterans is a clinically meaningful result warranting
evaluation of such comprehensive approaches to treatment of
patients with difficult-to-treat MDD within the VA. Future work
with rTMS may show an enhanced effect when newer coil mod-
els, better stimulus targeting, biological markers of response,
higher frequency rates of stimulation, and longer duration of
treatment are implemented.
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