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Therapeutic High-Frequency Repetitive
Transcranial Magnetic Stimulation
Concurrently Improves Mood and Anxiety
in Patients Using Benzodiazepines
Kevin A. Caulfield, MS*† ; Adam P. Stern, MD†

Objectives/Hypothesis: In this study, we tested the use of repetitive transcranial magnetic stimulation (rTMS) to reduce
depression and anxiety in patients using or not using benzodiazepines. We hypothesized that rTMS would concurrently reduce
symptoms in both depression and anxiety and that these reductions would correlate with patients using benzodiazepines.

Materials and Methods: This retrospective study screened for patients treated in a TMS clinic within a five-year period. Each
patient had received high-frequency (10 or 20 Hz) rTMS over the left dorsolateral prefrontal cortex and completed pre- and
posttreatment Beck Depression Inventory and Visual Analog Scale-Anxiety ratings. Fifty-eight patients (37 women) met these
criteria and 37 (63.8%) took benzodiazepines. We used two mixed analysis of variance analyses to separately evaluate the
effects of rTMS on depression and anxiety. We additionally directly evaluated the relationship between reductions in depres-
sion and anxiety by computing three linear correlations (all patients, benzodiazepine users, nonbenzodiazepine users).

Results: rTMS was an effective treatment of depression for all patients (p < 0.001). rTMS also reduced anxiety scores from pre-
to posttreatment (p = 0.002). Furthermore, reductions in depression and anxiety were correlated (p = 0.002). These changes in
depression and anxiety only correlated with benzodiazepine users (p < 0.001) and not nonbenzodiazepine users (p = 0.608).

Conclusions: rTMS concurrently improved both depression and anxiety, and changes in these measures correlated with
patients using benzodiazepines. With further investigation, rTMS may be a helpful treatment for both anxiety and depression
simultaneously.
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INTRODUCTION

Depression and anxiety are strongly associated, with an esti-
mated comorbidity rate of 50–80% (1–3). The field of psychiatry is
increasingly acknowledging of this relationship, as seen in the
Diagnostic and Statistical Manual 5’s (DSM-5) recent incorporation
of an “anxious distress” specifier within its definition of major
depressive disorder (4). The neurobiology of depression and anxi-
ety disorders are also linked (5). Despite a growing body of evi-
dence showing the relationship between depression and anxiety,
there remains a need for concurrently treating both symptom
clusters.
Repetitive Transcranial magnetic stimulation (rTMS) is Food and

Drug Administration (FDA) cleared to treat pharmacoresistant
depression (6,7). However, much remains unknown about the
relationship between changes in mood and anxiety from rTMS
treatment. A handful of prior retrospective studies have demon-
strated that rTMS can improve both mood and anxiety, but con-
clusions are limited by the lack of correlation between the two
variables (8,9). A further limitation is both studies’ use of the Ham-
ilton Psychiatric Rating Scale for Depression (HAM-D) to assess
changes in mood from TMS. Using the HAM-D as a depression
inventory for research also evaluating anxiety on other scales is

problematic due to the potential co-linearity of any anxiety reduc-
tions on both depression and anxiety scales driving any observed
effect. In fact, Diefenbach et al. (8) used the anxiety subscores of
the HAM-D (8) and White and Tavakoli (9) used the 7-item Gener-
alized Anxiety Disorder scale (9).
In this study, we aimed to replicate Diefenbach et al. (8) and

White and Tavakoli’s (9) findings using the Beck Depression Inven-
tory (BDI), a commonly used mood assessment that does not evalu-
ate anxiety. Furthermore, we wanted to directly evaluate how these
symptoms improve in relation to one another at the group level by
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statistically correlating improvements in mood with improvements
in anxiety in patients using or not using benzodiazepines, which we
used as a surrogate marker of anxiety. We hypothesized that
changes in depression and anxiety would concurrently improve and
would correlate with patients using benzodiazepines.

MATERIALS AND METHODS
Participants
This protocol was approved by Beth Israel Deaconess’ Institutional

Review Board. Our inclusion criteria were patients treated with thera-
peutic high-frequency rTMS for depression over the left dorsolateral
prefrontal cortex (DLPFC) who completed pre- and posttreatment
BDI and Visual Analog Scale-Anxiety (VAS-A) ratings. Fifty-eight par-
ticipants (37 women) met these criteria and had an average age of
51.9 (range = 18–80). Of the 58 participants, 37 (63.8%) regularly
used benzodiazepines, which we used as a surrogate marker for
psychopathologic anxiety that remained despite trials of antide-
pressants. Benzodiazepines and other medications were kept con-
stant throughout the rTMS treatment. In addition, no patients
started any medications during the rTMS treatment course.

Measure of Depression: Beck Depression Inventory
The BDI is a commonly used, well-validated, and self-reported

outcome measure for depressive symptoms (10). Participants rated
21 groups of statements on scales of 0 to 3, with higher scores
corresponding to more severe depression. We chose to use the BDI
as it does not evaluate anxiety. In contrast, the HAM-D scores two
anxiety-related indices (“Anxiety Psychic” and “Anxiety Somatic”).

Measure of Anxiety: Visual Analog Scale for Anxiety
The VAS-A is a continuous-variable, self-reported measure of

generalized anxiety disorder. Participants marked a line to indicate
their current levels of anxiety on a scale from “Not at all anxious”
(A score of 0) to “Extremely Anxious” (a score of 10). Prior research
has demonstrated that the VAS-A validly and reliably measures
anxiety in comparison with physician-administered assessments of
anxiety such as the Hamilton Rating Scale for Anxiety and the Hos-
pital Anxiety and Depression Scale—Anxiety subscale (11).

Experimental Procedure
For each participant, trained TMS technicians acquired each

patient’s self-reported pre-BDI and pre-VAS-A measures prior to the
start of the first treatment. The TMS technicians also acquired each
patient’s post-BDI and post-VAS-A measures prior to the last session.

rTMS Parameters
The TMS clinic used the FDA-cleared Neuronetics NeuroStar TMS

Therapy System (Malvern, PA, USA) and the FDA-cleared Magstim
Rapid2 device (Carmarthenshire, West Wales, UK). Patients were
split roughly evenly between devices (58.6% on Neuronetics and
41.4% on Magstim). All participants received high-frequency rTMS
(10 Hz for 3000 pulses per treatment session or 20 Hz for 1600
pulses per treatment session) over the left DLPFC. Trained TMS
technicians targeted the DLPFC using the standard approach of
positioning the coil 5.5 cm anterior of the motor threshold hotspot.
Patients completed an average of 21.6 treatment sessions
(SD = 5.99, range = 10–30). Patients were not separately analyzed
by TMS machine as it does not impact treatment outcome.

Statistical Analysis
We used two mixed-factor analysis of variance tests (ANOVAs)

to examine changes in mood and anxiety. A 2 (time of BDI:
pretreatment, posttreatment) × 2 (benzodiazepine use: yes, no)
ANOVA evaluated the effects of the treatment and benzodiaze-
pine use on mood. Similarly, we used a 2 (time of VAS-A: pre,
post) × 2 (benzodiazepine use: yes, no) ANOVA to test how the
treatment changed patients’ anxiety.
We additionally calculated three Pearson’s correlations (all patients

[N = 58], benzodiazepine users [N = 37], and nonbenzodiazepine
users [N = 21]) to directly evaluate the relationship between
changes in mood and changes in anxiety. Changes in mood were
calculated as a percent change in BDI from pre- to posttreatment.
Change in VAS-A was computed as a point reduction from the start
to the end of the treatment (e.g., a participant who had a
pretreatment VAS-A of 10 and posttreatment VAS-A of 2 would
have a change in VAS-A of 8). All analyses were conducted in
SPSS 25.0.

RESULTS
BDI Scores Significantly Improve From Pre- to Posttreatment
in Both Groups
BDI scores significantly decreased from pretreatment (M = 31.8,

SD = 10.7) to posttreatment (M = 20.4, SD = 12.7), F1,56 = 35.8,
p < 0.001, ηp

2 = 0.39. There was no interaction between BDI
scores and benzodiazepine use, indicating that BDI dropped simi-
larly for both groups, F1,56 = 0.12, p = 0.731, ηp

2 = 0.002.

VAS-A Scores Significantly Improve From Pre- to
Posttreatment in Both Groups
In all patients, VAS-A significantly decreased from pretreatment

(M = 5.92, SD = 2.45) to posttreatment (M = 4.69, SD = 2.73),
F1,56 = 10.1, p = 0.002, ηp

2 = 0.15. Pretreatment, benzodiazepine
users (M = 6.57, SD = 2.18) were significantly more anxious than
non-benzodiazepine users (M = 4.79, SD = 2.54), t56 = −2.81,
p = 0.007, validating benzodiazepine use as a surrogate marker
for high anxiety. Posttreatment, there remained a significant dif-
ference between benzodiazepine users (M = 5.36, SD = 2.61) and
nonbenzodiazepine users (M = 3.51, SD = 2.60), t56 = −2.60,
p = 0.012. While TMS did not reduce the anxiety of benzodiaze-
pine users to the level of nonbenzodiazepine users, it did signifi-
cantly improve anxiety for patients using benzodiazepines.

BDI and VAS-A Scores Significantly Correlate for Patients
Using Benzodiazepines
We found a significant relationship between changes in BDI and

VAS-A scores such that greater percentage improvements in mood
tended to be accompanied by greater improvements in anxiety,
R = 0.39, N = 58, p = 0.002 (Fig. 1a). Two further correlations
showed that improvement in depression was related to improve-
ment in anxiety only for patients using benzodiazepines, R = 0.55,
N = 37, p < 0.001 (Fig. 1b) and not for patients who were not using
benzodiazepines, R = 0.12, N = 21, p = 0.608 (Fig. 1c). Removal of a
potential non-benzodiazepine outlier (VAS-A change of −5.1 and
BDI change of 94.9%) did not change the correlative significance of
mood and anxiety changes in non-benzodiazepine users, R = 0.39,
N = 20, p = 0.093. Therefore, mood and anxiety changes are statisti-
cally related only in patients using benzodiazepines, although this
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could be due to a floor effect for non-benzodiazepine users as they
started with lower VAS-A scores.

DISCUSSION

This study substantiates prior findings that rTMS for treatment-
resistant depression can improve both depressive and anxious
symptoms (8,9). Unlike the existing literature that relied upon
physician-administered assessments, we chose to use self-report
measures of mood (BDI) and anxiety (VAS-A). Our choice of using
these measures was particularly informed by reducing the possi-
bility of collinearity between scales driving any potential correla-
tion between improvements of depression and anxiety.
We additionally report a novel finding not only that rTMS over the

DLPFC can separately improve mood and anxiety, but also that these
measures correlate with patients using benzodiazepines. With further
investigation, rTMS over the left DLPFC may potentially be a treat-
ment approach that can simultaneously be helpful in both symptom
clusters, particularly at the group level. One explanation for this phe-
nomenon may arise from the prefrontal cortex also being a neuro-
modulator of connectivity networks involved in anxiety (12).
There were several limitations to this study. It was retrospective

in nature, and patients were not screened for anxiety disorders or
other mental health conditions beyond an initial psychiatric inter-
view, which primarily focused on the diagnosis of depression. We
used the presence of current benzodiazepine usage as markers for
anxiety, understanding that these measures are inherently limited
even after statistical validation. The conclusions of this study would
also be strengthened by recording the specific medications and
dosages patients took as well as having follow-up assessments of
benzodiazepine use to evaluate if rTMS led to decreased usage. It
would be useful to expand this study and attempt to replicate its
findings in a prospective manner with a structured diagnostic inter-
view under the premise of the new DSM-5 diagnostic criteria.

CONCLUSIONS

rTMS concurrently improved both depression and anxiety.
These measures were correlated with benzodiazepine users. With
further investigation, rTMS may be a helpful treatment for both
anxiety and depression simultaneously.
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Figure 1. a. rTMS over the left DLPFC simultaneously improved anxiety and
depression (p = 0.002). b. For benzodiazepine users, rTMS concurrently
improved mood and anxiety (p < 0.001). c. For non-benzodiazepine users,
rTMS improved patients’ moods. However, improvements in mood and anxi-
ety did not correlate (p = 0.608).
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